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Figure 3. Biochemical analysis of Y-TR1. (A,B): The intact mass of unconjugated YS110 and Y-TR1
(SMCC) measured by the MALDI-TOF mass analysis. (A) Unconjugated YS110: 147,012.7; (B) Y-TR1
(SMCC): 151,815.6; (C) binding of Y-TR1 to the multiple myeloma (MM) cell line MSTO clonel2 (CD26
positive). First antibody: Y-TR1 second antibody: Anti-human rabbit IgG FITC conjugate. Y-TR1 over
10 pg/mL showed intact binding to CD26-positive cells.

2.3. In Vitro Cytotoxicity of Y-TR1 against MM and Leukemia Cell Lines

The Y-TR1 showed dose-dependent cytotoxicity against CD26-positive MM and leukemia cell
lines (Figure 4A,C-E). We compared the Y-TR1 cytotoxicity against the CD26-positive MM cell line
MSTO clonel2 and JMN between three linkers, SPDP, GMBS, and SMCC (Figure 4A,B). Comparison
between three heterobifunctional linkers was performed, and IC50 against the MSTO clonel2 of
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Y-TR1 using SPDP, GMBS, and SMCC were 38 ug/mL, 18 pg/mL, and 15 pug/mL, respectively (Table 2).
Since Y-TR1 conjugated by SMCC showed the best cytotoxicity in this experiment, we adopted
Y-TR1 (SMCC) for further experiments. The cytotoxicity of Y-TR1 against various CD26-positive or
-negative MM and leukemia cell lines was compared with unconjugated Y5110 (Figure 4B). The IC50
values of Y-TR1 (SMCC) against various cell lines calculated from WST-1 assays are shown in Table 1.
Against CD26-positive cells (MSTO clonel2, JMN, Jurkat CD26 (+)), Y-TR1 showed remarkably higher
cytotoxicity than the unconjugated YS110. Compared with the CD26 negative counterpart (MSTO wt,
Jurkat CD26 (—)), CD26 positive cell lines (MSTO clonel2, Jurkat CD26(+)) are more susceptible to the
Y-TR1 cytotoxicity at the concentration of 20 pg/mL (Figure 4C,D). The in vitro influence of nonspecific
binding of antibodies via the Fc receptor were evaluated by the cytotoxic assay of Y-TR1 with or
without the Fc receptor blocking reagent. The Fc receptor blocking reagent had no significant effect
on the in vitro cytotoxicity of Y-TR1 against MSTO clonel2 cells (Supplementary Figure S1). In vitro
cytotoxicity against CD26-positive non-cancer cells (primary dermal human microvascular endothelial
cells, dHMVECs) was also tested, and Y-TR1 showed less cytotoxicity than against CD26-positive
malignant cell lines significantly (Figure 4E). 40% reduction in the viability of dHMVECs was observed
at the maximum concentration of Y-TR1 (60 pg/mL).

Table 2. Comparison of IC50 of Y-TR1 using various linkers (SPDP, GMBS, SMCC).

Conjugate IC50 (ng/mL)
Y-TR1 SPDP 35
Y-TR1 GMBS 18
Y-TR1 SMCC 15

Y-TR1’s equivalent of free TR-1 was calculated by IC50 of Y-TR1 (approximately 15 pg/mL = 99 nM)
and unconjugated TR-1 (250 nM) against the MSTO clonel2 cell line. The calculated value was
approximately 2.5 Y-TR1 molecules equivalent (Figure 4F).
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Figure 4. Invitro cytotoxicity of Y-TR1 against MM and leukemia cell lines. The representative
results of at least three independent experiments are shown. (A) Comparison of cytotoxicity of Y-TR1
using various linkers against the CD26-positive MM cell line MSTO clonel2. Y-TR1 using SMCC
showed the highest cytotoxicity. The horizontal axis shows the concentration of the compounds in
pg/mL. The vertical axis shows the percent of control of the absorbance value in the WST-1 assay;
(B) comparison of IC50 of Y-TR1 using three linkers, SPDP, GMBS, and SMCC against CD26-positive
MM cell lines MSTO clonel2 and JMN; (C) in vitro cytotoxicity of TR-1 against the CD26-positive MM
cell line JMN compared to unconjugated YS110. The horizontal and vertical axes show the same as
indicated in (A); (D and E) higher in vitro cytotoxicity of Y-TR1 against the CD26-positive MM cell
line MSTO clonel2 compared to the CD26-negative counterpart MSTO wt (D) and CD26-positive
leukemia cell line Jurkat CD26 (+) compared to the CD26-negative counterpart Jurkat (=) (E) at Y-TR1
concentration of 20 ug/mL. The vertical axis of the graph shows the percent of control in the WST-1 assay;
(F) in vitro cytotoxicity of Y-TR1 against CD26-positive non-cancer adult dermal human microvascular
endothelial cells (AHMVECs). Horizontal and vertical axes show the same as indicated in (A); (G) IC50
of unconjugated TR1 and Y-TR1 compared in molar concentration.
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2.4. Nucler Translocation of Y-TR1

To confirm that Y-TR1 molecules are internalized and are transported into the nucleus in CD26
positive cancer cell lines as with Y5110, the Western blot analysis of nuclear fraction using the
anti-human IgG antibody and immunofluorescence staining using were conducted. In the western
blot analysis of the CD26 positive JMN cell line, Y-TR1 molecules were detected by the Western blot
analysis using the anti-human IgG antibody in both the cytoplasm and nuclear fraction after 30 min
and 60 min of the Y-TR1 treatment (Figure 5A). Immunofluorescence staining using the Alexa Fluor
488 labeled anti-human IgG antibody observed under confocal laser microscope showed several dots
colocalized with nuclear staining (Hoechst 33342) in Y-TR1 treated (60 min) JMN cells (Figure 5B).

A
Cytoplasm Nucleus

Y-TR1 Y-TR1
control 30min  60min  control 30min  60min

Human IgG e ‘

Na-KATPase s SN S

B
- . .

control

Anti-human IgG
Alexa Fluor 488 Hoechst 33342 merge

Figure 5. Nuclear translocation of Y-TR1. (A) Western blot analysis using anti-human IgG antibody
detected Y-TR1 in the cytoplasm and the nuclear fraction of Y-TR1 treated CD26 positive JMN cells
after 30 min and 60 min. Lamin Bl and Na-K ATPase were used as loading controls of the nuclear
and cytoplasm fraction; (B) immunofluorescence staining observed under confocal laser microscopy of
fixed JMN cells following 1 h of Y-TR1 treatment with the Alexa Fluor 488 labeled anti-human IgG
antibody. Nuclear staining was done with Hoechst 33342. Localization of Y-TR1 (green) was observed
in the nucleus (blue) as indicated by the white arrows. Scale bar: 10um.
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2.5. Apoptosis Assay

The induction of apoptosis was examined after the Y-TR1 treatment because triptolide has been
reported to cause apoptosis in cancer cells [17]. After 48 h of the Y-TR1 treatment, the caspase 3/7
activity of triptolide-, TR1-, and Y-TR1-treated MSTO clonel2 cells was elevated six to nine times
against YS110-treated cells (Figure 5A). These results support the estimation that the cytotoxic effects
of Y-TR1 are caused by internalized TR1.

2.6. Effects of Triptolide and Y-TR1 on Heat Induction of HSP70 in CD26-Positive MM Cells

To confirm that the cytotoxic effect of Y-TR1 is caused by RNA polymerase II repression as with
triptolide, heat shock induction of HSP70, which is dependent on the RNA polymerase activity, was
evaluated [17]. In both CD26-positive MM cell lines MSTO clonel2 and JMN, the mRNA level of
HSP70 after heat shock (45 °C, 2 h) in Y-TR1-treated cells was significantly lower than in YS110-treated
cells significantly (Figure 5B,C).

2.7. In Vivo Anti-Tumor Effect of Y-TR1

The in vivo efficacy of Y-TR1 compared with the unconjugated YS110 in the NOD/SCID mouse
xenograft model using the CD26-positive MM cell line JMN. The mean tumor volumes on day 55
estimated by the ellipsoid volume formula (7/6 X L X W x H) [18] were compared between three
groups (control, YS110, Y-TR1, n = 10) with Fisher’s protected least protected difference multiple
comparison test. The mean tumor volume of the Y-TR1 group (4 mg/kg weight, total 36 mg/kg Y-TR1
intraperitoneally) was significantly lower (p < 0.05) than the control or the Y5110 group (Figure 6A).
The mean tumor volume of the Y5110 group (4 mg/kg weight, total 36 mg/kg Y-TR1 intraperitoneally)
was not significantly altered compared with the control (Figure 6A). Two of the nine Y-TR1 group
mice showed complete tumor growth prevention macroscopically at the time of sacrifice (day 55).
One representative experiment out of two with similar results is shown. There were no clinical
manifestations in mice treated with YS110 or Y-TR1. The mean body weight of the mice of each
group at sacrifice was not significantly different in mice treated with Y5110 or Y-TR1 (Supplementary
Figure S2A). No pathological alterations were observed in the brain, heart, lung, liver, spleen, kidney,
pancreas, digestive organs or adrenal glands of mice (Supplementary Figure S2B). On the other hand,
the mean tumor weight of the YS110 only group and the Y-TR1 group (8 mg/kg weight, total 72 mg/kg
of YS110 or Y-TR1 intraperitoneally) was significantly lower (p < 0.05 or p < 0.025) than that of the
control group (Figure 6B). Furthermore, the mean tumor weight of the Y-TR1 group was significantly
lower (p < 0.05) than that of the YS110 only group (Figure 6B). The statistical analyses were done using
Fisher’s protected least protected difference multiple comparison test (n = 10). In these tumors, the
cell growth analysis was performed using MIB-1 (Ki67) staining. As a result, a decreased number of
MIB-1-positive cells in Y-TR1-treated tumors was shown compared to IgG1- or YS110-treated tumors
(Figure 6C).
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Figure 6. Investigation into the cytotoxic effect of TR-1. (A) Caspase 3/7 activity (represented in
fluorescence) after 48 h of treatment with YS110, triptolide, TR1, and Y-TR1 in the CD26-positive MM
cell line MSTO clonel2. The activity is elevated in triptolide-, TR1-, and Y-TR1-treated cells. The vertical
axis shows the intensity value measured by the fluorometer; (B, C) effects of Y-TR1 on the mRNA
levels of HSP70 after heat induction. Relative mRNA levels of HSP70 after heat induction (45 °C,
2 h) were significantly lower in Y-TR1-treated cells compared to unconjugated YS110-treated cells in
CD26-positive MM cell lines. A t-test at the p = 0.05 level was carried out as statistical analysis (n = 10).
The error bar indicates one standard deviation; (B) MSTO clonel2; (C) JMN.

3. Discussion

RNA polymerase II is indispensable for the transcription of almost all protein-coding genes,
including those related to cell proliferation [19]. It was previously reported that the functional blockade
of one of the subunits of RNA polymerase II, POLR2A, by RNAI strategies and treatment with
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chemical compounds such as a-amanitin resulted in growth inhibition of cancer cells [20-22]. We have
shown that nuclear accumulation of CD26 promoted POLR2A suppression, leading to a reduction
in cell growth [13]. Therefore, we examined whether the novel Antibody-drug conjugate (ADC),
Y-TR1 (YS110-TR1 conjugate), restrained POLR2A expression more strongly in the nucleus of tumor
cells than Y5110 alone. Triptolide has been demonstrated to possess a unique bioactive spectrum of
anti-cancer activity and immunosuppressive efficacy; however, due to its poor water solubility and
severe toxicity, triptolide cannot be used systemically in the clinic [14]. Therefore, we attempted to
develop a new ADC, Y-TR1, which has a higher efficiency of anti-tumor action because triptolide was
conjugated with humanized anti-human CD26 monoclonal antibody, YS110, with anti-tumor effects
via the suppression of POLR2A transcription, retarded G2/M cell cycling, and antibody-dependent
cell-mediated cytotoxicity (ADCC) / complement-dependent cytotoxicity (CDC) [13,23].

Recently, Liu Y et al. reported that cancer cells with hemizygous TP53 deletion were vulnerable to
further suppression of such genes. POLR2A was identified as a gene that is almost always co-deleted
with TP53 in human cancers [20]. Suppression of POLR2A with a-amanitin or small interfering
RNAs selectively inhibits the proliferation, survival and tumorigenic potential of colorectal cancer
cells with hemizygous TP53 loss in a p53-independent manner [24]. However, some previous clinical
applications of POLR2A inhibitors, such as x-amanitin, have been limited due to their liver toxicity [25].
Therefore, they suggested that a-amanitin-based antibody—drug conjugates were highly effective
therapeutic agents with reduced toxicity [26]. It was shown that low doses of the x-amanitin-conjugated
anti-epithelial cell adhesion molecule (EpCAM) antibody lead to complete tumor regression in mouse
models of human colorectal cancer with hemizygous deletion of POLR2A [24]. TP53 is frequently
inactivated in mesothelioma, but mutations are rare. MDM2 and P14/ARF are upstream regulators
of TP53 that may contribute to TP53 inactivation [27]. These results suggest that POLR2A may be a
certain therapeutic target molecule for malignancies.

Most therapeutic mAbs are thought to disturb signal transduction within tumor cells or get rid
of critical cell-surface antigens [28]. As a consequence, these effects may lead to the clearance of
cancer cells. ErbB2 is known to be associated with a specific locus on the cyclooxygenase (COX) 2
promoter, activate the gene expressions, thereby inducing cell growth [29]. The humanized ErbB2 mAb
trastuzumab inhibits the translocation of ErbB2 into the nucleus. Herein it revealed that in contrast
to this ErbB2-Herceptin line, the YS110 treatment abundantly induces nuclear localization of CD26
and in consequentially suppresses POLR2A expression, leading to inhibition of tumor cell growth.
These findings reveal that disturbance of nuclear transport of cell-surface antigens by mAbs may be
effective targets for mAb therapy against malignancies. Recently it has be shown that some mAbs
conjugated to payloads (e.g., radioisotopes, drugs, or toxins) may be targeted to direct inductions
of tumor cell death [30-33]. The 90Y-radiolabeled anti-CD20 IgG1, Ibritumomab tiuxetan, has been
examined to have substantial anti-tumor effects and is available for standard clinical practice as
a therapy for lymphoma [34]. However, the potent cytotoxicity of these payloads may delay the
development of novel conjugated antibodies. We have revealed the nuclear localization of anti-CD26
mADbs YS110 in a cell-surface CD26-dependent manner. This phenomenon implies that YS110 may be a
target for specific intra-nuclear components, such as genomic DNA sequences and transcription factors.
There have been previous reports on the nuclear localization of mAbs against cell-surface antigens,
such as ME425 (against EGF receptor) and Br 15-6A (against carbohydrate Y determinant) [35,36].

As the clinical application of ADCs advances, difficulties in the drug-antibody ratio (DAR) control
has been discussed recently. FDA approved ADC Kadcyla (T-DM1) is conjugated with the SMCC
linker using the amino side chains of lysine residue of the antibody as with Y-TR1. As the limit of the
procedure, the ADCs are a heterogenous mixture of ADCs with several DARs [37]. Though some of
the efforts to develop methodologies to obtain homogenous ADCs using site specific conjugation have
been proposed, many of these technologies require additional bio-engineering or chemical work and
not fully established [37]. At the moment, we concluded that the conventional method using the SMCC
linker is the best option considering accumulated data of Kadcyla and Adcetris (Brentuximab vedotin).
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The overview of anti-cancer effects of antibody drug conjugate Y-TR1 was shown in Figures 7 and 8.
It is expected that Y-TR1 bound to CD26 on the cell surface introduces cell death via immunological
cytotoxicity such as ADCC and/or CDC [4,11]. On the other hand, CD26 and Y-TR1 are internalized
into cytoplasm and then transported to the nucleus within 1 h as confirmed in this study by the
immunofluorescence study and Western blot study. In the nucleus, the suppression of POLR2A
transcription by the increased amount of intra-nuclear CD26 and the inhibition of TFIIH by TR1 impairs
mRNA synthesis [12,13,16], as indicated in this study. Furthermore, YS110 retards directly cell cycling
of cancer cells at both G1/s and G2/M [9,10,23].
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Figure 7. In vivo anti-tumor effect of Y-TR1 in the NOD/SCID mouse xenograft model using the CD26
positive MM cell line JMN. (A) Y-TR1 was administered intraperitoneally 4 mg/kg/dose, three times
per week, for a total of nine doses from day zero of subcutaneous inoculation of 1 x 107 JMN cells.
The average estimated tumor volume on day 55 was compared among three groups (control, YS110,
Y-TR1, n = 10) with Fisher’s protected least protected difference multiple comparison test. The mean
tumor volume of the Y-TR1 group was significantly lower (* p < 0.05) than that of the control or YS110
group. The mean tumor volume of the YS110 group was not significantly altered compared with
the control. An experiment out of two with similar results is shown; (B) Y-TR1 was administered
intraperitoneally 8 mg/kg/dose, three times per week, for a total of nine doses. The average estimated
tumor weight on day 42 was compared among three groups (control, 14D10, YS110, Y-TR1, n = 10) with
Fisher’s protected least protected difference multiple comparison test. The mean tumor weight of the
YS110 or Y-TR1 groups was significantly lower (* p < 0.05 or ** p < 0.025, respectively) than that of the
control group. The mean tumor weight of the Y-TR1 group was significantly lower (* p < 0.05) than that
of the YS110 group. An experiment out of two with similar results is shown; (C) histological analysis of
xenograft tumors of JMN cells. JMN-derived tumors show histopathology of sarcomatoid mesothelioma.
(x20). a: Hematoxylin and eosin staining. b: Immunohistochemical staining with anti-human CD26
antibody revealed CD26 expression in tumor cells. c—e: MIB-1 (Ki67) staining showed a decreased
number of MIB-1-positive cells in Y-TR1-treated tumors compared to IgG1- or YS110-treated tumors.
Scale bar: 10 um.
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Figure 8. Y-TR1 has multiple anti-tumor effects as follows; (1) introduction of cell death via
immunological cytotoxicity such as antibody-dependent cell-mediated cytotoxicity (ADCC) and/or
complement-dependent cytotoxicity (CDC), (2) retarded cell cycling of both G1/S and G2/M,
(3) suppression of POLR2A transcription by increased amount of intranuclear CD26, (4) inhibition of
TFIIH by TR1 carried into the nucleus using conjugation of TR1 to YS110.

The LD50 of triptolide was reported as 0.83 mg/kg body weight in mice [38]. The calculated LD50
of TR-1, triptolide-derivative for conjugation to Y5110, is 20.8 mg/kg body weight because the TR-1
has reduced anti-tumor activity to 1/25 of triptolide IC50. So, the LD50 of Y-TR1 may be calculated as
932.5 mg/kg body weight in the condition that all TR1 conjugated with YS110 was released from ADC,
Y-TR1, because Y-TR1 has 6-7 molecules of TR1 on one molecule of Y-TR1. As a result, the clinical
application of Y-TR1 may be expected at 6 mg/kg body weight in accord with the concentration of
YS110 in the phase I clinical trial without toxicity of TR1 because the LD50 of Y-TR1 is estranged from
the calculated LD50 of TR-1.

In consequence, the present data show certain evidences that induced that the nuclear localization
of CD26 by the humanized anti-CD26 mAb YS110 promotes transcriptional repression of the POLR2A
gene, and then, the internalization of YS5110-TR-1 compound into the nucleus may inhibit TFIIH,
resulting in growth suppression of cancer cells. Given that Y-TR-1 has a direct anti-proliferative effect on
cancer cells, including malignant mesothelioma cells, these findings highlight the potential of rational
therapy against CD26-positive cancers, not only through immunological ADCC and complementary
activation effects but also by direct inhibition of cancer cell growth.
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4. Materials and Methods

4.1. Reagents and Antibodies

The humanized anti-CD26 antibody YS110 was constructed from the anti-CD26 mouse monoclonal
antibody 14D10 coding sequence as described previously [4]. Triptolide (Figure 1) was purchased from
Shaanxi Taiji Huaqing Technology (Shaanxi, China), and an SH group was introduced by ChemGenesis
Inc. (Tokyo, Japan). The triptolide derivative was designated TR1. TR-1 was provided as an S-S dimer
for chemical stability (Figure 1).

4.2. Conjugation Protocols

Heterobifunctional linkers, SPDP (N-Succinimidyl 3-(2-pyridyldithio)-propionate) (Cat No. 21857,
Thermo Scientific Inc.), GMBS (N-[y-maleimidobutyryloxy]succinimide ester) (Cat No. 22309, Thermo
Scientific Inc.), SMCC (succinimidyl 4-[N-maleimidomethyl] cyclohexane-1-carboxylate) (Cat No.
22360, Thermo Scientific Inc.) were solved in dimethyl sulfoxide (DMSO) just before use. YS110
was modified with heterobifunctional linkers SPDP (15 times molar excess), GMBS (30 times molar
excess), or SMCC (20 times molar excess) in PBS-EDTA pH 7.5 at room temperature for 30 min.
The unreacted excess linkers were removed by the HiTrap Desalting Column (Cat No. Cat No. 21857,
GE Healthcare Inc., Buckinghamshire, UK). The triptolide derivative TR1 S-S dimer was resolved in
100% ethanol and reduced using the immobilized TCEP reducing gel (Cat No. 77712, Thermo Scientific
Inc.) for 2 h. The concentration of the SH group of reduced TR1-SH was measured by the DTNB
((5,5-dithio-bis-(2-nitrobenzoic acid)) assay. Linker-modified Y5110 and TR-1-SH, at a ratio of 1:5.68,
were reacted in PBS-EDTA pH 7.5 at room temperature overnight. Unreacted TR-1-SH was removed
by the PD-10 Column (Cat No. 17085101, GE Healthcare Inc.). The product was sterilized by filtration
with the Millex-GV Filter Unit 0.22 um (Cat No. SLGV 013SL, EMD Millipore, Billerica, MA, USA), and
the final concentration was measured using a BCA protein assay reagent kit (Cat No. 23225, Thermo
Scientific Inc.). The outline figure of the conjugation protocol is indicated in Figure 1. The remaining
unconjugated TR1-SH in the product was measured by the DTNB assay.

4.3. Cell Culture

MSTO-211H (MSTO) (American Type Cell Culture Collection, Manassas, VA, USA), a CD26-
negative malignant mesothelioma cell line, was transfected with the CD26 gene and designated
MSTO-clonel2 [13]. Jurkat (American Type Cell Culture Collection), CD26 negative T-cell leukemia cell
line, was transfected with the CD26 gene and designated Jurkat CD26(+) [39]. JMN, a CD26-positive
cell line established from malignant mesothelioma, was provided by the Clinical Research Center,
Institute of Medical Science, University of Tokyo. All the cell lines were grown in the RPMI medium
(Cat No. 11875-093, Life Technologies, Carlsbad, CA, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS, Life Technologies), ABPC (100 pug/mL), Streptomycin (100 pg/mL), 37 °C,
5% CO,. dHMVEC (American Type Cell Culture Collection), primary dermal human microvascular
endothelial cells were grown in the EGM-2MV Bullet Kit medium (Lonza, Basel, Switzerland) at 37 °C,
5% COs,.

4.4. Mass Spectrometry Assay

The drug-antibody ratio of Y-TR1 was analyzed by the Matrix Assisted Laser Desorption/Ionization
Time of Flight Mass Spectrometry (MALDI-TOF mass) using Autoflex III (Bruker Corporation, Billerica,
MA, USA) after ultrafiltration.

4.5. Binding Assay

To assess the binding of Y-TR1 to the CD26-positive MM cells, cultured MSTO-wt (CD26 negative)
and MSTO-clonel2 (CD26 positive) cells were collected, and 1 x 106 cells were incubated with 1 pg/mL,
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10 pg/mL, and 100 pg/mL of Y-TR1 at 4 °C for 30 min. Cells were washed three times and incubated
with FITC-conjugated rabbit anti-human IgG (Cat. No. 6140-02, Southern Biotech, Birmingham, AL,
USA) at a 1:100 dilution at 4 °C for 30 min. After washing three times, the FACS analysis was carried
out on Epics XL-MCL (Beckman Coulter, Brea, CA, USA).

4.6. Cytotoxicity Assay

The cytotoxic effects of triptolide, TR-1, YS110 and Y-TR1 against MM and T-cell leukemia cell
lines were measured using the colorimetric cell proliferation kit WST-1 (Cat No. 11644807001, Roche
Applied Science, Rotkreuz, Switzerland) based on the colorimetric detection of a formazan salt. In brief,
5 x 103 MSTO-wt, MSTO-clonel2, JMN, Jurkat CD26(-), and Jurkat CD26(+) cultured in 96-well
plates in the RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS),
ABPC(100 pg/mL), Streptomycin(100 pg/mL) with Triptolide (ranging from 0 nM to 100 nM), TR-1
(ranging from 0 nM to 1000 nM), YS110 (ranging from 0 pg/mL to 100 ug/mL), or Y-TR1 (ranging
from 0 pg/mL to 100 ng/mL) for 48 h at 37 °C, 5% CO,. To assess the influence of nonspecific binding
of Y-TR1 to Fc receptors, the cytotoxicity assay of Y-TR1 against MSTO-clonel2 cells carried out as
above with 2 pg/mL of the Fc receptor blocking reagent, Human BD Fc Block (Cat.No. 564219, BD Life
Sciences, Franklin Lakes, NJ). CD26-positive dHMVECs cultured in the EGM-2MV Bullet Kit medium
(Lonza) underwent the same procedure as above. The WST-1 assay was carried out according to the
manufacturer’s instructions. The background absorbance of each sample at 630 nm was subtracted
from the readings at 450 nm. The experiment was performed in triplicate, and the representative
experiment is shown.

4.7. Western Blotting

Cultured CD26 positive MM cell line JMN cells were treated for 30 min or 60 min with Y-TR1
(2 pg/mL). Nuclear and cytoplasmic protein fractions were obtained using the NE-PER Nuclear
and cytoplasmic extraction reagents (Cat No. 78833, Thermo Fischer Scientific Inc.) following the
manufacturer’s instructions. For the Western blot analysis, 20 pug of cytoplasmic fraction and 5 pg of
nuclear protein were separated on an SDS-polyacrylamide gel and transferred to a PVDF membrane by
the Trans-Blot Turbo Transfer System (Bio-Rad Laboratories, Hercules, CA, USA). After blocking for 1 h
in the Bullet Blocking One for Western Blotting reagent (Cat No. 13779-01, nacalai tesque, Kyoto, Japan),
the membrane was incubated with Rabbit F(ab”)2 Anti-Human IgG (H+L)-HRP antibody (Cat No.
6000-05, Southern Biotech) diluted 1:1000 in Can Get Signal Solution 2 (Cat. No. NKB-101T, TOYOBO,
Osaka, Japan) for 30 min at room temperature and developed using the ECL Western Blotting Detection
Reagents (GE Healthcare, Buckinghamshire, UK). The anti-Lamin B1 antibody (Cat. No. sc-6216, Santa
Cruz Biotechnology, Dallas, TX, USA) and Anti-Na-K ATPase «1 antibody (Cat. No. sc-21712, Santa
Cruz Biotechnology) were used as loading controls for the nuclear and membrane/cytoplasm fraction,
respectively. The experiment was performed in triplicate, and the representative experiment is shown.

4.8. Immunofluorescence Staining

CD26 positive MM cell line JMN cells cultured on chamber slides were treated with Y-TR1
(2 ug/mL) for 60 min. PBS (phosphate buffered saline) were added to the control cells. The cells were
fixed in 4% paraformaldehyde for 15 min and permeabilized by 0.1% TritonX-100 for 10 min at room
temperature. The cells were incubated with Rabbit F(ab’)2 anti-human IgG (H+L)-Alexa Fluor 488
(Cat. No. 6000-05, Southern Biotech) diluted 1:100 in Can Get Signal Solution 1 (Cat. No. NKB-101T,
TOYOBO) for 60 min at room temperature. Nuclear staining was done with Hoechst 33342 (Cat. No.
H3570, Thermo Scientific Inc.) diluted 1:2000 in 1% BSA for 10 min at room temperature. Stained cells
were examined by the confocal laser microscopy FV10i (Olympus, Tokyo, Japan).
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4.9. Apoptosis Assay

The CD26-positive MM cell line MSTO-clonel2 was treated with YS110 (40 pg/mL), triptolide
(20 nM), TR-1 (400 nM), and Y-TR1 (40 pg/mL) for 48 h. After 48 h of treatment, the groups of
cells underwent apoptosis assays using the Apo-ONE Homogenous Caspase 3/7 assay (Cat. No.
G7792, Promega Corporation, Madison, WI, USA). The assays were performed according to the
manufacturer’s instructions. In short, active caspase 3/7 in the lysed cells catalyzes profluorescent
substrate tofluorescent product. The intensity of the fluorescence was measured using a fluorometer
(Glomax Multi Detection System, Promega Corporation). The experiment was performed in triplicate,
and the representative experiment is shown.

4.10. Heat Induction of HSP70 and Real Time PCR Assay

CD26-positive MM cell lines MSTO-clonel2 and JMN were treated with unconjugated YS110
(40 pg/mL) or Y-TR1 (40 pg/mL) for 1 h before heat shock (45 °C, 2 h). After heat shock, the cells were
lysed immediately to isolate the total RNA using an RNeasy mini kit (Cat. No. 74104, Qiagen, Hilden,
Germany). Total RNA was reverse transcribed using Prime Script RT enzyme (Takara Bio Inc., Shiga,
Japan), and cDNA was used for real-time PCR with the following primers. HSP70 (forward): CAC
CAC CTA CTC CGA CAA CCA, HSP70 (reverse): GCG CCT AAT CTA CCT CCT CAA TG, (Invitrogen,
Carlsbad, CA) beta actin (forward): TGG CAC CCA GCA CAA TGA A, beta actin (reverse): CTA
AGT CAT AGT CCG CCT AGA AGC A (Takara Bio inc., Shiga, Japan). Real-time PCR reactions were
performed using Thermal Cycler Dice TP800 (Takara Bio Inc.). The experiment was performed in
triplicate, and the representative experiment is shown.

4.11. In Vivo Efficacy Assay and Toxicity Study

NOD/SCID (NOD/LtSz-scid) mice were maintained in a specific pathogen-free facility in
micro-isolator cages and were provided with sterile food and water ad libitum. The animal protocol
was approved by the Keio University Institutional Animal Care and Use Committee (approval number:
9184). A total of 1x107 cultured JMN cells were subcutaneously transplanted into female 6- to
8-week-old NOD/SCID mice. All 30 animals were randomly assigned into four treatment groups,
i.e., control, Y5110, 14D10 and Y-TR1 groups. From the day of transplantation, the Y5110, 14D10 and
Y-TR1 groups received 4 or 8 mg/kg/dose of Y5110, 14D10 or Y-TR1 intraperitoneally three times a
week, for a total of nine doses. The control group received an equivalent volume of human IgG1
(Sigma-Aldrich, Tokyo, Japan). When the tumor became apparently visible, the tumor was excised and
measured by caliper and weighed. The estimated tumor volume was calculated by the formula of
/6 X L X W X W [18]. One representative experiment out of two with similar results is shown. Tumor
tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned at a thickness
of 5 um. For histology, sections were stained with hematoxylin and eosin. For immunohistochemistry,
sections were washed with PBS and subjected to antigen retrieval by heating at 100 °C in 0.01 M
sodium citrate (pH 6.0) for 10 min and then treated with 3% H,O, before incubation with the following
primary antibodies: Goat anti-CD26 pAb (Cat. No. AF1180, R&D Systems, Minneapolis, MN, USA)
(1:100) and mouse anti-Ki 67 mAb (MIB-1, NB600-1252, Novus Biologicals, Littleton, CO, USA) (1:100).
As the toxicity assay, the mean body weight of the mice of each group at sacrifice was measured and
histological observation of hematoxylin and eosin stained samples of organs (the brain, heart, lung,
liver, spleen, kidney, pancreas, digestive organs or adrenal glands) was done.

4.12. Statistics

In the analysis of the real-time PCR assay, the T-test at the p = 0.05 level was carried out using the
SPSS software (IBM, Armonk, NY, USA). Statistical significance between the mean tumor volumes or
weights of the groups in the in vivo xenograft assay was assessed by Fisher’s protected least-square



Cancers 2019, 11, 1138 18 of 21

differences (PLSD) multiple comparison test. Statistical analyses were carried out using the SPSS
software (IBM).

4.13. Study Approval

All experiments were approved by the Animal Care and Use Committee of Keio University and
were performed in accordance with the institute guidelines (approval number: 9184).

5. Conclusions

We developed an antibody-drug conjugate (ADC, designated Y-TR1) with YS110 and an inhibitor,
triptolide, for one of general transcription factors for Pol II, TFIIH, using cross-linking method. Y-TR1
revealed anti-tumor property against CD26 positive cancer cells both in vitro and in vivo. Induction
of nuclear localization of CD26 by Y-TR1 promotes transcriptional repression of the POLR2A gene,
furthermore the internalization of Y5110-TR1 compound into the nucleus may inhibit TFIIH, resulting
in impaired cancer cell growth.

6. Patents

Patent No. PCT/JP2016/076542 cancer treatment composition combining the anti-CD26 antibody
and other anticancer agent.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/11/8/1138/s1,
Figure S1: Influence of Fc blocking reagent (2 pg/mL) on the cytotoxicity of Y-TR1 against CD26 positive MM cell
line MSTO clonel2 (A) and CD26 negative counterpart MSTO wt (B) was not observed. Horizontal axis shows
concentration of Y-TR1 in pg/mL. Vertical axis shows percent of control of absorbance value in WST-1 assay. Figure
S2: (A) The mean body weight (g) of the mice of each group at sacrifice. The error bar indicates one standard
deviation. There was no significant difference between each group. (B) Histological images (hematoxylin and
eosin staining) of heart, lung, liver, and kidney of Y-TR1 treated mice and control (IgG1) mice. No pathological
alterations were observed.
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ARTICLE INFO ABSTRACT

Keywords: Objectives: CD26 is a transmembrane glycoprotein with dipeptidyl peptidase IV activity that is overexpressed in
CD26 malignant pleural mesothelioma (MPM). We performed a phase I study to determine the maximum tolerated

Jap?_mese ) dose, pharmacokinetics, and antitumor activity of YS110, a monoclonal antibody to CD26, in Japanese patients
Malignant mesothelioma with MPM intolerant of or refractory to prior standard therapies.
52?5121 Material and methods: The study was designed as an open-label, 3 + 3 dose-escalation, phase I trial. Patients

were sequentially assigned to three dosing cohorts (2, 4, or 6 mg/kg). Each 6-week treatment cycle consisted of
YS110 administration weekly for 5 weeks followed by a 1-week rest period. Treatment was continued until
disease progression, death, or intolerable toxicity. Corticosteroid, antihistamine, and acetaminophen adminis-
tration before each infusion was adopted to limit infusion-related reactions (IRRs).

Results: Nine Japanese patients (seven men and two women, mean age of 62.2 years), three in each dosing
cohort, were enrolled in the study. No patient developed a dose-limiting toxicity. Adverse events of grade 3 or 4
developed in seven patients, with the most common such event being a decreased lymphocyte count. Two
patients had mild or moderate IRRs. The serum concentration of YS110 increased in a dose-dependent manner.
Among seven patients evaluable for tumor response, four showed stable disease and one achieved a partial
response.

Conclusions: YS110 showed promising antitumor efficacy and was generally well tolerated in Japanese patients
with advanced MPM at doses of up to 6 mg/kg. YS110 will be tested at 6 mg/kg in a subsequent phase II study.

1. Introduction 26.5% for women and 16.6% for men, with the respective values at 5

years being 9.4% and 4.2%. [2]. Deaths from MPM are also estimated to

Malignant pleural mesothelioma (MPM) is an aggressive malig-
nancy that arises from the mesothelial lining of the pleura and is gen-
erally associated with asbestos exposure. [1] Although the use of as-
bestos has now been banned in several industrialized countries, the
peak incidence of asbestos-related diseases such as MPM will likely
occur between 2015 and 2030 [1]. MPM tends to be associated with a
poor prognosis [1,2]. A large study of patients with MPM (n > 16,000)
in the United States found that overall survival (OS) at 2 years was

increase in Japan, with a predicted peak in 2030 [3], consistent with
the estimated trend in Europe.

Therapeutic options for MPM include chemotherapy, radiation
therapy, surgery, or combinations of these modalities. [4,5] The role of
surgery in the management of MPM remains unclear, given that well-
conducted trials have been difficult to undertake and there are apparent
postoperative complications. Chemotherapy regimens for patients with
unresectable tumors usually consist of the combination of pemetrexed
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with a platinum agent (typically, cisplatin), either with or without
bevacizumab. [4-6] However, even with multimodal therapy, treat-
ment outcome for patients with MPM is poor, with most individuals
dying within 2-3 years of diagnosis [7].

CD26, a 110-kDa type II transmembrane glycoprotein with di-
peptidyl peptidase IV (DPPIV) activity, plays an important role in im-
mune regulation. [8] CD26 is co-stimulator and caveolin is its ligand
which is expressed on antigen present cell [9]. These are involved in
memory T-cell activation and proliferation [9]. CD26 was found to be
overexpressed in MPM cells, but not in benign mesothelial tissue
[10,11]. CD26 was found in 80% of epithelioid mesothelioma and 78%
in epithelioid component of biphasic mesothelioma [10]. While, in
sarcomatoid mesothelioma or sarcomatoid component of biphasic me-
sothelioma, CD26 was not found [10]. CD26 is also expressed in various
tumors, and its expression is reported to be a marker of several cancer
stem cells including colorectal cancer, chronic myeloid leukemia, gas-
tric adenocarcinoma and MPM [12]. Moreover, preclinical research
indicates that blocking CD26 inhibits tumor growth in xenograft models
of several human tumor types including non-Hodgkin T cell lymphoma,
malignant mesothelioma, and renal cell carcinoma [11,13,14].

YS110 is a recombinant humanized monoclonal antibody that binds
with high affinity (dissociation constant, 0.244 nM) to human CD26.
Extensive in vitro and in vivo studies have shown that YS110 possesses
antitumor activity for malignant mesothelioma cell lines. [11,15] Single
or repeated intravenous administration of YS110 has also been found to
be safe in nonhuman primates. [16] The first phase I study of YS110 in
humans was conducted in France and found that its administration at
doses up to 6 mg/kg weekly was generally well tolerated and showed
promising efficacy in 33 patients with advanced or refractory CD26-
expressing tumors including malignant mesothelioma, renal cell carci-
noma, and urothelial carcinoma [16]. The most common adverse events
(=25%) were asthenia, condition aggravated, constipation, dyspnea
and hypersensitivity. We have now performed a phase I clinical trial to
assess the tolerability, safety, and pharmacokinetics of YS110 in Japa-
nese patients with MPM as well as to determine the recommended dose
and preliminary antitumor effects of the antibody. There were no spe-
cific regulatory requirements to conduct this phase I trial.

2. Material and methods
2.1. Patients

Patients aged 20 to 74 years with histologically confirmed advanced
MPM of any histological subtype were enrolled (ClinicalTrials.gov
identifier: NCT03177668). Patients were included if they were intol-
erant to, or their tumors were refractory to, existing antineoplastic
drugs and no standard therapy was suitable. Other key inclusion criteria
were the presence of a measurable tumor lesion as defined by modified
Response Evaluation Criteria in Solid Tumors (RECIST), an Eastern
Cooperative Oncology Group (ECOG) performance status of <1, a life
expectancy of =12 weeks, and generally good organ function. Patients
were included only if their most recent major surgery, antitumor drug
treatment, or radiation therapy was at least 4 weeks ago. Patients were
excluded if they had not recovered from toxicity due to previous che-
motherapy, had tumor lesions in the central nervous system, had ac-
companying interstitial pneumonia or pulmonary edema requiring
treatment, or had poorly controlled hypertension.

2.2. Study design

This was an open-label, standard 3 + 3 dose-escalation, phase I part
of a phase I-II study. Patients were enrolled into three successive co-
horts (dose of 2, 4, or 6 mg/kg) and received a 6-week cycle of YS110
treatment consisting of once-weekly infusions for 5 weeks (days 1, 8,
15, 22, and 29) followed by 1 week of rest. Three patients were enrolled
in the first cohort and received YS110 at a dose of 2mg/kg. Each
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patient was assessed for dose-limiting toxicity (DLT) up to day 18 re-
lative to the first dose (DLT evaluation period). The principal in-
vestigators, medical expert, and sponsor determined whether a DLT had
developed with reference to the following criteria: febrile neutropenia
of grade = 3, neutrophil count decline of grade 4, platelet count decline
of grade 4 or requiring platelet transfusion, or nonhematologic toxicity
of grade =3 with the exception either of any such toxicity—such as
nausea, vomiting, anorexia, diarrhea, pyrexia, or electrolyte abnorma-
lities—that could be controlled by appropriate treatment or of any in-
fusion-related reaction (IRR) of grade 3 that could be controlled by a
reduction in the rate or interruption of the infusion or by appropriate
treatment. If none of the patients in the first cohort developed a DLT,
three patients were assigned to the next dose cohort (YS110 at 4 mg/kg)
and the process repeated. The patients in the last cohort were to receive
YS110 at a dose of 6 mg/kg. If at any time a patient developed a DLT
during treatment, three additional patients were enrolled in that cohort
before moving to the next dose level. If two or more patients developed
a DLT at any dose level, treatment was maintained at that dose, and no
patients were enrolled in the next higher-dose cohort. Treatment was
continued until disease progression, the development of unacceptable
toxicity including a DLT, or the occurrence of a protocol deviation, or at
the request of the patient. The first dose of cycle 2 and any subsequent
cycles was administered immediately after evaluation of the patient on
day 43 ( = 3 days) of the previous cycle. The maximum tolerated dose
for the phase II part of the phase I-II study was considered to be the
highest dose at which < 33% of evaluated patients developed a DLT.

To minimize IRRs, we administered prophylactic d-chlorphenir-
amine maleate, methylprednisolone, dexamethasone, acetaminophen,
and ranitidine hydrochloride according to a predefined schedule before
infusion of YS110. Methylprednisolone could be omitted prior to doses
2-5 of each cycle at the discretion of the investigator.

The study protocol was approved by the Institutional Review Board
of the four participating hospitals, and the study was conducted in
accordance with the Declaration of Helsinki and Good Clinical Practice.
All patients provided written informed consent to participation after
being given detailed information about the study.

2.3. Safety assessment

The main safety end point was determination of the recommended
dose based on the occurrence of DLT. Patients were monitored for ad-
verse events (AEs) throughout the study. Vital signs were monitored
and the electrocardiogram recorded regularly during each drug infu-
sion, and blood samples were collected for hematologic and biochem-
ical assessments. Blood samples were also assayed for antibodies to
YS110 including neutralizing activities. Investigators evaluated AEs
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE v4.03), and these events were as-
sessed for a causal relation to YS110. Investigators also evaluated
whether or not each AE was an IRR.

2.4. Pharmacokinetics

To assess the pharmacokinetic profile of YS110, we collected serial
blood samples during cycle 1. The blood samples were collected before
administration of YS110, at 10 min before the end of the infusion, and
at 2,6, 12, 24, 36, 48, and 168 h after the end of drug administration on
days 1, 15, and 29. Blood samples were also collected at 72, 96, 120,
and 144 h after drug administration on day 1 and at 336 h after drug
administration on day 29. The serum concentration of YS110 was
measured with a validated electrochemiluminescence assay performed
on the Meso QuickPlex SQ120 platform (Meso Scale Diagnostics,
Rockville, MD). Pharmacokinetic parameters were calculated by non-
compartmental analysis with the use of WinNonlin software v7.0
(Certara USA, Princeton, NJ).
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2.5. Efficacy assessment

Tumor response was determined by a central assessment committee
using the modified RECIST criteria for the evaluation of response in
MPM. [17] RECIST version 1.1 was applied if tumor assessment could
not be performed according to the modified RECIST criteria. For ob-
servation (imaging) of lesions, contrast medium was used unless there
was a specific reason (such as hypersensitivity) not to, and the same
imaging method (such as computed tomography) was used under the
same conditions (including slice thickness and use of contrast medium)
as at baseline. Tumor response was defined in terms of the disease
control rate, which is the proportion of patients with a complete re-
sponse, a partial response (PR), or stable disease for =24 weeks. Pro-
gression-free survival (PFS) and OS were also assessed, with the former
being defined as the time from the first day of treatment until confirmed
progressive disease or death and the latter as the time from the first day
of treatment to death.

2.6. Pharmacodynamics

Blood samples were also collected before, at the end of, and 24 h
after YS110 infusion on days 1, 15, and 29 of cycle 1 for measurement
of DPPIV activity, soluble CD26 concentration, and absolute values for
lymphocyte subsets including T cell subsets (CD3*/CD56-, CD3*/
CD4*, CD3*/CD4*/CD26%, CD3*/CD8*/CD56-, and CD8%/
CD26*/CD56-) and natural killer cell subsets (CD3-/CD56", CD3-/
CD16%/CD56", and CD3-/CD26*/CD56") as previously described.
[18]

2.7. Statistical analysis

An interim evaluation of the phase I data, including results for the
last patient up to 6 months after the onset of YS110 administration, was
performed. The safety analysis set included all patients who received at
least one dose of the study drug, and the pharmacokinetic population
included all patients of the safety analysis set who had evaluable drug
concentration data. Descriptive statistics were applied to analyze the
study results. OS and PFS were evaluated with the Kaplan-Meier
method, with censoring at data cutoff. A post hoc analysis examined the
number and proportion of patients whose best overall response as de-
termined by central evaluation was a complete response, a PR, or stable
disease at the time of data cutoff, with exact 95% confidence intervals
(CIs) being calculated with the Clopper-Pearson method.

3. Results
3.1. Patient characteristics

The characteristics of the study patients are shown in Table 1. Nine
Japanese individuals (seven men and two women, with a mean age
+ SD of 62.2 + 9.72 years), three in each dose cohort, were enrolled
in the study. The histological subtype of MPM was epithelioid in seven
patients and biphasic in the other two. MPM was stage III in two pa-
tients and stage IV in seven. Five patients had metastatic disease at
baseline. All patients had previously received chemotherapy, and one
each had also undergone radiotherapy or surgery. All patients dis-
continued the study (Supplementary Fig. 1), with the most common
reason for discontinuation being disease progression (n = 7). In the
2mg/kg cohort, one patient discontinued treatment during cycle 1, one
patient completed cycle 1, and one patient entered cycle 2. In the 4 mg/
kg cohort, one patient entered cycle 2, one entered cycle 3, and one
entered cycle 4. In the 6 mg/kg cohort, one patient discontinued
treatment during cycle 1, one entered cycle 2, and one entered cycle 4.
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3.2. Safety

During the DLT evaluation period (days 1-18) for each dose, no
patient developed febrile neutropenia of grade =3, a neutrophil count
decline of grade 4, a platelet count decline of grade 4 or requiring
platelet transfusion, or any nonhematologic toxicity of grade =3
meeting the criteria for a DLT. Given that no DLTs were observed, the
maximum tolerated dose was considered to be 6 mg/kg. All nine pa-
tients experienced at least one AE (Table 2). Six patients had treatment-
related AEs, the most common of which included fatigue, blood crea-
tinine increase, proteinuria, and rash (each observed in two patients)
(Supplementary Table 1). AEs of grade 3 developed in seven patients,
and an AE of grade 4 (lymphocyte count decrease) occurred in one
patient. The AEs of grade 3 comprised four cases of lymphocyte count
decrease and one each of hyponatremia, proteinuria, and nephrotic
syndrome. All cases of lymphocyte count decrease were considered by
investigators to be unrelated to YS110 but rather related to steroid, and
all patients recovered. Hyponatremia, proteinuria, and nephrotic syn-
drome were considered to be possibly related to YS110, but these
events could not be followed up until recovery because of the death of
the patients due to disease progression.

There were no deaths associated with AEs. One patient who re-
ceived YS110 at a dose of 2 mg/kg discontinued treatment after being
hospitalized with a serious AE (nephrotic syndrome of grade 3). This
was the only AE-related treatment discontinuation. Two patients in-
terrupted treatment because of AEs, including chest pain, malaise,
pyrexia, decreased appetite, proteinuria, and rash. Three IRRs (one of
grade 2 and two of grade 1) developed in two patients. One patient in
the 2 mg/kg cohort developed a rash and pyrexia that were classified as
IRRs, and one patient in the 6 mg/kg cohort also had an IRR. None of
these IRRs was severe.

3.3. Pharmacokinetics

Pharmacokinetic parameters for YS110 in serum determined after
its administration at 2, 4, or 6 mg/kg are shown in Table 3. The max-
imum serum concentration (C,.,) and area under the concentration-
versus-time curve over the dosing interval (AUC,) on days 1 and 29
(fifth and final dose of cycle 1) tended to be proportional to dose level.
Exposure to YS110 increased with repeat administration at each dose.
The C,.x and AUC;, after administration of YS110 at 6 mg/kg on day 29
were thus 1.6 and 2.7 times, respectively, as high as those for day 1.

3.4. Immunogenicity

Antibodies with neutralizing activity to YS110 were detected after
treatment in two patients. One patient in the 2 mg/kg cohort had de-
veloped antibodies to YS110 by day 29 of cycle 1, and neutralizing
activity became apparent on day 43 of cycle 1. Another patient, in the
4 mg/kg cohort, had developed antibodies to YS110 by day 43 of cycle
1 and neutralizing activity on day 50 of cycle 1.

3.5. Efficacy

Seven of the nine study patients were evaluable for tumor response.
The best overall response was a PR in one patient and stable disease in
four patients (Fig. 1). The patient who achieved a PR was a 70-year-old
woman with a baseline ECOG performance status of 1. The total size of
her target lesion had decreased relative to baseline (evaluated as a PR)
after one treatment cycle (Fig. 2). The patient discontinued treatment
after cycle 4 because of progressive disease. Post hoc analysis revealed
that 55.6% (95% CI, 21.2%-86.3%) of patients had stable disease or a
PR after the first cycle of treatment. The median PFS was 3 months
(95% CI, 1.4 months to not evaluable), and the PFS rate at 3 months
was 45% (Supplementary Table 2). Median OS was 9.5 months (95% CI,
2.2 months to not evaluable), and the OS rate at 3 months was 78%
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Table 1
Baseline Demographics and Clinical Characteristics of the Study Patients.
Characteristic YS110 Dose Total (n = 9)
2mg/kg (n = 3) 4mg/kg (n = 3) 6 mg/kg (n = 3)
Age (years), mean * SD 61.3 = 11.59 58.0 = 13.11 67.3 = 2.08 62.2 = 9.72
Sex, n
Male 2 2 3 7
Female 1 1 0 2
Weight (kg), mean = SD 59.4 = 11.02 67.6 = 20.66 68.0 = 6.73 65.0 = 12.89
Tumor stage (IMIG TNM), n
III 0 1 1 2
v 3 2 2 7
ECOG performance status, n
0 2 2 1 5
1 1 1 2 4
Tumor histology, n
Epithelioid 3 3 1 7
Biphasic 0 0 2 2

IMIG, International Mesothelioma Interest Group; TNM, tumor-node-metastasis; ECOG, Eastern Cooperative Oncology Group.

Table 2

Frequency of Adverse Events in Each Dose Cohort.
Adverse event, number of patients 2mg/kg 4 mg/kg 6 mg/kg

Grade 3 or 4 All grades Grade 3 or 4 All grades Grade 3 or 4 All grades

Hematologic
Lymphocyte count decreased 2 2 2 2 1 2
Neutrophil count increased 0 0 0 0 0 1
White blood cell count increased 0 0 0 0 0 1
Nonhematologic
Palpitations 0 0 0 0 0 1
Nausea 0 1 0 0 0 1
Vomiting 0 0 0 0 0 1
Toothache 0 0 0 1 0 0
Chest pain 0 0 0 0 0 1
Malaise 0 0 0 0 0 1
Fatigue 0 2 0 0 0 0
Pyrexia 0 1 0 0 0 0
Nasopharyngitis 0 0 0 0 0 1
Lung infection 0 0 0 0 0 1
Upper respiratory tract infection 0 0 0 1 0 0
Infusion related reaction 0 0 0 0 0 1
Hyponatremia 0 0 0 0 1 1
Decreased appetite 0 0 0 0 0 1
Dizziness 0 1 0 0 0 0
Insomnia 0 1 0 0 0 0
Urinary retention 0 0 0 0 0 1
Nephrotic syndrome 1 1 0 0 0 0
Dyspnea 0 0 0 0 0 1
Hiccups 0 1 0 1 0 0
Rash 0 1 0 1 0 0
Hypotension 0 0 0 0 0 1
Electrocardiogram QT prolonged 0 1 0 0 0 0
Laboratory abnormalities
ALT increased 0 1 0 0 0 1
AST increased 0 1 0 0 0 1
Blood creatinine increased 0 1 0 1 0 0
Blood bilirubin increased 0 0 0 1 0 0
y-Glutamyltransferase increased 0 1 0 0 0 0
Hypoalbuminemia 0 1 0 2 0 0
Hyperglycemia 0 0 0 1 0 0
Hypophosphatemia 0 1 0 0 0 0
Proteinuria 1 1 0 1 0 0
Hematuria 0 1 0 0 0 0

All adverse events were coded according to the Medical Dictionary for Regulatory, Activities (MedDRA) central coding dictionary, version 19.1 or later.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 3

Pharmacokinetic Parameters of YS110 in Cycle 1 for Each Dose Cohort.
Parameter Day 1 Day 15 Day 29
2mg/kg (n=3) (n=3) n=2)
t, (h) 21.65 + 7.64 35.22 + 2.55 32.76 + 5.23
Crnax (Mg/mL) 38.13 + 7.14 40.77 + 3.18 56.95 + 13.08
AUC, (h pg mL™) 1793 + 570 2307 + 705 3065 + 1188
CL (mL h™ kg™) 1.19 + 0.40 0.92 + 0.25 0.71 + 0.27
4mg/kg (n=23) (n=23) (n=3)
ty, (h) 55.69 + 13.48 94.49 + 42.67 86.72 + 32.45
Cmax (ug/mL) 99.47 + 31.09 129.33 + 35.73 146.33 + 36.83
AUC, (h pg mL™) 6335 + 1657 10987 = 3940 13303 * 5335
CL (mL h™ kg™) 0.57 + 0.14 0.40 + 0.15 0.35 + 0.17
6 mg/kg (n=3) (n=2) =2
t, (h) 68.50 = 1.79 129.72 + 28.79 170.25 + 31.54
Crnax (Mg/mL) 162.67 + 19.76 241.00 + 11.31 265.50 + 48.79
AUC, (h pg mL™) 10,400 + 2086 22833 + 1327 28252 + 2705
CL (mL h™ kg™) 0.49 + 0.12 0.26 + 0.02 0.21 + 0.02

Data are means + SD.

ty,, elimination half-life; C.,.,, maximum serum concentration; AUC,, area
under the serum concentration-versus—time curve over the dosing interval; CL,
total body clearance.

YS110
dose Patient
2 mg/kg 1 A *
6 mg/kg 2 . X
4 mglkg 3 2 g
4 mg/kg 4 = P *
4 mglkg 5 L) * e
6 mg/kg 6 = X
6 mg/k 7 A= P
9/kg * Partial response
2 mglkg 8 * . = Stable disease
 Progressive disease
2 mglkg 9 * * Last dose
o 1 2 3 4 5 6 1 & 9

Progression-free survival (months)

Fig. 1. Swimmer plot of YS110 efficacy at data cutoff. The length of each bar
represents time to disease progression or death, whichever came first. Response
symbols represent the best response. Patient 9 was censored at the date of first
dose administration because of the absence of posttreatment lesion assessment.

(Supplementary Table 2).

3.6. Pharmacodynamics

Soluble CD26 concentration and DPPIV activity were measured in
serum of all patients. The mean soluble CD26 concentration decreased
from 734.6 ug/L at baseline to 333.4 ug/L after the first dose of YS110
and to 161.4 ug/L after the dose on day 15 and thereafter remained low
(range, 122.7-236.3 pug/L) until the end of treatment (Fig. 3A). A si-
milar reduction in DPPIV activity was also apparent (Fig. 3B). The
number of CD3*/CD4* T cells decreased from 520.9/uL (42.5% of
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Fig. 3. Levels of soluble CD26 (A) and dipeptidyl peptidase IV (DDPIV) activity
(B) in serum of the study patients at screening (Scr), before (pre) and after
(post) YS110 administration on days (D) 1, 15, and 29, as well as on days 2 and
43 of cycle 1.

total lymphocytes) at baseline to 157.7/uL (38.8%) after the first
treatment, whereas the number of CD3*/CD4" /CD26™* cells decreased
from 455.5/uL (37.3%) to 126.3/puL (31.8%). The number of CD3-/
CD56* natural killer cells decreased from 243.3/uL (18.0%) to 32.7/uL
(7.8%) after the first treatment, and the number of CD3-/CD26"/
CD56™" cells decreased from 18.3/pL (1.9%) to 1.3/uL (0.40%).

4. Discussion

MPM is an aggressive thoracic tumor type with limited treatment
options and a poor prognosis. Several novel therapeutic agents for MPM
are under investigation, one of which is YS110, a humanized

Fig. 2. Computed tomography scans of the lungs of the patient with a partial response performed at screening (A), on day 43 of cycle 1 (B), and on day 43 of cycle 2

.
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monoclonal antibody that selectively binds with high affinity to the
extracellular domain of CD26.

In the present study, YS110 treatment at doses of up to 6 mg/kg did
not result in any DLTs in Japanese patients with advanced MPM who
were intolerant of or whose tumors were refractory to current antic-
ancer treatments. YS110 was also well tolerated in the first-in-human
phase I trial performed with 33 heavily pretreated patients with ad-
vanced or refractory CD26-expressing tumors in France. [16] Together,
these studies suggest that 6 mg/kg weekly is the recommended dose of
YS110, and this dose is now under investigation in the ongoing phase II
part of this study. In the French study, seven severe IRRs (six hy-
persensitivity reactions and one anaphylactic reaction) were observed
in six patients (18.2%), with two of these IRRs being designated DLTs.
In contrast, no severe IRRs occurred in the present study, and only three
mild or moderate such reactions were apparent. This low rate of IRRs
and their mild or moderate intensity in our study suggest that the
prophylactic treatment to prevent them was efficacious. In the French
trial, the first three cohorts of patients received the increasing doses of
YS110 administered in the same volume of solution, with the result that
patients in the later cohorts received YS110 at a higher concentration.
[16] From cohort 4 onward, the volume of the YS110 solution was
increased with each increase in dose. On the basis on this experience,
the protocol of our trial was modified to include an increase in the
volume of infused solution with increasing doses of YS110 for all co-
horts, which may also have contributed to the low rate and intensity of
IRRs.

Five of the nine patients treated with YS110 in the present study
experienced a decrease in lymphocyte count of grade 3 or 4. This re-
duction in lymphocyte count may have been due to prophylactic cor-
ticosteroid administration to limit IRRs. Corticosteroids induce a tran-
sient decline in lymphocyte count as a result of the translocation of
lymphocytes from blood to tissue. [19] The prompt recovery from the
severe reduction in lymphocyte count apparent in the study subjects
indicates that YS110 did not destroy lymphocytes. Moreover, a similar
trend of a reduction in CD3*/CD4" and CD3*/CD4*/CD26™ T cell
subsets was observed, suggesting that the lymphocyte count decrease
was not restricted to cells expressing CD26. The changes in lymphocyte
numbers were thus likely not entirely due to YS110 treatment.

The most severe AEs observed in the present study were hypona-
tremia, nephrotic syndrome, and proteinuria, which were each ex-
perienced by one patient and were considered to be related to treat-
ment. One patient discontinued treatment because of serious nephrotic
syndrome. The effects of YS110 on the kidneys have not been fully
elucidated. [16] DPPIV/CD26 is highly expressed in the proximal tu-
bules of the kidneys [20], and the circulating level of soluble CD26 may
be a marker for impaired renal function [21]. We therefore cannot rule
out the possibility that YS110 was responsible for the case of nephrotic
syndrome. However, this patient had preexisting proteinuria that may
have conferred a predisposition to the development of renal toxicity. In
addition, no cases of renal toxicity were apparent in the French clinical
study or in nonhuman primate toxicity tests [16]. The relation between
CD26 inhibition and renal function requires further investigation.

One patient in the present study achieved a PR, which is the first
such response reported for YS110, given that no PRs were manifest in
the French phase I study. [16] The patient who achieved this response
had an epithelioid tumor, and CD26 expression has been shown to be
high in epithelioid cells [22]. Although the expression rate of CD26 in
tumor tissue had not been determined at the time of data cutoff, it is
possible that MPM tumors with an epithelioid histology are more sen-
sitive to CD26 inhibition. We will investigate the relationship between
CD26 expression or other biomarkers and clinical outcome of YS110.
YS110 has been found to induce MPM cell lysis via antibody-dependent
cytotoxicity [12,15,23]. It has also been shown to induce cell cycle
arrest in CD26" malignant mesothelioma cells and to control the
growth of MPM cells via up-regulation of the cyclin-dependent kinase
inhibitors p21 or p27. [11,15] The antitumor effects of YS110 in vivo
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are therefore likely mediated by its binding to mesothelioma cells that
express CD26.

The serum levels of both soluble CD26 and DPPIV activity decreased
after treatment with YS110 according to a similar time course and then
remained below baseline values for the duration of the study. Inhibition
of DPPIV activity suppresses cleavage of the chemokine CXCL10, which
is a ligand for the receptor CXCR3. By reducing the concentration of
soluble CD26 and DPPIV activity, YS110 may enhance the migration of
CXCR3-expressing effector T cells into the tumor parenchyma. [24,25]
Inhibition of DPPIV activity was also recently shown to promote in-
terleukin-33-dependent, eosinophil-mediated control of tumor growth
by increasing the concentration of the chemokine CCL11 [23]. Inhibi-
tion of DPPIV activity may thus contribute to the antitumor action of
YS110.

Our study has some limitations. The study design with the small
number of patients in each dose cohort precluded examination of any
racial differences in the pharmacokinetics of YS110. In addition, anti-
bodies to YS110 with neutralizing activity were detected in two pa-
tients, but the effects of such neutralizing activity on pharmacokinetic
parameters were not evaluated given that serial pharmacokinetic data
were not obtained after cycle 1. Finally, we did not measure CD26
expression in tumor tissue and so were not able to examine the relation
between CD26 expression and tumor response.

In conclusion, YS110 was generally well tolerated at doses up to
6 mg/kg in Japanese patients with advanced MPM. This dose is thus the
recommended dose for evaluation in the phase II part of our phase I-II
study. YS110 also showed promising antitumor efficacy in patients with
MPM.
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DPP8 is a novel therapeutic target
for multiple myeloma

Tsutomu Sato'*, Ayumi Tatekoshi?, Kohichi Takada?, Satoshi lyama?, Yusuke Kamihara3,
Paras Jawaid*, Mati Ur Rehman*, Kyo Noguchi®*, Takashi Kondo*, Sayaka Kajikawa?,
Kotaro Arital, Akinori Wada?, Jun Murakami®, Miho Arai®, Ichiro Yasuda®, Nam H. Dang’,
Ryo Hatano?, Noriaki Iwao®, Kei Ohnuma® & Chikao Morimoto?®

Dipeptidyl peptidases (DPPs) are proteolytic enzymes that are ideal therapeutic targets in human
diseases. Indeed, DPP4 inhibitors are widely used in clinical practice as anti-diabetic agents. In this
paper, we show that DPP4 inhibitors also induced cell death in multiple human myeloma cells. Among
five DPP4 inhibitors, only two of them, vildagliptin and saxagliptin, exhibited apparent cytotoxic
effects on myeloma cell lines, without any difference in suppression of DPP4 activity. As these two
DPP4 inhibitors are known to have off-target effects against DPP8/9, we employed the specific DPP8/9
inhibitor 1G244. 1G244 demonstrated anti-myeloma effects on several cell lines and CD138+- cells from
patients as well as in murine xenograft model. Through siRNA silencing approach, we further confirmed
that DPP8 but not DPP9 is a key molecule in inducing cell death induced by DPP8/9 inhibition. In

fact, the expression of DPP8 in CD38+ cells from myeloma patients was higher than that of healthy
volunteers. DPP8/9 inhibition induced apoptosis, as evidenced by activated form of PARP, caspases-3
and was suppressed by the pan-caspase inhibitor Z-VAD-FMK. Taken together, these results indicate
that DPP8 is a novel therapeutic target for myeloma treatment.

Dipeptidyl peptidases (DPPs) are members of the serine protease subfamily S9B including DPP4, DPP8, DPP9
and fibroblast activation protein (FAP). DPPs selectively cleave N-terminal dipeptides (Xaa-Pro) from their sub-
strates; therefore, they are considered to be ideal drug targets for the treatment of human diseases'-®. Notably,
DPP4, also known as CD26, cleaves and inactivates the incretins such as glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic peptide (GIP)”. These proteins are secreted from enteroendocrine K and L cells
and stimulate pancreatic beta cells so as to secrete insulin. An increased GLP-1 level is one of the major effects
of DPP4-inhibitor treatment. DPP4 has thus become a molecular target for the management of diabetes mellitus
(type 2)®. DPP4 inhibitors are now commonly used in clinical practice as anti-diabetic drugs to obtain satisfactory
glycemic control in patients with type 2 diabetes mellitus’.

Meanwhile, DPP4/CD26 is expressed on various cells and has a multitude of biological functions'. Numerous
previous reports have demonstrated that CD26 is involved in T-cell function and regulation of the immune sys-
tem!!""?. Moreover, DPP4/CD26 is detectable on many types of cancer cells; examples include thyroid carcinoma,
gastrointestinal stromal tumor, prostate carcinoma, lung carcinoma, hepatic cancer, colon carcinoma, renal cell
cancer (RCC), and malignant pleural mesothelioma (MPM). Hematologic cancers such as T-acute lymphoblastic
leukemia, T-anaplastic large cell lymphoma, and T-lymphoblastic lymphoma are also included®->2.

We previously reported that DPP4/CD26 is not expressed on normal mesothelial cells but on MPM cells®,
therefore, CD26 is a potential therapeutic target in the management of MPM patients*. In addition, our in
vivo experiments confirm the anti-tumor effects of anti-CD26 monoclonal antibody in murine xenograft sys-
tems of MPM?-?7 or RCC*. Expanding on our preclinical findings, we reported the promising results of the
first-in-human phase 1 clinical study of YS110, an anti-CD26 recombinant DNA-derived humanized monoclo-
nal antibody, regarding pharmacokinetics, pharmacodynamics, safety, and preliminary anti-tumor activities in
patients with refractory MPM or RCC?. Furthermore, we also demonstrated that hematological cancers such as
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Figure 1. Cytotoxic effects of DPP4 inhibitors against multiple myeloma cell lines. (A) 1.0 x 10° MM.1S (open
circles) or RPMI8226 (closed circles) cells were cultured at doses of 0-100 uM DPP4 inhibitors (vildagliptin,
saxagliptin, sitagliptin, alogliptin, or linagliptin) for 72 hours. Cell number was estimated by a colorimetric
assay using WST-1 reagent (n=6). (B) 1.0 X 10° MM.1S cells were cultured with 100 uM DPP4 inhibitors
(vildagliptin, saxagliptin, sitagliptin, alogliptin, or linagliptin) for 72 hours. Cell number was estimated by a
colorimetric assay using WST-1 reagent (n=6). (C) 1.0 x 10° Karpas 299 cells were cultured with 100 uM DPP4
inhibitors (vildagliptin, saxagliptin, sitagliptin, alogliptin, or linagliptin) for 24 hours, respectively. DPP4 activity
was estimated using a luminogenic DPP4 substrate, Gly-Pro-aminoluciferin (n = 6). The data are representative
of three separate experiments and presented as the mean £ SD.

T-anaplastic large cell lymphoma®**!

pies as well as MPM and RCC.

Therefore, herein we initially investigated the therapeutic efficacy of DPP4 inhibitors on multiple myeloma
cells, work which subsequently led to the interesting findings indicating that DPP8 is a novel therapeutic target
for multiple myeloma.

and multiple myeloma®” are also potential targets of CD26-directed thera-

Results

Cytotoxic effects of DPP4 inhibitors against multiple myeloma cell lines.  The cytotoxic effects
of DPP4 inhibitors on multiple myeloma cell lines were examined using WST-1 cell proliferation assay system
as shown in Fig. 1A. Vildagliptin treatment up to 100 uM led to decreased cell number of MM.1S or RPMI18226
cells in a concentration-dependent manner till 7 and 70%, respectively. Nevertheless, 100 uM of vildagliptin is not
achieved as a plasma concentration by the reccommended oral daily dose (i.e. 100 mg) since oral administration of
200 mg of vildagliptin resulted in less than 5.0 uM of plasma concentration as demonstrated previously®. Similar
cytotoxic effects were observed when cells were treated with saxagliptin; however, both cell lines were unaffected
in the presence of sitagliptin, alogliptin, or linagliptin. As only vidagliptin and saxagliptin showed the marked
cytotoxicity (Fig. 1B), it was assumed that the cytotoxicity of those two DPP4 inhibitors was due to stronger
suppressive effects on DPP4 activity than the other three DPP4 inhibitors. However, surprisingly, the suppressive
effects of these five DPP4 inhibitors on DPP4 activity were almost identical (Fig. 1C). In addition, the cytotoxic
effects against the T-cell lymphoma cell line Karpas 299 was also observed only with vildagliptin and saxagliptin.
(Supplementary Fig. 1A). These results indicated that vildagliptin and saxagliptin exerted their anti-myeloma
activity by other mechanisms than DPP4-inhibition.

Anti-myeloma activity of DPP8/9 inhibitor. Based on previous work showing that vildagliptin and sax-
agliptin were classified into the same category (Class 1) of DPP4 inhibitors* and had non-negligible off-target
effects on DPP8/9 activity®, we hypothesized that vildagliptin and saxagliptin-induced inhibitory effects on
DPP8/9 were the causal factor for their anti-myeloma activity. To further address this topic, we employed a spe-
cific DPP8/9 inhibitor, 1G244° to confirm whether DPP8/9 inhibition actually induced cell death in multiple
myeloma cells. As shown in Fig. 2A, 1G244 dose-dependently decreased viable cell number of five multiple
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Figure 2. Anti-myeloma activity of DPP8/9 inhibitor. (A) 1.0 x 10° Delta47 (rhombuses), U266 (inverted
triangles), KMS-5 (squares), RPMI18226 (triangles), or MM.1 S (circles) cells were cultured with 1G244

(0-100 uM) for 72 hours. Cell number was estimated by a colorimetric assay using WST-1 reagent (n=6). (B)
0.5 x 10> MM.1 S cells were subcutaneously inoculated into NOG mice (n=#6). Three days after the inoculation,
1G244 (30 mg/kg) was administered subcutaneously once-a-week. The tumor volume was measured every third
or fourth day. (C) 0.1-0.5 x 10° CD138 ++ myeloma cells from patients were cultured with 1G244 (50 uM) for

24 hr (patient number 2-5) or 48 hr (patient number 1) Non-viable cells were estimated by a flow cytometric
analysis using 7-AAD reagent (n=3). (D) 1.0 x 10° MM.1S (left panel) or KMS-5 (right panel) cells were
cultured with bortezomib (20 or 40 nM) with or without 1G244 (0.5 or 5uM) for 72 hours, respectively. Cell
number was estimated by a colorimetric assay using WST-1 reagent (n=6). The data are presented as the

mean £ SD.

myeloma cell lines as well as three T-cell lymphoma cell lines (Supplementary Fig. 1B). Almost complete cell
death of all cell lines was observed at a dose of 100 uM. However, since it is known that 100 uM of 1G244 induced
nonspecific cell death®’; we therefore used 1G244 at levels below 50 uM in our subsequent experiments. Since,
MM.1S was the most susceptible among five cell lines, it was inoculated into mice to confirm the anti-myeloma
effects of 1G244 in vivo. 1G244 was administered subcutaneously into mice at 30 mg/kg once a week, since daily
intravenous injection of 1G244 at the same dosage has been linked to severe cyanosis in rats on day 4 or 5%.
Once-a-week administration of 1G244 apparently suppressed the subcutaneous growth of MM.1 S cells with no
other obvious clinical symptoms in mice (Fig. 2B). 1G244 effect on samples from patients with multiple mye-
loma was also examined. CD138-positive myeloma cells were efficiently isolated from bone marrow cells using
magnetic beads (Supplementary Fig. 2). Myeloma cells of all five patients were regarded as non-viable (91-97%)
following incubation with 50 uM 1G244 (Fig. 2C). It should be noted that myeloma cells of patient 2 had a dele-
tion of chromosome 17p, being resistant to various chemotherapeutic and biologic agents such as bortezomib,
lenalidomide, dexamethasone, cyclophosphamide, and doxorubicin. These results suggested that DPP8/9 inhi-
bition induced cell death in myeloma cells via a distinctive signaling pathway which did not overlap with that of
existing chemotherapeutic and biologic agents. Therefore, the effect of the combination of 1G244 and bortezomib
was examined (Fig. 2D). 1G244 at a dose of 0.5 uM displayed no cytotoxic effects on MM.1S cells; however, in
combination with bortezomib (20 nM), the number of viable cells decreased significantly compared to the effect
of bortezomib (20 nM) alone. Similar effects were observed on another myeloma cell line, KMS-5. These results
suggested that DPP8/9 is a realistic potential therapeutic target for the management of multiple myeloma; how-
ever, it was reported that the cell death of THP-1 monocytes induced by 1G244 was not dependent on DPP8/9%.
Therefore, we introduced small interfering RNAs (siRNAs) into our experiments to downregulate specifically the
expression of either DPP8 or DPP9.

DPP8 as a target of myeloma therapy. In order to determine whether DPP8 or DPPY is particularly
responsible for the anti-myeloma activity of 1G244, we employed small interfering RNAs (siRNAs) specific to
either DPP8 or DPP9, due to unavailability of specific chemical inhibitors to either DPP8 or DPP9 since these two
DPPs closely resemble each other in structure®*°. As shown in Fig. 3A, treatment with siRNAs specific to DPP8
clearly decreased viable cell number; however, treatment with siRNA specific to DPP9 showed no such change.
These results indicated that DDP8 is a novel target for myeloma therapy. Indeed, DPP8 was expressed at a higher
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Figure 3. DPPS8 as a target of myeloma therapy. (A) 1.0 x 10° MM.1S cells were cultured with 20 nM DPP8
siRNAs (left) or DPP9 siRNAs (right) for 72 hours. Cell number was estimated by a colorimetric assay using
WST-1 reagent (n=6). (B) DPP8 gene expression of CD38 + bone marrow cells in healthy volunteers (HV)
(n=5) was compared to those in Waldenstrom’s macroglobulinemia patients (WM) (n = 10) or in multiple
myeloma (MM) patients (n = 12) based on a dataset record GDS2643. (C) 1 x 10° MM.1 S cells were cultured
with 1G244 (50 uM) for 0-48 hours. The full length (FL) and cleaved form (CL) of PARP or caspase-3 were
detected by Western blot analysis. 3-Actin was used as a loading control. Full-length blots are presented in
Supplementary Fig. 3. (D) 1.0 x 10 MM.1S (left) or KMS-5 (right) cells were cultured with 1G244 (50 uM) with
or without pan-caspase inhibitor, Z-VAD-FMK (100 uM) for 24 hours. Non-viable cells were estimated by a
flow cytometric analysis using 7-AAD reagent (n=6). The data are representative of three separate experiments
except (B) and presented as the mean + SD in (A,B,D).

level in CD38+ bone marrow cells of Waldenstrom’s macroglobulinemia and multiple myeloma patients than
those of healthy volunteers (Fig. 3B). Regarding the potential cellular mechanism involved in 1G244-induced
cell death in multiple myeloma cells, apoptosis was the most likely, as cleaved forms of both caspase-3 and PARP
were detected (Fig. 3C). Furthermore, 1G244-induced cell death was suppressed by the pan-caspase inhibitor
Z-VAD-FMK (Fig. 3D). These findings led to our conclusion that the mechanism for cell death of multiple mye-
loma cells induced by DPP8-inhibition is apoptosis.

Discussion

Recently, inhibition of DPP8/9 has garnered attention as a new potential therapeutic strategy for acute myeloid
leukemia (AML). Johnson DC et al. reported that Val-boroPro, a non-selective inhibitor of the post-proline cleav-
ing serine proteases, as well as the specific DPP8/9 inbibitors 1G244 and L-allo-Ile-isoindoline induced cell death
in many AML cell lines and primary AML samples”. Although it was demonstrated that Val-boroPro had no
activity against any of the non-AML cell lines, it did not necessarily contradict our findings that DPP8/9 inhibi-
tion induced cell death in multiple myeloma cells. This is due to the fact that the twenty non-AML cell lines which
were tested did not include multiple myeloma cell lines. Therefore, our present paper reports for the first time the
anti-myeloma activity induced by the DPP8/9 inhibitor.

Meanwhile, Johnson DC et al. concluded that pyroptosis, an immunostimulatory form of programmed
cell death, was the mechanism responsible for cell death induced by the DPP8/9 inhibition, being dependent
on caspase-1 activation downstream of inflammasome formation®”. In their report, caspase-1 expression was
found as a key determinant of cell sensitivity to a DPP8/9 inhibitor and that treatment of sensitive cells with a
DPP8/9 inhibitor induced the cleavage of pyroptotic substrate gasdermin D (GSDMD) but not the apoptotic
substrate PARP. However, in contrast, our data showed that caspase-3 and PARP cleavage was clearly detected in
1G244-mediated cell death of multiple myeloma cells (Fig. 3C). We thus concluded that apoptotic cell death sig-
naling was induced in multiple myeloma cells by DPP8/9 inhibition. Our conclusion does not completely oppose
the possible involvement of pyroptotic cell death because cell death signaling involves a complex process. The
inflammasome formation can activate caspase-8, which mediates the activation of downstream caspases such as
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caspase-3, caspase-7, and caspase-9*1-%, Besides, caspase-3 can be activated downstream of caspase-1 through
inflammasome responses independent of caspase-8*. In the case of 1G244-dependent caspase-3 cleavage, addi-
tional detailed work is required to examine the potential involvement of inflammasome responses.

During the investigation of DPP8/9 inhibition-induced pyroptotic cell death signaling of AML cells, caspase
recruitment domain-containing protein 8 (CARDS8) was identified as an activator of pro-caspase-1*’. Concerning
the mechanism involved in DPP8/9 inhibition-mediated activation of CARD8, DPP9 was regarded as a novel
interacting partner with CARD 8 as well as the NLR family member, pyrin domain containing 1 (NLRP1)%.
NLRP1 is the human homolog of the mouse Nlrp1b, which is activated in murine macrophage cells treated with
the DPP8/9 inhibitors*®. DPP9 functions as an endogenous inhibitor of NLRP1; therefore, DPP8/9 inhibition
activates NLRP1, leading to pyroptotic cell death. Interestingly, DPP9 contributes to the inhibition of NLRP1
not only by its catalytic function but also by physical interaction with NLRP1. These findings are based on the
data showing that the catalytically inactive DPP9 point mutant S759A, which does not compromise the ability
of DPP9 to bind NLRP1, led to significant but partial repression of NLRP1-dependent pyroptosis reaction, and
DPP8/9 inhibitors caused the dissociation of DPP9 from NLRP1. While the inhibitory mechanism of DPP9 on
NLRP1-dependent pyroptosis by its physical interaction with NLRP1 needs to be investigated further, it is impor-
tant to note that some other biological function of DPP9 other than its catalytic activity may be revealed in the
future.

While either CARD8 or NLRP1 may be involved in DPP9-dependent pyroptosis, a mechanism involved in
DPP8-induced apoptotic cell death has not yet been elucidated. The catalytic activity of DPP8 is the most proba-
ble function that contributes to the induction of apoptotic cell death signaling; however, other possible involve-
ment of its non-catalytic function such as protein interaction may also play a role.

In the present study, we speculate that its inhibitory effect on DPP8/9 is responsible for the anti-myeloma
activity of vildagliptin; however, “off-target” effects should be taken into consideration when vildagliptin is
used as an anti-cancer drug. Regarding this point, recent investigation demonstrated that vildagliptin reduced
lung cancer growth exerted by surfactant-activated macrophages and NK cells via tumor necrosis-related
apoptosis-inducing ligand (TRAIL)-mediated cytotoxicity?.

In summary, our present work demonstrated that DPP8 is a novel target for multiple myeloma therapy induc-
ing apoptotic cell death. Further development of specific inhibitors against DPP8 would provide promising ther-
apeutic effects in human multiple myeloma.

Methods

Cell culture.  Five human multiple myeloma cell lines, Delta47, U266, KMS-5, RPMI8226, and MM.1 cells
as well as three human T-cell lymphoma cell lines, Karpas 299, H9, and HUT102 cells were supplied by American
Type Culture Collection (Manassas, VA) and maintained in RPMI 1640 (Gibco BRL, Tokyo, Japan) with 10%
heat-inactivated fetal bovine serum (Sigma, St. Louis, MO).

Reagents. Benzyloxycarbonyl-Val-Ala-Asp (OMe) fluoromethylketone (Z-VAD-FMK) was purchased from
Medical and Biological Laboratories (Nagoya, Japan). 1G244 was purchased from AK Scientific (Union city,
CA). Alogliptin was purchased from ChemScene (Monmouth Junction, NJ). Linagliptin was purchased from
BioVision (Milpitas, CA). Sitagliptin and Bortezomib were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Vildagliptin was purchased from LKT Laboratories (St. Paul, MN). Saxagliptin was purchased from
Adooq Bioscience (Irvine, CA).

Cellular cytotoxicity. The number of viable cells seeded onto a 96-well culture plate was quantified using
Premix WST-1 Cell Proliferation Assay System (TaKaRa, Kyoto, Japan) according to the manufacturer’s instruc-
tions. Briefly, 10 ul of Premix WST-1 per 100 pl of culture medium was added to each well and the cells were incu-
bated under the standard culture condition for 1 hour. WST reduction was determined with an automated ELISA
plate reader, ImmunonMini NJ-2300 spectrophotometer (InterMed, Tokyo, Japan), at an optical density (OD) of
450-650 nm, as we described previously*’.

DPP4 activity. The DPP4 activity of the cell culture media was measured using DPPIV-Glo™ Protease Assay
Kit (Promega, Madison, WI) according to the manufacturer’s instructions. Briefly, 5 pl of the cell culture media
was added to the mixture of a luminogenic substrate, Gly-Pro-aminoluciferin and a recombinant luciferase. After
the release of aminoluciferin, substrate for luciferase by DPP4 cleavage and the following luciferase reaction,
luminescence was recorded as relative light units (RLU) on a plate reader, Infinite M1000 Pro (Tecan, Mannedorf,
Switzerland).

In vivo studies. NOD/Shi-scid IL-2Rvnull (NOG) female mice of age (6-7 weeks) and weight (19-21 g)
were obtained from Central Institute for Experimental Animals (CIEA) (Kawasaki, Japan). The mice were kept
under specific pathogen-free conditions with a 12 hour day and night cycle with free access to food and water,
and received humane care in compliance with Institutional Guidelines. All experiments were approved by the
Animal Care and Use Committee of Sapporo Medical University and were performed in accordance with the
guidelines and regulations of the Animal Care and Use Committee of Sapporo Medical University. In order to
examine the anti-myeloma activity of 1G244, 5 x 10 MM.1S cells were inoculated subcutaneously on the left side
at the back of NOG mice. Three days after the inoculation, 30 mg/kg of 1G244 was administered subcutaneously
once-a-week. The growth of tumor was followed every third or fourth day by measurements with a caliper and
its volume was calculated according to the following formula: MD x TL? x 1/2, where MD and TL are the maxi-
mum diameter and transverse length, respectively. The mice were sacrificed before the volume of the tumor mass
reached 3,500 mm? for ethical reason, as we described previously*.
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Myeloma cells from patients. Multiple myeloma patients followed up between January 2000 and
December 2015 in our hospital were retrospectively screened. Frozen bone marrow cells from five patients were
obtained for analysis. Myeloma cells were positively selected using MACSprep™ Multiple Myeloma CD138
MicroBeads, human Kit (Miltenyi Biotec, Auburn, CA) according to the manufacturer’s instructions. Briefly,
bone marrow cells were suspended in MACS buffer and incubated with microbeads conjugated to monoclonal
anti-human CD138 antibodies. The cells were then loaded onto MACS column. The magnetic labeled CD138+
cells were bound to the column and released from magnetic field using wash buffer. All patients were treated
according to institutional review board-approved protocols and gave informed consent in accordance with the
Declaration of Helsinki. This study was approved by the institutional review board of Sapporo Medical University.

Flow cytometry. The population of non-viable cells was estimated by a flow cytometric analysis using a
standard flow cytometric viability probe, 7-Amino-Actinomycin (7-AAD) reagent (BD Biosciences, San Jose,
CA) which permeates the membranes of both dead and damaged cells. Briefly, after the incubation with 7-AAD
for 15 minutes at room temperature in the dark, cells were analyzed on the BD FACSCanto II (BD Biosciences)
with FlowJo software 7.6.1 (Treestar, Ashland, OR).

Gene expression database. A dataset record GDS2643 was found in the Gene Expression Omnibus
(GEO) database at the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/
geo/) and used to compare DPP8 gene expression of CD38+bone marrow cells in healthy volunteers (HV) to
those in Waldenstrom’s macroglobulinemia patients (WM) or in multiple myeloma (MM) patients.

Preparation of siRNAs. Stealth siRNAs (Set of 3)™ (Invitrogen, Carlsbad, CA) targeting human DPP8
with the following sequences were used: HSS123433 (DPP8-1) (gga agg auc aua gau guc aua gau a); HSS123434
(DPP8-2) (gga ccu cau uca gac aga auc uau u); HSS123435 (DPP8-3): gcc ggu agu gga auu uau cac gua a. As a
negative control, Low GC in Stealth RNAi Negative Control Kit™ (Invitrogen) was used. Also, Stealth siRNAs
(Set of 3)™ targeting human DPP9 with the following sequences were used: HSS132085 (DPP9-1) (gac agg cag
caa gaa ucc caa gau u); HSS132086 (DPP9-2) (gca agu acu cgg gee uca uug uca a); HSS132087 (DPP9-3) (ccu gga
agc aga ugc ugg auc auu u). As a negative control, Medium GC in Stealth RNAi Negative Control Kit™ was used.

Transfection of siRNAs. Multiple myeloma cells were transfected with siRNAs using Lipofectamine
RNAiIMAX Reagent (Invitrogen) according to the manufacturer’s instructions. Briefly, MM.1S cells were seeded
at 1.0 x 10° cells/100 uL/well onto 96-well plates. The cells were then transfected with 2 pmol siRNA and 0.3 L
Lipofectamine RNAiMAX Reagent diluted with Opti-MEM Medium (Invitrogen) and cultured for 72 hours. This
gives a final siRNA concentration of 20 nM.

Western blot analyses. Cells were lysed in a buffer containing 1% sodium dodecyl sulfate (SDS), 20 mM
Tris-HCl pH 7.4, 5 pg/ml pepstatin A, 10 pg/ml leupeptin, 5 pg/ml aprotinin and 1 mM phenyl-methylsulfonyl
fluoride and then heated for 5 minutes. After passage through a 20-gauge needle ten times and centrifugation
at 15,000 rpm at 4 °C for 30 minutes, the aliquot was boiled in a standard reducing sample buffer for 3 minutes
and subjected to SDS-polyacrylamide gel electrophoresis. It was followed by transfer to Immobilon-P mem-
brane (Millipore, Bedford, MA) and hybridization with anti-poly (ADP-ribose) polymerase (PARP) antibody
(#9542) (Cell Signaling, Danvers, MA), anti-caspsae-3 antibody (#9662) (Cell Signaling), and anti-actin antibody
(sc-1615) (Santa Cruz Biotechnology). Proteins detected by these antibodies were visualized with horseradish
peroxidase—conjugated anti-rabbit or goat antibody (Santa Cruz Biotechnology) followed by the use of enhanced
chemiluminescence (Amersham Pharmacia Biotech, Uppsala, Sweden), as we described previously*’.

Statistical analysisn. The statistical significance of difference was evaluated by Student’s t-test using
GraphPad Prism version 5.0 (GraphPad Software, La Jolla, CA). Statistical significance of p < 0.05 considered
significant.
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ABSTRACT

Immune checkpoint inhibitors (ICls) have drastically altered cancer treatment paradigms, with increas-
ing numbers of novel ICls being currently evaluated in numerous clinical trials for various cancers. ICls
release ‘brakes’ against tumor immunity to control cancer growth through T cell-dependent anti-tumor
activity. Meanwhile, side effects associated with ICls are directly related to their mechanism of action,
as nonspecific immune activation targeting non-tumor organs results in undesirable off-target inflam-
mation and autoimmunity. Accumulating data reveal that immune-related adverse events (irAEs) of
ICIs in cancer patients can resemble various rheumatic diseases. Moreover, while patients with preex-
isting rheumatic diseases can theoretically experience irAEs and disease flares, observational studies
have shown that ICIs can be used successfully in these patients. As ICls continue to provide long-
lasting disease control in cancer patients and their usage correspondingly increases, the rheumatolo-
gist will be managing new ICl-associated clinical entities mimicking common autoimmune diseases
and will need to be prepared to rapidly diagnose and treat these irAEs. Early recognition and
treatment of these rheumatic adverse events will allow for improved outcomes and quality of life for
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cancer patients faced with previously rapidly fatal disease.

Introduction

Monoclonal antibodies (mAbs) against coinhibitory immune
checkpoint molecules have demonstrated clinical activities
in various malignancies [1]. Targets include cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4 or CDI152),
programmed cell-death protein 1 (PD-1 or CD279) and its
ligand (PD-L1; B7-H1 or CD274), which negatively regulate
T cell activation and T cell receptor (TCR) signaling,
respectively. By disinhibiting these regulatory pathways,
immune checkpoint inhibitors (ICIs) overcome self-toler-
ance and promote T cell-mediated expansion, leading to
robust anti-tumor immunity [1]. Originally approved by the
US Food and Drug Administration (FDA) for the treatment
of advanced melanoma [2], ICIs have led to a paradigm
shift in the field of cancer therapy, with the list of indica-
tions for ICI use in advanced cancers being now ever-
expanding, to include non-small cell lung carcinoma, bladder
cancer, head and neck squamous carcinoma, breast cancer,
gastric cancer, colorectal carcinoma or solid tumors with high
microsatellite instability or mismatch-repair deficiency, hepa-
tocellular carcinoma, Merkel cell carcinoma, urothelial carcin-
oma, Hodgkin’s lymphoma and leukemia [1].

As a consequence of their mechanism of action, ICI ther-
apy can induce nonspecific immune activation, which can
target non-tumor tissues. These side effects are collectively
referred to as immune-related adverse events (irAEs) [3].

irAEs can resemble various rheumatic diseases, such as
inflammatory arthritis (IA) [4], but also exhibit diverse
manifestations throughout the body [5,6] (Figure 1). As
indications for ICIs use expand and as these novel agents
are combined with each other, it becomes increasingly
important for rheumatologists to recognize irAEs and
appropriate management. In this paper, we summarize the
underlying immune mechanisms and the latest findings
regarding the rheumatic manifestations and the general
approach to management of ICI-associated irAEs in cancer
patients treated with these novel agents. Reviewing many
recently published work on rheumatic irAEs, this review
will provide rheumatologists an updated understanding of
these emerging cancer therapies, with particularly a focus on
their associated immunopathologic mechanisms and rheum-
atic complications, and their management.

Normal immune response and immune homeostasis

The classical definition of immunity is protection from
infectious pathogens, and the mechanisms of host defense
fall into two broad categories, innate immunity and adaptive
immunity [7]. During the innate response process, activa-
tion of antigen-presenting cells (APCs) leads to enhanced
expression of costimulatory molecules. The principal T cell
costimulatory molecule CD28 is recognized by the B7
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Figure 1. Spectrum of immune-related adverse events induced by immune checkpoint inhibitors. Details are described in the text. *DRESS: drug reaction with
eosinophilia and systemic symptoms; **HUS: hemolytic uremic syndrome; ***TTP: thrombotic thrombocytopenic purpura.

molecules CD80 (B7-1) and CD86 (B7-2) that are expressed
on APCs [8,9]. Antigen-specific T cells are activated by spe-
cific antigens (‘signal 1) and the costimulatory molecules
(‘signal 2’) [8,10] (Figure 2(A)). Once activated, proliferated
and expanded clonally, antigen-specific T cells exhibit
enhanced cell surface expression of immune inhibitory mol-
ecules (immune checkpoints) to prevent uncontrolled
immune responses and inflammatory tissue damages and to
maintain self-tolerance [8,9,11].

CTLA-4 is a transmembrane glycoprotein that is a homo-
log of the immune costimulatory protein CD28 [9,12] and
plays a key role in the development of peripheral tolerance
to self-proteins by neutralizing the function of CD28 [9,13].
CTLA-4 is a receptor that inhibits T cell activation by
blocking CD28-CD80/CD86 engagement through its
approximately 20 times greater affinity to CD80/CD86 on
APCs [9,14-16] (Figure 2(B)). In addition, regulatory T cells
(Treg), a CD4 subset involved in global regulation of
the innate and adaptive immunity, constitutively express

CTLA-4, which binds to CD80/CD86 on APCs to reduce
their ability to activate T cells through CD28 [17] (Figure
2(C)). The significant role of CTLA-4 in immunity is clearly
demonstrated in the CTLA-4~'~ mouse model, with the ani-
mals being moribund at 3-4-week-old and exhibiting severe
pancreatitis, myocarditis and T cell infiltration in the liver,
heart, lung and pancreas [18,19].

PD-1 molecules are expressed on the T cell surface
within 24h of activation, and subsequently, disappear once
the antigen is eradicated [8]. While CTLA-4 mainly affects
naive T cells, PD-1 is primarily expressed on mature T cells
in peripheral tissues and the tumor microenvironment
(TME) through downmodulation of TCR signaling [20],
hence altering effector T cell survival, proliferation and bio-
logical function [21,22] (Figure 2(D)). There are two known
ligands to PD-1: PD-L1 and PD-L2 (B7-DC or CD273)
[21,22]. PD-L1 is widely expressed on hematopoietic and
non-hematopoietic cells, including heart, endothelium, pan-
creatic islets, small bowel and placenta, while PD-L2 is
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Figure 2. Mechanisms of T cell costimulation, coinhibition, and T cell dependent anti-tumor immunity. (A) Adaptive immune response develops in a stepwise
fashion, consisting of initial antigen recognition, followed by activation of specific lymphocyte subsets that results in proliferation and differentiation into effector
and memory cells, then elimination of the antigen, and decline of the response, with memory cells being the long-lived survivors of the process. In an activation
step, T cells are primed by antigen-presenting cells (APCs) with antigen peptides loaded by major histocompatibility complex (MHC) molecule. TCR complex recog-
nizes peptide antigens that are presented by MHC molecules (class | MHC for CD8+ and class Il for CD4-+ T cell) on the surface of APC, followed by engagement of
CD28 on the surface of T cells by CD80 or CD86 expressed on APCs which provides a costimulatory second signal, cooperatively activating antigen-specific T cells.
(B) After activation, T cells express PD-1 and CTLA-4 coinhibitory molecules that bind to PD-L1/PD-L2 and CD80/86 (with significantly higher affinity than CD28),
respectively, leading to suppression of antigen-specific T cell activity through anergy and apoptosis, and secretion of inhibitory mediators including TGF-§, IL-10
and indoleamine 2,3-dioxygenase (IDO). If the antigen is presented to T cells without adequate levels of costimulatory signals, the cells become anergic to the anti-
gen, a process which is mediated by coinhibitory molecules including CTLA-4 and PD-1. (C) Regulatory T cells (Treg) also constitutively express CTLA-4 and PD-1 as
an inhibitory extrinsic mechanism leading to proliferation and activation of Treg, induction of T cell anergy and apoptosis, and secretion of inhibitory mediators.
Meanwhile, a key role of Treg is to prevent immune reactions against self-antigens, a function mediated in part by the secretion of immunosuppressive cytokines
such as IL-10 and TGF-B, which inhibit lymphocyte activation and effector function. (D) Mechanisms described in panels of B and C on PD-1 and CTLA-4 immune
checkpoint molecules lead to tumor escape in the tumor microenvironment. PD-L1 and PD-L2 are expressed on various tumor cells, which could partly explain the
ability of tumor cells to evade the process of immune surveillance. Following continuous exposure of effector T cells to antigens, such as in the setting of the tumor
microenvironment, T cells lose the ability to respond to the antigen, a process termed T cell exhaustion, with PD-1 signaling playing a critical role. PD-1 is also
highly expressed on Treg, and enhances their proliferation and suppressive activity upon ligand binding, likely further helping tumor escape by suppressing effect-
ive immune response.
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expressed mainly on dendritic cells and macrophages [22].
Induction of PD-L1 expression on tissue cells in the inflam-
matory regions may be a protective mechanism to downre-
gulate effector T cell activity and reduce immune-mediated
injury [23] (Figure 2(B)). PD-1"/" mice demonstrate evi-
dence of autoimmunity, specifically, mild lupus-like auto-
immunity and dilated cardiomyopathy [23,24]. The PD-1
knockout autoimmune effects appear to be less severe and
display a later onset than those observed in CTLA-4'~
mice [22,25]. As is the case with CTLA-4, PD-1 is also
highly expressed on Treg, and enhances their proliferation
and suppressive activity upon ligand binding [26]
(Figure 2(C)).

An important group of diseases which reflects the failure
of the normal control mechanisms described above is auto-
immune diseases, which result from the lack of tolerance to
self-antigens. The mechanisms of self-tolerance can be
broadly classified into two groups: central tolerance and
peripheral tolerance [11]. In central tolerance, immature
self-reactive T and B lymphocyte clones that recognize self-
antigens during their maturation in the central lymphoid
organs are eliminated or rendered harmless by negative
selection [11]. Autoreactive lymphocytes which manage to
escape from the central tolerance mechanisms are subse-
quently silenced in peripheral tolerance by anergy, Treg and
apoptotic deletion [11] (Figure 2(B,C)).

Taken together, immune checkpoints such as CTLA-4
and PD-1 systems are regulatory inhibitory pathways that
contribute to immune homeostasis, being essential in pre-
venting autoimmunity, maintaining self-tolerance and avoid-
ing tissue damage that could result from persistent
immune activation.

Mechanism of action of immune
checkpoint inhibitors

Multiple studies have demonstrated that many tumors use
the same pathways involved in immune regulation to evade
immune attack [1]. This realization has led to the develop-
ment of mAbs that block CTLA-4 and PD-1 for tumor
immunotherapy, by removing the brakes on the immune
response and promoting responses against tumors [1]. The
first approved ICI by FDA was ipilimumab, a fully human
IgG; anti-CTLA-4 mAb, and subsequently, several agents
including anti-PD-1 mAb and anti-PD-L1 mAb have been
developed for clinical use as shown in Figure 3(A).

Anti-cytotoxic T-lymphocyte-associated antigen
4 inhibitors

Following the discovery of the CTLA-4 receptor in 1986,
work involving a murine preclinical model revealed the
anti-tumor activity of anti-CTLA-4 Ab [13]. Clinical studies
subsequently demonstrated that ipilimumab extended sur-
vival time by nearly four months in patients with advanced
melanoma [27,28]. Tremelimumab, a fully-human IgG, that
also targets CTLA-4, is currently under development as
monotherapy or combined therapy [29]. Treatment with

CTLA-4 mADb results in persistent T cell activation by block-
ing the inhibitory pathway in the antigen priming phase
(Figure 3(A,B)). Moreover, anti-CTLA-4 mAb-mediated
inhibition increases the ratio of effector T cells to Treg in
the TME, due to depletion of intratumoral Treg through
complement-dependent cytotoxicity (CDC) and antibody-
dependent cell-mediated cytotoxicity (ADCC) [30] (Figure
3(A)). Of note is that the therapeutic agent for rheumatoid
arthritis (RA) abatacept, a fusion protein consisting of the
extracellular domain of CTLA-4 and the Fc region of IgGj,
acts in an opposite manner as ICIs, by facilitating coinhibi-
tory signaling of T cells through its binding affinity for
CD80/CD86 [31,32].

Anti-programmed cell-death protein-1 inhibitors

Generation of tumor-reactive CD8+ T cells requires the
successful processing and presentation of tumor-derived
peptide antigens with class I major histocombatibility com-
plex (MHC) molecules by APCs [10,33]. Once developed,
tumor-specific CD8+ T cells subsequently differentiate into
effector T cells, undergo clonal expansion, migrate to the
TME, and ultimately eliminate tumor cells expressing
tumor-specific antigens bound to class I MHC molecules
through the release of cytotoxic granules [10]. The presence
of enhanced PD-1 expression on CD8+ tumor infiltrating
lymphocytes (TILs) may either reflect an anergic or
exhausted state, consistent with the findings that cytokine
production by PD-1+ TILs is decreased [34]. Initial studies
showed that PD-1/PD-L1 blockade reversed the exhausted
state of effector T cells in the TME, leading to the clinical
development of anti-PD-1 inhibitors for cancer immuno-
therapy [20]. In addition, a large proportion of intratumoral
CD4+ T cells are Treg with increased level of PD-1 expres-
sion. These findings thus provide an important scientific
rationale for a therapeutic approach involving anti-tumor
immunity through PD-1/PD-L1 blockade [35]. Currently,
pembrolizumab, a humanized IgG, mAb, and nivolumab, a
fully human IgG, mAbD, are approved as anti-PD-1 mAbs
for clinical use. Treatment with anti-PD-1 mAbs leads to
persistent T cell activation by blocking the inhibitory path-
way both in the antigen priming phase as well as the
effector phase (Figure 3(A,B)).

Anti-programmed cell-death protein-ligand 1 inhibitors

Atezolizumab is a humanized IgG; anti-PD-L1 mAbD, engi-
neered to delete binding to the Fc receptor [36]. It upregu-
lates T cell activation by blocking the interaction between
PD-1 and PD-L1 or CD80 and PD-L1, with a safety profile
similar to that of anti-PD-1 mAbs [37]. Other novel anti-
PD-L1 mAbs being evaluated currently in various clinical
trials are the fully human IgG; mAbs durvalumab
and avelumab.
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Figure 3. Points of action of anti-PD-1, anti-PD-L1 and anti-CTLA-4 inhibitors. (A) Anti-CTLA-4 inhibitor prevents CTLA-4 from binding to CD80/86, reinvigorat-
ing the inhibited T cell. Anti-PD-1/PD-L1 inhibitors restore down-modulated TCR signaling and reinvigorate the exhausted T cell. Anti-CTLA-4 and anti-PD-1/PD-L1
inhibitors also deplete regulatory T cells (Treg). (B) Cycle of tumor antigen loading to antigen-presenting cells (APCs), migration to lymph node of APC, tumor-spe-
cific T cell activation by antigen-loaded APC, accumulation of activated tumor-specific T cells in the tumor microenvironment and targeting of tumor cells.
Activation of Treg concomitantly leads to tumor escape. Anti-CTLA-4 inhibitor results in persistent T cell activation by blockade of inhibitory pathway in antigen pri-
ming phase. Anti-PD-1/PD-L1 inhibitors result in persistent T cell activation by blockade of inhibitory pathway both in antigen priming phase and in effector phase.

They also exert anti-tumor activity through depletion and suppression of Treg.

Combined therapy

The combination of ipilimumab and nivolumab has been
approved for the treatment of metastatic melanoma by the
US-FDA [38]. Other combined ICI therapy such as tremeli-
mumab and durvalumab is under clinical trials for various
cancers. Although these combinations may improve efficacy,
they can result in significantly increased toxicity [3,6,39-43].

Immune-related adverse events

As discussed earlier, human immune system normally exists
in a state of equilibrium in which lymphocyte activation for

protection against pathogens is delicately balanced by the
mechanisms of tolerance to prevent deleterious reactions
against self-antigens, and the failure of tolerance allows for
responses against self-antigens, leading to autoimmune dis-
eases [8,11,44]. Consequently, ICI-mediated blocking of the
inhibitory checkpoints can enhance immune activation to
result in unwanted off-target effects, including immune-
related and inflammatory events [3-6]. Involving any organ
system (Figure 1), irAEs from ICIs are increasingly recognized
as unique entities mimicking classical rheumatic diseases [4].
The accurate diagnosis and management of these side effects
are of the utmost importance, given the fact that the use of
ICIs in cancer patients with preexisting autoimmune disease
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TABLE 1. Summary of relevant literature regarding arthro-musculoskeletal manifestations of rheumatic irAEs.

ICI drugs Treatment Outcome of
No. of patients (N) PD/CTLA/Combi® (N) N/S/M/B® (N) ICI therapy (N) irAEs (N) Ref.
Inflammatory 20 (3.8%) 19, Continued 20, Remission [48]
arthritis 7, RA-pattern 6/1/0 0/7/1/0 1, Withheld
2, PsA-pattern 2/0/0 2/0/1/0
11, PMR 11/0/0 2/9/0/0
- 30 16/0/14 —-/24/3/7 Cessation 3, Remission [46]
18, Persistence
- 14 (3.5%) 12/1/1 11/14/8/0 3, Continued 3, Remission [49]
3, Withheld 10, Persistence
8, Cessation 1, Unknown
Myositis 5 (0.8%) 5/0/0 0/5/0/0 Discontinued 3, Remission [55]
2, Fatal
Myositis-fasciitis 2 (0.9%) 2/0/0 N/A Discontinued Remission after [59]
ICl cessation
Non-inflammatory 15 (2.8%) 14/0/1 2/3/0/0 Continued Remission [48]

musculoskeletal
conditions

irAEs: immune related adverse events; ICl: immune checkpoint inhibitor; N/A: not applicable ; Ref: reference.
?PD, anti-PD-1 or anti-PD-L1 therapy; CLTA, anti-CTLA-4 therapy, Combi, anti-PD plus anti-CTLA-4 therapy.

PN, NSAIDS; S, Corticosteroids; M, Methotrexate; B, TNF inhibitor.

is expected to increase in the future as ICI therapy becomes
more prevalent in a variety of human neoplasms [3].

Arthritis

While arthralgia and myalgia were by far the most com-
monly reported rheumatic irAEs in clinical trials [45,46],
their exact prevalence may have been underestimated since
only high-grade irAEs were noticed in some trials. On the
other hand, case series and case reports have provided
details on patients with IA including seropositive RA [47].
Large cohort studies on ICIs and rheumatic irAEs have
been recently reported (Table 1). A single-center prospective
study in France revealed that 35 patients (6.6%) among 524
patients receiving ICIs developed musculoskeletal symptoms
[48]. All but two patients had no prior history of auto-
immune disease — one with axial spondyloarthritis (AxSpA)
and one with psoriasis (PSO). Among 20 patients (3.8%)
who developed IA, 11 patients (1.9%) were diagnosed with
polymyalgia rheumatica (PMR), exhibiting clinical findings
that fulfilled the 2012 EULAR (European League Against
Rheumatism)/ACR (American College of Rheumatology)
criteria for PMR, and 1 patient was diagnosed with PMR
based on the typical clinical presentation and complete dis-
ease resolution following treatment with 12.5mg of prednis-
one. One patient with preexisting stable condition of AxSpA
developed a PMR-like condition 20 days after commence-
ment of ICI therapy. Seven patients (1.3%) developed bilat-
eral and symmetric hand pain and stiffness, mimicking RA.
One patient had a positive result for anti-cyclic citrullinated
peptide (CCP) antibodies while testing negative for rheuma-
toid factor (RF). Two patients (0.4%) developed psoriatic
arthritis (PsA), including one with pre-existing PSO. All of
nine patients with clinical findings mimicking RA or PsA
required prednisone treatment, which resulted in clinical
improvement or remission. Two patients required metho-
trexate (MTX) to achieve remission of IA. All patients but
one continued on ICI therapy. For the one exception, ICI
therapy was temporally withheld as per the requirements of
the study protocol in which this patient participated.

More recently, investigators at Johns Hopkins University
reported a retrospective longitudinal cohort study on IA
patients receiving ICI therapy with no prior history of auto-
immune disease [45]. Thirty patients with ICI-induced IA
were identified in longitudinal visits to Rheumatology from
January 1, 2013 to July 1, 2017 (The incidence of IA in this
study was not ascertained since the overall size of the
patient population was not stated). Fourteen patients treated
with combined CTLA-4/PD-1 therapy were more likely to
present with knee arthritis, to have higher levels of C-react-
ive protein (CRP) and to have negative results for anti-CCP
antibodies, RF and anti-nuclear antibodies (ANA). Sixteen
patients treated with PD-1 or PD-L1 monotherapy were
more likely to have initial small joint involvement and to
have IA as their only irAEs. One patient had low levels of
anti-CCP antibodies, one had a high titer of RF and one
had low titer of ANA. Twenty four among 30 IA patients
required systemic steroids for the management of IA. Ten
patients had additional immunosuppressant including tumor
necrosis factor-inhibitors (TNFi) and/or MTX with clinical
improvement of their arthritis. Those receiving combined
ICI therapy were more likely to require additional immuno-
suppressant. Tumor progression while on TNFi and/or
MTX was not observed in those with initial tumor response
to ICIs. Outcome regarding IA symptoms was evaluated in
21 patients with clinic visits at least 3 months following ces-
sation of their ICI treatment. Eighteen patients still exhib-
ited IA symptoms after ICI discontinuation.

A group from Israel has also reported 14 patients (3.5%)
with rheumatic manifestations among 400 patients receiving
ICI therapy between January 1, 2013 and April 30, 2017
[49]. Twelve patients were treated with anti-PD-1 mAb, one
with anti-CTLA-4 mAb, and one with a combination of
anti-PD-1 and anti-CTLA-4 mAbs. IA was identified in 12
patients (3.0%), including 4 patients with predisposing fac-
tors such as a personal or family history of PSO, a prior epi-
sode of uveitis or anti-CCP antibodies positivity. Other
rheumatic diseases such as pulmonary sarcoidosis and
biopsy-proven eosinophilic fasciitis were diagnosed in two
patients (0.5%). Treatment of IA with non-steroidal anti-



inflammatory drugs (NSAIDs) was mostly unsuccessful
while steroid therapy was beneficial in dose >20mg/day.
The addition of MTX allowed steroid tapering without an
excess of adverse events or tumor progression in the short
follow-up time available. There was no patient treated with
TNFi in this cohort study. Among 14 patients with rheum-
atic manifestations, ICI therapy was discontinued in 8
patients, temporarily withheld in 3 patients and continued
in 3 patients. Among the 8 patients who stopped ICI treat-
ment, 3 patients experienced remission and had their anti-
rheumatic medicine withdrawn, while 5 patients continued
on anti-rheumatic medication with low disease activity. In
the 6 patients with continued or temporarily withheld ICI
therapy, all patients but one continued on anti-rheumatic
medication with low or moderate disease activity (one
patient with ICI therapy withheld was classified as
‘unknown’ for anti-rheumatic medication and rheumatic
disease status).

Findings from recent large cohort studies indicated that
IA appears to be the most common type of rheumatic
irAEs, mimicking seronegative RA and PMR [50,51]. Most
patients with IA have been reported to be seronegative for
anti-CCP antibodies or RF. Meanwhile, in general, imaging
studies including magnetic resonance imaging and ultrason-
ography have shown joint erosion, tenosynovitis, Doppler-
positive synovitis and joint effusion [52-54]. It is therefore
important for the rheumatologist to recognize IA as an
irAEs related to ICI therapy and to understand the diagnosis
and management of IA with atypical signs/symptoms of
arthralgia and myalgia, given the expected increase use of
ICIs in cancer patients in the future.

Inflammatory and non-inflammatory muscle disease

Myositis is less common than IA (Table 1). One retrospect-
ive study which included 654 patients receiving anti-PD-1
therapy showed that biopsy-proven myositis was diagnosed
in five patients (0.8%) [55]. A severe case of dermatomyo-
sitis related to anti-CTLA-4 mAb administration for meta-
static melanoma has been reported [56]. The signs/
symptoms were initially resolved by treatment with steroids
and discontinuation of ICI therapy. The patient was again
treated with anti-CTLA-4 mAb on recurrence, followed by
prompt flaring of dermatomyositis. Recently, three cases of
ICI-related muscle disorder were reported in patients with
pulmonary adenocarcinoma by French investigators [57].
These patients had initially moderate bilateral proximal
weakness with elevated levels of serum creatine kinase. Two
patients subsequently developed myastheniform symptoms
while one patient’s case was complicated by severe myocar-
ditis. One case of ICI-related myo-fasciitis has also been
reported [58]. The muscle symptoms were resolved by treat-
ment with steroids and discontinuation of ICI therapy,
while myocarditis was irreversible. A recent retrospective
study of 220 patients with anti-PD-1 therapy showed that 2
patients (0.9%) developed symptomatic inflammatory myo-
sitis with fasciitis in lower extremities [59]. The French
group above also reported that non-inflammatory
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musculoskeletal conditions developed in 15 patients of 35
rheumatic irAEs among 524 patients receiving ICIs (2.8%)
[48]. The symptoms were characterized by arthralgia of
proximal or distal joints, which worsened with physical
activity and improved with rest, and the absence of joint
stiffness. Elevated levels of CRP were observed in 4 patients,
likely associated with their malignancies since increased
CRP values had been present prior to the development of
rheumatic symptoms. The patients were managed success-
fully with NSAIDs, analgesics and/or physiotherapy, and no
modification of ICI therapy was necessary.

Other rheumatic immune-related adverse events

Sicca syndrome including dry mouth with or without dry
eyes has been reported in patients receiving ICI therapy
[46,54,60]. Johns Hopkins investigators described four
patients who developed sicca syndrome associated with ICI
therapy [54]. Three patients had positive results for ANA
while one patient was positive for anti-La/SSB antibodies
with low titer. Dry mouth tended to be more severe than
dry eyes. Most patients with ICI-related siccas syndrome
have reported not to have concomitant parotitis, in contrast
to the typical form of sicca syndrome including
Sjogren’s syndrome.

irAEs involving blood vessels such as vasculitides are
quite rare and appear to be at a reported rate of less than
1% [61]. Recent work elucidated the molecular mechanisms
involved in immune checkpoint-mediated medium and large
vessel vasculitis such as giant cell arteritis (GCA) [62],
which may be the most commonly described vascular IRAE
in patients undergoing ICI therapy. Two cases of GCA with
PMR following anti-CTLA-4 mAb administration were
reported, with high responsiveness to steroids [63]. One
case of isolated lymphocytic uterine vasculitis and digital
vasculitis was also reported [64]. More recently, a case of
small vessel vasculitis during anti-CTLA-4 mAb therapy was
reported [65]. After receiving anti-CTLA-4 mAb therapy for
melanoma, this patient developed digital vasculitis with
negative results for ANA, cytoplasmic and perinuclear anti-
neutrophil cytoplasmic antibody (C- and P-ANCA), and
cryoglobulin. Despite intensive treatment with high dose ste-
roids, epoprostenol, botulinum toxin and rituximab, the
patient had to undergo multiple distal digital amputations.

One patient with melanoma developed nephrotic syn-
drome after two doses of anti-CTLA-4 mAb [66], with
results from a kidney biopsy suggestive of lupus nephritis.
Glomerulonephritis resolved following treatment with anti-
coagulation and steroids. Circulating anti-double-stranded
deoxyribonucleic acid (dsDNA) antibodies appeared con-
comitantly =~ and  subsided  following  withdrawal
of ipilimumab.

Cases of sarcoidosis or sarcoid-like reactions related to
ICI therapy have also been reported [60,67,68]. Biopsy is the
gold standard for evaluation of new lesions to guide man-
agement and to minimize the risk of premature discontinu-
ation of ICI therapy with the potential to provide durable
tumor response. Management of patients should be tailored
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for each individual situation. In general, asymptomatic
patients benefiting from ICI therapy with sufficient tumor
response can be continued on therapy with appropriate
monitoring, while symptomatic patients may need long
courses of steroids or secondary immunosuppressants to
control the inflammatory process and avoid organ dysfunc-
tion and fibrosis caused by sarcoidosis or sarcoid-
like reactions.

Non-rheumatic immune-related adverse events

Skin manifestations are the most common irAEs in all ICIs
[6,69], including rash, vitiligo, pruritus and bullous pem-
phigoid. A recent meta-analysis showed that development of
a rash with ipilimumab is fairly common, with mild cases
occurring in about 24% of patients and high-grade rashes
occurring in 2% [70]. In patients with anti-PD-1, skin toxic-
ities have been reported to occur in 30-40% [71-74]. On
the other hand, severe cutaneous irAEs such as toxic epider-
mal necrolysis rarely developed [6,69].

Enterocolitis as gastrointestinal irAEs are manifested by
diarrhea, obstruction, perforation and toxic megacolon [75].
Onset is usually 10-12 weeks following the commencement
of treatment [75-77]. Diarrhea occurs in up to 30% of
patients receiving anti-CTLA-4 mAb therapy and less fre-
quently in patients undergoing anti-PD-1 therapy [6].
Enterocolitis is most pronounced in patients treated with
combination therapy [6,78]. Colonoscopic and histologic
findings resemble those observed in inflammatory bowel
disease [79].

Several endocrinopathies have been reported in patients
receiving ICI therapy, with thyroiditis being the most com-
mon, often presenting as hypothyroidism but occasionally as
hyperthyroidism, occurring in 6-20% of patients with ICI
therapy [80-82]. The pituitary gland can also be affected by
ICI therapy, manifesting as hypophysitis, which can occur
up to 1-16% of patients [2,39,40,83,84]. Other endocrinopa-
thies include autoimmune diabetes mellitus (DM) or type
1 DM, pancreatitis, hypogonadism and primary adrenal
insufficiency [80,81]. Although the acute inflammatory pro-
cess can be treated, most patients with ICI-induced endocri-
nopathies develop long-term sequelae and require long-term
hormone replacement therapy [81].

Neurologic irAEs are less frequently reported and include
paresthesia, altered sensation, aseptic meningitis, encephal-
opathy, seizures, transverse myelitis, acute and chronic
inflammatory demyelinating polyneuropathy, metabolic
myopathy, Guillain-Barré syndrome and myasthenia gravis-
like syndrome [85].

Pneumonitis is found in less than 5% of patients, ranging
from dyspnea to hypoxic respiratory failure [86,87]. The
median time to onset is 2.8 months [87]. High dose steroids
therapy is required for moderate to severe pneumonitis.
ICI-induced pneumonitis is reported with both anti-PD-1
and anti-CTLA-4 therapy and occurs more often with com-
bination therapy [86].

Autoimmune hepatitis is manifested as elevated levels of
hepatic enzymes and occurs in up to 5% of patients

[2,39,40,72,84,88]. Liver biopsy reveals a pan lobular active
hepatitis picture with a predominant CD8-positive inflam-
matory infiltrate [89]. More rarely, predominant injury to
bile ducts can be seen with mild portal mononuclear infil-
trate around proliferated bile ductules.

Myocarditis related to ICI therapy has been rarely
reported to cause severe irAEs [90]. With the increased
application of ICI therapy, incidence of ICI-induced myo-
carditis is seen to rise over time. A recent report indicated
that there were 46 deaths among the 101 patients with
severe myocarditis following ICI therapy [91]. Fatality rate
was higher with combination therapy than with monother-
apy. Myocarditis induced by ICIs tends to occur early after
treatment initiation, has a generally fulminant course and
responds to higher steroids doses [92].

Other reported ICI-mediated irAEs include uveitis, con-
junctivitis, scleritis, retinitis, pericarditis, acute kidney injury,
acute interstitial nephritis, rhabdomyolysis, hemolytic
anemia, thrombocytopenia, neutropenia and hemo-
philia [5,60,93-96].

Immune-related adverse events with preexisting
rheumatic diseases

While the underlying mechanisms involved in the develop-
ment of irAEs are not completely understood, the nonspe-
cific upregulation of T cell activation and the suppression of
Treg activity resulting from ICI treatment could conceivably
exacerbate inflammation and autoimmunity in patients with
preexisting autoimmune diseases. It is important to under-
stand whether irAE development in patients with preexisting
rheumatic diseases represents flares of their disease or new
autoimmune events following ICI therapy. Of note is the
fact that patients with preexisting autoimmune or rheumatic
disease were typically excluded from the original trials,
resulting in a relative paucity of data to fully address this
issue. Retrospective analyses have demonstrated that a flare
of preexisting autoimmune disease was induced by ICI ther-
apy in 6-43% of patients with preexisting autoimmune dis-
ease and that new irAEs developed in 16-33% of the
cohorts [97-100]. In general, flares were mild, occurred
more often in those with active autoimmune disease, did
not lead to discontinuation of ICI therapy, and were readily
manageable with standard therapies when intervened in a
timely fashion [5]. While preexisting autoimmune diseases
should not be an absolute contraindication to ICIs, a careful
assessment of disease activity is important prior to starting
ICI therapy because of the risk of potential flares.

Management of immune related adverse events in
cancer treatment

No definitive prospective trial for the treatment of irAEs has
been conducted, and therefore the best approaches and rec-
ommendations are based on expert consensus opinion [3].
Several recent publications proposed useful clinical recom-
mendations for the management of irAEs [5,93,101]. The
diagnosis of irAEs is primarily clinical, and most patients do



not express the more generic autoantibodies. Many of the
initial symptoms, such as arthralgia and fatigue, are rela-
tively nonspecific and can potentially arise from comorbid-
ities or concomitant use of other medications. Approach to
the diagnosis and management of irAEs always includes a
thorough evaluation for infection. Most patients with irAEs
are initially treated with steroids and supportive therapy.
The initial steroid dose depends on the relative disease
severity, the relative degree of end-organ damages and the
presence of potentially life-threatening  signs/symp-
toms [5,93,101].

irAEs are graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE) [102], which were developed primarily to stand-
ardize reporting of adverse events for clinical trials, although
they are included in toxicity management algorithms in
recent irAEs guidelines [5,93,101]. As general recommenda-
tion guidelines, for grade 1 toxicities, ICI therapy may be
continued with close monitoring, with the exception of
some neurologic (such as aseptic meningitis, encephalitis
and transverse myelitis), hematologic (such as aplastic
anemia, hemolytic uremic syndrome, thrombotic thrombo-
cytopenic purpura and hemophilia), and cardiac toxicities
(such as myocarditis, pericarditis and arrhythmia). For grade
2 toxicities, ICI therapy should be withheld, and generally
lower doses of steroids may be administered. For grade 3
toxicities, ICI therapy should be withheld, and high doses of
steroids may be administered with a gradual tapering course
with resolution of signs/symptoms. Grade 4 toxicities war-
rant permanent discontinuation of ICIs, with the possible
exception of endocrinopathies controlled by hormone or
insulin replacement. Of note is that for the relative rate sit-
uations where steroids are not effective, other immunosup-
pressive agents would need to be wused, taken into
consideration the patients’ overall performance status and
end-organ functions. For non-life-threatening rheumatic
events such as IA, while there are no clear guidelines, pub-
lished reports suggest that most patients respond well to
moderate doses of steroids [5,93,101]. Occasionally, MTX or
TNFi might be necessary to allow for quicker tapering of
steroids. Meanwhile, severe colitis will require discontinu-
ation of ICIs and treatment with high dose steroids and
possibly other immunosuppressive drugs such as TNFi.
Recent large observational studies have demonstrated that
treatment with TNFi is not associated with increased risks
of tumor development, cancer progression, recurrence or
survival when used to treat TA such as RA [103,104].
However, it should be noted that the risk for tumor pro-
gression or impaired cancer response is theoretically pos-
sible with TNFi [105].

The decision to recommence ICI therapy following reso-
lution of high-grade irAEs represents a challenge for rheu-
matologists as well as oncologists. The safety of temporarily
withholding ICI therapy in patients who developed high-
grade irAEs with the combination of ipilimumab/nivolumab
has been studied [106]. This retrospective analysis was to
evaluate the safety and efficacy of re-challenging 80 patients
with anti-PD-1 monotherapy who discontinued anti-CTLA-
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4/anti-PD-1 combination therapy for metastatic melanoma
due to clinically significant irAEs (including colitis, hepatitis
and pneumonitis). Fourteen patients (18%) had recurrent
irAEs at a median of 14 days following resumption of prior
ICI therapy (including 1 patient with grade 5 Steven-
Johnson syndrome). Moreover, distinct toxicities occurred
in an additional 17 (21%) patients. Of the 14 patients with
recurrence of the same irAEs, 7 had grade 3-4 toxicities,
and 10 discontinued treatment due to the recurrent irAEs.
Colitis was less likely to recur than other irAEs, with only 2
of 33 (6%) patients experiencing recurrent colitis or diarrhea
with anti-PD-1 resumption. With the exception of endocrine
toxicities which can be treated with hormone replacement
therapy, recent guidelines recommend permanent discon-
tinuation of ICIs following a CTCAE grade 4 toxicity
[5,93,101]. Due to the potential for morbidity and mortality,
permanent discontinuation for grade 1 cardiac toxicities and
grade 3 hepatitis, pneumonitis, neurologic, hematologic and
ophthalmologic toxicities are recommended [5,93,101].
Prospective studies are needed to determine whether
resumption of anti-PD-1 maintenance is beneficial for
patients who cease combination ICI therapy due to toxicity.

Conclusions

Despite their proven efficacies in the treatment of various
human neoplasms, ICIs can cause severe irAEs that limit
their full therapeutic benefits and result in considerable mor-
bidity and mortality. The role of the rheumatologist will be of
increasing importance as ICI therapy becomes more estab-
lished in cancer treatment, given its demonstrated benefits in
many cancer patients, including those with advanced diseases
refractory to other treatment modalities. As shown in recent
large cohort studies, increased awareness of IA, as well as
other rheumatic manifestations, as an adverse association
with ICI therapy is required to make the correct diagnosis
and determine the correct course of action. The CTCAE
grading system has recently been noted to be insufficiently
suitable for grading the severity of many rheumatic complica-
tions, and while rheumatology-specific modifications of the
CTCAE have been proposed [107], these changes have not
been applied to ICI trials to date. Rheumatic irAEs can be
late adverse events occurring up to 2 years following initi-
ation of ICI therapy [60,105], and occasionally even after the
patient has stopped the therapy. Until larger, well-powered
studies are available to help determine in a more precise way
the potential risks of ICI therapy, careful evaluation of the
risks and benefits and individual preferences need to be con-
sidered when making decisions regarding ICI therapy for
patients with cancer and autoimmune disease.
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The treatment options in multiple myeloma (MM) has changed dramatically over the past decade with the development of novel
agents such as proteasome inhibitors (PIs); bortezomib and immunomodulatory drugs (IMiDs); thalidomide, and lenalidomide
which revealed high efficacy and improvement of overall survival (OS) in MM patients. However, despite these progresses, most
patients relapse and become eventually refractory to these therapies. Thus, the development of novel, targeted immunotherapies
has been pursued aggressively. Recently, next-generation PIs; carfilzomib and ixazomib, IMiD; pomalidomide, histone deacetylase
inhibitor (HDADI); panobinostat and monoclonal antibodies (MoAbs); and elotuzumab and daratumumab have emerged, and
especially, combination of mAbs plus novel agents has led to dramatic improvements in the outcome of MM patients. The field of
immune therapies has been accelerating in the treatment of hematological malignancies and has also taken center stage in MM.
This review focuses on an overview of current status of novel MoAb therapy including bispecific T-cell engager (BiTE) antibody
(BsAb), antibody-drug conjugate (ADC), and chimeric antigen receptor (CAR) T cells, in relapsed or refractory MM (RRMM).

Lastly, investigational novel MoAb-based therapy to overcome immunotherapy resistance in MM is shown.

1. Introduction

The treatment options in MM has changed dramatically over
the past decade with the emergence of novel agents including
proteasome inhibitors (PIs, bortezomib) and immuno-
modulatory drugs (IMiDs, thalidomide and lenalidomide)
and exerts a remarkable impact on the outcome of MM
patients [1-3]. However, most patients who achieve a
prolonged response following initial therapy may ultimately
relapse or become refractory. Thus, the development of
novel, targeted immunotherapies has been pursued ag-
gressively. Recently, next-generation PIs (carfilzomib and
ixazomib) [4-9], IMiDs (pomalidomide) [10-12], histone
deacetylase inhibitor (HDACI, panobinostat) [13-15], and
the monoclonal antibodies (MoAbs, elotuzumab and dar-
atumumab) have emerged and further improved the clinical
outcome in MM patients who are refractory to prior
treatments [12, 16-36]. Importantly, MM remains a chronic

disease, so in order to overcome the disease relapse, ongoing
challenges to pursue novel therapeutic strategies as well as
predictive biomarkers for response or resistance to immu-
notherapies are required. Furthermore, these novel therapies
are expected to be potentially useful in the treatment options
for patients who are ineligible for autologous stem cell
transplantation (SCT) followed by high-dose chemotherapy
[37].

Monoclonal antibody (MoAD) therapies have been ac-
celerating and shown to be able to improve the outcome of
cancers [38]. In hematological malignancies, rituximab, a
chimeric murine/human anti-CD20 monoclonal IgG;, an-
tibody or of atumumab, a humanized anti-CD20 mono-
clonal IgG;, antibody, targeting CD20 on B cells, is currently
indicated for the treatment of B-cell non-Hodgkin’s lym-
phoma (NHL) and chronic lymphocytic leukemia (CLL). It
exerts significant activity in combination with cytotoxic
anticancer drugs [38, 39].
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Although these progresses in immune therapies and
their application for the treatment of MM have not suc-
ceeded until recently, these therapeutic strategies have finally
attained a breakthrough with the development of the MoAb
therapies targeting surface molecules, expressed in MM cells,
such as elotuzumab, a humanized anti-CS1/SLAMF7
monoclonal antibody, and daratumumab, a humanized anti-
CD38 monoclonal antibody, both of which have been ap-
proved in the treatment of relapsed or refractory MM
(RRMM) patients who received at least three prior therapies
including PIs and iMiDs [40-43]. Herein, we review an
overview of the current status of MoAb therapies in RRMM.
In addition, we introduce investigational novel MoAb
therapies in RRMM and show future direction toward
immunotherapy resistance in MM.

2. Monoclonal Antibodies (MoAbs) in MM

Potential MoAbs target various kinds of antigens including
growth factors, signaling molecules, cell surface proteins,
and molecule of adhesion. Ideally, these MoAb-therapeutic
targets should be predominantly expressed on a majority of
MM cells, but not on normal hematopoietic cells or non-
hematopoietic tissues. MoAb therapies involve several
mechanisms including direct cytotoxic effects, antibody-
dependent cellular cytotoxicity (ADCC), complement-de-
pendent cellular cytotoxicity (CDC), and interference with
cell-to-cell interactions [40-43]. Other mechanisms include
the use of intracellular toxins or radioactive isotopes con-
jugated to MoAbs after its internalization into tumor cells,
which reveal cytotoxicity against tumor cells beyond those
bearing MoAD target antigens [40-43].

2.1. CD20 and Rituximab. CD20 is a transmembrane
phosphoprotein expressed on committed B lymphoid cells
through the all stages of their development, but its ex-
pression is reduced in plasma cells. Rituximab, a chimeric
murine/human anti-CD20 monoclonal IgG;, antibody
targeting CD20 on B cells, is currently indicated for the
treatment of B-cell non-Hodgkin’s lymphoma (NHL) and
chronic lymphocytic leukemia (CLL) [39]. It exerts signif-
icant activity in combination with cytotoxic anticancer
drugs. However, CD20 is present only in a few plasma cells
and is absent in most of plasma cells in MM. Therefore, few
selected MM patients achieved only minimal responses
(MD) [44-46]. Moreover, MM cells express increased levels
of complement-inhibitory proteins which result in the re-
duction of CDC via rituximab against tumor cells.

2.2. CS1/SLAMF7 and Elotuzumab. Elotuzumab is a hu-
manized IgG; monoclonal antibody which targets SLAMF?7,
known as CSI, a glycoprotein, intensely expressed on
MM cells and normal plasma cells as well as natural killer
(NK) cells. It induces cytotoxicity against MM cells via NK
cell-associated ADCC, NK cell activation, and inhibition of
the interaction between MM cells and bone marrow stromal
cells (BMSCs). Elotuzumab revealed intensive anti-MM
efficacy and safety profiles when combined with IMiDs or
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PIs in previously treated RRMM [12, 16-21] (Table 1). The
phase II results demonstrated that elotuzumab in combi-
nation with lenalidomide plus dexamethasone (Rd) in pa-
tients with RRMM showed safety and efficacy which was
better than previously noted with Rd [17, 18]. Moreover,
results of the phase III trial ELOQUENT-2 clearly proved the
benefit of adding elotuzumab to Rd for the treatment of
RRMM [18]. The overall response rates (ORRs) were 79% for
the elotuzumab group and 66% for the control group; the
PES rate was 68 vs. 57% for the elotuzumab and control
groups at 1 year and 41 vs. 27% at 2 years; the median PFS
was 19.4 vs. 14.9 months for the elotuzumab and control
groups [19]. Based on the results of these trials, elotuzumab
attained food and drug administration (FDA) approval in
2015 in combination with Rd for the treatment of RRMM
patients, who previously received two or three prior ther-
apies. A phase III randomized study of Rd with or without
elotuzumab in previously treated MM patients is currently
ongoing. Phase II trials of elotuzumab plus pomalidomide
and dexamethasone (EPd) vs Pd in 117 patients who re-
ceived >2 prior therapies revealed that after a follow-up
period of 9 months, EPd had a longer median PES (10.3 vs
4.7 month) and a better ORR (53 vs 26%) [12]. Phase II trials
of elotuzumab plus bortezomib and dexamethasone (EBd)
vs Bd in 77 patients who had received one to three prior
therapies showed that EBd had a longer median PES (9.7 vs
6.9 months). However, there was no deference in ORR
between EBd group and Bd group (66% vs 63%) [20, 21].

2.3. CD38 and Daratumumab. Daratumumab is a human-
ized IgG;-kappa monoclonal antibody targeting CD38,
which is 46-kDa type II transmembrane glycoprotein,
broadly expressed on plasma cells as well as lymphoid cells,
myeloid cells, and nonhematopoietic tissues. It is also
expressed in OCs. CD38 retains multiple functions including
ectoenzymatic activity, signal transduction, and receptor-
mediated regulation of cell adhesion [22, 23]. In preclinical
studies, daratumumab revealed anti-MM cytotoxicity
through multiple mechanisms including ADCC, ADCP,
CDC, and direct apoptosis via FcR-mediated cross linking of
daratumumab in vitro [24-26] (Table 2). Of note, no dif-
ference was revealed in daratumumab-associated ADCC or
CDC between newly diagnosed and RRMM patients. The
level of CD38 expression in MM cells was reported to be
related to daratumumab-associated ADCC and CDC [24-
26]. Moreover, daratumumab has several effects on the
immune system. It increases CD8+/CD4+ and CD8+ Treg
ratios as well as memory T cells, while decreasing naive
T cells, which enhance the overall immune response to MM
cells [27].

Daratumumab revealed anti-MM efficacy as mono-
therapy as well as in combination with novel agents in
heavily pretreated RRMM patients, which resulted in FDA
approval in 2015. The GEN501 and SIRIUS trials demon-
strated that daratumumab is active as monotherapy in
RRMM patients [28, 29]. It showed improved ORRs re-
gardless of refractoriness to prior therapies including PIs
and IMiDs (31%). [30]. Phase III Castor trials revealed that
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TaBLE 1: Summary of clinical trials in anti-CS1/SLAMF7 antibody in relapsed/refractory MM.

References Phase Regimen ORR (%) PFS (mo) (ON
Richardson et al. [17] 2 Elo + Rd 84.00% NA NA
Lonial et al. [18] ELOAUENT2 3 Rd + Elo 79% vs 66% 19.4 mo vs 14.9 mo NA
Dimopoulos et al. [12] 2 Pd + Elo 53% vs 26% 10.3 mo vs 4.7 mo NA
Jakubowiak et al. [20] Elo-Bd 2 Bd + Elo 66% vs 63% 9.7 mo vs 6.9 mo 1yr 85% vs 74%
Zonder et al. [16] Phasel Elo 1 Elo Dose Escalation MTD not identified NA NA
Jakubowiak, et al. [21] Elo-Bd 1 Elo + Bd 48.00% 9.5mo NA
Lonial, et al. [19] Elo-Rd 1 Elo + Rd 82.00% NA NA

MM, multiple myeloma; Elo, elotuzumab; Rd, lenalidomide plus dexamethasone; Pd, pomalidomide plus dexamethasone; Bd, bortezomib plus dexa-

methasone, NA, not available; MTD, maximum tolerated dose.

TaBLE 2: Summary of clinical trials in anti-CD38 antibody in relapse/refractory MM.

References Phase Regimen ORR (%) PFS (mo) (0N
Lokhorst et al. [28] GEN501 1/2 Dara monotherapy 36% 5.6 mo 1yr 77%
Lonial et al. [29] SIRIUS 2 Dara monotherapy 17% 3.7mo 1yr 65%
Spencer et al. [32] CASTOR 3 Bd + Dara 83% vs 63% 1.5yr 48% vs 8% NA
Palumbo et al. [31] CASTOR 3 Bd + Dara 83% vs 63% 1yr 61% vs 27% NA
Dimopoulos et al. [33] POLLUX 3 Rd + Dara 93% vs 76% 1yr 83% vs 60% NA
Dimopoulos et al. [34] POLLUX Rd + Dara 93% vs76% 2yr 68% vs 41% NA
Chari et al. [35] EQULLEUS 1b Pd + Dara 60% 1yr 42% 1yr 89%

MM, multiple myeloma; Dara; daratumumab, Rd, lenalidomide plus dexamethasone; Bd, bortezomib plus dexamethasone; Pd, pomalidomide plus

dexamethasone; NA, not available; MTD, maximum tolerated dose.

daratumumab significantly improved ORR, PFS, and time to
progression (TTP) in combination with Bd, ORR (83% vs
63%), the 12-month rate of PFS (61% vs 27%), and TTP at
12 months (65% vs 29%) [31]. Another phase III Castor
study also revealed a significant benefit of D-Bd over Bd
regardless of treatment history or cytogenetic risk [32].
Phase III POLLUX trials demonstrated remarkable efficacy
of daratumumab in combination with lenalidomide plus
dexamethasone (DRd) in patients with RRMM [33, 34]. The
ORR was 92.9% in DRd group versus 72.9% in Rd group.
DRd improved PFS compared with Rd with 12-month PFS
rates of 83.2% in DRd group versus 60.1% in Rd group and
24-month PFS rate of 68.0% versus 40.9%, restrictively
[33, 34]. The EQUULEUS study led to the FDA approval of
daratumumab in combination with Pd in 2017 for RRMM
patients who have received 2 or more prior line of therapy
including lenalidomide and a PI. The median PFS was 8.8
months, the 12-month PFS rate was 42%, the median OS was
17.5 months, and the median 12-month survival rate was
66% [35].

3. Novel Target Antigens in MoAb
Therapies in MM

3.1. CD38 and Isatuximab. Isatuximab is a chimeric IgG;-
kappa anti-CD38 monoclonal antibody which selectively
binds to a unique epitope on human CD38 receptor and
elicits anti-MM activity by direct apoptosis, ADCC, and
ADCP [47]. CDC was triggered in less than half of MM
patients with high levels of CD38 in MM cells. A phase 1b
open-label, dose escalation study showed that 57 patients
who had received at least one prior line of therapy attained
ORR of 52% by isatuximab plus Rd in 42 evaluable lena-
lidomide-refractory patients, and overall median PFS was

8.5 months [48]. Another phase 1b study of isatuximab plus
Pd in patients with RRMM who had received more than 2
prior therapies also revealed that ORR was 62%; median
duration of response was 18.7 months; and PFS was 17.6
months [49].

3.2. Interleukin-6 (IL6) and Siltuximab. Interleukin-6 is an
important cytokine for the growth and survival of MM cells.
It is chiefly produced by BMSCs and increased by several
cytokines. A chimeric anti-IL-6 antibody, siltuximab,
revealed cytotoxicity in MM patients who was refractory to
dexamethasone [50]. In addition, it increased cytotoxicity
with Bd in combination, whereas in a phase 2 randomized
study of siltuximab plus bortezomib, the addition of sil-
tuximab to bortezomib did not appear to improve PES or OS
in refractory MM patients [51]. The other study showed that
there were no responses to siltuximab but combination
therapy with dexamethasone yielded a partial or minimal
response rate of 23%, in dexamethasone-refractory MM [51].

3.3. PD-1/PD-L1I Inhibitors. Programmed cell death protein
1 (PD-1)/programmed cell death ligand 1 (PD-L1) pathway
is a negative regulator of immune activation [52]. Recently,
there are discrepancies concerning programmed death PD-
L1 expression on plasma cells in MM. Several data dem-
onstrated that PD-L1 is overexpressed on MM plasma cells
but not on normal plasma cells [53-56]. It was reported that
PD-L1 expression on plasma cells was associated with in-
creased risk of progression from smoldering MM (SMM)
into MM [57], whereas other reports showed that no dif-
ference was detected in PD-L1 expression on plasma cells
between MM, SMM, monoclonal gammopathy of un-
determined significance (MGUS), and healthy individuals



[58, 59]. Similarly, discordant results were reported re-
garding PD-1 expression on immune cells, including T cells
and NK cells in MM. Paiva et al. showed that PD-1 was
overexpressed on CD4+ and CD8+ T cells in MM patients
[58]. Benson et al. demonstrated that PD-1 expression was
increased on NK cells from MM patients, compared with
normal NK cells, whereas Paiva et al. demonstrated there
was no difference between these cells [58, 60].

Among hematological malignancies, antibody blockade
of the PD-1/PD-L1 pathway is a highly effective therapeutic
approach for patients with classical Hodgkin lymphoma,
97% of which typically exhibits an overexpression of PD-L1
due to the alteration in chromosome 9p24.1 (54). Therefore,
the PD-1/PD-L1 axis is a good target for MoAbs, leading
immune cells to kill tumor cells. The use of nivolumab, a
human IgG4 MoAb which blocks the interaction with PD-L1
and PD-L2 by binding to the PD-1 receptor on activated
immune cells, was approved by FDA in 2016 for the
treatment of relapsed or progressed Hodgkin lymphoma
[52]. However, the outcome of checkpoint blockade by
monotherapy with PD-1/PD-L1 inhibitors is unsatisfactory
in MM, compared with solid tumors due to the reduced
immune dysfunction in MM [58, 59]. In contrast, lenali-
domide enhances the effect of PD-1/PD-L1 blockade on both
T cell- and NK cell-mediated cytotoxicity. The combination
therapy of lenalidomide plus PD-1/PD-L1 inhibitors in-
creased interferon y by BM-derived effector cells in MM and
was associated with increased apoptosis of MM cells, sug-
gesting synergistic cytotoxic effects [56, 61, 62]. There are
only limited data from clinical trials of PD1/PDL1 MoAbs in
MM patients. The phase Ib trial of nivolumab monotherapy
in 27 RRMM patients showed the stabilization of disease
status in 17 patients, lasting a median of 11.4 weeks [63]. A
phase I study of pembrolizumab with Rd in RRMM patients
revealed a partial response rate of 50% [61, 62, 64, 65]. A
phase 3 study of the combination of Rd with or without
pembrolizumab was performed in transplant ineligible
newly diagnosed MM patients (KEYNOTE-185 trial)
[61, 62, 64]. A Phase 3 study of the combination of Pd with or
without pembrolizumab was conducted in the KEYNOTE-
183 trial, and it led FDA to discontinue the trial, due to
increased risk of death of patients [61, 62, 65].

3.4. Bispecific T-Cell Engager (BiTE) Antibodies (BsAb).
Bispecific T-cell engager (BiTE) antibodies (BsAbs) are
constructs, composed of 2 linked MoAbs which target 2
epitopes. One arm of antibody, scFvs, binds to CD3 on
tumor-specific T cells, while the other arm binds to tumor-
specific antigen on tumor cells [66, 67]. Cross linkage of
T cells to the tumor cells causes T cells to release cytotoxic
molecules such as perforin, which creates transmembrane
pores in tumor cells, and granzyme B, which initiates ap-
optosis toward tumor cells. In addition, cytokine production
from T cells activates its proliferation to kill tumor cells.
BsAbs are characterized by small size (5 kDa), which induces
high efficacy toward tumor cells, but its serum half-life is
short [66, 67]. B-cell maturation antigen (BCMA) belongs to
tumor necrosis factor superfamily member 17, also named
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“INFRSF17 or CD269,” which is uniformly expressed in
malignant plasma cells but not in normal essential non-
hematopoietic tissues, and only restricted expression is
detected in normal hematopoietic cells including normal
plasma cells and mature B lymphocytes. Thus, it is a highly
plasma cell specific antigen and has a central role in regu-
lating B-cell maturation and differentiation into plasma cells
by engaging a proliferation-inducing ligand (APRIL) cells.
This expression pattern leads to the development of BCMA-
specific mAbs, BsAbs, antibody-drug conjugates (ADCs),
and chimeric T cell receptor (CAR) T cells [68-70]. BsAb, BI-
836909 (AMG420), the first bispecific scFv, simultaneously
binds to CD3+ T cells and BCMA + MM cells which make a
cross linking between both cells to induce cytolytic synapse,
activate T cells, and lyse BCMA + MM cells. In phase I study
in RRMM patients, it exhibited potent and high efficacy by
depleting BCMA + MM cells [68-70]. CD3xCD38 BsAb,
engineered to direct T cells to CD38 on tumor cells, was also
developed. The phase 1 multicenter study of GBR1342 is
underway [71].

3.5. Antibody-Drug Conjugates (ADCs). Antibody-drug
conjugate is composed of recombinant MoAbs, bound to
cytotoxic chemical agents through synthetic chemical
linkers. MoAbs bind to the cell surface antigen on tumor
cells and are internalized with the chemicals. Thus, the
cytotoxic chemicals are released and transported from ly-
sosome into cytosol to kill tumor cells [72]. GSK2857916 is a
humanized and IgG; MoAb with high affinity to BCMA with
afucosylated Fc linked to auristatin F noncleavable linker,
maleimidocaproyl. In preclinical study, it binds to
BCMA + MM cells and induces G2/M arrest and apoptosis
by the activation of caspase 3/7 and 8. The naked form of
ADC augmented effector-mediated cytotoxicity including
ADCC and ADCP against patient MM cells [72]. In MM
xenograft models, GSK2857916 depletes MM cells but
surrounding BCMA-BM accessory cells remain unharmed.
Its cytotoxicity is further increased by GSK2857916 plus
lenalidomide in combination. In phase 1 study of
GSK2857916 in RRMM patients, GAK2857916 mono-
therapy revealed a 60% response rate and median PFS of 7.9
months [73, 74]. Anti-BCMA approaches, alone or in
combination with iMIDs or immune checkpoint inhibitors,
will be evaluated in clinical trials in MM [70].

3.6. Chimeric Antigen Receptor (CAR) T Cells. CARs are
fusion proteins incorporating an antigen-recognition do-
main and T-cell signaling domain. T cells are genetically
modified to express CARs, which specifically recognize
target antigens on tumor cells [75-77]. CAR T-cell therapy
has already approved by FDA and European Medicine
Agency (EMA) for the treatment of relapsed of refractory B-
acute lymphoblastic leukemia (ALL) and diffuse large B cell
lymphoma (DLBCL) [75-77]. CAR-expressing T cells tar-
geting CD19 revealed efficacy in patients with acute lym-
phoblastic leukemia (ALL) or B-cell NHL. This success of
CAR-T cells against leukemia or lymphoma has encouraged
the development of CAR-T therapies for MM. In the first
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TaBLE 3: Investigational monoclonal antibodies in MM.

Target molecule mADb Type Clinical trials

CD138 Indatuximab ravtansine ADC Inda + Rena ORR 78% vs 4%
CD56 Lorvotuzumab ADC Lorv+/Rd ORR 56% vs 7%
CD40 Dacetuzumab, lucatumumab Humanized Luc; 4% attained prolonged PR
CD74 Milatuzumab Humanized No objective responses
BAFF Tabalumab Humanized Bd + Taba; ORR 44%
BCMA GSK2857916 ADC MTD not determined
GRP78 PAT-SM6 Humanized MTD not determined
IGF-1R AVEIl642 Humanized No objective responses
ICAM-1 BI-505 Humanized No objective responses
CD26 YS110 (huCD26mAb) Humanized Best responses 50%

ADC, antibody-drug conjugate; Lena, lenalidomide; Inda, indatuximab ravatansine, Rd, lenalidomide plus dexamethasone; Lorv, lorvotuzumab; Luc,
lucatumumab; PR, partial response; Bd, bortezomib + dexamethasone; Taba, tabalumab; MTD, maximum tolerated doses.
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human clinical trials, Carpenter et al. designed the first novel
CAR targeting BCMA in MM and demonstrated CAR-
BCMA T cells had powerful activity against MM that was
resistant to standard therapies [78, 79]. Moreover, bb2121
was produced by transducing autologous T cells with a
lentiviral vector encoding a second-generation CAR in-
corporating an anti-BCMA single-chain variable fragment,
CD137 costimulatory motif, and a CD3-zeta signaling

domain [80]. A phase 1 clinical study of bb2121 in heavily
pretreated RRMM patients revealed that 85% of the patients
had a clinical response lasting a median of 10.9 months
without any ongoing MM therapies [80]. Currently, CAR-
T cell therapy for MM remains experimental. CAR-T cell
therapy is a potentially life-threatening therapeutic ap-
proach, which needs to be administrated in experience
hospitals. Now, phase 3 trials are just starting for RRMM in



2019. In addition, novel CARs targeting alternative plasma
cell antigens including CD38, CD44v6, and SLAMF7(CS)
are being developed [81, 82].

4. Experimental Research in Novel MoAb
Therapy in RRMM

4.1. Investigational MoAbs. Target antigens for MoAb are
either cell surface membrane proteins or soluble factors
including cytokines or chemokines expressed or secreted
in MM cells. Their functions include MM cell growth,
cellular adhesion, angiogenesis, apoptosis, and cell-to-cell
contact between MM cells microenvironmental cells. In-
vestigational mAbs targeting CD138, CD56, CD40, CD74,
BAFF, BCMA, GRP78, IGF-1R, and ICAM-1 are pre-
clinically developed, and several of them are in clinical
trials [83-92] (Table 3).

4.2.  Humanized Anti-CD26  Monoclonal — Antibody
(huCD26mAb). CD26 is a 110kDa transmembrane glyco-
protein with dipeptidyl peptidase (DPPIV) activity, which is
widely expressed in various normal cells such as
T lymphocytes, natural killer (NK) cells, basophils, eosin-
ophils, endothelial cells, and epithelial cells [93-96]. In
addition, CD26 is expressed in several tumor cells including
malignant lymphoma, mesothelioma, renal cell carcinoma,
and hepatocellular carcinoma and is involved in T-cell ac-
tivation and tumorigenesis [97, 98]. We have recently
characterized CD26 as a potential therapeutic target for the
treatment of MM [99]. We identified CD26 expression in
human osteoclasts (OCs) in healthy individuals (Figure 1).
Its expression is further increased in osteoclasts in osteolytic
bone tumors including MM, adenocarcinoma, lung cancer,
and osteosarcoma. huCD26mAb, a humanized IgG,
monoclonal antibody that directly targets CD26, inhibits
human OC differentiation in vitro and in vivo analysis [99].
In the bone marrow tissue of MM patients, we found that
CD26 was present in plasma cells around OCs or endothelial
cells. In vitro immunostaining or flow cytometry studies
revealed that although CD26 expression was low or absent
on MM cell lines cultured alone, it was intensely and uni-
formly expressed on MM cell lines cocultured with OCs
[100]. The augmented CD26 expression in MM cells was
exploited to enhance cytotoxicity of huCD26mAb chiefly via
a substantial increase in antibody-dependent cytotoxicity
(ADCC) against MM cells, direct effects or inhibition of the
adhesion between MM cells and BM stromal cells (BMSCs)
(Figure 2). Moreover, huCD26mAb in combination with the
existing standards of care including bortezomib and lena-
lidomide synergistically enhanced huCD26mAb-induced
ADCC activity against CD26 + MM cells compared with
each agent alone [100]. Lastly, therapeutic effect of
huCD26mAb against MM cell growth and its related
osteolytic lesion was also validated in vivo, using a xenograft
model: an intrabone tumor model of MM. Our preclinical
results demonstrated that huCD26mAb elicited significant
anti-MM efficacy by impairing both CD26 + MM cells and
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OCs in vivo, suggesting that CD26 could be an ideal ther-
apeutic target of antibody-based therapy in RRMM [100].

5. Conclusion

During the last decades, therapeutic strategies in MM have
dramatically changed. MoAbs act synergistically with
backbone regimens including iMIDs, PIs, or HDACi and
have benefits to overcome resistance to prior therapies. The
future treatment options of MM to overcome resistance are
promising by combination with MoAbs plus these novel
agents, check point inhibitors or CAR T-cell therapy.
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We appreciate Berg et al. for their study to replicate the
findings of our study published in Modern Pathology [1].
They studied MUC4 expression in 6 sarcomatoid meso-
theliomas and 13 sarcomatoid carcinomas of the lung and
prematurely concluded its low applicability in differentiat-
ing sarcomatoid mesothelioma from sarcomatoid carcinoma
of the lung. Their study also showed no MUC4 expression
in all six cases of sarcomatoid mesothelioma, which is
similar to our study. Regarding MUC4 expression in sar-
comatoid carcinoma of the lung they found one case with
diffuse expression, three cases showing focal expression,
and nine cases with no expression. They have not given the
detailed histology of their cases of sarcomatoid carcinoma.
In our publication, we included and analyzed the MUC4
expression in 5 cases of spindle cell carcinoma, and 24
cases of pleomorphic carcinoma including the sarcomatoid
(spindled cells) component. We found no expression of
MUCH4 in all five pure spindled cell types, but found most of
the sarcomatoid component of pleomorphic carcinoma to
have focal to diffuse expression. We agree with them to
some extent about the staining of MUC4 in sarcomatoid
carcinoma, provided if their cases were dominantly pure
sarcomatoid type (spindle cell carcinoma). Further study of
MUCH4 expression in sarcomatoid carcinoma of the lung is
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needed with more cases of pleomorphic carcinoma with
spindled cell components.

Recently, we also studied and published the MUC4
expression as a useful immunohistochemical marker in
differentiating epithelioid mesothelioma from both lung
adenocarcinoma and lung squamous cell carcinoma [2]. The
negative MUC4 expression has 100% specificity and 86%
sensitivity to differentiate epithelioid mesothelioma from
lung adenocarcinoma and squamous cell carcinoma.

We still believe MUC4 expression has applicability in
differentiating sarcomatoid mesothelioma from sarcomatoid
carcinoma of the lung, because the negative MUC4
expression has 100% specificity (supported by 100% spe-
cificity in the study of Kyra KB also), although the sensi-
tivity has a discrepancy.
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Droplet digital PCR as a novel system for the detection
of microRNA-34b/c methylation in circulating
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Abstract. Malignant pleural mesothelioma (MPM) is a rare
malignancy arising from the pleura that is difficult to diagnose,
contributing to its dismal prognosis. Previously, we reported
that the degree of microRNA (miR)-34b/c methylation in
circulating DNA is associated with the development of
MPM. Herein, we present a newly developed droplet digital
PCR (ddPCR)-based assay for the detection of miR-34b/c
methylation in circulating DNA in patients with MPM. We
originally prepared two probes within a short amplicon of
60 bp, designing one from the positive strand and the other
from the complementary strand. The two probes functioned
cooperatively, and our established assay detected DNA
methylation accurately in the preliminary validation. We
subsequently verified this assay using clinical samples. Serum
samples from 35 cases of MPM, 29 cases of pleural plaque
and 10 healthy volunteers were collected from 3 different
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institutions and used in this study. We divided the samples into
2 groups (group A, n=33; group B, n=41). A receiver-operating
characteristic curve analysis using the samples in group A
determined the optimal cut-off value for the diagnosis of
MPM, with a sensitivity of 76.9% and a specificity of 90%.
On the other hand, the use of the same criterion yielded a
sensitivity of 59.1% and a specificity of 100% in group B, and
corresponding values of 65.7 and 94.9% for the entire cohort,
indicating a moderate sensitivity and a high specificity. In
addition, when the analysis was focused on stage II or more
advanced MPM, the sensitivity improved to 81.8%, suggesting
the possibility that the methylated allele frequency in MPM
may be associated with the stage of disease progression. On
the whole, the findings of this study indicate that miR-34b/c
methylation in circulating DNA is a promising biomarker for
the prediction of disease progression in patients with MPM.

Introduction

Malignant pleural mesothelioma (MPM) is a rare and highly
aggressive tumor arising from the pleura or other mesothelial
surfaces and is most commonly associated with asbestos
exposure, which is known as a major risk factor. Although
asbestos use is now prohibited in Western countries, the
incidence of MPM is not expected to decrease in the near future
due to the long incubation period between asbestos exposure
and the onset of MPM (1,2). Moreover, asbestos continues to
be used in many developing and emerging economies, such
as countries in Southeast Asia, suggesting the possibility of
future epidemics of MPM. In the majority of cases, MPM is
only diagnosed at an advanced disease stage; therefore, the
development of a novel diagnostic approach is warranted (3,4).

Recently, the concept of a ‘liquid biopsy’ for the diagnosis
and monitoring of diseases has attracted attention. Several
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studies have suggested that the individual genetic profiles of
cancers are highly heterogeneous and that these profiles can
even change during the course of the disease, particularly in
response to treatment (5,6). At present, the molecular profiles
of patients with solid tumors are generally established using
surgically resected or biopsy specimens. However, the use
of tissue biopsies is limited by their invasiveness, making
it difficult to grasp chronological alterations in molecular
profiles and potentially missing some genomic changes. A
liquid biopsy originally referred to an analysis of the genomic
profiles of circulating tumor cells (7), and this method has
attracted particular interest among experts in the field of
clinical oncology. This definition has now been extended
to include various tumor components, such as circulating
cell-free RNA (cfRNA), circulating cell-free DNA (cfDNA),
circulating cell-free tumor DNA (ctDNA) and exosomes,
and this technique enables clinicians to repeatedly and
non-invasively explore real-time changes in the genomic
profiles of human cancers.

MicroRNAs (miRNAs or miRs) are a group of small
noncoding, endogenous, single-stranded RNAs that play an
essential role in the regulation of gene expression. A number
of studies have reported that the aberrant hypermethylation
of CpG islands in the promoter regions is closely related to
the silencing of tumor-suppressive miRs in several types of
cancer (8-11). We previously identified that among several
miRs, the epigenetic silencing of miR-34b/c by aberrant
methylation in the promoter region plays an important role in
the tumorigenesis of MPM (12). miR-34s have been discovered
to be direct transcriptional targets of p53, and to constitute
a part of the p53 tumor suppressor network regulating cell
cycle arrest, apoptosis and senescence (13,14). As regards the
application of miRs as biomarkers, Suzuki et al reported that
the aberrant methylation of miR-34b/c in biopsy specimens
was a predictive marker of metachronous gastric cancer (15).
Wau et al also reported that the detection of methylation in the
promoter regions of miR-34s using stool DNA was useful as
a screening biomarker for colorectal cancer (16). Additionally,
we have previously revealed that the degree of miR-34b/c
methylation in serum-circulating DNA is associated with the
development of MPM (17). Although the origins of ctDNA
differ, these previous studies suggest the possibility that
the methylation of the miR-34b/c promoter is a promising
biomarker.

In our previous study in 2011, we compared the degree
of methylation using MPM cell lines, MPM tissues and
nonmalignant mesothelial primary cultures that were
established from pleural effusions of cancer-free patients,
and we have shown that the promoter of miR-34b/c is highly
methylated in MPM (12). Based on these findings, the aim
of the present study was to apply the miR-34b/c methylation
specifically observed in MPM to the diagnosis and prediction
of the disease progression. For this purpose, in this study, we
established a novel assay with which to detect DNA methylation
in the blood using droplet digital PCR (ddPCR) technology,
enabling the highly sensitive and quantitative detection of
target genes (18). In ddPCR, the input DNA is distributed
among approximately 20,000 droplets, and each droplet
contains 1 or fewer copies of the target or background DNA;
this makes it possible to detect 0.001% of the target gene from

the background DNA (19-21). Our established assay was then
verified using serum samples from patients with MPM, pleural
plaque patients and healthy volunteers.

Materials and methods

Clinical samples and cell lines. We collected >1 ml
peripheral blood sample from 35 cases of MPM, 29 cases of
pleural plaque (PP) and 10 healthy volunteers (HV) at the
Okayama University Hospital (Okayama, Japan), Okayama
Rosai Hospital (Okayama, Japan), or the National Hospital
Organization, Yamaguchi Ube Medical Center (Yamaguchi,
Japan), between January, 2005 and January, 2015. The details
are described in Table I. The age of all the healthy volunteers
was >20 years and healthy individuals who were not any
current medications were recruited. None of the participants
had a medical history of cancer other than MPM, and all the
blood samples were collected before any type of treatment.
The blood samples were immediately centrifuged at 5,000 x g
for 5 min, and the separated serum samples were stored at
-80°C at the respective institutions. In addition, 3 surgically
resected MPM specimens obtained from the National
Hospital Organization, Yamaguchi Ube Medical Center were
also subjected to the methylation assay. All the tissues were
frozen in liquid nitrogen immediately after surgery and stored
at -80°C. This study was conducted with the approval of the
Institutional Review Board/Ethical Committee of Okayama
University; each of the participants provided written informed
consent for the sample collection. All the experiments were
performed in accordance with the Declaration of Helsinki.

We also used two human MPM cell lines [NCI-H28 (H28),
NCI-H2052 (H2052)] and one human normal mesothelial cell
line (MeT-5A) as positive and negative controls, respectively.
The H28 and H2052 cells were obtained as kind gifts from
Dr Adi F. Gazdar (Hamon Center for Therapeutic Oncology
Research and Department of Pathology, University of Texas
Southwestern Medical Center at Dallas, Dallas, TX, USA).
The MeT-5A cell line was purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA). For the cell
lines that had been stored long-term in liquid nitrogen, a DNA
fingerprinting analysis by short tandem repeat profiling (the
PowerPlex 1.2 System, Promega, Madison, WI, USA) was
performed for cell authentication. The cells were maintained
in RPMI-1640 medium (Sigma Chemical Co., St. Louis,
MO, USA) supplemented with 10% FBS and cultured in a
humidified incubator under 5% CO, at 37°C, and the samples
were routinely tested for mycoplasma using the Venor GeM
OneStep kit (Minerva Biolabs, Berlin, Germany).

DNA extraction, bisulfite conversion, and bisulfite DNA
sequencing. We extracted DNA from the serum samples using
the QIAamp Circulating Nucleic Acid kit (Qiagen, Venlo,
The Netherlands). The DNA concentrations were quantified
using the Qubit 2.0 Fluorometer and Qubit dsSDNA HS or BR
assay kit (Thermo Fisher Scientific, Waltham, MA, USA).
DNA was also extracted from the MPM tissues using the
phenol-chloroform method. DNA was extracted from the cell
lines using the DNeasy Blood and Tissue kit (Qiagen). Genomic
DNA was subjected to bisulfite conversion using the Epitect
Bisulfite kit (Qiagen), and the methylation status of miR-34b/c
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Table I. Patient characteristics.

A, Patients in group A

Characteristic MPM (n=13) PP (n=20)
Median (range), years 71 (51-90) 69.5 (65-72)
Sex, male/female 9/4 20/0
Smoking history

Never 3 5

Former/current 10 15
Histological subtypes

Epithelioid 6 N/A

Biphasic 4 N/A

Sarcomatoid 3 N/A
Clinical stage

I 3 N/A

II 2 N/A

1 5 N/A

v 1 N/A

Unknown 2 N/A

B, Patients in group B

Characteristic MPM (n=22) PP (m=9) HV (n=10)

Median (range), years 61.5 (49-86) 77 (60-86) 31 (25-37)

Sex, male/female 19/3 9/0 10/0
Smoking history
Never 6 3 8
Former/current 16 6 2
Histological subtypes
Epithelioid 15 N/A N/A
Biphasic 5 N/A N/A
Sarcomatoid 2 N/A N/A
Clinical stage
I 8 N/A N/A
11 5 N/A N/A
I 5 N/A N/A
v 4 N/A N/A

MPM, malignant pleural mesothelioma; PP, pleural plaque; HV, healthy
volunteer.

was determined using bisulfite DNA sequencing as previously
described (12,17). The raw sequence chromatograms were
analyzed using Chromas Lite software version 2.6.5 (available
at http://technelysium. com.au/wp/ chromas/). The degree of
methylation was determined by comparing the intensity of the
sequencing electropherogram of cytosine with that of thymine
at each of the CpG sites. Based on the electropherograms, we
quantified the relative ratios between the heights of each of the
waves, as described previously (Fig. 1A) (22), and classified
the degree of methylation into three groups, as follows:
Low-methylated, degree of methylation <20%; moderately

methylated, degree of methylation between 20 and 70%; and
highly methylated, degree of methylation >70%.

Primers and TagMan probes. The sequences of the primers
and TagMan probes used in this study were designed
based on the nucleotide sequence submitted to GenBank
(GenBank accession numbers NR 029839.1 for miR-34b and
NR 035765.1 for miR-34c). The melting temperature (Tm)
of each primer was calculated using the Oligo Calculator
(http://mbcf149.dfci.harvard.edu/docs/oligocalc.html). The
primers were synthesized by Invitrogen (Thermo Fisher
Scientific, Yokohama, Japan). The primers, including the
mixed-base and TagMan probes containing the locked nucleic
acids (LNAs) were designed using the IDT Biophysics software
(https://www.idtdna.com/ pages/tools) and were synthesized
by Integra ted DNA Technologies KK (Tokyo, Japan).

ddPCR assay for miR-34b/c methylation detection. ddPCR
was performed using the QX200 Droplet Digital PCR system
(Bio-Rad, Hercules, CA, USA). EpiTect Control DNAs
(methylated or unmethylated and bisulfite-converted human
DNA, QIAGEN) were used for the assay validation. The total
volume of the PCR mixture used for the assay was 22 ul,
containing 10 ul of ddPCR Supermix for Probes (No dUTP)
(Bio-Rad), 1 uM of each primer, 0.25 uM of each probe and
200 uM of dNTP. As for the amount of DNA, 10 ul of cfDNA
extracted from the serum was used, while a total of 5 ng of
DNA (methylated and bisulfite-converted human control
DNA) was applied for the validation of the assay. The PCR
conditions were described in detail in our previous study (23).
The annealing temperatures were optimized by gradient PCR.
The PCR products were then subjected to analysis with the
QX-200 droplet reader and QuantaSoft analysis software
(Version 1.7.4.0917) (Bio-Rad). The former measures the
fluorescence value of each droplet, and the latter measures
the number of positive and negative droplets in each sample
and calculates the fraction of positive droplets by a Poisson
algorithm. QuantaSoft analysis software cannot display the
fluorescence intensity of each droplet and standard deviation.

Statistical analysis. All in vitro experiments were performed
at least 3 times. Data are represented as the means + standard
deviation. The concentrations of the target alleles were calculated
using QuantaSoft software (Bio-Rad) based on Poisson's
distribution. The receiver-operating characteristic (ROC) curve
analysis was performed using JMP® 9.0.0 for Windows (SAS
Institute, Inc., Cary, NC, USA). A one-way ANOVA followed
by Bonferroni's multiple comparisons test was conducted using
GraphPad Prism, version 7 (GraphPad Software, San Diego,
CA, USA). Probability values (P-values)<0.05 was considered
to indicate statistically significant differences.

Results

Appropriate sequences for primer design. First, we examined
candidate sequences suitable for the primer and TagMan probe
designbased on somekey points,as follows: i) Multiple CpGssites
were included in the target sequence to increase the sensitivity;
ii) CpG sites were not included in the primer sequences; and
iii) the frequency of single nucleotide polymorphisms (SNPs)
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was relatively low in the target sequences. In addition, we
made the amplicon size as small as possible to increase the
sensitivity of ctDNA detection, as described previously (23).
One of the candidate sequences is shown in Fig. 1B, and the
SNPs in this target region, as provided by the NCBI dbSNP
database (https://www.ncbi.nlm.nih.gov/projects/SNP/), are
listed in supplementary Table SI. The possible frequency of
SNPs in this region was <0.02%, which reinforced the validity
of this sequence. To confirm the methylation status of the two
CpG sites included in this sequence, we performed bisulfite
DNA sequencing. The results revealed that both CpG sites
were moderately or highly methylated in both the MPM cell
lines and the MPM clinical specimens, but not in the normal
mesothelial cell line (Fig. 1C). Based on these results, we
designed the primers as shown in Table II. Validation of the

primer sets was performed to identify possible non-specific
reactions, and we confirmed the specificity of the primers
(data not shown).

Probe design and assay validation.Herein, we present a schema
representing the principle on which our methylation detection
assay was based (Fig. 2). The two CpG sites were detected
separately by two TagMan probes with the same fluorescent
dye, and thus we examined the optimal probe design. As both
CpG sites in this sequence were located close to each other,
we designed one probe based on the sequence of the positive
strand (Probe-P), and the other based on the sequence of the
complementary strand (Probe-C). In addition, in order to obtain
a sufficient match-mismatch Tm difference, the probes were
fabricated using LNAs. Based on these concepts, we designed
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Table II. Sequences of primers and probes.

Oligo Oligo sequences 5' to 3' Tm Product Match-mismatch
name O size (bp) Tm difference (°C)
Primers MPM-Fw GGGAGGGTTTTGAGAGGAG 62.54 60 NA
MPM-Rv ACCCCCAAAAATACCAAACC 63.28 NA
MSP-Fw AGAGAGTTAGTTTTAGGGTTTGGG 61.5 358 NA
MSP-Rv CCTCRAACCCCATTTCAC 62.95 NA
Probes Probe-P FAM/AC+CT C+CC+GCT/IABLFQ 6541 NA 21.03
Probe-C1 FAM/TTG+CGGG+AAGGGG/IABLFQ 64.07 NA 14.75
Probe-C2 FAM/TG+CGG+G+A+AGG/IABLFQ 63.23 NA 17.83
Probe-C3 FAM/AGGTT+G+C+GGGAAG/IABLFQ 63.56 NA 11.85
Probe-C4 FAM/TG+CGGGAAGGGGAG/IABLFQ 64.65 NA 13.29

ddPCR, droplet digital PCR; Tm, melting temperature; IABLFQ, Iowa Black FQ™ ; NA, not available; locked nucleic acid, +N; R, mixed base
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several probe sets (Probe-P, Probe-C#1-4) (Table II). To verify
the validity of these probes, and to consider the optimum
annealing temperatures, gradient PCR was conducted within
the range of 51°C to 61°C. As a result, Probe-P and Probe-C#1
had a higher fluorescence, compared with the other probes
(Fig. 3A and B). Determining whether the two probes would
function properly without competition was also important
for successful methylation detection. Therefore, to test the
interaction between Probe-P and Probe-C#1, we performed
the same experiment using the two probes in combination. We
found that the fluorescence intensity was enhanced when the

probes were used in combination, suggesting that the probes
functioned cooperatively (Fig. 3C and D), and the optimal
annealing temperature was determined to be 53.1°C. Lastly,
we confirmed whether this assay could correctly distinguish
between methylated and unmethylated DNA. As shown in
Fig. 3E and F, the number of droplets with a fluorescence
intensity >3,000 was noticeably larger in the methylated DNA

group.

Clinical application of the established assay. We then
evaluated the feasibility of the clinical application of this
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intensity of over 3,000 at annealing temperature of 53.1°C.

assay. We divided the serum samples (35 cases of MPM,
29 cases of PP and 10 HVs) into group A (n=33) and group B
(n=41) according to their collection site: Samples obtained
from the Okayama Rosai Hospital were classified as group A,
while those obtained from the other two institutions were
classified as group B. The characteristics of the patients
in the 2 groups are summarized in Table I. The median
concentration of cfDNA extracted from the serum was

1.47 ng/ul for the MPM cases and 1.44 ng/ul for the others.
Firstly, to determine the positive criterion, we conducted an
ROC curve analysis comparing the MPM cases with other
non-malignant cases using samples from group A (Fig. 4A
and Table SII). The results indicated that the presence of
at least 3 droplets with a fluorescence of over a threshold
value of 7,000 was the optimal cut-off for the diagnosis of
MPM, with a sensitivity of 76.9% and a specificity of 90%.
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Subsequently, we evaluated the validity of this criterion. The
results are shown in Table III. The sensitivity and specificity
for the diagnosis of MPM in the group B samples were 59.1
and 100%, respectively, while those for the entire cohort were
65.7 and 94.9%, respectively, indicating a moderate sensitivity
and a high specificity. In addition, when we focused on the
diagnosis of only stage II or more advanced MPM, the
sensitivity increased to 81.8%. Actually, there were significant
differences in the number of droplets with fluorescence values
of at least 7,000 per case among stages (one-way ANOVA,
P=0.02) (Bonferroni's post hoc test; stage I vs. stage 11, P>0.99;
stage I vs. stage I1I, P=0.03; stage I vs. stage IV, P>0.18;
stage II vs. stage III, P=0.39; stage II vs. stage IV, P>0.99;
stage III vs. stage IV, P>0.99), suggesting that the methylated
allele frequency may be associated with the stage of MPM
progression (Fig. 4B). On the other hand, methylation was not
detected in one case with clinical stage IV MPM. We also
assessed whether the histological subtypes were associated
with the methylated allele frequency. However, no significant
difference in the methylated allele frequency was observed
among the histological subtypes (one-way ANOVA, P=0.16)
(Bonferroni's post-hoc test; epithelioid vs. biphasic, P=0.21;
epithelioid vs. sarcomatoid, P=0.87; biphasic vs. sarcomatoid,
P>0.99) (Fig. 4C).

Table III. Assay sensitivity and specificity of each group.

MPM  PPor HV

Group A (n=33)

Positive 10 2
Negative 3 18
Sensitivity, 76.9%; specificity, 90.0%

Group B (n=41)

Positive 13 0
Negative 9 19
Sensitivity, 59.1%; specificity, 100%

Entire cohort (n=74)

Positive 23 2
Negative 12 37
Sensitivity, 65.7%; specificity, 94.9%

Stage II or more advanced MPM (n=61)

Positive 18 2

Negative 4 37
Sensitivity, 81.8%; specificity, 94.9%

MPM, malignant pleural mesothelioma; PP, pleural plaque; HV,
healthy volunteer.
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Discussion

In this study, we established a TagMan-based ddPCR assay
for the detection of the methylation of the miR-34b/c promoter
region in circulating DNA. The design of the two probes, one
from the positive strand and the other from the complementary
strand, allowed the successful detection of the methylation of
the two CpG sites located close to each other, with an overall
specificity of 94.9%. Although the sensitivity of our assay
was limited to 65.7%, when the analysis was focused on the
detection of stage II or more advanced cases of MPM, the
sensitivity increased to 81.8%, and there was a tendency that
the methylated allele frequency was higher in more advanced
MPM. These findings suggest that the methylation status may
be positively associated with the stage of MPM progression
and that it may be useful for predicting tumor progression. As
for the association between the methylation status of tumor
suppressor genes and the disease progression, Jezkova et al
also reported that the hypermethylation of RASSF1A and
PITX2, which are known for the tumor suppressor gene in
breast cancer, is significantly associated with tumor stage
in breast cancer patients (24). On the other hand, Guo et al
mentioned that there was no significant difference in the
methylation status of HOXDI10, which functions as a tumor
suppressor in hepatocellular carcinoma (HCC), between the
HCC patients with stage I and II and those with stage III
and stage IV (25). Thus, whether the degree of the promoter
methylation can predict the tumor progression may depend
on the type of cancer and gene. In addition, in our series,
methylation was not detected in one case despite the patient
having clinical stage [V MPM,; therefore, further studies of the
tumor characteristics that may be particularly related to the
degree of methylation are required.

It is well known that both chemotherapy and radiotherapy
induce DNA methylation changes, and chemotherapy or
radiation-induced alterations in DNA methylation result in
changes in the biological response to the treatment. Recently,
Flanagan er al reported that platinum-based chemotherapy
induces DNA methylation changes in blood DNA, and the
methylation levels in blood DNA at the time of relapse can
reflect the clinical outcome of cancer patients (26). Sun et al
also reported that the promoter methylation level of RASSF1A
was affected by oxaliplatin-based chemotherapy, and the
methylation status in blood DNA can be used to predict the
outcome of patients with colorectal cancer (27). Thus, the
influences of treatments on methylation statuses are a very
important issue that should be examined in the future, and
miR-34b/c is no exception. Therefore, the samples that were
used in the present study were collected before any treatment
was administered.

Several circulating biomarkers have been reported for the
diagnosis of MPM, including the soluble mesothelin-related
peptides, osteopontin, fibulin-3 and miRs (28,29). As for
protein markers, while they exhibit excellent specificity, their
poor sensitivity reduces their diagnostic usefulness (30-32).
As regards circulating miRs, although some miRs exhibit
diagnostic potential for MPM, there are problems, such as
their origin (whether they are derived from tumor cells or
hematopoietic cells is still controversial) that need to be
resolved, and the majority of the analyses of cfRNA in the

blood remain exploratory (21). On the other hand, few studies
have reported the usefulness of a diagnostic method targeting
the degree of methylation of DNA, not the miR or protein
itself, for MPM. Several studies have reported the existence
of a strong association between the methylation status in
tumor tissue samples and that in ctDNA from blood samples;
therefore, targeting ctDNA methylation is reasonable (33-36).
As suggested by previous studies, a combination of various
approaches could be useful to increase the sensitivity, and
targeting circulating methylated DNA may be a worthwhile
addition (28,29).

Whereas we used a SYBR-Green-based real-time MSP
assay (48 wells/sample) in our previous study, we adopted a
TagMan-based ddPCR assay (20,000 droplets/well) in the
present study to improve the specificity and accuracy of the
detection of methylated DNA from amongst a large amount
of background DNA. As a result, the specificity of the assay
was improved to 94.9%, compared with that in our previous
study. On the other hand, the sensitivity of the established
assay was limited to 65.7%. The median dosage of cfDNA in
this study was approximately 15 ng/sample, corresponding to
4,500 haploid genome equivalents. Considering the capability
of ddPCR, it is possible to process larger amounts of cfDNA.
Increasing the dosage of DNA may lead to an improvement in
sensitivity. Recently, cfDNA in body fluids other than blood,
such as urine or stool, has also attracted attention as useful
biomarkers of cancer (37,38). The collection of these samples
offers the advantage of being truly non-invasive and allowing
large sample volumes to be collected, which may compensate
for the disadvantage of the rather limited amount of cfDNA in
the blood. In addition, the concentration of ctDNA is one of
the key factors for successful cancer detection using a liquid
biopsy, and it is well known that the proportion of ctDNA in
cfDNA varies among patients depending on the tumor localiza-
tion, size, vascularization, and clearance, ranging from <0.005
to 90% in several types of cancer (39-42). However, the asso-
ciation between ctDNA and total cfDNA in MPM remains
unclear; therefore, further investigation of this issue using
liquid biopsies in patients with MPM will be our next task.

This study had some limitations. First, the sample size was
too small to enable a definitive conclusion, and the groups in
this study were not matched for background characteristics,
such as age and sex. Considering the rarity of MPM, large
clinical trials would be preferable. Second, plasma samples
are more suitable than serum samples for cfDNA analyses
due to the lower background level of wild-type DNA in the
former (21,43). Therefore, our established assay should be
validated using plasma samples. These factors could have
introduced some bias to our results.

In conclusion, in this study, we established a novel detection
system for the promoter methylation of miR-34b/c using
ddPCR. Our findings suggest the possibility that miR-34b/c
methylation in ctDNA could be a promising circulating
biomarker for the prediction of disease progression in MPM.
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Abstract

Background: Malignant pleural mesothelioma (MPM) is a fatal and rare disease that is caused by the inhalation of
asbestos. Treatment and care requests made by MPM patients to their physicians were collected and analyzed.

Methods: This cross-sectional survey was part of a larger study (N = 133) regarding the quality of life of MPM
patients. Specific responses to two open-ended questions related to patients’ requests regarding treatment and
care were quantified, analyzed and divided into categories based on content.

Results: Responses (N =217) from MPM patients (N = 73) were categorized into 24 subcategories and then abstracted
into 6 categories. The majority of requests were related to patient-physician communication. Patients wanted clear and
understandable explanations about MPM and wanted their physician to deliver treatment based on the patient’s
perspective by accepting and empathizing with their anxiety and pain. Patients expected physicians to be dedicated to
their care and establish an improved medical support system for MPM patients.

Conclusion: Patients with MPM had a variety of unmet needs from their physicians. Physicians who provide care to
MPM patients should receive training in both communication skills and stress management. A multidisciplinary care
system that includes respiratory and palliative care for MPM patients should be established.

Keywords: Asbestos, Communication, Mesothelioma, Patient-centered care, Support

Background

Globally, exposure to asbestos in the workplace is now
considered one of the main causes of work-related
deaths with one-half of these deaths attributable to can-
cers, including malignant pleural mesothelioma (MPM)
[1]. The number of deaths from MPM in Japan was
greater than 1400 in 2015 [2]. This number is expected
to grow by 2040 [3]. MPM is fatal [4, 5] and causes
debilitating physical symptoms, such as pain, dyspnea,
fatigue, loss of appetite, and sweating [6]. Patients with
MPM also experience emotional difficulties, including
the shock of diagnosis [7], anxiety and depression [8], or
guilt and shame [9]. In addition, patients have com-
plained of a lack of information about the disease and a
lack of compensation from their insurance providers
[10]. Patients have also expressed anger toward their
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employers who did not alert them to the hazards of
asbestos [8, 11], in response to their own ambivalence
toward working in an unhealthy environment versus
supporting their family [8], and as a result of the stress
of dealing with asbestos-related lawsuits [8, 12, 13]. For
patients with MPM, a multidisciplinary approach invol-
ving a psychologist specialized in taking care of cancer
patients and their families is recommended [14]. In
Japan, physicians are the major source of information
and support for patients with MPM. Unfortunately,
some patients with MPM have not been well informed,
and physicians were unable to meet their needs. This
lack of rapport and communication eventually led to dis-
satisfaction with their attending physician and had a
negative impact on patients’ quality of life (QOL) [10].
Given the importance of the physician-patient relation-
ship, it is important to further investigate what MPM
patients need from their physicians to address their
current gap in knowledge of the disease. The current
study is part of a larger study regarding the QOL of
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patients with MPM. The aim is to determine the needs
of patients within the health services by quantifying the
requests to their physicians and qualitatively analyzing
their answers to two open-ended questions regarding
these requests.

Methods

Study design

This study is a part of a major study about QOL and
intention of care among MPM patients. This study is a
cross-sectional descriptive study that used a mailed sur-
vey [15]. In brief, an invitation to participate in the study
was sent to 422 cancer hospitals in Japan; 64 hospitals
(15.2%) agreed to participate. In February 2016, the
participating hospitals distributed 438 questionnaires to
their patients with MPM. Additional questionnaires were
mailed in March 2016 to 94 MPM patients who were
identified through patient and family support groups,
which have 15 branches in Japan. The completed ques-
tionnaires were mailed back to the researchers by the
end of April 2016. Basic demographic and medical data
of the participants were gathered using a separate
researcher-constructed, patient self-administered ques-
tionnaire. The questionnaire contained 72 questions re-
garding the QOL of MPM patients and related factors.
In total, 88 (20.1%) questionnaires were returned. Of the
94 questionnaires that were sent to the patients and
family support groups, 45 (47.9%) were returned. In
total, 133 questionnaires were collected, and 73 (54.9%)
participants answered the two open-ended questions
referred to as “requests to physicians.” Table 1 describes
the characteristics of the participants. In the current study,
we evaluated the answers to open-ended questions: (1)
“What do you request from your doctor about your
diagnosis and treatment?” and (2) “Describe the attitude
and words you want from your doctor (Additional file 1).”

Data analysis

Basic medical and demographic information was tallied,
and the percentages and mean values were calculated. The
answers to the questions were analyzed using the qua-
litative content analysis procedures of Graneheim and
Lundman [16]. Initial categories were created by grouping
similar words and phrases. The authors discussed the
definitions and examples that emerged through the con-
tent analysis to enhance the representation and add clarity
to categories, definitions, and examples. Responses that
were not easily ascribed to a specific category were dis-
cussed and assigned to an appropriate category when the
research team achieved 100% consensus. This process was
repeated until all the responses were coded [17]. Finally,
two researchers verified all the answers and tallied the
number of times each category and subcategory was men-
tioned. The prevalence was compared between patients
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Table 1 Demographic and Medical Characteristics of the Study
Participants (N=73)

Characteristic Response n %
Gender Male 61 836
Female 12 164
Age in years (mean + SD) 668+11.3
MPM Treatment Received
Surgery | did not have 43 589
I had 30 411
Chemotherapy | never had 13 17.8
| had before 29 397
I am having now 31 425
Radiotherapy | never had 52 712
| had before 19 260
I am having now 2 27
Palliative care I never had 39 534
| had before 9 123
I am having now 25 342
ECOG Performance 0 12 164
Status
1 40 54.8
2 7 9.6
3 13 17.8
4 1 14
Relationship with Their Very good 30 411
Physician
Good 31 425
Moderate 9 123
Not very good 2 27
Poor 1 14

ECOG, Eastern Cooperative Oncology Group; SD, standard deviation

who received palliative care and those who did not receive
palliative care. Comparisons between independent groups
were performed using the chi-square test.

Ethical considerations

Ethical approval for the study was obtained from the
Okayama Rosai Hospital Ethics Review Board. Eligible
MPM patients received written information about the
study, including their right to confidentiality, to refuse
participation, or to withdraw at any point in the study
without penalty.

Results

Requests to the physician

The 217 requests by 73 respondents were categorized
into 24 subcategories and were finally integrated into six
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categories. Table 2 displays the categorized requests to
physicians by MPM patients.

Understandable explanations to meet patient’s needs

Among the 217 requests, 80 concerned explanations from
their doctor. The most frequent requests were to tell the
cause of the symptoms, explain the curability and prog-
nosis of the disease, and provide a treatment plan (n = 41).

“A doctor told me You have 2 years to go.” However, 1
was so healthy and could not imagine how this could

be happening. I was in a panic because I did not know
what to do next. Later, another doctor said ‘Live as

Page 3 of 7

you lived. When you have pain, I will introduce you to
a doctor for pain.” This explanation gave me back my
life.” (#18 Male)

The second most frequent request was to provide infor-
mation about their disease in simple words (n = 12).“There
is no change, the same as the last time.” [He] does not
explain anything. How is it the same? Is it good or bad?
Why does he think so? If he based his diagnosis upon

data, show them to me.” (#47 Male)

Patients with MPM exhibited great concern regarding
examinations. They wanted their physician to explain

Table 2 Requests to Physicians by MPM Patients (217 requests; N =73)

Categories Times % of
Subcategories mentioned Sample
1. Understandable explanation to meet the patient’s needs 80
1.1 Explain the cause of the symptoms, curability and prognosis of the 41 56.2
disease, and provide a treatment plan
1.2 Use simple words 12 164
13 Explain the purpose, benefits, risk and results of examinations 10 14.0
14 Inform about all treatment options 10 14.0
1.5 Give advice about daily activities 3 4.1
16 Spend enough time on explanations 2 2.7
1.7 Confirm patient’s understanding and allow them to ask questions 2 27
2. Patient-centered treatment 39
2.1 Minimize the physical impact of treatment 11 15.1
2.2 Do not give up on the treatment 10 14.0
23 Respect patient’s intention 9 12.3
24 Careful clinical assessment to not miss clinical signs of progression 9 123
3. Improvement of treatment and support systems for MPM 35
3.1 Develop country-wide specialized care system 16 219
32 Develop new drugs 10 14.0
33 Improve information systems 9 123
4. Emotional support 32
4.1 Be kind and cheerful 1 15.1
4.2 Sympathize with patient’s anxiety 10 14.0
43 Have a reliable attitude 6 8.2
44 Empathy for victims of asbestos 3 4.1
4.5 Visit patient as often as possible 2 27
5. Customize “breaking the bad news” 24
5.1 Tell everything including bad news 17 233
52 Do not inform about bad news 5 6.8
53 Customize the contents and the way of informing 2 2.7
6. Dedication to the treatment of MPM 7
6.1 Confront intractable disease 4 54
6.2 Learn about MPM 3 4.1

MPM, malignant pleural mesothelioma
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the purpose, benefits and risks, and results of exami-

nations (n =10).“Explain concretely why I need an
examination and do not forget to tell me the results,
including my data compared with normal levels. Being
well-informed and knowing my results eases my
anxiety and gives me a sense of control. 1 feel that 1
am not that bad yet.” (#72 Male)

“I want to know if the chemotherapy worked on my
tumor.” (#10 Male)

In addition, the respondents wanted to know all the
treatment options (n=10).“I need to know the latest
treatment.”(#81 Male)

“Does any treatment work for patients with MPM?”
(#89 Male)

Furthermore, some respondents wanted advice about prepar-
ation. (n = 3)“My doctor let me know the benefits of palliative
care and advised me to introduce it at an early stage. It

was helpful because I had time to prepare.” (#72 Male)

Patients with MPM wanted their physician to spend

enough time on explanations (n = 2).“T know doctors are
very busy. However, please understand that each
patient needs time to understand what you said.
Please do give us information so that we can
understand one thing and then go further with the
explanation. If you only explain things one-by-one, we
never understand and get confused.” (#2 Male)

Finally, patients with MPM wanted their physician to

confirm their understanding of the explanation and

allow them to ask questions (n=2).“My doctor always
asks me ‘Is there anything you want to ask me?’ You
will never know how greatly I appreciate him. It is the
greatest gift for patients.” (#45 Male)

Patient-centered treatment
Eleven patients requested the minimization of the physical
impact of the treatment.

“I do not want to suffer from heavy treatment. Just
relieve my pain and let me stay at home until the last
day.” (#78 Male)

Other respondents wanted their physician to not give up
on treatment (n =10).“My doctor said I cannot receive
chemotherapy any more, but I really want to receive

treatment. I hope my doctor never gives up on my
treatment ... .I feel safe as long as I receive treatment.”
(#75 Male)
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Nine respondents commented that their physician should

respect patients’ intentions because they were not treated

in the way they wanted.“My doctor came to me and said,
‘Move to another hospital. The members of the medical
conference decided not to treat you here anymore.” How
can they say that? Patients are completely reliant on
their doctors; at the very least, treatment must include
the patient’s perspective.” (#120 Male)

“I hope my doctor not only treats my tumor but also
takes care of me. I am not a box with cancer, but a
living person.” (#123 Male)

Another 9 patients with MPM wanted their physician to

perform a careful clinical assessment to not miss clinical

signs of progression (n=9).“I want my doctor to check
very carefully to identify progress as soon as possible
because MPM has no effective treatment. However, he
repeats the same examination in a mechanical way.
This makes me uneasy.” (#99 Male)

Need for improvement of treatment and a support system
for MPM

Some patients described specific suggestions to improve
support systems. The participants wanted the develop-
ment of country-wide specialized care systems (n =16),
development of new drugs (n = 10), and improvement of
information systems (1 = 2).

“Because MPM is a difficult disease, I want to be
treated by a specialist. I am disappointed that there is
no specialist in my area.” (#36 Male)

“Develop a test for early disease detection and develop
a medical care service as soon as possible.” (#12 Male)

“We need a liaison to consult with about MPM. It is so
hard to collect information about the disease and hospitals
for individual patients and their family.” (#113 Male)

Emotional support
The participants wanted their physicians to be kind and
cheerful (7 =11), to sympathize with patients’ anxiety (n
=10), to have a reliable attitude (7 =9), and to visit the
patient as often as possible (n = 2).

“No one can cheer me up but the doctor. I want my
doctor to say, ‘it is alright.” I was so happy when he
said, ‘Let’s work together’.”(#8 Male)

“When I am very anxious, I ask my doctor the same
question many times. He says, [ explained that before,
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didn’t I?” He is angry, and it makes me more anxious.
I hope he allows me to ask questions as many times as
I want.” (#102 Male)

“My doctor pays attention to the computer and does not
look at me. I hope he looks me in the eye.” (#113 Male)

“My doctor came to me and smiled at me. It was only for
a minute, but it worked and made me feel so relieved. I
want him to come as often as possible.” (#45 Male)

Furthermore, patients with MPM wanted to be considered

as a victim of the use of asbestos and expected their phy-

sician to have empathy with victims of asbestos (n = 3).“If I
were to die from another cancer, I would not suffer like
this. I am so resentful that I will die from asbestos; this
feeling prevents me from facing my problems. How dare
my doctor say ‘patients with MPM are not the only ones
who are suffering?” (#106 Male)

Customize “breaking the bad news”

Some of the participants wanted their physicians to in-
form them about everything including bad news (n = 17).
In contrast, some did not want to be informed about
bad news (n=5) or requested that doctors customize
the content and way of presenting bad news (n = 2).

“I want my doctor to tell me everything, including bad
news.” (#64 Male)

“I was already shocked to learn that I have MPM,; it
was cruel to tell me the time I had left.” (#112 Male)

“Don’t tell me the bad news. Just let me know
something good.” (#75 Female)

Dedication to the treatment of MPM
Patients wanted their physicians to confront the intractable
disease (1 = 4) and to learn more about MPM (n = 3).

“I hope my doctor has enough ambition and passion to
battle the difficult disease of MPM.” (#127 Male)

“My doctor’s priority is to make money from us. They
do not have the spirit to take care of us on our
deathbed.” (#120 Male)

“Doctors are the only hope for patients. I beg them to
learn more about MPM.” (#65 Male)

We compared these categorized requests according to
MPM patients with or without palliative care. MPM
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patients who did not receive palliative care described more
requests concerning understandable explanations, need for
improvement of treatment and support systems, and dedi-
cation to the treatment of MPM than those who received
palliative care. Among these requests, there was statistical
significance concerning communication regarding the cause
of the symptoms, curability and prognosis of the disease,
and treatment plan (p = 0.030) (Additional file 2: Table S1).

Discussion

This study was part of a larger study about the QOL of
MPM patients and sought to reveal their healthcare-re-
lated needs, particularly regarding interactions with their
physician. Patients with MPM wanted their physicians to
provide supportive communication, patient-centered care,
and an attitude of dedication and commitment to their
treatment. Most requests to their physicians concerned the
content and method of communication. Patients wanted
precise information about their condition, even if it was
raw data from examinations. Patients also wanted the doc-
tor to explain in laymen’s terms how the condition would
affect their daily lives. A previous study of patients with
MPM also identified the difficulty of physicians in establi-
shing rapport and engaging in a fruitful two-way communi-
cation [18]. The style of communication requested by
patients with MPM was similar to studies of other cancers:
a two-way exchange of information [19, 20]; and communi-
cation to provide the patient with data [21, 22]. Additio-
nally, patients wanted to be allowed to ask questions
[22], to be treated by physicians with insightful and
empathetic attitudes [23, 24], and to be assured of
on-going support [24].

The requests for emotional support were clearly evident
in this study. The need for physicians to provide emotional
support was documented in previous studies [23, 24],
including one in which physicians were considered the
most important source of psychological support [25]. In
particular, our study indicated that MPM patients had an
extra need for empathy due to their perception of being
victims of asbestos. Additionally, the diagnosis of MPM en-
gendered deep resentment given the circumstances sur-
rounding their exposure to asbestos [10, 12, 26], feelings of
injustice [12], and feelings of being traumatized [27].

This study also indicated that many patients with
MPM wished for clear and complete information about
their disease and its prognosis, while a smaller number
of patients wanted the information to be delivered in a
more indirect and vague manner. Yanagihara reported
that Japanese patients wanted bad news to be minimized
and to be conservative [28]. Patients with MPM were
reported to have high levels of uncertainty and feelings
of a lack of control leading to psychosocial distress since
receiving their diagnosis [29]. Physicians should take
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these differences into account when they present the
diagnosis and prognosis of MPM to their patients.

It is fundamental that any treatment is the result of
mutual decision-making between the patient and the
physician. Our study demonstrated the frustration of
some patients with MPM who could not receive chemo-
therapy due to a safety issue, leaving them feeling not
cared for or abandoned. In addition, the current study
indicated that patients who did not receive palliative
care described more requests than those who received
palliative care. One possible explanation would be a dif-
ficulty of physicians to tell the curability and prognosis
of the disease to the patients. Miyashita et al. evaluated
end-of-life cancer care in designated cancer centers and
palliative care units and reported that care evaluation
score was lower in designated cancer centers than in
palliative care units concerning physical care by phy-
sician, help with decision making, and knowing what to
expect about future condition [30]. Unfortunately, Japan
has a limited care system for patients with MPM [31].
An integrated care and support system is urgently
needed with a multidisciplinary approach that includes
physicians, nurses, psychologists, support groups, and
medical social workers.

Patients with MPM also expect their physicians to have
updated knowledge about MPM and continued interest in
searching for new methods of treatment. Patients certainly
did not want their doctor to be stymied or to give up on
them. Budych et al. previously indicated that patients with
rare diseases prefer that their physician make most of the
decisions regarding their care [32].

Limitations of this study include a low participation rate
from hospitals (approximately 20%), although approxi-
mately half of the questionnaires were returned from the
support groups. This study is also biased toward patients
in the early stages of MPM and those with a good re-
lationship with their physicians. However, given that other
studies support the findings of this research, the risk of
this bias is less of a concern. Further research should
include a longitudinal, mixed-methods study that utilizes
standardized instruments in addition to interviews with
patients and physicians to shed more light on the specific
needs of both groups.

Conclusion

This study indicated that patients with MPM had a
variety of needs unmet by their physicians, even if they
were in the early stages of the disease, and most had
good relationships with their physicians. In addition, the
current study indicated that patients who did not receive
palliative care described more requests than those who
received palliative care. Physicians should consider
introducing shared decision-making and empathic ver-
bal and nonverbal communication with dedication to
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the treatment of MPM. Physicians who provide care
to MPM patients should receive training in both
communication skills and stress management. A
multidisciplinary care system that includes respiratory and
palliative nurse specialists should be established for
patients with MPM.

Additional file

Additional file 1: Questionnaire about quality of life of people with
malignant pleural mesothelioma. (DOCX 17 kb)

Additional file 2: Table S1. (DOCX 22 kb)
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CLINICAL QUESTION
A 74-year-old man with a history of occupational
asbestos exposure in a shipyard was diagnosed
with lymphohistiocytoid mesothelioma (LHM).
Systemic chemotherapy consisted of cisplatin, and
pemetrexed was administered. After six courses
of chemotherapy, multiple tumours had regressed.
Six months after chemotherapy, the tumours on
the pleura exhibited regrowth and partly invaded
the liver. Salvage chemotherapies, including irino-
tecan and vinorelbine, were administered and his
disease was stable for several months. Then he
suddenly vomited and complained of abdominal
pain. Contrast CT showed small intestine intus-
susception. Partial resection of the small intestine
was performed. We found a tumour in the resected
small intestine.

Review the high-quality, interactive digital Aperio
slide at http://virtualacp.com/JCPCases/jclinpath-
2017-204973/ and consider your diagnosis.

WHAT IS YOUR DIAGNOSIS?
Gastrointestinal stromal tumour
Leiomyosarcoma
Lymphohistiocytoid mesothelioma
Malignant schwanoma sheath tumour
Sarcomatous mesothelioma

moOw

The correct answer is after the discussion.

DISCUSSION
Recently, we reported a case of LHM.' The current
report is of his subsequent clinical course.

Autopsy revealed multiple tumours on the pleura,
peritoneum and pericardium. Metastasis to both
lungs, the liver, stomach, colon, rectum, thyroid,
left kidney, spleen and lumbar spine was also

Figure 1

Pathological examination shows spindle-
shaped cell proliferation with few lymphocyte
infiltrations.

found. Histological examination revealed that these
tumours showed similar aspects as of the tumour in
the small intestine.

Pathological examination of the tumour in
the small intestine revealed spindle-shaped
cell proliferation with few lymphocyte infiltra-
tions (figure 1). Immunostaining was positive
for calretinin, CAMS.2, WT-1 and AE1/3, and
negative for CK20, CD34 and desmin. Based
on these findings, the tumour was diagnosed
as a metastasis of malignant pleural mesothe-
lioma (MPM), sarcomatous subtype. He died
2 months after the surgery due to the progres-
sion of MPM.

LHM was first reported in 1988.> Histologi-
cally, it is characterised by histiocytic tumour cell
proliferation with lymphocyte infiltration. There
are diverging opinions whether it is epithelioid
or sarcomatous. Galateau-Sallé et al’ suggested
that the survival in patients with LHM is more
like that of the epithelioid or biphasic subtype of
MPM. On the other hand, Kawai et al* reported a
patient diagnosed with LHM whose autopsy indi-
cated sarcomatous mesothelioma.

It is still controversial whether LHM should
be categorised as an epithelioid or sarcomatous
subtype of MPM. The current case suggests that it
is similar to the sarcomatous subtype.

The principal histological differential diagnoses
of a tumour in the small intestine include leiomyo-
sarcoma, gastrointestinal stromal tumour and neuro-
genic tumours.

ANSWER

E. Sarcomatous mesothelioma

Take home messages

» Lymphohistiocytoid mesothelioma (LHM)
is characterised by histiocytic tumour cell
proliferation with lymphocyte infiltration.

» It is still controversial whether LHM should be
categorised as an epithelioid or a sarcomatous
subtype of malignant pleural mesothelioma.

» The current case suggests that it is similar to
the sarcomatous subtype.

Handling editor Iskander Chaudhry.

Contributors KT, MA and NF treated the patient and drafted the
paper. TO, JN, YM, YF, SW and SO contributed to data monitoring,
and drafted and revised the paper. Tl and HS contributed to
pathological examination of the patient. TK approved the final work
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Abstract

Purpose: Malignant pleural mesothelioma (MPM) is a
rare and aggressive malignancy with poor prognosis.
Patients with MPM who do not respond to standard first-
line chemotherapy have limited treatment options. We
evaluated the efficacy and safety of nivolumab, an immune
checkpoint inhibitor, for the treatment of advanced or
metastatic MPM.

Patients and Methods: Japanese patients with unresect-
able, advanced, or metastatic MPM resistant or intolerant
to <2 regimens of chemotherapy and >1 measurable lesion
(s) were enrolled. Patients received nivolumab 240 mg
intravenously every 2 weeks until progressive disease or
unacceptable toxicity. The primary endpoint was objective
response rate by central assessment according to the Mod-
ified Response Evaluation Criteria in Solid Tumors.
Adverse events (AEs) and treatment-related AEs (TRAEs)
were evaluated.

Introduction

Malignant pleural mesothelioma (MPM) is a rare and
aggressive malignancy, responsible for 1,550 malignancy-
related deaths in Japan in 2016 (1). In Japan, MPM is
more common in men than women given their increased
likelihood of occupational exposure to asbestos, and MPM
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Results: Thirty-four patients were enrolled between July
2016 and October 2016. Median follow-up was 16.8 (range:
1.8-20.2) months. Ten (29%, 95% confidence interval, 16.8-
46.2) patients showed a centrally assessed objective response.
The objective response rates were 26% (7/27), 67% (2/3), and
25% (1/4) patients for epithelioid, sarcomatoid, and biphasic
histologic subtypes, respectively. Median duration of response
was 11.1 months with a 68% disease control rate. Median
overall survival and progression-free survival were 17.3 and
6.1 months, respectively. The objective response rate was 40%
with programmed death-ligand 1 expression >1% and 8%
with <1%. Thirty-two patients (94%) experienced AEs and 26
(76%) experienced TRAEs.

Conclusions: Nivolumab met the primary endpoint as
second- or third-line treatment for patients with MPM and
showed promising efficacy with manageable toxicity.

See related commentary by Mansfield and Zauderer, p. 5438

most commonly affects elderly people (median age, 68 years;
ref. 2, 3), in part, because of the long latency of the effects
of asbestos exposure, which typically occur 30-50 years
postexposure (4).

The median survival for patients with MPM is 7.9 months
based on studies of newly diagnosed patients in Japan (2, 5).
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Translational Relevance

Malignant pleural mesothelioma (MPM) is a rare malig-
nancy with poor prognosis, and patients who do not respond
to first-line chemotherapy have limited treatment options. In
this (multicenter, open-label, single-arm, Japanese phase II
study in malignant pleural mesothelioma) study, we evaluated
the efficacy and safety of nivolumab, an immune checkpoint
inhibitor, for the treatment of advanced or metastatic MPM in
patients intolerant or resistant to <2 regimens of chemother-
apy. Nivolumab yielded an objective response rate of 29%,
median overall survival of 17.3 months, and progression-free
survival of 6.1 months. Its efficacy appeared promising in all
histologic subtypes (epithelioid, sarcomatoid, and biphasic)
and in PD-L1 >1% and <1% patients, although our sample
size was small. Nivolumab showed manageable toxicity.
While our study lacked a comparator, our findings reflect those
of similar trials and suggest that nivolumab provides a clinical
benefit and is a potential second- or third-line treatment
option for MPM.

Most patients are diagnosed with advanced-stage MPM and
receive first-line chemotherapy with pemetrexed and cisplatin
(PC). This regimen provides a survival benefit over cisplatin
alone (12.1 months and 9.3 months, respectively; ref. 6). Carbo-
platin is less toxic and more convenient than cisplatin, and
combination therapy for MPM with carboplatin and pemetrexed
has been evaluated, yielding an overall survival (OS) and pro-
gression-free survival (PFS) comparable with that of PC (7-9).
Furthermore, adding bevacizumab to PC significantly improved
survival benefit by 2.7 months in comparison with PC (10).
However, patients with MPM who do not respond to first-line
treatment with PC have no standard treatment. National Com-
prehensive Cancer Network (NCCN) guidelines recommend
treatment with nivolumab with or without ipilimumab (11) and
pembrolizumab is also a treatment option, but no drug had yet
been approved for second-line treatment of MPM before starting
this study.

Programmed death ligand 1 (PD-L1) is theligand to the human
programmed death-1 (PD-1) receptor. It is expressed in the
tumors of patients with MPM (12-15): in 40% of patients with
MPM according to one clinical investigation (12) and in 70%
according to data from archived patient tissue (13). PD-L1
expression is correlated with a poor prognosis in MPM (12-15).
Nivolumab is a human mAb to the PD-1 receptor that inhibits the
interaction between PD-1 and its ligands, PD-L1 or PD-L2. Fur-
thermore, nivolumab is approved for the treatment of various
subtypes of malignancies (16).

We hypothesized that nivolumab would be a potential second-
or third-line treatment option for MPM. Thus, the multicenter,
open-label, single-arm, Japanese phase II study in MPM (MERIT)
study evaluated the clinical efficacy and safety of nivolumab in
Japanese patients with advanced or metastatic MPM resistant/
intolerant to <2 regimens of platinum-based chemotherapy in
combination with pemetrexed. This study started before the
NCCN guideline recommended nivolumab for second-line treat-
ment of MPM (11).
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Patients and Methods

Study design and patients

This was a multicenter, open-label, single-arm phase II study
conducted from June 16, 2016 to March 14, 2018 (data cut-off
date), at 15 centers in Japan (Supplementary Table S1). The study
was conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines. The study protocol was
reviewed and approved by the institutional review board of
each site before study initiation. This study is registered with
clinicaltrials.jp (JapicCTI-163247). All patients provided written
informed consent.

Selection and description of patients

Eligible patients were men and women ages >20 years with
histologically confirmed MPM, unresectable advanced or met-
astatic MPM without surgery, or MPM resistant or intolerant to
<2 regimens of chemotherapy including platinum-based com-
bination therapy with pemetrexed; and had >1 measurable
lesion(s) as defined in the Modified Response Evaluation
Criteria in Solid Tumors (mRECIST) in MPM (17) and con-
firmed by imaging within 14 days before enrollment, available
tumor tissue samples (fresh or archival) for analysis of PD-L1
expression, and an Eastern Cooperative Oncology Group per-
formance status of 0 or 1. Main exclusion criteria were severe
hypersensitivity reactions to any other drug, including antibody
products; concurrent autoimmune disease or a history of
chronic or recurrent autoimmune disease; multiple primary
cancers; brain or meningeal metastases; current or history of
interstitial lung disease or pulmonary fibrosis diagnosed on the
basis of imaging or clinical findings; and previous treatment
with nivolumab, anti-PD-1 antibody, anti-PD-L1, or PD-L2, or
any other therapeutic antibodies or pharmacotherapies for T-
cell regulation.

Procedures

Patients received 240-mg nivolumab via intravenous 30-min
infusion every 2 weeks on day 1 of each cycle until any criterion
for nivolumab discontinuation was met (Supplementary Table
S2). Neither dose nor administration mode of nivolumab
could be adjusted. Therapies prohibited during the study peri-
od included immunosuppressants, corticosteroids at doses
exceeding 10 mg/day prednisone equivalent, antitumor thera-
pies (e.g., chemotherapy, molecular-targeted therapy, and
immunotherapy), concurrent radiotherapy, pleurodesis, and
surgical therapies for malignant tumors.

Patients underwent tumor imaging by computed tomography
or magnetic resonance imaging every three cycles. The target
lesions in pleura were measured uni-dimensionally as the largest
tumor thickness perpendicular to the chest wall or mediastinum
according to modified RECIST (17); those in nonpleura were
measured according to RECIST version 1.1.

PD-L1 expression analysis was performed in a central labora-
tory (Cancer Genetics, Inc.) using (fresh or archival) tumor tissue
samples with 28-8 antibody (Dako). One or more formalin-fixed,
paraffin-embedded (FFPE) blocks of tumor tissue samples col-
lected by core needle biopsy, excisional biopsy, or incisional
biopsy of >5 FFPE unstained slide samples (serial tissue sections)
were analyzed for PD-L1 status. Each tumor tissue sample was
required to contain >100 evaluable tumor cells. PD-L1-positive
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status was defined as membranous staining in >1% of tumor
cells. Samples were classified as "not evaluable (NE)" if the
biological conditions of the sample rendered the stained cell
membranes difficult to assess, even if the samples otherwise met
the evaluation criteria.

Outcomes

The primary endpoint was centrally assessed objective
response according to mRECIST. The objective response rate
was defined as the proportion of patients whose best overall
response was complete response (CR) or partial response (PR).
Secondary endpoints were investigator-assessed objective
response rate and percent change in the sum of tumor sizes
of target lesions; disease control rate, OS, PFS, duration of
response, time to response, and best overall response assessed
centrally. In addition, subgroup analyses of tumor response,
PFS, OS by PD-L1 expression (<1% and >1%), and histologic
subtype were performed.

OS was defined as the time from the first nivolumab dose to
death from any cause. PFS was defined as the time from the first
nivolumab dose to progressive disease (PD) or death from any
cause. Disease control rate was the percentage of patients whose
best overall response was CR, PR, or stable disease (SD).

Adverse events (AEs) and treatment-related AEs (TRAEs) were
monitored throughout the study period and graded according
to the Japanese translation (Japan Clinical Oncology Group
edition) of the NCI Common Terminology Criteria for Adverse
Events, version 4.0. AEs of special interest were prespecified as
endocrine disorders, gastrointestinal toxicity, hepatotoxicity, pul-
monary toxicity, nephrotoxicity, skin toxicity, and hypersensitiv-
ity/infusion reactions.

Statistical analysis

As there was no available standard treatment for the target
population, the lower threshold for response was set at 5%, and an
expected objective response rate of 19% was used for this study.
We calculated that >29 patients would be required to detect a
significant difference in the objective response rate with a power of
80% and a one-sided significance level of 0.025. To account for
the estimated 10% dropout rate, we planned to recruit 32 patients.
The full analysis set was used for the analysis of the efficacy
endpoints, and the safety analysis set for the analysis of baseline
demographic and dlinical characteristics and safety endpoints.
Frequency distribution and summary statistics were used for
baseline characteristics. The objective response and disease con-
trol rates and their two-sided 95% confidence intervals (CI) were
calculated. Medians and two-sided 95% ClIs for OS, PFS, and
duration of response were calculated using the Kaplan-Meier
method. OS and PFS rates, and their two-sided 95% ClIs, were
calculated at 6 and 12 months depending on the duration of
follow-up. The percentages of patients with best overall response
of CR, PR, SD, PD, and NE were calculated. Statistical analyses
were performed with SAS version 9.3 (SAS Institute Inc.).

Results

Most patients were male (29/34 patients, 85%), with a median
age of 68.0 years; 27/34 patients (79%) had an epithelioid
subtype (Table 1). Patients received a median of 12.5 (range,
1-42) doses; the median duration of treatment was 6.8 (range,
0.03-19.1) months. The median relative dose intensity was 96%
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Table 1. Baseline demographic and clinical characteristics
Nivolumab N = 34

Sex
Male 29 (85)
Female 5 (15)
Age, years, median (range) 68.0 (43-78)

Body mass index, ka/m?, median (range) 22.1(15.8-29.0)

Number of prior treatment(s)

1 24 (71)

2 10 (29)
Performance status

0 13 (38)

1 21(62)
Previous systemic therapy
First line

Pemetrexed + cisplatin/carboplatin 31 (91

Pemetrexed + cisplatin + BBI608 2 (6)

Pemetrexed + cisplatin + bevacizumab 1(3)
Second line

Gemcitabine 309

Pemetrexed + cisplatin/carboplatin 309

Pemetrexed 2 (6)

Other 2 (6)
PD-L1 status

>1% 20 (59)

<1% 12 (35)

NE 2 (6)
Histological subtype

Epithelioid 27 (79)

Biphasic 4 (12)

Sarcomatoid 309

NOTE: Data are n (%), unless otherwise stated.

(range, 62%-112%). Six patients (18%) were still on treatment,
and 28 (82%) discontinued treatment at data cutoff. The reasons
for discontinuation included PD (22 patients, 65%); unequivocal
clinical progression attributable to PD (5 patients, 15%); devel-
opment of grade >2 interstitial lung disease or pneumonitis (4
patients, 12%); lack of nivolumab administration for 6 weeks due
to AE onset (2 patients, 6%); and continuation of treatment
judged as inappropriate by the principal investigator (1 patient,
3%). Some patients had more than one reason for discontinua-
tion. All 34 patients were included in both the full and safety
analysis sets. Median follow-up was 16.8 (range, 1.8-20.2)
months.

Ten (29%; 95% CI, 16.8-46.2) of 34 patients had an objective
response by central assessment (Table 2), and all were PR. The
response rate by site according to mRECIST was identical. The
disease control rate was 68% (95% CI, 50.8-80.9; Table 2).
Regarding the best overall response, 10 (29%) patients had PR,
13 (38%) had SD, 9 (26%) had PD, and 2 (6%) were NE (Table 2).
In addition, central review confirmed that 1 patient had no
measurable lesions.

The Kaplan—Meier curves for OS and PES are shown in Fig. 1A
and B. Median OS was 17.3 months (95% CI, 11.5-not reached),
with OS rates of 85% (95% CI, 68.2-93.6) and 59% (95% CI,
40.6-73.2) at 6 and 12 months, respectively. Median PFS was
6.1 months (95% CI, 2.9-9.9), with PFS rates of 52% (95% CI,
33.5-66.9) and 32% (95% CI, 16.4-47.9) at 6 and 12 months,
respectively. At data cutoff, 3 of 10 patients (30%) had an ongoing
response. The median duration of response was 11.1 months
(95% CI, 3.5-16.2), with median time to response of 2.63 (range,
1.0-6.9) months. Among responders, the median reduction in
target lesions from baseline (depth of response) was 61% (inter-
quartile range, 48-72).
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Table 2. Efficacy of nivolumab

N Tumor response (95% CI)

Objective response rate (n = 34) 10 29% (16.8-46.2)

Epithelioid (n = 27) 7 26% (13.2-44.7)

Biphasic (n = 4) 1 25% (4.6-69.9)

Sarcomatoid (n = 3) 2 67% (20.8-93.9)
Disease control rate (n = 34) 23 68% (50.8-80.9)
Best overall response rate (n = 34)

CR 0 0% (0.0-10.2)

PR 10 29% (16.8-46.2)

SD 13 38% (23.9-55.0)

PD 9 26%

NE 2 6%

NOTE: All results are from the central assessment according to mRECIST. 95%
Cls were calculated using the Wilson method; 95% Cls were not calculated for

the PD or NE categories.

Tumor shrinkage was observed in all histologic subtypes,
especially in 6 of 7 patients with either sarcomatoid or biphasic
histologic subtype, slight tumor growth was observed in 1 remain-
ing patient. Therefore, the disease control rate in sarcomatoid/
biphasic patients was 100% (Fig. 2A). Tumor shrinkage was
observed, regardless of PD-L1 status. Among PD-L1 evaluable
patients, tumor shrinkage occurred in 14 of 20 (70%) patients
with PD-L1 expression >1% and 4 of 12 (33%) patients with PD-
L1 expression <1% (Fig. 2A). A long duration of response was
recorded with a median duration of 11.1 months (95% CI, 3.5-
16.2; Fig. 2B). Patients with tumor shrinkage tended to maintain
the tumor response (Fig. 3).

The objective response rate by histologic subtype is reported
in Table 2. The objective response rates were 26%, 67%, and
25% for epithelioid, sarcomatoid, and biphasic histologic
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subtypes, respectively. The subgroup analysis of OS and PFS by
histologic subtype exhibited trends, with prolonged OS and
PFS for patients with nonepithelioid subtype (Supplementary
Fig. S1A and B). Results of tumor response analysis by PD-L1
expression are shown in Supplementary Table S3. The objective
response rate differed by PD-L1 expression (40% for >1% vs.
8% for <1%, respectively). Similar trends were observed among
patients with different PD-L1 expression levels (>5% vs. <5%
and >10% vs. <10%). The subgroup analysis of OS and PFS by
PD-L1 status exhibited trends, with prolonged OS and PFS for
patients with PD-L1 >1% versus <1% [hazard ratio (HR) for OS
0.542 (95% CI, 0.208-1.415; P = 0.2021); HR for PFS 0.725
(95% CI, 0.316-1.668; P = 0.4490); Fig. 1A and B.
All-cause AEs occurring in >5% of patients are shown
in Table 3. Most patients (94%) experienced AEs and 16
(47%) patients experienced grade >3 AEs. A total of 26 patients
(76%) experienced TRAEs, and 11 patients (32%) experienced
Grade >3 TRAEs. Serious AEs occurred in 14 patients (41%),

www.aacrjournals.org

Censored - PFS Event-PFS @ Death = On treatment

with 11 patients (32%) having serious TRAEs. Four patients
(12%) experienced AEs leading to study treatment discontin-
uation [two events of interstitial pneumonia (1, grade 2; 1,
grade 3) and two events of pneumonitis (both grade 3)]. No
fatal AEs occurred between study start and either 28 days after
the last nivolumab dose or the start of poststudy treatment.
Regarding TRAEs with an incidence of >10%, rash occurred in 6
patients (18%); lipase increased, 5 (15%); and diarrhea and
amylase increased, 4 each (12%).

The following AEs of special interest occurred: type 1 dia-
betes mellitus in 1 patient (3%), hypopituitarism in 1 patient
(3%), hypothyroidism in 2 patients (6%); and blood thyroid
stimulating hormone decreased, blood thyroid stimulating
hormone increased, and thyroid function test abnormal in
1 patient (3%) each; diarrhea in 6 (18%) patients; gamma-
glutamyltransferase increased in 2 patients (6%); alanine ami-
notransferase increased, aspartate aminotransferase increased,
blood bilirubin increased, and blood alkaline phosphatase
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increased in 1 patient (3%) each; interstitial lung disease and
pheumonitis in 2 patients (6%) each; blood creatinine increased
in 1 patient (3%); rash in 6 patients (18%), rash maculopapular
in 2 patients (6%), and blister, eczema, rash pruritic, skin exfo-
liation, and urticaria in 1 patient (3%) each; and hypersensitivity
in 1 patient (3%). Grade 3-4 AEs of special interest were diarrhea,
gamma-glutamyltransferase increased, and pneumonitis in 2
patients (6%) each, and type 1 diabetes mellitus, hypopituitarism,
alanine aminotransferase increased, aspartate aminotransferase
increased, interstitial lung disease, and rash and hypersensitivity
in 1 patient each (3%).

Discussion

MPM is a very aggressive malignancy with a poor prognosis. To
develop better therapies for mesothelioma, recent research has
focused on the role of immune cells within the tumor microen-
vironment. Treatment with immune checkpoint inhibitors, which
reactivate immune responses that are silenced by immune check-
points, has shown promising results (18).

The present results suggest that patients with advanced or
metastatic MPM resistant or intolerant to the standard treatment
may benefit from treatment with nivolumab. Previous studies of
standard treatment in advanced or recurrent MPM reported
response rates of 0%-2% with placebo or best supportive care
and 0%-4.5% with investigational products (19-21). Efficacy of
nivolumab for pretreated MPM was reported in previous studies
(MAPS2 and NivoMes trials; ref. 22, 23). In addition, the
KEYNOTE-028 study showed an objective response rate (inves-
tigator assessed according to RECIST guideline, version 1.1) of
20% (95% CI, 6.8-40.7) in previously treated patients with PD-
L1-positive MPM receiving pembrolizumab 10 mg/kg every
2 weeks (24). In this study, an objective response rate of 29%
was confirmed by central assessment according to mRECIST in
patients with MPM and was concordant with the results of other

5490 Clin Cancer Res; 25(18) September 15, 2019

similar studies (22-24). These results suggest that anti-PD-1
antibodies have a high potential for becoming a new treatment
option for MPM.

Sarcomatoid or biphasic histologic subtypes are known pre-
dictors of poor prognosis (25), and PC therapy has little effect on
these histologic subtypes (26). In this study, the objective
response in patients with sarcomatoid and biphasic histologic
subtypes was 2 of 3 and 1 of 4 patients, respectively. These results
indicate that nivolumab had a beneficial effect in these histologic
subtypes for which no previous treatment has been shown to be
effective. This further supports the use of immune checkpoint
inhibitors as potential treatment options to manage MPM. Inter-
estingly, the PD-L1 expression rate was >50% in the three
responders with sarcomatoid and biphasic histologic subtype
(data not shown). However, these results should be interpreted
with caution as there were only 7 patients with these subtypes.
Further study in a larger number of patients with these histologic
subtypes is warranted to confirm our findings.

Previous studies have shown that positive PD-L1 expression
status has been associated with worse survival outcomes com-
pared with negative PD-L1 expression status (14, 15). In this
study, both PD-Ll-positive and PD-Ll1-negative patients
responded to nivolumab, and although not significant, differ-
ences in OS and PFS with PD-L1 expression status favored positive
PD-L1 expression. While promising, these results must be con-
sidered in the context of the study design and size, and the fact that
the PD-L1 analysis was exploratory. A greater number of patients
showing PD-L1 expression responded to nivolumab, although
some patients without PD-L1 expression also showed responses.
This study was not powered to study differences in response or
survival between categories of PD-L1 expression, but this is a
critical area for future study in larger, comparative trials.

Patients who have PD after initial chemotherapy are generally
expected to have a poor prognosis, advanced symptoms,
and worsened condition compared with chemotherapy-naive
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Table 3. AEs
Nivolumab
N=134
Any grade  Grade 3-4
Any AEs 32 (94) 16 (47)
Most common AEs by preferred term (>5% of patients)
Viral upper respiratory tract infection 10 (29) 0 (0)
Weight decreased 7 (21D 0 (0)
Diarrhea 6 (18) 2 (6)
Rash 6 (18) 13)
Pyrexia 6 (18) 0 (0)
Lipase increased 5 (15) 4 (12)
Stomatitis 5 (15) 13
Nausea 5(5) 0 (0
Amylase increased 4 (12) 2 (6)
Decreased appetite 4 (12) 2 (6)
Arthralgia 4 (12) 0 (0)
Vomiting 309 0 (0)
Fatigue 3(9 0 (0)
Malaise 3(9 0 (0)
Upper respiratory tract infection 309 0 (0)
Gamma-glutamyltransferase increased 2 (6) 2 (6)
Pneumonitis 2 (6) 2 (6)
Anemia 2 (6) 1(3)
Hypophosphatemia 2 (6) 1(3)
Interstitial lung disease 2(6) 13
Hypothyroidism 2 (6) 0 (0)
Constipation 2 (6) 0 (0)
Dental caries 2(6) 0 (0)
Mucosal inflammation 2 (6) 0 (0)
Edema peripheral 2 (6) 0 (0)
Lymphocyte count decreased 2 (6) 0 (0)
Hyperkalemia 2 (6) 0 (0)
Hypoalbuminemia 2 (6) 0 (0)
Myalgia 2 (6) 0 (0)
Dyspnea 2 (6) 0 (0)
Pneumothorax 2(6) 0 (0)
Rash maculo-papular 2 (6) 0 (0)
AEs leading to discontinuation of study treatment 4 (12) 309
AEs leading to interruption of study treatment 15 (44) 10 (29)

NOTE: Data are presented as n (%).

patients. In fact, a PFS of 1.6-1.7 months and an OS of 5.4-
4.9 months was reported in patients with MPM resistant/
intolerant to standard treatment who received single-agent
vinorelbine, single-agent gemcitabine, or both agents (27).
Conversely, in this study, the median PFS and median OS were
6.1 months and 17.3 months, respectively, which were com-
parable with the results of previous studies in patients requiring
second- and third-line treatment with nivolumab with or
without ipilimumab (22, 23) and pembrolizumab (24). These
findings suggest that nivolumab provides a clinical benefit and
could be considered an option for second- or third-line treat-
ment for MPM.

Regarding the safety profile, of the 34 patients receiving nivo-
lumab, 32 (94%) and 26 (76%) patients experienced AEs and
TRAEs, respectively. No deaths related to AEs were reported.
Nivolumab is approved for the treatment of various cancer types
and has been administered to many patients. In our opinion, the
safety profile of nivolumab in this study did not differ greatly from
that in other cancer types for which nivolumab has already been
approved.

In conclusion, the primary endpoint was met in patients with
advanced or metastatic MPM resistant or intolerant to maximally
two regimens of chemotherapy including platinum-based com-
bination therapy with pemetrexed who received nivolumab as
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second- or third-line treatment. Nivolumab showed a promising
overall response rate of 29% and appeared to yield encouraging
PFS and OS results across a range of histologic subtypes, and in
patients with PD-L1 expression. Nivolumab had a manageable
toxicity profile. Adequately powered, randomized, controlled
trials are needed before definitive conclusions can be drawn
regarding the survival benefits of nivolumab.
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Abstract

for the treatment of MPM.

Background: Malignant pleural mesothelioma (MPM) is a debilitating disease of the pleural cavity. It is primarily
associated with previous inhalation of asbestos fibers. These fibers initiate an oxidant coupled inflammatory response.
Repeated exposure to asbestos fibers results in a prolonged inflammatory response and cycles of tissue damage and
repair. The inflammation-associated cycles of tissue damage and repair are intimately involved in the development of
asbestos-associated cancers. Macrophages are a key component of asbestos-associated inflammation and play essential
roles in the etiology of a variety of cancers. Macrophages are also a source of C-C motif chemokine ligand 2 (CCL2),
and a variety of tumor-types express CCL2. High levels of CCL2 are present in the pleural effusions of mesothelioma
patients, however, CCL2 has not been examined in the serum of mesothelioma patients.

Methods: The present study was carried out with 50 MPM patients and 356 subjects who were possibly exposed to
asbestos but did not have disease symptoms and 41 healthy volunteers without a history of exposure to asbestos. The
levels of CCL2 in the serum of the study participants was determined using ELISA.

Results: Levels of CCL2 were significantly elevated in the serum of patients with advanced MPM.

Conclusions: Our findings are consistent with the premise that the CCL2/CCR2 axis and myeloid-derived cells play an
important role in MPM and disease progression. Therapies are being developed that target CCL2/CCR2 and tumor
resident myeloid cells, and clinical trials are being pursued that use these therapies as part of the treatment regimen.
The results of trials with patients with a similar serum CCL2 pattern as MPM patients will have important implications

Keywords: Asbestos, Cancer, Malignant pleural mesothelioma, CCL2

Background

A causal association between exposure to at least some
types of asbestos and lung carcinomas and malignant
pleural mesothelioma (MPM) has been long recognized
[1], and in 2012 the WHO/International Agency for
Research on Cancer (IARC, Lyon) classified all forms of
asbestos (chrysotile, crocidolite, amosite, tremolite, ac-
tinolite, and anthophyllite) as carcinogenic to humans
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K BMC

[2]. The 2014 updated Helsinki Criteria notes that while
the use of asbestos is banned in many industrialized
countries, the global production of asbestos remains at
over two million metric tons a year, with an estimated
125 million people being exposed to asbestos in the
workplace [3]. Furthermore, workers engaged in cleaning
debris at sites of natural disasters and workers involved
in demolition work may be exposed to asbestos. For ex-
ample, asbestos-related disease is predicted to be signifi-
cant in workers engaged in debris cleaning operations
after the Great Hanshin Earthquake that occurred in
Japan in 1995. Worldwide, asbestos exposure results in

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
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an estimated 255,000 deaths annually, with a significant
fraction (over 30,000 in 2016) of these deaths due to
mesothelioma [4]. In Japan, the number of patients that
die of MPM is currently 1500 a year (Vital Statistics, Min-
istry of Health Labour and Welfare, Japan, 2015), and the
incidence of MPM is predicted to remain relatively high
in the coming years due to past exposure to asbestos.

Macrophages are considered to be essential constituents
of many types of solid tumors [5, 6], and mesotheliomas are
heavily infiltrated by macrophages [7-10]. The subtypes of
macrophages within a tumor is heterogeneous [11]; in gen-
eral however, tumor development is associated with the
presence of macrophages with M2-like characteristics, par-
ticularly in patients with a poor prognosis [8, 12-14]. M2-
like macrophages function in the resolution of inflammation
and in protection and repair of damaged tissue [15-18].
One of the basic functions of M2-like macrophages that is
associated with tissue protection and repair is immunosup-
pression [11], and tumors have generally been found to con-
tain macrophages with immunosuppressive characteristics
(5, 19-22].

Another important myeloid cell population that is as-
sociated with tumors are myeloid-derived suppressor
cells, and there is almost universal agreement that accu-
mulation of myeloid cells with MDSC-like phenotypes in
the blood or tumor correlates with disease progression,
poor prognosis, poor response to therapy, and decreased
overall survival [23-29]. MDSCs are associated with
tumor progression in mouse models of mesothelioma
[30-32], and MDSCs are believed to be associated with
mesotheliomas in human patients [33, 34].

C-C motif chemokine ligand 2 (CCL2), also known as
monocyte chemotactic protein-1 (MCP-1), is expressed
in most human cancers [35-37], and plays a key role in
the recruitment of macrophages and MDSCs [35, 36,
38-40]. In general agreement with the findings that tu-
mors accumulate macrophages and MDSCs that have
pro-tumorigenic properties and express CCL2 and that
CCL2 expression in tumor tissue is associated with ad-
vanced tumor stage and worse prognosis, there are sev-
eral studies that report elevated levels of CCL2 in the
serum of cancer patients and/or an association between
elevated serum CCL2 and poor prognosis [41-51]. Other
studies, however, found either no association between
the serum CCL2 levels of cancer patients and clinical
variables or that lower serum CCL2 levels were associ-
ated with poor prognosis or that higher serum CCL2
levels were associated with favorable prognosis [52—-60].

Whether the disparate findings of the studies cited
above are due to differences in tumor stage, CCL2 being
associated with a tumorigenic response in some cases
and to a tumoricidal response in others, differing im-
mune suppression mechanisms in different tumor types
or the patient cohorts studied, or to some other factor is
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not known. It is clear, however, that the role of CCL2 in
tumorigenesis is likely to be affected by tumor-specific
factors. The current study was undertaken to investigate
serum CCL2 levels in mesothelioma patients. We found
that serum CCL2 levels were increased in mesothelioma
patients and that this increase was dependent on advan-
cing mesothelioma stage.

Methods

Subjects

Healthy, unexposed volunteers (41 volunteers; 10 fe-
males and 31 males; age 56 +20.0 years; Range 23-91
years): Serum samples were collected from teaching and
research staff at the Nagoya City University Graduate
School of Medical Sciences and residents/patients at
Nogoyashi Koseiin Medical Welfare Center Hospital
(Koseiin Hospital). These subjects had no history of ex-
posure to asbestos and were free from lung and pleural
lesions on periodical (once or twice a year) institutional
health examinations.

Healthy subjects possibly exposed to asbestos (356
subjects; 33 females and 323 males; age 68.7 + 8.3 years;
Range 35-96 years): Serum samples were collected from
patients who visited or were hospitalized in the Japan
Labour Health and Welfare Organization Asahi Rosai
Hospital and the Saiseikai Chuwa Hospital. All of the en-
rolled subjects possibly exposed to asbestos had certified
documents issued by the Japanese Ministry of Health,
Labour and Welfare for the compensation of medical
care. These subjects had no detectable asbestos-
associated disease. Since the hospital records of patients
not suffering from mesothelioma were not available to
us, it is not known whether any of the subjects in this
group had a health condition or treatment that would
increase their serum CCL2 levels, for example see pa-
tient 356 (Additional file 1: Table S1). However, while
there was a tendency for this group to have higher
serum CCL2 levels compared to the healthy, unexposed
volunteers, the difference between these groups was not
statistically significant.

Mesothelioma patients (50 patients; 5 females and 45
males; age 72.5 + 8.6 years; Range 57-99 years): Serum
samples were collected from patients who were hospital-
ized in the Okayama Rosai Hospital, Asahi Rosai Hos-
pital, Saiseikai Chuwa Hospital, Daido Hospital, and
Nagoya City University Hospital. The diagnosis of MPM
was made by biopsy examination combined with chest
computed tomography examinations. Histological types
of MPM were sarcomatoid, epithelioid, and biphasic.

All participants were provided written informed con-
sent before inclusion in the study. Serum samples were
then obtained, coded, and stored in aliquots at — 80 °C
until use.
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Assay method

Enzyme-linked immune-absorbent assay (ELISA) kits
(CCL2: DCP00, R&D systems, Minneapolis, USA) were
used for measuring CCL2, following the manufacturer’s
instructions. The minimum detectable level of human
CCL2 ranged between 0.57 and 10.0 pg/ml for these
ELISA kits. All samples had measured CCL2 levels above
the minimum detectable levels.

Statistics

In Table 1, patient age and serum CCL2 levels are pre-
sented as mean + SD. In Tables 2, 3, 4 and 5, Analysis of
Variance (ANOVA) was used to calculate the estimated
marginal means and standard errors. Fisher’s exact test
was used to test the significance of the differences of the
nominal data (the data pertaining to gender). The
Kruskal-Wallis (one-way ANOVA) test was used to test
the significance of the differences in patient age. Analysis
of covariance (ANCOVA) was used to compare the esti-
mated marginal means of serum CCL2 levels adjusted
for the covariates of age and gender. The homogeneity
of the variance of the serum CCL2 levels was tested
using Welch’s test. The significance of the differences
between the means was tested using the Bonferroni test
when the variance was homogenous and Tamhane’s T2
test when the variance was not homogenous. p-values
were determined using pairwise comparison tests (pair-
wise comparisons are shown in Additional file 3: Tables
S3 - S8). p-values < 0.05 were considered statistically sig-
nificant. All statistical analyses were carried out with
statistical software package SPSS 24.0 (SPSS, Chicago,
IL, USA).

Results

A summary of the gender, age, and serum CCL2 levels
of the study subjects is shown in Table 1. Individual
CCL2 levels are shown in Additional file 1: Table SI.
The pairwise comparisons of the groups is shown in
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Additional file 3: Tables S3 and S4. The mean CCL2
level in the serum of the mesothelioma patients is sig-
nificantly elevated compared to the Possibly Exposed (no
apparent disease) group, and this increase is dependent
on the stage of the disease.

It is known that serum CCL2 levels increase with age
[61-63], and as can be seen in Table 1 the mean CCL2
level in the serum of the Possibly Exposed (no apparent
disease) group, age 68.7 £ 8.3 yrs., is higher than that of
the Unexposed (no apparent disease) group, age 56.0 +
20.0yrs.: the age ranges of the study participants are
shown in Additional file 2: Table S2. Analysis of the age
of the patients using the Kruskal-Wallis (one-way
ANOVA) test shows an age difference between the pa-
tients in the different groups (p < 0.05). Fisher’s exact test
also shows a gender difference between groups (p < 0.05):
see Methods for the gender of the study participants.
Therefore, the data was re-analyzed based on covariates of
age (67.97) and gender (1.11). In Tables 2, 3, 4 and 5, Ana-
lysis of Variance (ANOVA) was used to calculate the esti-
mated marginal means and standard error. Subsequently,
Analysis of covariance (ANCOVA) was used to compare
the estimated marginal means adjusted for covariates of
age and gender.

Tables 2 and 3 show the unadjusted serum CCL2
means and 95% confidence intervals and the estimated
CCL2 means and 95% confidence intervals when the
data is adjusted based on the covariates of age and gen-
der. In Table 2, the data was adjusted using the Unex-
posed (no apparent disease), Possibly Exposed (no
apparent disease), and Mesothelioma (all patients)
groups. The pairwise comparisons of these groups is
shown in Additional file 3: Table S5. In Table 3, the data
was adjusted using the Unexposed (no apparent disease),
Possibly Exposed (no apparent disease), and Mesotheli-
oma stages 1-4 groups. The pairwise comparisons of
these groups is shown in Additional file 3: Table Sé6.
After adjusting the data, the estimated mean CCL2 level

Table 1 Gender, age, and serum CCL2 levels of the study subjects. (Individual patient data is shown in Additional file 1: Table S1)

Number of Patients Gender Age Serum CCL2
Women Men (pg/mb

Unexposed (no apparent disease) 41 10 31 56.0 + 200 2752 +982
Possibly Exposed (no apparent disease) 356 33 323 687 + 83 3075+ 117.7
Mesothelioma (all patients) 50 5 45 725+ 86 4213 + 295.12P
Mesothelioma (stage 1 patients) 12 0 12 728 £ 9.1 2899 + 1154
Mesothelioma (stage 2 patients) 5 0 5 756 £ 7.1 2810+ 1112
Mesothelioma (stage 3 patients) 14 1 13 743 + 107 4860 + 33344
Mesothelioma (stage 4 patients) 19 4 15 702 + 68 4935 + 346,74

“Different from the Unexposed (no apparent disease) group at p <0.01
bDifferent from the Possibly Exposed (no apparent disease) group at p < 0.05

“Different from the Unexposed (no apparent disease) and the Possibly Exposed (no apparent disease) groups at p < 0.001

dDifferent from the Mesothelioma (stage 1 patients) group at p < 0.01
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Table 2 Serum CCL2 levels of the study subjects after adjusting the data for the covariates of gender and age

Unadjusted Data (ANOVA) Adjusted Data (ANCOVA)

Serum CCL2  Std 95% Cl Estimated Serum  Std 95% Cl

(pg/mi) Error Lower Limit  Upper Limit CCL2 (pg/ml) Error Lower Limit  Upper Limit
Unexposed (no apparent disease) 2752 229 2302 3203 3035 242 2560 3511
Possibly Exposed (no apparent disease) 307.5 78 292.2 3228 3056 7.7 2904 3208
Mesothelioma (all patients) 4213%¢ 208 3805 462.1 411.8°¢ 208 3709 4526

“Different from the Unexposed (no apparent disease) group at p < 0.001
bDifferent from the Unexposed (no apparent disease) group at p <0.01
“Different from the Possibly Exposed (no apparent disease) group at p < 0.001

in the serum of the mesothelioma patients is signifi-
cantly elevated compared to the Possibly Exposed (no
apparent disease) group, and this increase is dependent
on the stage of the disease.

Two patients in the Mesothelioma group, patients 31
and 50 (Additional file 1: Table S1), had extraordinarily
high levels of serum CCL2. Removal of these two pa-
tients reduces the serum CCL2 levels in the mesotheli-
oma all patients, stage 3 patients, and stage 4 patients
groups to 368.5 + 138.1, 402.7 + 123.2, and 420.5 + 141.9,
respectively. Tables 4 and 5 show the results when these
two patients are removed from data analysis. Table 4
shows the unadjusted serum CCL2 means and 95% con-
fidence intervals and the estimated CCL2 means and
95% confidence intervals when the data is adjusted based
on the covariates of age and gender using the Unex-
posed (no apparent disease), Possibly Exposed (no ap-
parent disease), and Mesothelioma (all patients) groups.
The pairwise comparisons of these groups is shown in
Additional file 3: Table S7. Table 5 shows the unadjusted
serum CCL2 means and 95% confidence intervals and
the estimated CCL2 means and 95% confidence intervals
when the data is adjusted based on the covariates of age
and gender using the Unexposed (no apparent disease),
Possibly Exposed (no apparent disease), and Mesotheli-
oma stages 1-4 groups. The pairwise comparisons of
these groups is shown in Additional file 3: Table S8.

Table 3 Serum CCL2 levels of the study subjects after adjusting the

After removal of patients 31 and 50 from the data ana-
lysis, CCL2 levels in the mesothelioma patients are still
significantly higher than the CCL2 levels in the Unex-
posed (no apparent disease) and the Possibly Exposed
(no apparent disease) groups, and this increase is
dependent on the stage of the disease.

Discussion

In this study we measured the levels of CCL2 in the
serum of 41 healthy volunteers who have not been ex-
posed to asbestos, 356 healthy subjects who have pos-
sibly been exposed to asbestos, and 50 mesothelioma
patients. The mean CCL2 level in the serum of the
mesothelioma patients was significantly elevated com-
pared to both the healthy volunteers who have not been
exposed to asbestos and the healthy subjects who have
possibly been exposed to asbestos (see Table 1). How-
ever, it is known that serum CCL2 levels increase with
normal aging [61-63], and analysis of the age of the pa-
tients using the Kruskal-Wallis (one-way ANOVA) test
showed an age difference between the patients in the
Possibly Exposed (no apparent disease) and the meso-
thelioma groups. Fisher’s exact test also showed a gender
difference between these groups. Therefore, the data was
re-analyzed based on covariates of age (67.97) and gen-
der (1.11). Re-analysis of the data after adjusting for age
and gender did not change the conclusions of the study:

data for the covariates of gender and age

Unadjusted Data (ANOVA)

Adjusted Data (ANCOVA)

Serum CCL2 Std 95% Cl Estimated Serum CCL2 Std ~ 95% Cl

(pg/mi) Error Lower Limit  Upper Limit (pg/mi) Error Lower Limit  Upper Limit
Unexposed (no apparent disease) 2752 229 2302 3203 305.5 242 2560 3511
Possibly Exposed (no apparent disease) 307.5 78 2922 3228 3054 7.7 2904 3208
Mesothelioma (stage 1 patients) 289.9 415 2084 3714 2757 411 1950 356.5
Mesothelioma (stage 2 patients) 281.0 644 1547 4073 261.0 636 1360 386.0
Mesothelioma (stage 3 patients) 486024 384 4105 561.5 471 4b<d 381 3964 546.3
Mesothelioma (stage 4 patients) 493 524 330 4287 5583 492 5acde 327 4283 556.7

“Different from the Unexposed (no apparent disease) group at p < 0.001
bDifferent from the Unexposed (no apparent disease) group at p <0.01
“Different from the Possibly Exposed (no apparent disease) group at p < 0.001
dDifferent from the Mesothelioma stage 1 patients group at p < 0.01
Different from the Mesothelioma stage 2 patients group at p < 0.05
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Table 4 Serum CCL2 levels of the study subjects after removing patients 31 and 50 and adjusting the data for the covariates of

gender and age

Unadjusted Data (ANOVA)

Adjusted Data (ANCOVA)

Serum CCL2 Std 95% Cl Estimated Serum CCL2 Std ~ 95% Cl

(pg/mi) Error Lower Limit  Upper Limit (pg/mi) Error Lower Limit  Upper Limit
Unexposed (no apparent disease) 2752 185 2389 3116 308.6 193 2707 3464
Possibly Exposed (no apparent disease) 3075 6.3 295.2 319.9 3054 6.1 2933 3174
Mesothelioma (all patients) 368.5% 17.1 3349 402.1 356.0° 169 3228 389.2

“Different from the Unexposed (no apparent disease) and the Possibly Exposed (no apparent disease) groups at p < 0.01

PDifferent from the Possibly Exposed (no apparent disease) groups at p < 0.05

serum CCL2 was elevated in mesothelioma patients (see
Table 2). Mesothelioma patients 31 and 50 (see Add-
itional file 1: Table S1) had exceptionally high levels of
CCL2. After removal of these two patients’ data from
analysis, serum CCL2 was still elevated in mesothelioma
patients (see Table 4). Therefore, our data indicate that
serum CCL2 levels were increased in mesothelioma pa-
tients and this increase was not dependent on the age of
the patients in the Mesothelioma group or on the pres-
ence of the two patients in the Mesothelioma group with
exceptionally high levels of serum CCL2. Elevated CCL2
in the serum of mesothelioma patients is in agreement
with the high levels of CCL2 present in the pleural effu-
sions of mesothelioma patients reported by Gueugnon
et al. [64].

The increase in the serum levels of CCL2 in the meso-
thelioma patients was dependent on the stage of the dis-
ease (see Table 1). Reanalysis of the data adjusting for
age and gender also indicated elevated levels of serum
CCL2 depended on mesothelioma stage (see Tables 2
and 3). The dependence on mesothelioma stage was still
apparent after removal of the two mesothelioma patients
with exceptionally high levels of serum CCL2 from data
analysis (see Tables 4 and 5). Therefore, as with the in-
crease in the levels of CCL2 in the serum of mesotheli-
oma patients, the dependence of this increase on disease
stage was not due to the age of the patients in the

Mesothelioma group or on the presence of the two pa-
tients in the Mesothelioma group with exceptionally
high levels of serum CCL2.

The mean CCL2 level in the serum of the healthy sub-
jects who have possibly been exposed to asbestos was el-
evated compared to the healthy volunteers who have not
been exposed to asbestos. However, as noted above, it is
known that serum CCL2 levels increase during normal
ageing [61-63]. Thus, the levels of CCL2 in the serum in
these two groups followed the expected pattern, lower in
the healthy unexposed group consisting of primarily
younger patients and higher in the healthy possibly ex-
posed group consisting of primarily older patients.

Several studies have reported that increased expression
of CCL2 in tumor tissue is associated with advanced
tumor stage and worse prognosis: These studies include
patients with breast cancer [65-68], prostate cancer [69,
70], gastric cancer [71], colorectal cancer [72, 73],
esophageal squamous cell carcinoma [74], head and neck
squamous cell carcinoma [75], and glial tumors [47]. In
agreement with these findings, a number of studies re-
port elevated levels of CCL2 in the serum of cancer pa-
tients and/or an association between elevated serum
CCL2 and poor prognosis: Moogooei et al. [47] and Pan
et al. [48] report elevated levels of serum CCL2 in pa-
tients with glial tumors and lung cancer. Lu et al. [45]
and Sharma et al. [49] report an association between

Table 5 Serum CCL2 levels of the study subjects after removing patients 31 and 50 and adjusting the data for the covariates of

gender and age

Unadjusted Data (ANOVA)

Adjusted Data (ANCOVA)

Serum CCL2 Std  95% Cl Estimated Serum CCL2 Std  95% ClI

(pg/mi) Error Lower Limit  Upper Limit (pg/mb) Error Lower Limit  Upper Limit
Unexposed (no apparent disease) 275.2 183 2393 311.2 305.5 242 2560 351.1
Possibly Exposed (no apparent disease) 307.5 6.2 2953 319.7 3054 7.7 2904 3208
Mesothelioma (stage 1 patients) 2899 338 2235 3564 2757 4111950 356.5
Mesothelioma (stage 2 patients) 2810 524 1781 3839 2610 636 1360 386.0
Mesothelioma (stage 3 patients) 402.7° 325 3389 466.5 4714 381 394 546.3
Mesothelioma (stage 4 patients) 420524 276 3663 4748 49250 327 4283 556.7

“Different from the Unexposed (no apparent disease) group at p < 0.001
bDifferent from the Unexposed (no apparent disease) group at p <0.05
“Different from the Possibly Exposed (no apparent disease) group at p < 0.01
dDifferent from the Mesothelioma stage 1 patients group at p < 0.05
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elevated serum CCL2 levels and poor prognosis in pa-
tients with prostate cancer, and Lu et al. [44] report an
association between elevated serum CCL2 levels and
poor prognosis in patients with nasopharyngeal cancer.
Cai et al. [41], Wang et al. [50], Wu et al. [51], Lubow-
icka et al. [46], and Hefler et al. [42] report elevated
levels of serum CCL2 in patients with lung, liver, gastric,
breast, and ovarian cancer and that increased serum
CCL2 was associated with poor prognosis. Lebrecht
et al. [43] did not find a difference in serum CCL2 levels
between breast cancer patients and normal donors, but
they did find an association between serum CCL2 and
poor prognosis.

However, there are also reports that increased expres-
sion of CCL2 in tumor tissue is associated with better
prognosis: These studies include patients with gastric can-
cer [59], colorectal cancer [76], liver cancer [77], and non-
small cell lung cancer [78]. There are also a number of
studies, that report either that serum CCL2 levels in can-
cer patients are not related to clinical variables or that
higher serum CCL2 levels are associated with a better
prognosis and/or that lower serum CCL2 levels are associ-
ated with worse prognosis. Tas et al. [58], Tsaur et al. [60],
and Monti et al. [56] found elevated serum CCL2 levels in
patients with gastric, prostate, and pancreas cancer. How-
ever, Tas et al. report that while gastric cancer patients
who responded to chemotherapy had lower serum CCL2
than non-responders, there was no association between
serum CCL2 and any measured clinical variables; Tsuar
et al. report that elevated serum CCL2 was negatively cor-
related with PSA value in prostate cancer patients; and
Monti et al. report that elevated serum CCL2 was associ-
ated with increased survival in pancreas cancer patients.
Farren et al. [54] also report that elevated serum CCL2
levels correlated with increased survival in pancreas can-
cer patients. Sullivan et al. [57] report that there was no
difference in serum CCL2 levels between pancreas cancer
patients and normal donors and that serum CCL2 did not
correlate with any measured clinico-pathological parame-
ters. Koper et al. [55], Ding et al. [53], and Tonouchi et al.
[59] report that serum CCL2 levels were decreased in pa-
tients with astrocytic brain tumors, oral squamous cell
carcinoma, and gastric cancer, and Tonouchi et al. report
CCL2 levels tended to decrease in accordance with disease
progression and that decreased serum CCL2 levels were
associated with poor survival. Dehqanzada et al. [52] re-
port that elevated serum CCL2 levels correlated with fa-
vorable prognostic variables in patients with breast cancer.

Thus, the association between serum CCL2 levels and
different cancers appears to be variable. Since mesotheli-
omas are heavily infiltrated by macrophages [7-10] and
likely to be infiltrated by MDSCs [33, 34], our finding
that CCL2 is elevated in the serum of patients with ad-
vanced mesothelioma is consistent with a disease in
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which the CCL2/CCR2 axis and myeloid-derived cells
play an important part. Consequently, therapies that
prove effective against other cancers in which the CCL2/
CCR2 axis and myeloid-derived cells are associated with
disease progression may also prove effective with meso-
thelioma patients. There is considerable interest in de-
veloping therapies that target CCL2/CCR2 and tumor-
resident myeloid cells [5, 22, 79—85]. Numerous clinical
trials employing these therapies as part of the treatment
regimen have been carried out or are currently being
pursued [86-94]. The success or failure of these trials
will have important implications for the treatment of
mesothelioma. Another aspect of increased CCL2 in the
serum of mesothelioma patients is that it may be pos-
sible to use serum CCL2 to monitor a patient’s response
to treatment [95].

Conclusions

CCL2 levels are elevated in mesothelioma patients and
the increase is dependent on the stage of the disease.
This is consistent with the premise that the CCL2/CCR2
axis and myeloid-derived cells play an important role in
mesothelioma and disease progression. Other types of
cancer also cause stage-dependent increases in serum
CCL2. Therapies are being developed that target CCL2/
CCR2 and tumor resident myeloid cells, and clinical tri-
als are being pursued that use these therapies as part of
the treatment regimen. The results of trials with patients
with a similar pattern of CCL2 as mesothelioma patients
will have important implications for the treatment of
mesothelioma.
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Chapter

Immunocheckpoint Blockade in
Malignant Pleural Mesothelioma

Nobukazu Fujimoto

Abstract

Targeting immunocheckpoint with immunomodulatory monoclonal antibodies
has proven to be an effective antitumor strategy across a variety of cancers. The
immunosuppressive tumor microenvironment in malignant pleural mesothelioma
(MPM) has suggested that MPM might benefit from this kind of immunotherapy.
In recent years, immunocheckpoint inhibitors (ICIs) have shown encouraging
results for patients with MPM. Antibodies against programmed death 1 (PD-1)
and PD-ligand 1 (PD-L1) have demonstrated favorable response, progression-free
survival, and overall survival. The toxicity profiles were similar to those observed
with ICIs in other malignancies, like melanoma and non-small cell lung cancer, and
they appeared to be manageable. Nivolumab, an anti-PD-1 antibody, was approved
in Japan for advanced or metastatic MPM patients resistant or intolerant to other
chemotherapies. Important future issues include developing a combination therapy,
where ICIs are combined with other agents (including other ICIs), and developing
biomarkers for determining which patients might respond well and which might
experience unacceptable toxicities.

Keywords: durvalumab, immunocheckpoint, nivolumab, pembrolizumab, PD-1

1. Introduction

Malignant pleural mesothelioma (MPM) is a rare pleural malignancy that is
associated with asbestos exposure. Gemba et al. reported that more than 70%
of malignant mesothelioma cases in Japan were associated with occupational or
environmental asbestos exposure [1]. MPM is a highly aggressive neoplasm with a
poor prognosis; the median overall survival (OS) is only about 12 months. Systemic
chemotherapy with platinum plus pemetrexed is the recommended first-line
systemic therapy for advanced MPM [2]. Some clinical trials have examined the
efficacy of new agents to improve the results of the platinum/pemetrexed combina-
tion; however, no new agent has demonstrated significant clinical efficacy. Thus,
the pemetrexed/platinum combination remains the standard treatment.

Currently, there is no recommended treatment option for MPM after first-
line platinum/pemetrexed chemotherapy. Re-treatment with pemetrexed-based
chemotherapy is a reasonable option for patients that achieved durable disease
control with the first-line chemotherapy [3]. Other treatment options of salvage
chemotherapy include vinorelbine and gemcitabine; however, the median OS with
these agents only ranges from 5 to 10 months [4, 5]. Other experimental agents,
such as angiogenesis inhibitors [6] or tyrosine kinase inhibitors [7], have not
demonstrated efficacy.
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Targeting immunocheckpoint with immunomodulatory monoclonal antibodies
was shown to be an effective antitumor strategy across a variety of cancers [8]. The
immunosuppressive tumor microenvironment in MPM has suggested that MPM
might benefit from this kind of immunotherapy [9, 10]. In fact, in recent years,
immunocheckpoint inhibitors (ICIs) have shown some encouraging results for
patients with MPM.

In this chapter, we review recent clinical findings on several ICls, including
anti-cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) antibody, anti-
programmed death 1 (PD-1) antibody, and anti-PD-ligand 1 (PD-L1) antibody, for
treating patients with MPM.

2. Anti-CTLA-4 antibody

Anti-CTLA-4 antibody was the first ICI described for treating MPM. Phase II stud-
ies demonstrated that tremelimumab, a selective human monoclonal antibody against
CTLA-4, showed favorable activity as a second-line treatment for MPM [11, 12].
However, a double-blind study that compared tremelimumab to placebo in subjects
with previously treated, unresectable malignant mesothelioma (DETERMINE study)
failed to demonstrate differences in OS or progression-free survival (PFS) between the
treatment and placebo groups [13]. After that, anti-CTLA-4 antibodies were studied in
combination with an anti-PD-1 or anti-PD-L1 antibody.

3. Anti-PD-L1 antibody

Avelumab is a human IgG1 monoclonal antibody that targets PD-L1 [14]. A
phase 1b open-label study (JAVELIN solid tumor) was conducted in patients with
unresectable mesothelioma that progressed after platinum/pemetrexed treatment;
patients were enrolled at 25 sites in three countries [15]. Of 53 patients treated,
the objective response rate (RR) was 9% (95% confidence interval [95%CI]:
3.1-20.7%); one patient experienced a complete response, and four patients
experienced a partial response. Responses were durable (median, 15.2 months;
95%CI: 11.1 to non-estimable) and occurred in patients with PD-L1-positive
tumors (RR: 19%; 95%CI: 4.0-45.6) and PD-L1-negative tumors (RR: 7%; 95%CI:
0.9-24.3), based on a 5% or greater cutoff for PD-L1 expression. The median PFS
was 4.1 months (95%CI: 1.4-6.2), and the 12-month PFS rate was 17.4% (95%CI:
7.7-30.4). The median OS was 10.7 months (95%CI: 6.4-20.2).

4. Anti-PD-1 antibody
4.1 Pembrolizumab

A nonrandomized, phase Ib trial was conducted to test pembrolizumab in
patients with PD-1-positive MPM that had been treated previously. In the prelimi-
nary report, 20% of patients experienced an objective response, 72% experienced
disease control, and the median OS was 18 months (95%CI: 9.4 to non-estimable)
[16]. Then, a phase II trial assessed pembrolizumab activity in 65 unselected
patients with MPM [17]. The objective RR was 19% and the disease control rate was
66%. The median PFS was 4.5 months (95%CI: 2.3-6.2), and the median OS was
11.5 months (95%CI: 7.6-14).
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After those promising results, pembrolizumab was used off-label in Switzerland
and Australia [18]. A total of 93 patients (48 from Switzerland and 45 from
Australia) were treated. In those cohorts, the overall RR was 18%, the median PFS
was 3.1 months, and the median OS was 7.2 months. Among patients with the non-
epithelioid histological subtype, pembrolizumab treatment improved the objective
RR (24% vs. 16%; p = 0.54) and the median PFS (5.6 vs. 2.8 months; p = 0.02).

4.2 Nivolumab

Another anti-PD-1 antibody, nivolumab, was first tested in recurrent MPM in
the Netherlands [19]. In that single-center trial, patients with MPM received 3 mg/
kg intravenous nivolumab every 2 weeks. Of the 34 patients included, eight patients
(24%) displayed a partial response and another eight displayed stable disease,
which resulted in a disease control rate of 47%. Japanese investigators also evaluated
the efficacy and safety of nivolumab for advanced MPM in patients that were resis-
tant or intolerant to prior chemotherapy [20]. Thirty-four patients were enrolled,
and 10 patients (29.4%, 95%CI: 16.8-46.2) showed an objective response in a central
assessment. Objective RRs were 25.9, 66.7, and 25.0% for epithelioid, sarcomatous,
and biphasic histological subtypes, respectively (Figure 1). The median OS and PFS
were 17.3 and 6.1 months, respectively (Figure 2a and b). Based on these findings,
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Figure 1.

A waterfall plot of the MERIT study results, which demonstrates the maximum percentage changes compared
to baseline in target lesions of each patient, according to histological subtype (Ref. [20]).
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Figure 2.

Kaplan-Meier curves show survival for all patients and for patients grouped according to programmed death-
ligand 1 (PD-L1) expression in the MERIT study (Ref. [20]). (a) Overall survival (OS); (b) progression-free

survival (PFS). HRs compare the PD-L1 > 1% group to the <1% group. CI, confidence interval; HR, hazard
ratio; NR, not reached.
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nivolumab was approved in Japan for patients with advanced or metastatic MPM
that are resistant or intolerant to previous chemotherapy.

Although the effect requires confirmation in larger clinical trials, nivolumab and
pembrolizumab might offer hope for patients with MPM.

5. Toxicity

The toxicity of these ICIs was acceptable in MPM. A study on pembrolizumab
toxicity found grade 3 and 4 events, including adrenal insufficiency (3%), pneumonitis
(3%), skin rash (3%), colitis (1.6%), confusion (1.6%), hepatitis (1.6%), and hypergly-
cemia (1.6%), and one grade 5 event of hepatitis (1.6%) [17]. In a study on nivolumab,
adverse events of any grade occurred in 26 patients (76%), including fatigue (29%)
and pruritus (15%) [19]. In that study, treatment-related grade 3 and 4 adverse events
were reported in nine patients (26%); most events were pneumonitis, gastrointestinal
disorders, and laboratory disorders. One treatment-related death was due to pneumo-
nitis, but it was probably initiated by concurrent amiodarone therapy. These toxicity
profiles were similar to those observed in other malignancies, including melanoma and
non-small cell lung cancer (NSCLC), and they appeared to be manageable.

6. Future perspectives

Based on the promising results described above, ICIs could play a primary role in
the treatment of MPM. An important issue for the future is whether ICIs can be com-
bined with other agents, including other ICIs. For example, given the synergy between
the PD-1/PD-L1 and CTLA-4 pathways in T-cell activation, a combination treatment
with antibodies that target PD-1 or PD-L1 and CTLA-4 warrants investigation [22].

NIBIT-MESO-1 was an open-label, nonrandomized, phase II study that investi-
gated the efficacy and safety of first- or second-line tremelimumab, a monoclonal
antibody against CTLA-4, combined with durvalumab, a monoclonal antibody
against PD-L1 [23]. In that study, patients with unresectable pleural or peritoneal
mesothelioma received one dose of intravenous tremelimumab and durvalumab
delivered every 4 weeks, for a total of four doses. This was followed by maintenance
treatment with intravenous durvalumab. Of 40 patients, 11 (28%) displayed an
objective response. The median PFS was 5.7 months (95%CI: 1.7-9.7), and the
median OS was 16.6 months (95%CI: 13.1-20.1). Toxicity related to treatment was
generally manageable and reversible.

Another multicenter, randomized, phase II study was conducted in France [24]. In
that study, patients were randomly allocated to nivolumab or nivolumab plus ipilim-
umab. In the intention-to-treat population, the primary endpoint, 12-week disease
control, was achieved by 25 (40%; 95%CI: 28-52) of 63 patients in the nivolumab group
and by 32 (52%; 95%CI: 39-64) of 62 patients in the combination group. The most
frequent grade 3 adverse events were asthenia (N = one [2%] with nivolumab vs. three
[5%] with the combination), an asymptomatic increase in aspartate aminotransferase
or alanine aminotransferase (N = none with nivolumab vs. four [7%] of each with the
combination), and an asymptomatic increase in lipase (N = two [3%] with nivolumab
vs. one [2%] with the combination). These findings indicated that the combination
of anti-CTLA-4 and anti-PD1/PD-L1 antibodies appeared to be active and had a good
safety profile in patients with MPM. Currently, there is an ongoing phase III, random-
ized, open-label trial for testing nivolumab in combination with ipilimumab vs. peme-
trexed with cisplatin or carboplatin as a first-line therapy in unresectable MPM. The
primary endpoint of the study, OS, will be reported in the near future.
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Cisplatin 75 mg/m? day1
Pemetrexed 500 mg/m?2, day1
Nivolumab 360 mg/body, day1

Nivolumab
360 mg/body, day1

Every 3 weeks for 4-6 cycles Every 3 weeks
f 4 -\

Key erigibility criteria

M Age = 20

H Pathologically confirmed malignant pleural mesothelioma

B Untreated, metastaticor unresectable disease

B Measurable lesion designated by Modified RECIST criteira

B ECOGPS:0o0r1

_ )
Design: Non-randomized, open label, multicenter phase IT
Enrollment: 18
Locations: Okayama Rosai Hospital, Okayama University Hospital,

Yamaguchi-Ube Medical Center, Shikoku Cancer Center Hospital
UMIN trial No: ooo0030892

Figure 3.

Overview of a phase II trial for testing a first-line combination chemotherapy with cisplatin/pemetrexed and
nivolumab for treating unresectable malignant pleural mesothelioma (Ref. [21]). RECIST, vesponse evaluation
criteria in solid tumors; ECOG, eastern cooperative oncology group; PS, performance status.

The combination of an anti-PD-1/PD-L1 antibody and conventional chemo-
therapy is also under investigation. Nowak et al. presented results from a phase II
trial that tested durvalumab combined with cisplatin/pemetrexed in MPM [25].
The primary endpoint, PFS at 6 months, was 57% (N = 31/54; 95%CI: 45-68),
the median PFS time was 6.9 months (95%CI: 5.5-9.0), and the objective RR was
48% (95%CI: 35-61). Grade 3-5 adverse events occurred in 36 patients, including
neutropenia in 13%, nausea in 11%, anemia in 7%, fatigue in 6%, and any grade of
peripheral neuropathy in 35%. The authors have conducted another phase II study
to test the combination of nivolumab and cisplatin/pemetrexed, which is currently
in progress (Figure 3) [21]. A large-scale randomized study for testing the combi-
nation of pembrolizumab and cisplatin/pemetrexed is also in progress. Based on
whether these combination regimens, which include anti-PD1/PD-L1 antibodies,
demonstrate sufficient activity, safety, and tolerability as first-line treatments, the
standard regimen of cisplatin/pemetrexed might be replaced.

Another important issue is whether biomarkers can be developed to determine
which patients might expect a response and which might expect unacceptable tox-
icity. Previous studies in patients with MPM have shown that tumors with positive
PD-L1 expression were associated with worse survival outcomes compared to
those with negative PD-L1 expression [26]. Although an optimal PD-L1 expres-
sion threshold could not be identified, a trend was observed, where a higher
RR and more durable PFS were associated with increasing PD-L1 expression, in
studies on pembrolizumab [17, 18] and nivolumab [20]. In some neoplasms, the
tumor mutation burden or the tumor microenvironment was associated with the
response to ICIs; however, those associations have not been established as bio-
markers in MPM.

7. Conclusion

The prognosis of MPM remains poor. Recent encouraging results have sug-
gested that a PD-1/PD-L1 blockade might be an effective treatment option
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for MPM. Although the effect requires confirmation in larger clinical trials,
nivolumab and pembrolizumab might offer hope for patients with MPM. Further
study is warranted to develop more effective treatment strategies, such as com-
bining ICI with other ICIs or with conventional chemotherapy, and to establish
biomarkers for distinguishing patients that might respond to treatment from
those likely to develop unacceptable toxicities.
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FRMENE T—€ LL_E O Af/IME D 1Y & 0 2 181 RV 25 & 850 A3 T % 2 & S 25 UTP U 5
eI K244 TEBEINTOENDTHEBENIBETH 5, FHZHATIZIPF/UIPIC &
BHECHEEML ThBZ 5, AfElli&E IPF/UIP OEMICIZEETH S Z &Rk 5N 3,

4. FiEHED Grade 948

19824F, CAP-NIOSH 7 5218 S N7z ML DB & LI 0 & & LI L =58 EWET L .
20044F1Z7R & 7z Grade AHY N bR T3 (R2),

L2L, 20 Grade ZICE S S AMBERAH 2 Z LB EMI N T3, Grade 1 D
MEALIZIZ 22 L TARMICK 2 8 DO2EH, £72. Gradel OFALA Grade 3. 4 EETFL T L
LDEDNEETHSH, T I T Grade 1 12DV TIL asbestos airway disease &5 & FR & 2%
ENTND, £7z, Grade 4 DIEREM# 2K T 2 S & AL 2 GG E 5 2 B2, Bt
BRAEAE 7 & DRE & OFHI WL Z L2320, ZOHE. Grade 4 DFF RIS B8 745 ke
LD 7% Grade 1 ~ 3 OMFE XS S EFH DML #5800 2 T L NBEETH 5., BHDOFIS
Wris (=, Rl & A 5 B A LB AR DO BRI IME 2D T, REICRMOZM & T &
BN ERKEYITHBY,

5. faiRktOERI2H
(1) HrEMERE MR X & OFR

B DORRAEIL L, FHPBET R A & ERMEEE, BERR Y LI F - 258D %
RE L DG, BN R RGER %2 EDRFFIDORIEIZ L2 D5 L. FOEAIZZIY
IZbh7=5,

BTHIREANHZE S D%, FrREME MM % (idiopathic interstitial pneumonia, ITP) &
L&D, ZThIZEEBERL., 6 DOELMBI L 2 D0 sl B L O A s
ST e TS, ZORTERERDSZ S pOMIBNETH 205, IPF Th 0. REHGHE
i3, @EMOMBEMEM % (UIP) /S& — V&R L., [ ORIaREE 120 X, ik
TICEEE 2 KT 5, IPF 38T L. PRARTH 39,

%2 FAiEEO Grade 938

Grade 1 @ PFIBGHIXUE S2BE & 2 AUSHE L = IMfillaBE D 38— 51 & TIZRRIF ¥ 2 (b ©. BigiAk L,
Z OB WM SE ST DA L EICA S B é . Ui 50413, Grade 0
&1 %,

Grade 2 ¢ WFIRGHI XU S2HE & 2 I H2 U 7= ifilalE o0 58 31| DI E Rt B 3 & SSHETL T, B
U7z & ORICHER Zilaffins s 0. BE 2R S B0,

Grade 3 : FRHME(LDHEIRIC & - T BR T 2 A OIRZ & DA 2R T4, MHELAEETH -
TR IR R e R na,

Grade 4 : MW 2 ¥ 5 =& AR 2 R 3354
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JERFEVERVEVER 76 (nonspecific interstitial pneumonia, NSIP) (M IaM:NapdE 25 & Fik &
95 cellular NSIP (c-NSIP) & JilifafE Ok & 34t 27/~ 4 fibrosing NSIP (f-NSIP)
b5, Al OERNICIE, EEED IPF & f-NSIP 28R & % 5, Akl 23 Rl &8 =2
EHRDETA/NEORETH 5D L, IPF I3/NEDRISRE M E U, -NSIP 127
EWITREZ AL, CVWIOIREDREICHEITRETH S, INEDEN2 5. H#IT L 7GER
SR L 9 2 HPF RN E ZER S R L 7 5,

(2) ZDfh

BIEEIZ 3 & DO TR, A< BERICE LS AL T3, B KE OIS/ NEERD
MR DL 708NN BEE A S, £, WHEICXIMKENEGE TH 254, NFEH
D7 5 NtilabREE P AL a AB Z L b D, EAILHEL < &5, AfVIMEOFFEL E
TPV ICERN 2T TS5 Lk,

PEMBBER 25 (Chronic hypersensitivity pneumonia, CHP) & Ffifili & DR 4 34 5 9%
BTos, Z0OHE. MKEXOENL KUENIZ, BEMEORINIDORNFREA A S i
0., ZYREMIBOLIRE AL Z &b 5, MMEIZZE T, NERLEBOMME(LRZEHEE.
2 %\ MI/NEEULER & /NEEVTIRES ORI E & D 72 S LA A S 4, B @ J5EIL
PR AERTZE D5,

6. AfEfOIIK

ARl A FEA T B 72D IT IR T & 25 Mttt /mL X S D ERAE DM AN BEE L 75 5, Kk
KREETIFAMEIL S 5 WIIFEHEDIS T2 5 19684F- LIFEA Mt 1C X 2 FEEAWIRL T35 &
LN TVEA, hE, vy 7a EBRETE AMEED 2 VAL T3 E4 TS L
Tan? ) BIRIC & 2B L ME 21T 5 & false negative DBMI N LW L EHETH
%, BMEOREZWT & EGEZENICIIFIENELC 5 Z L M Tl 0., JREZE T Mk

EM ENEROERAZ B FRIIZL 2 — LT3 CAMIRZKDO 1 BITH % &2 X 5l
WHBL BN ELBETH B,

EERITNEEE . PR R EE 2 & O BRERISX T A XPERIEDOATH 5728, #i/zkai
MCAWAZIET S Z R ETH S,

I. Fislis A

1. ARECELMIPARE

AR BEE 4 A BRIk, PREE AL D B, REESERUIAOBER N ZE AL
Mo TOEnDIZR U, B2 AZEE, FU A, KEVERE L S I REICK 0 4+
B
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FARHC K BMPATEIZE, ARERE S BIVETH L LELLNTVD, AiEEE
F< TS KB EMMICEHET DA A 2 BEITIZTEMITA A LFRL T2, 5f Tl E
EEDRVIIAADTFELHE 1 & 557217,

FAC KBl ADREIZIZE - KIGBIRA S 0. X< TR ZVIEE A A KAEMEE 315
WV, 7z, i AFRAEDRKOERIZEETH 5, 19794121, Hammond 5 AAET X 1 7 O
FAFSEE & 196655 OBLEA RN I i A A SECHR A A L CLA T OFSR A S L -, fisash
ELBTOMIPAREREITZ 5 TEVEADL2UETH B4, BHIZ L D53.2(E512 4 5 L ik
LTwa™, LaL, FIUHROWESEEE % 1981465 52008F & CEIFL 722 2 5, A
{EED & % BUIEE DOIli2 AFEAEAAE L2841 TH 572, [F UL B T BRI 0 E
EETIRABTH D, BHRIHEHEICE T TH -7 EME LTV BY, G E
EVNZTIUSRESHERIRE L2088, 25 THRTIWISHIMEROATH D, FfiE BEIC
koT, BIEDORHFIIRLSZ Z ENWE 1 E K57,

2. TiElEh A DK

HEDOHR CEE T2 [afllin Al 12, W52 AR 2B a0, Mz, i
W R EEE. KHIFE. B X OVMITREDO VT E X BO WAL FIREOHHE TR
5. RAPOBEMREL 1 AMRSME /mL OBISIZ25F GE40EER) @nw-Ba01F B8
(25-100F MMEHE /mL X4F) (ZHHM 4 2 RREIT BEN H 2B M A D BRI A 2 f5 121
M¥zeasnThsn”, AT < BELEL, WESEE RS 2\ ARG 2EE S5 — 20
FHAE. MNOEMINMEL EDEFHFTRE & S ICAME BOBEMEE SN, WEHES 2
WIS ERHERR B E R K AR O SE L kB,

7272, BEOHKIZEOWTHHMAZAM I E3IEEORMEEREIISBNHS»TH 7~
DRI ESE R, BMEIEEE. At 4 v PSR I RAE L2 RH2S A G
REBICKZEFEIRD 5N MMM S EL L ThEH KRB REENBE I L2k ->T 5,

Z[E 5 SR T & &8 5 N7z FHEERIC L AUX TR A A 15200 D 25 W e 4F- i v S 13 7 278%

T, BEEN?I0% & 5D Tz, 720 ZD8% MNEREMG ML < BT, EAMEE. e,
AR BGEEEDOSE M E 2 5 72 WEEM ORI < BRI @231 T, VERIART 2 474F
TH 727,

7 7 ¥ ZAD20034F-7%> 5 20134F- £ TO MM A A T KHE X 17 B 14610 & £ TR 12 ke
B L7z& 2 A, BUEEERIZ63.2/ T, 2D S 569.9% 2 EMFEE T, 7.5% 4 YLy
Th o7z, BEENHAORSE LFMI0% T, 1 HOBUEARIZ30.44 & BEEUTEE 25 2845 &5
D7z, M CIIIES45.9% TR ® £ <, P LREN38.4% Th 722,

B IHHRAERE 2 7R R &0 L 22l AJERIASIRAD LT B30T, SBEADNISA &
AR DIEIRITES IS & 75 5. FHIBED 58 2 LENE WD, ST ERERO TS R L0
DTERBIEFESTESERTRETH 5, £z, BEOLEME L BE CIXEOREMEIC L4
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2 B DNE M B EICZ L 2 EI@EFEZM A2 212 Z L DNERETH B 720, Iist A O R HAZ W jH
YR A>T A T &6 FipdEc & & 2 ER LI L T\W3b,

3. AP AYT—H—

B AR KB ADBET L NLTOV—H =D RMEINE L5128 -5 TE 7, 20162
SE AR & BE . 208D DNA REXAFHIE BOENGEAAFITIZIO% THh
B DI L TH00 A LI EAREHHEN R 5 720 Tid22% OREAH > 7- L ME XN TV 5B,
Ip21.3IZFET 5 pl6/CDKN2AIX R EZIE TR EHEATER S (homozygous deletion) 215N T
WBA, AN ATERBEOERYS50% S 5 Z EAMEINTWBEY, F72, 9933.10% %
BT XTOMBI O RS A TEME BL OBEENBERI N T S720, AfIZk 3
DNA FBEEDELER) S EM0L & & > T B HEBEMED B 52, X 51219p13D /K%K & i % I < Jifi 28
ATHEMEL B E OBEMEAR N T BY, 19p13, 9933.1. 2p16DRIREIIT, kit
500 FARLL L SN MEDB A BEIZB N TENRUTOER & RN TERBIZEWZ &6 A
EiBADY — A —12k b LWE ST BEY,

4. ARICEBHH AN KBERLE
FRICE BN ADF KREFKMEZILTOELD TH 5, (U 56) DTN T 55
&, HRBEORNRE 5B,
(1) 21 B E oo
(2) MafE~ 7 — 27 +10FLL EORME < BEEE AR
(3) DITOWFhr»+ 1HEUEOGHIE < BAEEREH I
HZIRIHEE R 1 g 2472 05,0004 LI LD/ IME
FZIRMEE R 1 g 272 0 200 T AR LI EOEMMAHE (5 1 #)
VIR EE R 1 g H72 D500 HARLI EO A FFRME (1 m #8)
S8 S SFTIEYEEE 1 mL P 5 AL EOERIMEA
TR U0 Hp DA i NS & 72 13 S
4) DIFowndhsr+ 1ED LR < BN S M
7 MREBIEE T v 7 ZMEBEBEIZK KT 5 — 2 LYW T X 3005 2 S REARD 51,
20, N CT BRI K 0 LRk s K77 — o L L TR SN2 8D
1 JEFCTEBR T T 7 — 2 #RH. EHvdhr—OREsCTHE{G: L, k> 5 —
7 0 S IAHEPICH SN2 T4 2T, ZDIEBN D BIaEEAMO 4 5D 1L ED S D
(5) FFEDAHIE K BIEEANOEHEMMASFLLEH B Z &
o AR ELE  (EMRRELE - Bt 2 v BT
o IR RS
(6) L WITIRASREREE 4 . BREEEGRNE < BRI A 3 4ELLE B 5 O F A MERiRim s
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5. AP ADEREBREHEEREECL B EESE

1997TF-DALY v F 25457 ) 707 ZEE B L BN AREE 2 fFiIc T pHuEL
LT, 250 Skttt /mL X R A B LT\ 5, 2 OFUEA 7 3 R ZZAFF RIS LIT D)5 5(6)D
WM< Th 5,

1) SZMENHEEE 1 g %72 1 5,000~15,0004 BL_F D i/ IMA

2) WZIRBHEER 1g %720 200 AL EO L REHE (5 um #)
) HZMRIHEER 1 272 D 500 T ALl OB HE (1 mitd)

) RS SR 1 mL th 5 AL oA M

5) JRBEARREIEA BICAMIMA D 2 WIT AR iERE T B

) ME Ty o ARREF 723 CTRE L, WIET I - RAH 5 2 &+ v 7 24
BRETUCAMMEIZED 28 1 L) L L RO MisHE AT 23 0, i CT BMEIZH W T
i Lir R 6 h 5 Z &

PIEAE TN AR, BAROEMEREERFEES LA XY 2503 —a v 3G
EOGHMAADREREL k5 TW32, LrL, 7V 70OEL TIEEHMAADREE LR
Ml e D CAMICAPEL 72li2 A & 2 033 U O IR RERE S 4 1F 5 Tfiiic &0F L 22 fili 23
AR THRAME SN T DN BIRTH 5. LI LD XS ITHARIZE T 2 Afis A DEUE
FERETHEI b, HREIORFEIZE T 2 HMEE -3 & 5 ZEFISX U IR
IEHFENEE NS,

M. RfE

1. & %

BRI I 1 2 M PMEHI AR A2 PIELz2 KIBISKRD L 2B A2 608D
Ths, HRTHAEGHEFEHL T3 RIZ400Ht ETH S5, ZTOEEAENT Y TEE
CIHY EEOEA TOMEETH 5, FHIHATAONLWI0EFER L TOETHEMAFIEL T
PEIBHARDATH 5, BER EETE, GHBEERORME XML, WA %
bR T 6T, SHRENRESEINT 28285 5%, AR TOHKIEDFAIZ19804EK %
TRENTHD, BUADENEZEDOEDTH 57728, 1990EMR2EIE D 5 B F DRAER
DEEMBAEND LI -7z, ZHUE, 19604 5 D5 B R BB LS 0 o i FH 4 08
IR Z 722 L2k > T, 2 0h 530~ 40E DVFREAZFX T, W IE D FLESEE DIEIAE U 72
LELZbNS, ZOBERI, PREORENEMANDIEL B FREICEE L, PIEXL HEH» 6
HEEORAE £ TICROIFFEREELZBETH S Z L AR LT3, 512, 1995FE21 513, FE
UREHZ BTl - BEIROIES (ZHAREIC X B X 4, S34ch], SO EER AR5 Z &
WHEL 257208, ThESEFIZATAS &, BHEOIESEEASBEIMOREDE S % 58 5
ZENHLE»THB (E2). ZOMEIL. Fe U THEEDERE  TBIZ &k - ThEEE FHE
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(4)
1200

BigE wiEE mOEE
i WA I

1000 - I |
800 - I I . ~
-
600 - I 5
g

400 - I

1L
"r,;r. B EEEEER

K2 FREOREOEFEOHRE (1995-2012) G625, BxF)

LEADRBELEZ EA2ERIT TS,

—Ji. CEDODOEICK T 2 AMOMHE L PRIBORE & OB A4 MET L2HEc k2 L,
FRF200t DFEFRIZONT L HIOHREIELNFEAET 5 L1005, ZhichES &, BRICHE T 3 A%
DFEMEDOY — 73197440 B K 235275t TH . 404E% (20144F) OHhEIEORELIT 5
KZLT00BI & 7 B, KERIZ Z OFEOREIEDFETEERIZ,376/1T 5 0 HEHMEIZ I ME 275 L
T %, 20065 % TRV EMOMEHEZ% 2 % &, 20404F-68 % TIXFITFEE O fh iz IE O R 2 55
P hs,

HAIZ 3517 5 R EDVEA R 2 FHE 13D v, BASET2003~20084F-12 Fh 7 ECHET L 7+
DIFFECHERT L£6,03061TH 5720 2D 5 B, FHEESEM 7 FE 4 1T - 72 K529/ R 221
CHREIETH 2 Z LM ERR S Nz, 2D H85.5% ML, 13.2% A IEHE, 0.8% A4S0, 0.5%
DREHRIEIRFE T H - 72, BBITIREEH O il 12685 TISEMER®IE < BI273.7% ., BEIE<
F132.2% FENIE< B130.9% TEREDT68% W AT BIc kB Z LA E N, 138
FA S 304F T VERIAR O i IZ434E T d » 72, BREMER#IE < BOWGER 133
I3, EANZEL LB, BEIEIEA 4601, BR LB, AL L5722, RIRTHIZ 1T 2 I
EMAMIX<BIC K 2B MEPEED SMR (standardized mortality ratio) 136.75. JERRSEMEG
M < FBIC K B M ZIED SMR I1X14.88 T\ g PR D EZICHML TV A, 2ok
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FITFHROED LM X > b TIHEFHCOBRBIE < BARICHRIEDOREITHES 5 &4 2
iz —5T 2%,

VU7 (4 2)7T) TDI960~19804F £ TOMEMAT O I7 % (3,98411) A20144-12H &
Tfollow-up L7z& Z A, NfEHEZED SMRI25.75Td - 7z 399D 5 5 22.6 % D034 5
flintATh D, AL < FIZ K B attributable fraction X7 #FH D49.6% ThH 7%, 4 &) 7
Do) XA NG EE TOHREEFECIESMRAS.54TH - 7258, Tlid ASEC DA R & BN
IR TE kr 5727,

W= (42 )T) TOaME XY LEEERBONRPEED SMR &, RH%EOIE< Bk
20~204E T —ZITET A H, MEMERRE CIZ20E%ICT I b —I2ET S, inAlzzols
5& 0 BBLIECERTH - 72" BfMPIEBROPRIED ) 2 2 &FHA L7 6 DD HE
N5, HEEIEH B 104 T relative risk (RR) (X1.02THEMIHiAA 12091 TH D IEH R 10
ERIFMERERE QWD L AN 572", 2y 2 —F Y TIRI98UEICHEMEE L L L2,
1961~20094F- & TOWEE §- & AIUL24FEDOMKE CHEIED ) 2 2 AEINL T2, 2D 5 b5
PECIIEAE TOSMRA4IITR B E N 572", F— 2+ ) 7132003412 AL % L T2016
FEFTREZR TSN, K93 -0 &AL & LTS, FEMEIZI982~20164E % T
IZ16,679AD MW X 7= h, Z DD B BIEA8L% TH 727,

Tu—= (4 2V 7) OFEME Ay FTEY TRBEEARIESBOAL S TREITE,
FKENI < BRI NTH D, PREZKRE CERIEL TV1DE Z EAMERI N, BEIE
CEBRRENI BTHREEICZ - 7ZERTIE, BEERRBIC L AhREICHE L CERGT
B Er 57z, PREIEIZEN D BOARME BEVRRIEICBLERELS . < BEIZTEEZWIE
ERREIE A E N EmME XN T EY,

7TV AT B RaER R E & AT < B & OBRIC & AT TR DA T IERE S
LT, TADBRENI BRBRRBBIKREBET I LINTHD., BRICEk-T
FDORELBIENELZEEZEZ6NEY, U7 7V 20 560HEIZLE. AEEMTE< &
TOREED odds ratio (OR) 134.3TH B DI LT, A+ cl317.6. - A+
V) A TIRIBLIIBHER T V) H L EMOBRA L. F<BICLOPEREORELENEE 5 LW
HIXhTnaY,

A2t — b 2 &7 4 — 550 % B R R IEFE A A & B & 7z SRAE O FEEE R D 4% A FE
ABEEE, PRELICHLTOZaY RS54 bA05, 20UV ZALH61, 7EHFA 240, |’
BEMENRLITH 572, 78 F T4 PUSNOERIC K AN ATERZ D EL L& 2L ETH
5%,

2. ERZH

MER AT EE DR ENIRER TH % 5, MK % LS FRAlERo O & AN O RE R ELE 4 2

U, BT T2 LMHBERET2#EL 3223 E<<MoNTEY, =272, 20k 5iiRILE
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VERIE S 21X C 8 &3 2 BEIBYRZ TRIC L 5 12380 6., IR TH 5,

CTi¢&%®ﬁﬁ“% FHEARSIT, IR EICE - B REEZ R LT 5, 2O S
iR e LT, RIS - 72 RER 2R S 5 2 L2k BRIIEIE (“pleural rind?) R0HER
Wﬁ&ﬁ®m%%£?é“oit%ﬁﬁ%&bf@%%@ﬁ%ﬁ#%%abf\W%EEK;
% NS MIBRAREC IR, DB ~NORET R 2293, 72, FLF—VF 2 — THALR
ERON — MIRZIEERE R0 5 2L 3 X<MoN T 3Y, BERZ & U Tk
FRAEERT AR X W Tl 0, EMBERE L & & ICRETREFTRTH 5,

MRIZIL —F VA & U TIHEIT Ay, FATm b o] ¢ s i o 5 b N3 i 3 [ el &
BBBICHGWONBEZ L% 5Y, BEGAICHL T1RESES,. T2EEE42L. GdE
WAIC TROER SN2, REREAGS REOEIICHER & 0L L 5 5%,

ﬂM&E%@TiEﬁ®WU@0yﬂﬁ%% EIREEFEORBEDRICHVWE R TED, Vv
I SEERAS 2 EERRE RN I —E ORI B S5 N T B 1Y CTIZTRBEOH WA LWL S
ﬁﬁ%f@ﬁ%%iit%xéﬂfmaw“o

3. iRER
(1) PEREOCEZNZHOEEH

20058 AICBZ 572K 4 Y 3 v (UK R BIKTHOEIERIC R ENER I
A7) DB —MREFERE T CORMADXL BIC L3P EREORE M FE X, <&
DEREL LT, OFCENE. OFREH. OFFERET. LW 0EI R ENB X510k -7,
GREY 3y 0 3—TEOAETH 5L O, 6. AMEFREERFENE S, hEE
DRFREPIEE 572, IS K > THEEL 2 X Mz NE. BN BRI [
cMDTRFEIND Z Lichd, REEOZMOMEIEL KD 5, CTHRELSICKSHE
Bzl & bk S12 K 2B ST O EEE A § 2 & &k 57, BRISREE NI R
2l e UTilbh, fii— S L 2 8L BE L & 572,

20054F-LIRT D R EZ IE DR BRI IZ, HE EIC K B3R A8 E L, v 7o Vg4 Rk
T BRVMRR L DG A BB 7L ¥ v VEGLESC, JEIE D BTN 2 i o 5 4 T
T25720D0EVGHREIZMA. 77 F V5 EOPKE 72D 80 G E @i g
EDNTBMITH 57z, IRENZYLETH B LIZIA. Z O ROYIWiELUE L BT H -
el ehrb, Bolzlre D o NBlOEIE K E NVIRIAE T 72, 213, Takeshima

B2k B HATORE TIIMTRABEZEHE SR TS,

HEEDOWREE RSN, BNROREEIC G O HENRES L, ZTORICHKE L 729K
EWF_é&O<ﬁ%%wﬂi%ﬁﬁEﬁ@%%%ﬁé%Kﬁmf B DORRELE DRI
L OSRME. X OITHAHRBIRIC K 2BEZW & DD AbE 4TS 22k 5T, £

@Mﬁﬁik%<iﬁbtozhia—uyn B2 T 5V AR E— LIBT3
AR 2O E L VW HMAESEL L3 DTHh -7, X HICFD%. FEIEIC
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RN 5 PUR I 2 Ptk 2 O - i b @ik 4 SRR S, A TGRS, #
BT - BTNV TORERETZZ LnMEEE 20 FEIEORIEZNT I3 REER 12 E 4
THIELER ST,

(2) HEEORIEZE

RIS, B, T DR, ORI 528 U BT, T b MEIIC TEES B th A

FiZHRS 2, ZOHREGlIlEIE, SEEPECH LRIt S AR W URFEAflETd 5

. MalEN & 2 NBNEIEN ORZE 7= & Z KL IEAR DI R RN s R IEE K& 75 & T Kk
‘@K@éwwﬁﬁ@kbiﬂﬁémb % 7z, MIBOREIEIC X - CRIZRMRZE &2 28T 5.
— RO ESIaD TS ISR Mg D EAE T 525, T OMEEEAINE E F R RRE I ok
L. % ® phenotype #IH§ 5, I Z DMEMIZIE. cytokeratin ZHIIENEIE T 1 5
AV PELTED, ZORMMUDOBERDOMFEIZMIE T H 5 HHELFMINE (fbroblast) iR
HESFAHNE (myofibroblast) & (3FE2 5, NMERLIEMEIZ JRE 2 45 U 7235603, PRI T Is5H)
SEZAIIE D BEME A A 5 1, cytokeratin & desmin % & DI 6N 5, TEEL L 2K
HIETIE, cytokeratinldfREF X2 H, desminld FILL 2\, Z OFF R A % ub 4 2 $ERI2 M
ICERE RS,

MR IEDOMMAIIRI DK S oINS, FRMEENES OFiE) OFfEE L 35 LR
Wi, JE R ERMEES (PE) OEREE & APERIHEZE, ME O RANRET S (0
Thepbk< Ee10% U e b»d) ZHNGEIEIZ3 KBS, ThEho b 584
BRIICATLBD Trd, _MHETREORELAS L. LEAHREEDOHER S TH 5
WS NE D BE A 2 JEIEE R o7 & Rk S N7zfil. & B i BB IED A LE MK L 2 D A
JERY & W U 2= a6, BARTIEZZMHEEOEIGRZ < 5 2@EE1H 55, EAZ FkRT

K3 PREOCHEBEMEEZ4DEDZEE

e | ) BHID
O F A B2 iE Diffuse malignant mesothelioma 90%
R AU R i Epithelioid mesothelioma 60%
A2 o R e Sarcomatoid mesothelioma 20%
HRHMETZ BT E i Desmoplastic mesothelioma
TR R i Biphasic mesothelioma 20%
PIs ek v Az Tl Localized malignant mesothelioma 10%
b B A e B i Epithelioid mesothelioma
PAIHE 24 H i e Sarcomatoid mesothelioma
TR R R Tl Biphasic mesothelioma
15 o AL FLEEIR Rz i Well-differentiated papillary mesothelioma a few
77/~ M NS Adenomatoid tumor a few
TR Hh p i a few

(B RSEHARBAY, 20184F & b 80%)
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% & ZHABI E R D HEIE 134920 % AR &Pl X, Bk & ORISR x AEET A, Z R
MAT, WML LT, 850U 2 RTIEELH2Z Ao T03E, ZDES
BEFKIGEE RTINS TH 20U, < DIEED 3 WO IZIEEEIERZ & OS2I E
EWrx3,

fEkId, LTI BN & B TE DM 413 U 0 &4 B I, PR B i & i s 4R U

HUDPINE L DRI S EETH - 7208, HF, PO EEMbEENL < Riliahs k51
%5 T, EEEMERRZ & & OIIEBIERZE & ORI AMEEL 50, 72, AENS 20358
HETZ BT rp R T & MR MEN IR S D BRI FRE T B HIBEMI L T & 72, ThbizonT, Zh
TS Z DEHN DB % BT Az,

112

7. PREGEESMEROEESE D&

WFEIZAE C 7= R Bl BRI IS 2 5> T2 P T 2 L 5 IR T 2, — 4.
Hili R D FENE (3 Ml NI BB 2 TER 9 5 D T, EVGHEIZ & - Tkl DN B4 45 Z &
T LD B DN L D2 2 R T 2 Z L ABHEE 55, HZETE O AMEDI
WO R E T, JRICHEESEREE R T 258052 L, MEROEETE ThIC. E
TR e R TE. DU FE2E U T A~ERRE Uy MFEIZI 5 728528 0 2R U T 14 Bz A i
(pseudomesotheliomatous carcinoma) & KIZNBZ 2D 2%, ZOEE. WHEEI IS
TERFLEEETEHD S 5,

RHALER L ~OL THEAI A BB LA S, RIS LR REsEH TH 5, PREIEIC L
STl — -t~ - - E<BMPAICESTHE~Y—D—L % 3) 25F&41C
N HERETIE, FLEREREE 2 HbEDIEE 423 & S50 EA %, R
ol LTOBGME~ - — i30T ha Bl 225, SLERNTRBZICON T, BHEOHE
BIESZD, HMNSEE TSI Lk B,

1. PERTGEEERERNICE U 52 HEE D5

PRSP R HE U, B0 3 2 S ERIEAINE 2 ecytokeratin (CAMB.25 % W IZAEL/AE3) @
Btz R, B L7zl ~ — 7 — OFFMERIZEL . o= shinwl &g
2\, D2-40& o -SMA Z5ETH 5 Z LA %00, MBSO @ik < & ik & 7
52D, EHNIIMEA &0,

Mg e NI C B2 E LTk, MERME (synovial sarcoma). b F B I & P FZ Jid
(epithelioid hemangioendothelioma) & % WM I/EANE (angiosarcoma) & EABHIF 5N 3,
T EPINE IS HAEAY (monophasic type) & “AHEY (biphasic type) & A3% 2 A%, Rl I JiE
U Rl & BRI TARBI R R & OJERI M I 2 B, RIS LG T, Ve
P T i3 cytokeratin 2851 & 22 0. R EZIE & D FERI 113 6E £ W23, transducin-like
enhancer of split 1 (TLE1) OFGMEISFERE NS WE X3, Ly LB, EEREDS



R4 DEREOREEBLZNRE

] 5 i) i
PR~ — A — Calretinin Calretinin
WT-1 WT-1
D2-40 (podoplanin) D2-40 (podoplanin)
CAM5.2, AE1/AE3 CAM5.2, AE1/AE3

EMA (Hifais b5 EMA  (HHR@fs = Bk)

i ~—7h— CEA
(N fsrh Bz E DB~ — 71 —) TTF-1
NapsinA
Claudin 4
p40/p63
MOC31
BerEP4
A ERIES ~ — 7 — CEA
(MR R DR~ — 5 —) MOC31
BerEP-4
Claudin 4
ER
PgR
RS Rz AifE ~ — 77 — Desmin
(b B Rl v B JiE [T e Y e B i oD
Bt~ — 4 —)

7 TR EBIET (SYT-SSX) OMMI RO FL & hTh D BETRENBEATH 5™,

MAEVEREE IZROK TR BREF B LA, HERTIEREIhTH 5., HLEOBVIESII.
CD34. CD31. Factor VIl related antigen (Z5VIKTBEEBIE) 235 TH % A, H{LE»
K< ZEBLINEIZRBEETHZ-DERNNEHELL kB,

. RHEIO L RE RIS & RIS AT & DRl (X 3)

PRI ETIE, MR RAEIE 2 U E B2 WA 20T, ER R RO
WA GEEER) S5 OMBBEAED A TIEREEOHWHIREE TS 5, Li=r->T, LE
TAOREIEEOR A 2D Z ENNHEE 55, EDIEEA G T, MBS IR
PR EEZN TR EEIE., Tho DOBREA T2 Z L 3B5TH DM, %
RED 5T T 5 & Rk B M A B RS MESE AR B 02 B D 2 o, DI S L
REEINT Z LTk 5, HARRS 2038 - ZIEROES & & 235813, B A Eh
7z IS ER IR T D . HEEL 22l A B 5AC. IERRRE SNMEM R TERE &R
GERHEEOREE AL I NS,

FPZAHAR LY E T, EMA 2SEREICBEE T H 0 | desmin 2SAITRE IZF&E T & 5 55
BIEHEETH 5 &I T & 2 RSO MO BEIECIX, 20wk & %, EHE, 5T
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X3 EEEFERE (A
RIBRETHETH

Ezﬁﬂﬂ@;@ﬁ,ﬁi (B) : A-1(3 HE %&, A-2(2 EMA D
HE &, B-2(3 EMA DRELE TR TH 5,

Q)«f\"
w &t
BT
o B

X4 HFREICETSFISHEICES pl6BEZFORK : FBOY T FIVOBEE # 5,

BIEF VLD OHEREIZ L D, BRCAl-associated protein 1 (BAP1) &#{ZFDKRIIC
X 5 BAP1&EH# & 'methylthioadenosine phosphorylase (MTAP) & DF&MEAl H3 iz Jiif
DIFIRE 85 T DR EN TV B A, IEHIRRL SIS @ TI1250 % FLE DRERIC 21
LIZA B0, plGEIETORKIZ & Bpl6mEH DML & hREDIEEE 4 % 2%, pl6
%‘E@%E%ﬁ%ﬁﬁftﬁée@%@ciféﬂiﬁ'mi{& <. FISHEIZ X 3HEBETH 5% ("4),

9 U7 fAEARIC X 2 BIRUN O FEIC L 2 REBEHOHMATE S X512k, B



PANOREFT R AHFE T2 2280 12563 “atypical mesothelial proliferation” & L 22T
&R o 7O HIZ, IRRIE M B E “mesothelioma in situ” & ENB 2 L BHE » L X
272" Fie, MAOHIBO R &> THEEOBKIE T X AT UL 5 5VBE S,
LT 0y 7 DG A GG FISH B5IZ & 5T EMA. desmin OFF RO &7 5
T, BAPIDRER pl6DREAE B D Z LT, BEMOHIMATBEL & o>T W5,

K5 KRMEMMER CRER (RHTRE) hREE DE5IS

TRoHE M e 1 % PARERY (SRAEZRREY) vhpe
o MHAEE B D BRI ZE (L ° “zonation” & FRD I\

(“zonation” & 1)
(FREHI—EW, ER—ED)
o BIRSHEDEIT I Al E R /I T Th B s BIRBAEDETIIH AN —ETHL, L&z

“storiform pattern” BDEH % & 5
o i BE (PRE0) HE Ak 2 & N OSSR ER 1T 700 o B (BRER) MEMARELAE A OREEIRERE % 4 5

o ZEMTIIMIg BRI A H D o AR AU 3K

o MR U, TR 2 B IS % & 5 o BHIIME L B 37 72 20

o SIERIL A B AEABIL M D B

* PUBEARAI R i% 20 o ML D AR AT 5L 2 7R 8008 b
(AFIP Atlas, 2006, % t%5)

(A) (B)

VA T

K5 MRMEFRE (NER) hRIE (A) SHEMMER (B) : hEETHRBEGHEDETO
ELh A DLV, MM R Tld“zonation” & 536, BEESHOETIZIFIFHTTH B,
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(3)
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T. #RiERRE (NIER) rhEiE & RHEMERER & OfFh|

PNETI R E D HA & U T, TS Min o MlaE g MK < . BB OBE#HEE O 2 il %
PR B h E2 i (desmoplastic mesothelioma) & X8, Z 95 U Z2Blid s & O 5]
WEL 250 THEOEANEIRS DL 1T L0 oN3™, HIF M7 720103,
AR BIOGE TR, MERE A 6 e F TEE AT < iz BRI 5 2 & 3 HFE
Thb, MEGEREDRE, RMEDOETD A% “piece by piece” IZERHLL 7248 Tld, &
512& % “zonation” D MEDFIWr Ll BEL A\ DEROF A ¢ & 5y (B5),

#. BEREEDOHRIE

MR, REERERDI0%IEE S S0 51T E 0w, LORKE LT, ek
JEENZ L TREDEHMADIELS BADH 5 £ SN TE 2D, BFEOFTIEISBTLEZS L
72BIDATIE AN LT <o HRGNE FE G2 ERIRIIC 202, IBEGIO 5B L i3
FHETH D, Fo. MBEINTRES LERBBERETS 0. (Kot BB R iE =
IER & RERS B W2 &AW RYITH 5,

BTN E IS & Uik, IERENER (B, KB, . JEE L L) FEFEOEED R
HEBA ST 615, HLE TIE CEA. KIBFTIE COX2, JElELHEE Tld CA19-9% ED
ISR L@ BB & D BE % 518 claudind, R LEIEZL 513 pd003 G 1E &
BHZELEITERATH 5, RHEDOHAIZ. NELZIZCD LT 5 REEHEGEIRFEDONE
JEE, RRZIERIENE (serous carcinoma) . VAPAMINENE (clear cell carcinoma) & D#EH|AE
HThb, ZOHEZ. MiaEik X OCHMBAREEZ EBRS A% Z L L. RZHMIL
MY T, ER. PgR. PAX87% & OBFMERT ARG TIE 2T & RT3,

hREOHEREL BETFESR

7. AiRMHEORD AER

AL, WEMERETE (reactive oxygen species, ROS) #RAE ¥ 3, #4422 < &
ray FI4 bRTEYA FTR. 72V b URIBIC & 5 GREBBLAE (H,0,) 256k
Fa+i LIV (OH) 2#EETAZenNEI<AMENTWS, Fo, KEMBICK T
TRMNCE ROS AEEE N, RICEMERB LAY T7 7 —Uh b DEANER SN
T35, EAEINIZROSIZE > TDNAEENFIZRI b, BRI, 77 =2t
BHiEZFT, 8- FuF FA*v 47 /vy (8-0HIG) tx5bE., ZHIZDNA
tigfg~—H— L% 5%, 8-OHAG iZ. DNAHEIFIZCG->T 7V ANN—V 3 V&5 &2
ZFZET, BBAN AV & RGBT LITEBY,

AR BIC XA YaREE S K< MO N30, T, MIBRICE R &2 a e
DN ZLH D e Ry B BB A S TISIRE U OB A Til4s 52 5 2Ltk b, %
DFER, DNAD 2 BHEHUIMT P YLGERNRI L ENFI 2T I h 5, hEEIZA LN S Y@



fRIEH IS LOH MEHTS° CGH ITIC & - THEF X N T & 7200, JLERIEIE (gain) 1. 5p.
Tp. 7q. 8q. 17q B EIZA SN, K& (loss) 1%, 1p. 3p. 6q. 9q. 13q. 14q. 15q. 22q
KEIZADND LWESINTHBY,

BAR 7 FHE 12D W THE, cyclin-dependent kinase inhibitor 2A (CDKN2A) & (£ F-.
neurofibromatosis type 2 (NF2) #{x T # & O BAPLEZEFDBEEIZONWT ORI A4
AT %, CDRN2AERTF, pl6™ ™ & pld*™ &2 — F L, WFh g 2 OREHEL A
RADN AL ZRHET 5 Z L1274 %, NF2E(E T I AR HEIERE 2 o R FEZ T & L CH
TE SNz, HEEDI0~50% CRE LR 55, BAPLEEZE I, JEEIELEE
TTh 55, BERGEMEHEBRCHKNRIL Y 7 F LR O REHCERIZ X - T 7 OIEEi]
P kb D, 7. BAPLEZTFOEMRAYMIZR (germline mutation) % & D%
SRBFER N, PERERLT FUBBGELZ GO EREDPANRRINTRE T2 2 L s
ENTNS, NF2ZRETIEY—10 Y (Merlin) & XiEhB3EAETI—-FL., v—V Vi3Ml
JANIEEICBE L, 72 THY 7T MEERE L TmTOR R Hippo ¥ 27 F IMEER A%
PEAL U Tl ssim o 15 - iRE % ¢ O,

WFNODBIETFIZDNTE100% DHFIECEE LA S NS DI Tld WO T, FhRZER

CEDHLREDEET TH S LT A A,

4. B &

ﬁi’lﬁﬁ@ﬂ%#‘ﬁiﬂﬁ@%f? L. IMIG (International Mesothelioma Interest Group) 43XHIZ & 2 &
A RHE WHO IS K I D2 WE I b, — k. YIRRTTRSER <13 Tk
B OB ATBERE IR i 2 P FRE B T3 2 B L BE AR D ik & 5 5, SHEREEIZ T
MERERL L ERIE L AR DY EZNNEREO—B e LTHITI N340 5 35, £ 13K
3y e — L B OBEIREE LT s h 3,

(1) FirEx

FATTEEISE, RS G 2541l (Extrapleural Pneumonectomy, EPP) & g & 4] B 1 5z i
(Pleurectomy/Decortication, P/D) ® 2fE¥iA & 5. EPPIZ. Beflliaf. i AR A B & iy, A
PR, OIS ZUIER L. AT O CRIRRR S O RS 5, P/DId. REqli e & ik o ik 4
UIBR L. DR AIGE ICHIRIES O 2 DR 5. TR OBAOE L. ORI T
0. EPP izt 3525, P/D CIZARIEHH L v, BEORESSEIZ. EPP OIF S »
W& TN, 7 EPP TR OB IERATREL 24 2, P/DIEEPPICA, Ofifika
REGREVR LT LT BT IS & & 2 WREER 3,

VATRT 4w bvEa—Iickd e, ERIEGICHN LT, EPPHETRE NZ b E—F
AT T TS B 2AFMBORIEIZZNENIINHA, 7THATHD. FihioEBEGA
DFGPRE NP, F721,365 AOPEZIERF I LT, BMICH A (L2204 FafT L 7=
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TEL AL SE I TR PR H L RER CAER R ERE LR 5 7=, 725,937 ADHE
JEEFICHWT, BRETFEZMIEL TEFMi22 ) = EEHIIEFMEERICHNEFRICR
PR FHAEO N EDWELH 5%, RAEICFH T 5 FEIEREOBITHEIIZIZB VT
&, FHEITHOFRIZIEBENRIFTH 0D, BRI ERIRHC BT, SPRHAE
FTPHOWEICHFGTHBOLEEINS,

EPP & P/D #H¥E$ B D X &7 1) ¥ 2T, #itkFEIASEEE L EPP THEICE WY
(4.4% vs 1.7%, p<0.05)%°, BEAT#%IZFAZEH 5 VIZPHRFECRICEIZ &L, AFHROF R
BRI LS ST S (165 H vs 190 H, SEFEREE2EL L)Y, EPP & P/D 21
B U 2R A RAERBRIE R W20 B 5 BB TV 202 DF5EmIZH 02, Wit L
T Y FAMTHEMCOREBRAEIZ TS Tk <. IRERHRIE 2 #5253 2 L CI3miaEs s RHE. EEN
FIEZ GDRETF — AIC K 2EZINRENLEE L, 2275 ) Y 2IZBWT, Fiiz &
HEERNRENEGTRICES T AN ER ST Cnb, £/-HAKICEIT 5 EPP 25 0%
ZREEEIC BT 5 58 T AEERIREABRIC B W\ T42BI DB R EE I B 1 AMSTIX19.94 A, 16HE
HIETT129.5% Th - 7%, Fiiz 75 B0 3MBRICNIRNZETRAE NS Z L NEHE
LEZ b, MHRED & 54 E 5 HhIFIAERE - OREA & & IRl B2 REL D B,

(2) FasF#REE

G B B O BEHRERE L. BEBEROVE DL LT EPP #0FAllmERHaET & L TRW
5N TCE 7z, EPPHEORAHIEIC GG N ERNTh 5 & S han b d, TBEROEK X
R, FEEREANOFSEMENZ EREHINTE 2, WIhOHRE S BRI E L <
X5 TAHERBR T 0. FrfEREaSS O F M 2 MEES 2 25 MAHRERIZIRED & 2T AL &
W,

P/D #%OBEHZ DWW T, P/D #%ICHE S TO R AGZRHEST (median 42.5Gy) % JEfT
L2123 0OMENH 0. 2424 GFH23%., 1ERH#EIE42% T, Grade 3 DAL HBH#7
fililig 25 #310.6% (Grade 5 : 1) T& . P/D %O Al ZREGEHIAE %) 2 B FERE Tl
mnEENTWBEY, —F. P/DEfT#his X OIEWRGI N L T IMRT % Fv 72 Fo{ilii 55 Ha
B % 4T 5 72360EFNZ DN T 2FEAFENZ N ZEN53%. 28% TH - 724, Grade 3 YA LEDIK
B R R 25 2320% (Grade 5 @ 1) &3 Ty 3™, MD Anderson Cancer Center
(MDACC) 27 5~ v F v 7Tk, P/D Fifr#é. IMRT 12 T45Gy O Fr{illasREa & %
T - 72245 (P/D-IMRT %) & EPP fitif7# (2 IMRT %17 - 72241 (EPP-IMRT ) (2
B B AR O rh L1328 40 H £ 14.25 A (p=0.04) TP/D-IMRTHE TR BAF T, Grade
45 DHEFRRITEZZTRD L, 57 (0% vs 12.5%, p=0.23) ", BiEES Tl D 4 4
NS4 VIZBWTEFMEOBIEL 6 P/D OBAEEISHER < h Tuhwaw, P/D itk x
723 PATIERE S RERN S/ U CTREHERIRE 2 1T 5 A3, KB L TITHhN A2 RNETH
%,
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(3) fb&EEE

EATHR KOO BEREGNIIARITERON R E 5D, (LEEREOWIS & 4 5, Mk
@tﬁ#é%#ﬁ&?u\%%ﬁ@@%K%ﬁ%hﬂb\vxf%%y\&xbu¢tﬁm
PFRRRE Y 275 F VBRI & % POl U 7= BR PR 48 AR ERER ©. A4 7RI R, s um sy 77 A,
RTINS B T HAR TERICRIETH 0 CEERBOHhIEL12.35 H vs 9.3 A
IS A I O RAES. 72 H vs 3.9 . EahE41.3% vs 16.7%) . B R T O FEUER R &
EhTVBY, BPAIED 2D 275 F Y OHHNED 6 bNEEBE. HLETSF
VOERGEERINDE, ALK TITFUENA ML F L FOPHEEIZOVWTIZ2ODET
WAL 5 0. LDy 275 5 v & O ARREIZIARBDRIZRRE 52 (18.6%. 25%) .
B E TOMM (6.5M, 8.0M) ¥ JU2AFHE (12.7M, 14M) TR ORERTH Y.
S BREMHILANMIRE TH 5727, 220, AR T 5 F VI EA N R E I L
KR ENTOEDRIEERSBETH 5, PIELEEREE LTD IS OB FRED Tk
BIZ4-6 T —2LENTED, ZOHBDRA b L F+ Pk B HMERED:IZ O W I3
BLZYT Vv ZIREBLY,

TI7FFERAE R DL F X PICHLURIGE & - 2548, WREOBIRILIZEs S, —
WIBRIZBIT A VAE Y HDWNETr AV AV VOB, WFRE B IHARBRIC BT
ZRNERIL T -24%. EAEFHAM O R IMEIZ8.0-106» AL E XN TNBP, v L)LYy &
7LV ZEYOHFRAFEICIDONTIE, BIMHRRICEWTEA T NOBEANRES L 2 B0
PHESNTHE ST, —F CTHERBELEMNT 2 & XhTnd, 2ALSHIE ZhETlow
SO OFREFNZOWTERAF L TONTCE DD, BEMIITR I AL 572, FE
o 7-BaRO AR ADIEHS RIEEE (—XKIGFRH%4A. ZUBBRHION) 238 E L
7e=ARN~ T OEFRER DTSR (MERIT B (50T, HBEICED 5 7 8%229.4%.
BB O AE2.62° A, 6 5 A DEFERTA% ., SAETFHIM O PRIEL7.4% F & DK
ARG SN2, ZORBROMBICED & = R)L < 71320184 8 Bz, [ 2 A{LSERRER IS
B U 22 UIBR AN RE 28T - R OB IE | 1o L TRR S W, ALY T hED
FEEF x v KAV MHBANIC DO TS, BIFEOLSEEE L OO, & 2 W I3 EEE
ELTOERENDHREREZ > Tk, BEIHRRESED bh T3,

TOMOWEREL LCid, MEHERERTH LN AT TRZ Y F &= T 5 -
PREBRIC B W — S CHL ARELABE XN D0, BREICIEE > TOgL, EETRE
RPAEFEIZ DO TS BRRRBRAED 5N TNEH, ZhBIIDNWTEINETDE Z B
RIS ERERER SR TG, X 5RBEEKEORBEDD. SHEB X ExEk
BFREDRFENTLE N 5,

(4) EZEyikE
FAINATRE 2 T — T A D TEVE M v B RERE G2 1, JRFRT £ 72 134712 O & 5 B 2 1oL 2eii:,
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F MR IR 2 I A 5 B2 MR HESE S 1 B, Sugarbaker 5 1%, Fiff. (LR
B BHRREO —FHH BRSO TRIAGFEAREO NS RN H 5 2 L alE LT
57, ZhoDZHEMRAEEOREN B KUCREMIC OV TIE, HSRIR & = EFlIs
LT—EDFlAR SN T D EBb s », it #RE 2 a2 3 it o £ 5 51
19 REMZTOWTUIATT AR HEBGEAER O E 1T 45 <. BEROFEHIRROEN TS, =
F O FEEO HINAERE & U TR e RE L EE S B R E OWE S & 5.

(5) #RANERE

MRS e B2 T U3, e O M BV 1 K ORI & D IR & Sk 3 2 L 3 B, IR
H 1 TG RAE 2 T U 78S T, 5960 % OEFNEBEM NS S iz L ME S hTun
208 2o O TIE, EE L T40Gy/20[E F 721336Gy/13EI AV s T 5, F 7=,
g ep 2 T3 % < OBGENAREIC K 0 7 ERETIR R &, Mtz & LT 5, Higk
HIE LRI A BR9 & L722Rale R L J — ¥ b KOS, SARRGER (b &
DTG 2 FHEEROBWISOF I b o FHF RS h 5, HLANCIZERE 2Ly (FKEE
B~ o2y wh) £7203 OK4R2B WSS, 47 & W 72172 AD R HRIEIEIZE T
F. Mk Y b a— )L ERiE 3 AR T49% (85/172M) . 1 EAEFHIZH N TIEI3% (79/85
) LHMEEhTBE?,

V. RiEA#REK

1. & &

BYEAREIAK L 1Z, 19644F12 Eisenstadt 23] 6 TS U 7= Ml 1 & 2 i@ fiE o 08 1
KoTHEL BMMELTH 5%, FEMTE L L I3RSk HME D TR 5~ O B 5 51013
adjuvant FIERIZ K 5 BB EE. TiEERHELIC X 2 BEllaiED ) v SPEH fLOBAZENE 2 &
hTWB2, HETERHDOEETH S, Epler 5% ORIV L, OREMIE S BEL S
%5, OWKRDOFHEEERTE 5. OlKERTZOMOEREBRINTE S, O3 FELICENE
JESDREN LN, Th D,

BML ZEREESRIFTH 5 L0 ) BIRTIIES, BEETREANWEWS Z L TH B,

s LA

BRI < BELY & 0 . MR G - BEERES A2 R 2T R, 72 & 2 R (I AR
%@Wﬁ$&@%fﬂ#%ﬁ%ﬁtm”aﬁmﬁ't%omﬁwﬁ% FLAENMMET, I
KA 2V VOSBRI T 2 BHE T H 5, MIEEERIN T 2 2201id. MaAkiiE2 s &
ﬁT\%$¢®E7wm/&\U%AAm&Cﬁmﬂd%@@#%ﬁﬁ#ﬁ@WTﬁéb&%
M7=, BLEASERER B YT EET B Y,
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AL < B E OBIHIZOW TR & - RIGBIRA & 5 L& S h T 3Y, amymid < &
5 ORI AMBEERE TIIR ML SN TH 0., 10FELRICRET IH—DEETH
5, LU, FEEITIIE05F & ROBRAM G S 572 W i & 2%,

KA ENCFB T 2 RIEAMIAKDELHEBTI LT 2 TH O, BRERE & Dnn®™® itz
BOTHEEHAERHEERD7Z2DDMFRZIFEEALITONTOE N, F0720, B2ELTA

ERWEEEIIHA D 5 OISO EFIC LI N ToEny,

BAE TR A IR b B2 JiE & D@ A DI TH 5 7280, AT Hh 2 5HE 80 L <
W5, IR & RO R B R & B\ R BRI do 1) B AR R E & B AR (g
MEMERRZE) DOEHIZIZBAPL. MTAP % & Up163#{ZE T D 9p21 D homozygous deletion A FISH
BECHRTAZEPERERE SN TNBETY

RAEBF P S Tz, WEFEE AL, WWEMIClKksiioCcay b -+ 251
BETHhb,

3. FRBENRETFHE

AEEETIEARELTOBEIBAKE T TV ZDATH 5, ROETIZ2003EL 5 375551t
RLBH5>TOE0, OMEREERFEONR LI > TwEy, XL L2888 T,
FTRTCPEEFBHE TOMEICL > TREIN TS, KBRS 2\ 35RE L TEELR
KEBed LR DO AMIIEILEIL U CH SR O IPEIRMSRERSSE 4 Sk 2 & & & 5 O TFOEHE
EORMBEE LD,

RIBERFMATIT > 2 2EHE TIE, BRI BIC L33 L OITISREE 415 ' A
PEMRRALEREFI259051 0D 5 5 45.6 % (ZHH4 4 5 1180113, BHEASIKOBER H - 7= & 7k X
NT0BY, A, RUGHIAS & 0% AMIEILE A & 47 U 3 4 LI S s P s ae
BEIZK S THEICE S E VW FEFIRE LTS LD 10k 5 725889

EROBAERER S 5, F U OIPRASEEREE % kS O AMEIEAEE L 2 hTh 6 04
HARR B3 3450 A LY S TnbZeh s, BUESIKDOTHRIZLS L & 5T =
2D TRENEZ LT, AP HEED 2 VIIBHEN L 2% EELRBBERAVETH 3,

V. UEAMBEEEE

U F AMENREALE  (diffuse pleural thickening, DPT) 135612 & 2 JEIEE MLz R D 1 5
T 0, W 72 13RI D AR 2 Mg BRANE 2 45 & 3 B o PR EIZE L I I I D 18 e
Wlide T o 245, € ORZER LI LIRBERIIINC & 3 L O, T A5 5 72 0 s o g
PRRERE 12 & 23 L OIS RERS S 4 SR SR8 23 8 2 Afd < BIC & 2 UV A MEN ISR = 3
20031295 SKAE ORI R E LTIA 5, 20064E LI I3, 3 L L 38e X h B 7= D Eiu
PRENTND, T/, AMEREEEREEL2010E7 H 1 HISE 2 h-, GRlie &g
(A K B B ESR OO L DT A 6 hTn 5,
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1. BRIECBICLB3 VUV AMBEIREDS

HARD U & AMREILEOE{§ D5 5K & 2 W3 RFE OREZ WYL, WAEDBAIZZ
NZIERD 4 7D 1 LL b FriEOBESIE D 2 530 1 L ICHEA 2 8t L 7= Hg RS ©
Hb. WE»EBEEERISBESS D, 2 OoEHIE < BLSORIKIC X 2 WEEE T3k
W EAETRE 55, O FAMMEIREDIAA D OFEE L, FEREMEEIZ B 5 likEED§E
BhmRORE TRO NS, /=72, WEHEMEEZ T TIIMET 7 — 7 0E & b &\
EE & DER™ R Z L b b 5720, JAE CT TOMRBALETH 5., M CT MEpstr
IZF 7 % Crow’s feet sign D AN fED#RMENL AR L TH D, CTIZHEITS T D sign D
HPH A M EMEE LS LE&bEhuE, O AMMEINEIZ BT 2 WIEIEE O % iR T
%5, —F. MBS BANEEOSHEIC k> CTRBENESIILT 2T RtH . U
AMVERIIEIEEOBRIZ X BOSNBFTR® T 3,

O F AMHREREEIZ 351 2 E{H ED criteria & LTA £ ZITBWTHKEAEH ML UCH
WHENTWAFTRICTEHRBEAOMLKL S 5. ZOFRSH 5 L HREEE DEEICLD
FVC, TLC WA TEZ L3 E<MOENABETHSH., HAEDHRIZK T 5 U F AMHE
FIEJE D RRE R i B e C LI B R R A OV S DA BRI R b 7, LURT 0D 35 W HEUE T 13 M
EBEIZTS5m U LEOIELZRD S Z L A4BEE LT A, MEREDE X 2 M5 E T
PS5 Z &3 THREE CHBMAE WY, BERREZHEBICEEN TR,

2. URAMREREOHEREERES

Fujimoto 5* 13Uk A MIEIEE O MIEEE D X 1Z%VC ISHEE 5 2 &\,
Costophrenic Angle (CPA) D#ifbiZ%VC 2 BRICIKAD 3 L HEL T3, —F. de
Fonseka 5% 13 CPA DWl%khi < L& FVC 2K T ¢ 5 L MEL T\ 3, EHEBEDO FVC Ik
98.9% T. CPADIEERMN RN AMIIERE TIZ83.5% ICIE T4 5, La L, Ao CcPA
DIEFIET9.5% 12, MBITEICZE S L66.7%NEIKTT5Z &5, FRERE, FIZFVC, TLC
DIETIZ CPA DWEBKEL 22bd 2 EIEHL 2 TH 37,

U AR ICITEREGRIEIS BILL > T RETIMET 7 — 2 OAIHEE S
<. HIHE® $881% Th -7z MEL T, IS 7 — & DIFEEIC & D IFIIERIC B4 5
ABNEIPIIDOVTEHERNLNEZATHBD, BFEORETITDO TS D FVC,
FEV, DD %726 FZENHEEY 0L5 T, 79— OHHEOEEIZLDFVC, TLCAH
WHT2E5TH3Y, OV AMWEILETIRT T — 2 & EEBEIlaE & SEb 4 ok U 7= ikl
MNEDTEE N 5B Z L b, Uk AMMIELEDOIFIRISREREEIZ 75 — 7 DB EET 5 0
b5,

AR < BE OWIRIERE I DWW T S NI D A 2 75 ) ¥ 2 T, Mg ko B2y
AR THEZIZVC, FEV, o METLTWBZ & 572210 & 7= 0% AN R
TIFAEMMIZI U TFEV, . FVC, peak flow i2& 3 IZ{ETENE L. MRBEEEN L & B
122



IPIRASBER TS LN L 3 B L& X 31,

3. VEAMBRIEEDH XFBEH L UHFEDEE

I &2 0 AMEIREILE IS & 0 & L WIFIRERERE 2 24 5358, TRREONR LA

B0, TORMEILTOZTELTH S,

(1) FIMRMERK[IEELZHET 27201051V Milidh®E (%VC) ZHE L. Z DfEA60
% AW TH BEEIEH LIRS 2 5 2 L HE ST 5,

(2) (ITHBNTRVC 23 LWIFIRIEREREE 2 5 5 LB SN2 EICH 2 EWIEE. b5
BOWDHALND & ZITIIAEERKET ORE 27 il ¢ 5. BAEIZIE. % VC 460
% LL_E80% K T b BIHEIS. 1 MEABT0% K, »2/5—+t > b 1 HEA50% A T %
5L EICELWITIRERERE S D tHIEES N D,

(3) T HIZ@NSHNTH LIRS 5 0 L HIE SN EWGE TS, MEAT A 73
D BIIRERER 7 HE260Torr LT Th 256 iti%%w@%mﬁﬁﬁfhﬁ(kmo)
N—EDRFUEZ A T EHEICIEE L WITIRERREE 5 2 L HES NS, TIN5
IR REAR A AR IS 3 L) L OSEME AR < BIE & Bl DNl A5 E _EOFEH & 7zt
XHKBELE BB

—77 . BFORRE T _EDFREIZ I KFREICF U TH 228, WFRERRERRE TIZ

% VC 2360% i T & 2 e DA T, Fﬁ%lﬁﬂ?ﬂﬁ%ﬁﬁﬁi@ﬁf’é@@m TS %VCA60% L1

80 % A T & G E I I MR H 2 AR LR OGNS EBTITRFER SN L L iZh > T

50iﬁ\ﬁ%ﬁEﬁi<%@%3¢UL&WOﬁDéﬁL<tHO

4. UEAMKEREE DK

BEASY 13, HARIZE T 2 EMEL BIZ & o THAE L 200 AMIIRALE © 57 58 FHt o
H{55 2 72 T 106N D W THRIR EORESL AT < B L DBEEIZOWTHE L T3, %
DWEIZL B &, T0RELL LD B AR T, VR FAETTEE T H - 721046510 5 5 88f5l (84.6
%) MNEYEE T, FOMBEHBEREE TH -7z, MorOBREREZFE L Tglich:
REI 2356/ (52.8%) T. FfEREHEFREDOMELZM 2 X 5 » FIZB W & NIz RER] 2345/
(42.5%) Th -7z, WERECIIOMERENEIESE, EMITNIEE. ERIEE. Wil - REMEE
HE, WHhWLHFEEL LORMI EBL BN IBENEE L7z, AL < BB O
JAEIZ 255, AMPIENE < @EH 6 O AMERGIERLE 2 £ T D BAR O HJHE1346.5F T & - 72,
TR G RCid, M7 5 — 213866 (81.1%) L @EEIZALNA, GHDEHHE 7
%6%)@&?&otoit\E@Eﬁ%*@%ﬁfﬁ@éﬁﬁﬁ%m(mo%)@oto:h
5OERFID S B, FH LU WIPIRISEEEE 4 % L T 7=67THIC W\ Tk, BRERICK D2 h
TZREGI 234561 (67.2%) %<, ZD 5 HIERKHEE FFRE L I2E Wﬁ%@(%ow )
72 Fi. WRURIRIEEE & S RIS RE R & S L 7 IERIA L 5 72, 22WiE & DA FHAR O

123



POEX23.572 A LRI P HRAR TH 5 72, A ZE0LEMEZDLT» 26 THD, %
D2HNENT G Bl Z2 APl Tz, 7 OMOKEIZNEMEITERARE H 5 VD IZ2MERE DA
Rk DT L Tz,

5. BEARMEKEVEAMBERE

B & 51z, Uk AMEIEIEIEREG ORI BIEGRRAKDOBRES 5 5, ZO%BE. (R
Maflak] 2»EDRRT [ F AMMEREL] Lzorid, Boikd 5 VW 3HED:
DOLCRIBEE A5, . FEARSIE™ ., BERMEAS 5K 2SEL L, O % AV LS
(2R S ZZFEFNZ DWW THGEL CT B & MET L. MAKOEBFEDOFEA v b & LT, OfKAERD
AG— (MARDOERIIL) . OWEFEIT. OKEEEAMIZH T 5 Crow’s feet sign DIF
1. @ORKBOEEN. OWANTT —DOfFE. #BIEL T3, 2L C5EEH3EALE
w7z, Ok AMIEIEE U T OBERES A E 55 EWMEL TS (272L0%
BATIREERBBAIC im*£#3#HULfb6&mlmm@%a#M%)%5EFHL
DK R U s B AL L CE PR RERR 2 4 S 9B DWW T, fak DB kic
OEEOMMAET 202, EDOXS RSB R % & > CIEF ma%mmmmaﬂm¢5@
MPEIZDONT, L8 BETNLENS,

l

SHAE

<E&EW>

1) Farioli A, Violante F'S, Vecchia CL, et al. Temporal Patterns of Exposure to Asbestos and Risk of
Asbestosis : An Analysis of a Cohort of Asbestos Textile Workers. J Occup Environ Med. 2018; 60
(6) :536-41.

2) Walters GI, Robertson AS, Bhomra PS, Burge PS. Asbestosis is prevalent in a variety of
construction industry trades. NPJ Prim Care Respir Med. 2018; 28 (1) : 11-8.

3) Ndlovu N, Rees D, Murray J, Vorajee N, Richards G, teWaterNaude J. Ashestos-related diseases in
mineworkers: a clinicopathological study. ERJ Open Res. 2017; 3 (3) : pii: 00022-2017.

4) RARHERD. @EEe 2z ofE. AH. Hig. 2011; 70 (12) : 1259-63.

5) FEMA, FARE, MAE= CAMEOHE{GEZW 2D <> T Al Bk 2014; 73 (12)
:1416-23.

6) FWRIEH] 72~z Mk, B, 2010; 69: 38-44.

7) Gefter WB, Conant EF. Issues and controversies in the plain-film diagnosis of asbestos-related
disorders in the chest. J Thorac Imaging. 1988; 3 (4) : 11-28.

8) Sporn TA, Roggli VL. Occupational lung disease. Spencer’s pathology of the lung (Hasleton P,
Flieder DB eds.), 6th ed. Vol 1, Cambridge. 2013, 512-25.

9) AR =. GARlEOWREE—A ORISR ARPEER ORI D) 2 a3 22—

Yo (FFPREMER ) . SRR ORT AL - 2015. 130-142.

10)  Murphy RL, Becklake MR, Brook SM, et al. The diagnosis of nonmalignant diseases related to

asbestos. Am Rev Respir Dis. 1986; 134 (2) : 363-8.

124



11)

12)

13)

14)

15)

16)
17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Consensus report: Asbestos, asbestosis and cancer: the Helsinki criteria for diagnosis and
attribution. Scand J Work Environ Health. 1997; 23 (4) : 311-6.

American Thoracic Society. Diagnosis and Initial management of nonmalignant diseases related to
ashestos. Am J Respir Crit Care Med. 2004; 170 (6) : 691-715.

Roggli VL, Gibbs AR, Attanoos R, et al. Pathology of asbestosis - An update of the diagnostic
criteria: Report of the asbestosis committee of the college of american pathologists and pulmonary
pathology society. Arch Pathol Lab Med. 2010; 134 (3) : 462-80.

Sporn TA, Roggli VL. Asbestosis. Pathology of asbestos-associated diseases 2nd ed. New York,
Springer-Berag; 2004, 71-103.

R ORERA. A O EE— il & N E RS O, B R ORRE L 2 D) A 7 3 3
2= =Y a v FARBERE) . 30 G MRETE. 2015.143-7.

BATR AT, @2 ORE—4F FEME R E N % & O#Enl—. BB L ERR. 2014; 32 (9) : 1007-14.
Hillerdal G, Henderson DW. Asbestos, asbestosis, pleural plaques and lung cancer. Scand J Work
Environ Health. 1997; 23 (2) : 93-103.

Hammond EC, Selikoff 1J, Seidman H. Asbestos exposure, cigarette smoking and death rates. Ann N
Y Acad Seci. 1979;330:473-90.

Markowitz SB, Levin SM, Miller A, Morabia A. Asbestos, asbestosis, smoking, and lung cancer. New
findings from the North American insulator cohort. Am J Respir Crit Care Med. 2013; 188 (1): 90-6.
Kishimoto T, Gemba K, Fujimoto N, et al. Clinical study of asbestos-related lung cancer in Japan
with special reference to occupatidnal history. Cancer Sci. 2010; 101 (5) : 1194-8.

Uguen M, Dewitte JD, Marcorelles P, et al. Asbestos-related lung cancers: A retrospective clinical
and pathological study. Mol Clin Oncol. 2017; 7 (1) : 135-9.

Kettunen E, Aavikko M, Nymark P, et al. DNA copy number loss and allelic imbalance at 2 pl6 in
lung cancer associated with asbestos exposure. Br J Cancer. 2009; 100 (8) : 1336-42.

Andujar P, Wang J, Descatha A, et al. pl6INK4A inactivation mechanisms in non-small-cell lung
cancer patients occupationally exposed to asbestos. Lung Cancer. 2010; 67 (1) : 23-30.

Nymark P, Kettunen E, Aavikko M, et al. Molecular alterations at 9¢33.1 and polyploidy in
asbestos-related lung cancer. Clin Cancer Res. 2009; 15 (2) : 468-75.

Wikman H, Ruosaari S, Nymark P, et al. Gene expression and copy number profiling suggests the
importance of allelic imbalance in 19p in asbestos-associated lung cancer. Oncogene. 2007; 26 (32) :
4730-7.

Nymark P, Aavikko M, Makila J, et al. Accumulation of genomic alteration in 2pl6, 9q33.1 and
19p13 in lung tumours of asbestos-exposed patients. Mol Oncol. 2013; 7 (1) : 29-40.

Tossavainen A. Asbestos, asbestosis and cancer: Exposure criteria for clinical diagnosis.
Proceedings of an International Expert Meeting on Asbestos, asbestosis and Cancer. People and
Work Research Reports 14, Finnish Institute of Occupafcional Health. 1997; 8 -27.

EERE, FA R T A VL BRBDEEE ARD OEBRR 2B ~E0 s A T~
HI KRR 2016; 64: 6-9.

Gemba K, Fujimoto N, Kato K, Aoe K, Takeshima Y, Inai K, Kishimoto T. National survey of

125



30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

126

malignant mesothelioma and asbestos exposure in Japan. Cancer Sci. 2012; 103 (3) : 483-90.

Zha L, Kitamura Y, Kitamura T, et al. Population-based cohort study on health effects of asbestos
exposure in Japan. Cancer Seci. 2019; 110 (3) : 1076-84.

Dalsgaard SB, Wirtz ET, Hansen J, Rge OD, Omland @. Environmental asbestos exposure in
childhood and risk of mesothelioma later in life: a long-term follow-up register-based cohort study.
Occup Environ Med. 2019; 76 (6) :407-13. : doi: 10.1136/0emed-2018-105392.

Merlo DF, Bruzzone M, Bruzzi P, Garrone E, Puntoni R, Maiorana L, Ceppi M. Mortality among
workers exposed to ashestos at the shipyard of Genoa, Italy: a 55 years follow-up. Environ Health.
2018; 17 (1) : 94.

Pira E, Romano C, Donato F, et al. Mortality from cancer and other causes among Italian chrysotile
asbestos miners. Occup Environ Med. 2017; 74 (8) : 558-63.

Cuccaro F, Nannavecchia AM, Silvestri S, Angelini A, Coviello V, Bisceglia L, Magnani C. Mortality
for Mesothelioma and Lung Cancer in a Cohort of Asbestos Cement Workers in BARI (Italy) : Time
Related Aspects of Exposure. J Occup Environ Med. 2019; 61 (5) : 410-16: doi: 10.1097.

Boffetta P, Donato F, Pira E, Luu HN, La Vecchia C. Risk of mesothelioma after cessation of
asbestos exposure: a systematic review and meta-regression. Int Arch Occup Environ Health. 2019;
doi: 10.1007/s00420-019-01433-4.

Plato N, Martinsen JI, Sparén P, Hillerdal G, Weiderpass E. Occupation and mesothelioma in
Sweden: updated incidence in men and women in the 27 years after the asbestos ban. 2016; 38:
€2016039.

Soeberg M, Vallance DA, Keena V, et al. Australia’s Ongoing Legacy of Asbestos: Significant
Challenges Remain Even after the Complete Banning of Asbestos Almost Fifteen Years Ago. Int J
environ Res Public Health. 2018; 15 (2) : pii:E384.

Visona SD, Villani S, Manzoni F, et al. Impact of asbestos on public health: a retrospective study on
a series of subjects with occupational and non-occupational exposure to asbestos during the activity
of Fibronit plant (Broni, Italy) . J Public Health Res. 2018; 7 (3) : 1519.

Parolari G. An outbreak of cancer and ashestosis among former amosite-exposed subjects in Ledro
Valley, Italy. From discovery to environmental cleanup. Ann Ist Super Sanita. 2019; 55 (1) : 80-9.
Lacourt A, Gramond C, Rolland P, et al. Occupational and non-occupational attributable risk of
asbestos exposure for malignant pleural mesothelioma. Thorax. 2014; 69 (6) : 532-9.

Lacourt A, Gramond C, Audignon S, et al. Pleural mesothelioma and occupational coexposure to
asbestos, mineral wool, and silica. Am J Respir Crit Care Med. 2013; 187 (9) : 977-82.
McCormack V, Peto J, Byrnes G, Straif K, Boffetta P. Estimating the asbestos-related lung cancer
burden from mesothelioma mortality. Br J Cancer. 2012; 106 (3) : 575-84.

Wang ZJ, Reddy GP, Gotway MB, et al. Malignant pleural mesothelioma: evaluation with CT, MR
imaging, and PET. Radiographics. 2004; 24 (1) : 105-19.

Kato K, Gemba K, Fujimoto N, Aoce K, Takeshima Y, Inai K, Kishimoto T. Fatal pleural
mesothelioma in Japan (2003-2008) : evaluation of computed tomography findings. Jpn J Radiol. 2016;
34 (6) :432-8.



45)

46)

47)

48)

49)

50)

ol)

52)

53)

54)

55)

56)

57)

58)

99)

Nickell T Jr, Lichtenberger JP 3 rd, Khorashadi 1., Abbott GF, Carter BW. Multimodality imaging
for characterization, classification, and staging of malignant pleural mesothelioma. Radiographics.
2014; 34 (6) :1692-706.

Miller BH, Rosado-de-Christenson ML, Mason AC, Fleming MV, White CC, Krasna MJ. From the
archives of the AFIP. Malignant pleural mesothelioma: radiologic-pathologic correlation.
Radiographics, 1996; 16 (3) : 613-44.

Kato K, Gemba K, Fujimoto N, Aoe K, Takeshima Y, Inai K, Kishimoto T. Pleural irregularities and
mediastinal pleural involvement in early stages of malignant pleural mesothelioma and benign
ashestos pleural effusion. Eur J Radiol. 2016; 85 (9) : 1594-600.

Coolen J, De Keyzer F, Nafteux P, et al. Malignant Pleural Mesothelioma: Visual Assessment by
Using Pleural Pointillism at Diffusion-weighted MR Imaging. Radiology. 2015; 274 (2) :576-84.
Flores RM. The role of PET in the surgical management of malignant pleural mesothelioma. Lung
Cancer. 2005; 49 (Supplement 1) : s27-32.

Elboga U, Yilmaz M, Uyar M, Zeki Celen Y, Bakir K, Dikensoy O. The role of FDG PET-CT in
differential diagnosis of pleural pathologies. Rev Esp Med Nucl Imagen Mol. 2012; 31 (4) : 187-91.
Takeshima Y, Inai K, Amatya VJ, et al. Accuracy of pathological diagnosis of mesothelioma cases in
Japan: Clinicopathological analysis of 382 cases. Lung Cancer. 2009; 66 (2) : 191-7.

Tsukiji H, Takeshima Y, Amatya VJ, et al. Myogenic antigen expression is useful for differentiation
between epithelioid mesothelioma and non-neoplastic mesothelial cells. Histopathology. 2010; 56 (7) :
969-74.

Harwood TR, Gracey DR, Yokoo H. Pseudomesotheliomatous carcinoma of the lung. A variant of
peripheral lung cancer. Am J Clin Pathol. 1976; 65 (2) : 159-67.

Okamoto S, Hisaoka M, Daa T, Hatakeyama K, Iwamasa T, Hashimoto H. Primary pulmonary synovial
sarcoma: a clinicopathologic, immunohistochemical, and molecular study of 11 cases. Hum Pathol.
2004; 35 (7) : 850-6.

Cigognetti M, Lonardi S, Fisogni S, et al. BAP 1 (BRCAl-associated protein 1) is a highly specific
marker for differentiating mesothelioma from reactive mesothelial proliferations. Mod Pathol. 2015;
28 (8) :1043-57.

[to T, Hamasaki M, Matsumoto S, et al. p16/CDKN2A FISH in Differentiation of Diffuse Malignant
Peritoneal Mesothelioma From Mesothelial Hyperplasia and Epithelial Ovarian Cancer. Am J Clin
Pathol. 2015; 143 (6) : 830-8.

Churg A, Hwang H, Tan L, et al. Malignant mesothelioma in situ. Histopathology 2018; 72 (6) : 1033-
8.

Churg A, Cagle PT, Roggli VL.. Separation of benign and malignant mesothelial proliferations.
Tumors of the serosal membranes, AFIP Atlas of Tumor Pathology, Series 4, Silver Spring: ARP
press. 2006; 83-102.

Takeshima Y, Amatya VJ, Kushitani K, Inai K. A useful antibody panel for differential diagnosis

between peritoneal mesothelioma and ovarian serous carcinoma in Japanese cases. Am J Clin Pathol.

2008; 130 (5) : 771-9.

127



60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

128

BIF 2. AfOBREITE MANTHAZRITO». b Mok 3 BIETFER, AiHBEZEEOEI
EXDV A A 2=y =Ygy GRNEERE). H  EEHARETL : 2015, 15-22.

Musti M, Kettunen E, Dragonieri S, Lindholm P, Cavone D, Serio G, Knuutila S. Cytogenetic and
molecular genetic changes in malignant mesothelioma. Cancer Genet Cytogenet. 2006; 170 (1) : 9-15.
Sharif S, Zahid I, Routledge T, Scarci M. Extrapleural pneumonectomy or supportive care:
treatment of malignant pleural mesothelioma? Interact Cardiovasc Thorac Surg. 2011; 12 (6) : 1040-
5.

Bovolato P, Casadio C, Bille A, et al. Does surgery improve survival of patients with malignant
pleural mesothelioma? : a multicenter retrospective analysis of 1365 consecutive patients. J Thorac
Oncol. 2014; 9 (3) : 390-6.

Flores RM, Riedel E, Donington JS, et al. Frequency of use and predictors of cancer-directed
surgery in the management of malignant pleural mesothelioma in a community-based (Surveillance,
Epidemiology, and End Results [SEER]) population. J Thorac Oncol. 2010; 5 (10) : 1649-54.
Gemba K, Fujimoto N, Aoe K, Kato K, Takeshima Y, Inai K, Kishimoto T. Treatment and survival
analyses of malignant mesothelioma in Japan. Acta Oncol. 2013; 52 (4) : 803-8.

Taioli E, Wolf AS, Flores RM. Meta-analysis of survival after pleurectomy decortication versus
extrapleural pneumonectomy in mesothelioma. Ann Thorac Surg. 2015; 99 (2) : 472-80.

Verma V, Ahern CA, Berlind CG, et al. National Cancer Database Report on Pneumonectomy Versus
Lung-Sparing Surgery for Malignant Pleural Mesothelioma. J Thorac Oncol. 2017; 12 (11) : 1704-
14.

Hasegawa S, Okada M, Tanaka F, et al. Trimodality strategy for treating malignant pleural
mesothelioma: results of a feasibility study of induction pemetrexed plus cisplatin followed by
extrapleural pneumonectomy and postoperative hemithoracic radiation (Japan Mesothelioma Interest
Group 0601 Trial) . Int J Clin Oncol. 2016; 21 (3) : 523-30.

Gupta V, Mychalczak B, Krug L, et al. Hemithoracic radiation therapy after pleurectomy/
decortication for malignant pleural mesothelioma. Int J Radiat Oncol Biol Phys. 2005; 63 (4) : 1045-
b2

Rosenzweig KE, Zauderer MG, Laser B, et al. Pleural intensity-modulated radiotherapy for
malignant pleural mesothelioma. Int J Radiat Oncol Biol Phys. 2012; 83 (4) : 1278-83.

Chance WW, Rice DC, Allen PK, et al. Hemithoracic intensity modulated radiation therapy after
pleurectomy/decortication for malignant pleural mesothelioma: toxicity, patterns of failure, and a
matched survival analysis. Int J Radiat Oncol Biol Phys. 2015; 91 (1) : 149-56.

Vogelzang NJ, Rusthoven JJ, Symanowski J, et al. Phaselll study of pemetrexed in combination with
cisplatin versus cisplatin alone in patients with malignant pleural mesothelioma. J Clin Oncol. 2003;
21 (14) : 2636-44.

Ceresoli GL, Zucali PA, Favaretto AG, et al. Phasel Study of Pemetrexed Plus Carboplatin in
Malignant Pleural Mesothelioma. J Clin Oncol. 2006; 24 (9) : 1443-8.

Castagneto B, Botta M, Aitini E, et al. Phase Il study of pemetrexed in combination with carboplatin
in patients with malignant pleural mesothelioma (MPM). Ann Oncol. 2008; 19 (2) : 370-3.



75)

76)

77)

78)

79)

80)

81)

82)

83)
84)

85)
86)

87)

88)

89)

90)

91)

92)

Steele JP, Shamash J, Evans MT, et al. Phase Il study of vinorelbine in patients with malignant
pleural mesothelioma. J Clin Oncol. 2000; 18 (23) : 3912-7.

Stebbing J, Powles T, McPherson K, et al. The efficacy and safety of weekly vinorelbine in relapsed
malignant pleural mesothelioma. Lung Cancer. 2009; 63 (1) : 94-7.

van Meerbeeck JP, Baas P, Debruyne C, et al. A Phasell study of gemcitabine in patients with
malignant pleural mesothelioma. European Organization for Research and Treatment of Cancer Lung
Cancer Cooperative Group. Cancer. 1999; 85 (12) : 2577-82.

Okada M, Kijima T, Aoe K, et al. Clinical efficacy and safety of nivolumab: results of a multicenter,
open-label, single-arm, Japanese phase 2 study in malignant pleural mesothelioma (MERIT). Clin
Cancer Res. 2019; doi: 10.1158/1078-0432.CCR-19-0103.

Sugarbaker DJ, Flores RM, Jaklitsch MT, et al. Resection margins, extrapleural nodal status, and
cell type determine postoperative long-term survival in trimodality therapy of malignant pleural
mesothelioma: results in 183 patients. J Thorac Cardiovasc Surg. 1999; 117 (1) : 54-63.

Akmansu M, Erpolat OP, Goksel F, et al. Radiotherapy applications of patients with malignant
mesothelioma: A single center experience. Rep Pract Oncol Radiother. 2013; 18 (2) : 82-6.

Jenkins P, Milliner R, Salmon C. Re-evaluating the role of palliative radiotherapy in malignant
pleural mesothelioma. Eur J Cancer. 2011; 47 (14) : 2143-9.

Rena O, Boldorini R, Papalia E, et al. Persistent lung expansion after pleural tale poudrage in non-
surgically resected malignant pleural mesothelioma. Ann Thorac Surg. 2015; 99 (4) : 1177-83.
Eisenstadt HB. Asbestos pleurisy. Dis Chest. 1964; 46 (1) : 78-81.

Epler GR, McLoud TC, Gaensler EA. Prevalence and incidence of benign asbestos pleural effusion in
a working population. JAMA. 1982; 247 (5) : 617-22.

AL, 722 b BEEER. HARIK. 2014 72 (2) : 300-5.

Peacock C, Copley SJ, Hansell DM. Asbestos-related benign pleural disease. Clin Radiol. 2000; 55
(6) :422-32.

FHERR. 2. 7AXRZ MERERE 4) WSS — 2, O AR, BYEAEKA [
fig. 2009; 68: S126-36.

RIS T, BIIRT, EEL, BALER, A% FWHLHRERKREEICE S - 8ak B Yo E
lazko> 141, Fiisg. 2018; 58 (7) : 1001-6.

PEEE, MBS, MTHE—, 2. PRARTH > - BRUAHEEAD 3 3&RE. KE%E 2017
39 (6) :518-24.

Yoshimura M, Kinoshita Y, Hamasaki M, et al. Highly expressed EZH 2 in combination with BAP 1
and MTAP loss, as detected by immunohistochemistry, is useful for differentiating malignant pleural
mesothelioma from reactive mesothelial hyperplasia. Lung Cancer. 2019; 130: 187-93.

Kinoshita Y, Hida T, Hamasaki M, Matsumoto S, et al. A combination of MTAP and BAP1
immunohistochemistry in pleural effusion cytology for the diagnosis of mesothelioma. Cancer
Cytopathol. 2018; 126 (1) : 54-63.

Hamasaki M, Kinoshita Y, Yoshimura M, et al. Cytoplasmic MTAP expression loss detected by

immunohistochemistry correlates with 9p21 homozygous deletion detected by FISH in pleural

129



93)

94)

95)

96)

97)

98)

99)

100)

101)

102)

103)

130

effusion cytology of mesothelioma. Histopathology. 2019; 75 (1) : 153-5. doi: 10.1111/his.13879.
FARRE. U AMNRIEEEGOMR & G < B L OBIEIZDWT, FRR8EEEEIE A st
B BRI 6R B REERY T RO T A 5. 2017; 10-21.

Ameille J, Matrat M, Paris C, et al. Asbestos-related pleural diseases: dimensional criteria are not
appropriate to differentiate diffuse pleural thickening from pleural plaques. Am J Ind Med. 2004; 45
(3) :289-96.

DRI o, JEHSOH, BEAREE. A < BIC X 5 0 F AMEIIEICIE O Mg T 7B 2 /Et SER
264 A B R RS £ B RAEHY T RO MEHTAR A2 (RIS OB O D 51283 % #H#
i) #EsE. 2015; 16-34.

Fujimoto N, Kato K, Usami I, Sakai F, et al. Asbestos-related diffuse pleural thickening.
Respiration. 2014; 88 (4) : 277-84.

de Fonseka D, Edey A, Stadon L, Viner J, Darby M, Maskell NA. The physiological consequences of
different distributions of diffuse pleural thickening on CT imaging. Br J Radiol. 2017; 90 (1077) :
d0i:10.1259/bjr.20170218.

{1

Kopylev L, Christensen KY, Brown JS, Cooper GS. A systematic review of the association between
pleural plaques and changes in lung function. Occup Environ Med. 2015; 72 (8) : 606-14.

Clin B, Paris C, Ameille J, et al. Do asbestos-related pleural plaques on HRCT scans cause
restrictive impairment in the absence of pulmonary fibrosis? Thorax. 2011; 66 (11) : 985-91.
Wilken D, Velasco Garrido M, Manuwald U, Baur X. Lung function in asbestos-exposed workers, a
systematic review and meta-analysis. J Occup Med Toxicol. 2011; 6: 21.

Park EK, Yates DH, Wilson D. Lung Function Profiles among Individuals with Nonmalignant
Asbestos-related Disorders. Saf Health Work. 2014; 5 (4) : 234-7.

FARRE, FEEERE, WHON, EARE T, Egst, XEHE— &, mES Ad< S
2K B U AMENIRIEIE DRRIREORRET. 57 PR F135 BRI Ze e R—4. HBCRIERE. 2014; 62
(4) :219-25.

IR, FREFIA, WHSCH, REERZ, BAREE. AiE < BICk 2 0 AMREEED S 4 i
KOFZEAGERE 2 BIER T X 7EGNCBE§ 2 MET. PReSEERIHGFEANE OMBERERIZRS
PRZH T ROMATIAASED (Bl OEIFSMT O 0 J512 B4 2 FAAfR) WEE. 2017; 38-51.



At 2o B S i« |

IR li)fé:%

IS SR IR TANAME R - WS —

RROK TR LT 5. R IEDHRIS0 % A HIE B
CEORELZOKREPBEEGRIISBIZLI LR
FINTWzD, RIBTIIEREL B LPRIED R4
BT 2ENATE - IREEShTnWEh 57z,
PRITEDOWDLOS [ 7KK - 3y o] %22, Yk
TR BRIEREBIIZE L UC ISR mEL
TP ERECET ] FREREE BAE
B) zMt L7, AOBEHE THELB-. K
15E» 5204 D 6 FE RIS HPREIE TR L= IN B
#96,000011Z DT, B IE RO FE T 38 I 2 1 B e
DT R/ TR, B, FHEEAROINE KOS
IS5 7 0 r— M ABEGRERF L. b2ETE
FREIED K80 % 2R FEMEIZ B A TR E L-ARIET
EDREEES>TRELTWAEZ AL ML,

ZOROBELEF @RI BEEARIIBICL
B - B FESR 2 DR B B E Wi A - PR BRI
B9 2 0i95 ] [ R rp B2 B 0 B e 7 32 W /7 VA 12 Bl %
o — B2 M SEGINE—] (W FhefERESs
FRARE) TR, Mg EDZ W REE o L4 X
5728, PEEOME{GE S5 — ORI, koS
Wi~ = —DBWMBERIIOVTOME, HmEZ%N
H B2 D 720 DI GIERALE~ —h — DR
EfTo7En, AMEREEFIRREELNRLL
B ENECTREZT V., MiAASPRHOHRE
TEZRZUW§ 2720 DFAEIZONTHE L, 7=,
Tt PR O ERIR B L L CEE s B
MRIARO O AR FH L, FEFILE
éﬁwﬁ%m%ﬁ@%%“ﬂbﬁﬂfu&

9 SRR R IR AR mm&%%rwﬁ$&

FELZ3 3 2 BRI IR O RRFRE A IC B 5 722 (RFF

iy:ih

Ex v

U\O)
l\hj\

7
o A

4

LR,
BRED

BSTATBOEA S0 e % S

]

ZEEKE AR —) T, BN B33
W7z BBE L LTHPD- 1Bk 0B A4 BE$
%728 [U)BRANRE T M % v B i 4 = b3 3 4 a2
FWELLTDY AT IF Y, RAMLFEFBLO=ZR
L~ THF AL B E O ST BR | % X 6 F 855
EUTRE, TEL, WREERFTH 3,

72, PEEEZIZEBITSQuality of llfe@%%g%
FHE 257280, EEIFE T ORI 2 /& %17 -
72o ThoDHEZBL T PREERBE IR, LR
HMRELRZAA TR EED, ZTALD
RHITDAS BB AT RE L ThRIERE PR E
CH A ERERE TS [BESALITRIED-HDD
H‘JH%EPH/:H@/\‘/F7“~y7J(IE)%Eﬁ§:‘éw: bR ARG
fe, W RBRER IR 22 Bl S5 2 70 BE g et
REICE f%@ﬂﬁﬁ%&&?@%jjﬂﬁ F&E
FEAMR—) 12T, e R D S AL W o i =
IS REZS N 4~ — T — DFERP, ARIE<BIZLS
U AN RAEE I
B 53 L IR
BEFRE 2 FHMIC
FHI92 FERE D ffE ST
ICED AT S,

A BE L AR A
BHNCER - L
BEIZOR, /2,
7K - BFREDE
e T o (A e
T5ILHhTAL DMk
BB R T —~ T
b5,

CTEYER |
cxEnrsn 4|

BB 20E |

NRTyT i

. iﬁﬂ]td%%ﬁ?%@t@tm:ﬁﬁ%
INFNKRT T

20197 %97 %

HESERRME 21 17




KR - BRIR DRI

iR - EIREEADEKRN 7 7O—F
—iEEEZHRLE L T—

A —

R & AR - Bl
2019 wvol. 37 no. 11
B SOEE AR



H’JHE H’EH%ODF

& U & I

At 1 B 9 2 MR B IR B T & 2 g e
FIEE, RIEEEL LTORERRIAE XU EA
MMRIEE & E N2, IEBEER & L CI3IgEh e
BHY, INETOLIAAMICEET 2 BEEDEE
FEEROMRII 2\, AETIRZ DS bR iE L e
R SRR 2 i, AR L L ERRE 7 70—
FATD W TS T 3.

I. MIRFREDR

M iR o S JE D Ve 1%, AR & MR IED 1o
DEREING, YIRTTRE RS < I3 R, 4
BRABEBI LR FA T3 £ B LSRG D T4
LB, BUHMEE I FRERE R (LEE L e s b
WHEZNBEO—BRLE L THTIN2EELH 3
2, ZRERaY b u—)LBNOBIERED —5 &
LThifrEns.

1. F9RE R RE D F 4T

J Bt v B2 I oD A2, 32 L e A R A S A ex-
trapleural pneumonectomy (EPP) & i 47 i #1 57 4
pleurectomy/decortication (P/D) D 2fE & 2% H 2.
EPP (X BERU MM, Jied f s & i, RS, QDS 4]
L, ANLoOBECcHEEL LE2ERT 2, P/DIizkE
IR & IRERIB R % 0 L, A BE 2 A e BERR E
IRz YIRS 5. MM ORADE IO ©
HY, EPPIdffiZzMH T 223 P/DcidiizBES N
5. EEDOHEZNRIZ EPP D% 9 235 ¢, %7 EPP

TIINR DI RRIGIR S TIEE & 22 2. P/D i3 EPPIZ
Rz EEEZEOEHEMEGEEZ 5N, BEHER, O
FFEE > 4 BriR BB DS RAE T L T\ B Y1 C b SEI &

*li 1 L5 SOIE MRS PR

0287-3745/19/ #%: ¥ 100/ TF: ¥200/ H /JCOPY

%5 etED D B,

VATRTAVIVE -tk B, LEMOEE
TEFNC BT, EPPHEITBEE RA VY B —F 4 7
THICBT 2 MO R REIz ZzNnFN19 4 A, 7
AHTHY, FMiORMEFNDFLENHEI N T
39, F M ZACSIEE & FGAT L 72 BE L (e
EHREC R LSRR cE B AR It
RPBO NI L DFMEDDH Y. Fikic, HERT
ZHHIE L TH FiMi% 210 7= BERIIIEF;H B re 1 1
NERICREFLFHRVPBE N L ORMENH 29, R
DENCE T 2 MER R EERE DR A B EWZEIC B WT
b, FMETHOFHIZHEBHEEFTH OO (K],
TGRIRE NERNIC B\ T, ARSI TR0
BHEBILFETEILDELHEEINS.

EPP & P/D Z E#EHE: L 72 B 2 3B 13 22\ 0 72 @
ELoPENTV D20 HIT A ES ML
W, EPPEP/DZHIRL7X Y 7F V> 2Tk, fi
RIGHISLE R EPP CHBICE VDY (4.4% vs 1.7%,
p<0.05)”, BEIFHIZFAZ, »2VIZFEMEERC
ERa(EFPMOTREIZFS L HEINLTHS
(162 Hvs 194 A, WEH2mEEE2 L)Y, BT
RICERZ VO THIUIIHHRE I NEE DB P/
D%, &) DOWEREDHBROMEE L Bbh s,
AP RIECTIE, ZNEETE S ICFHREG
IRofs, Wihiz LT FIFEMEcoBERE I+
ﬁ@ﬁu%_,{ﬁ%&%%%ﬁ&%iwrﬁWW%ﬂﬂ
&, JEEARIEZETIEET — AIC & 2 2058 L
EE LW,

2. MBERERREIC 51T BRE BB DO REHESE X

Ml rb B2 IR 35 1) 2 AR B R D i a3, e
WEEE D —2 & LT EPPH 0 R HIEsia L & L /8
VT E 72, EPPHE D RBTEIGIC A0 i SR 0E 5 s
BHITH2 LEINLDOY, BEROEI D, hEXR
FEANDEFEMECZ LI N TE . 7270TF
NOFHEHBRITRIFEDS L IZE UM TH Y,

2009 Vol 37 No. 11 1055



X1 BEENORESRREOE

fa (k6 & b —ibuezs)

1.0
ABf: Fiidh ) - bEEH 1) (80 fl)
o EFRRE R RE 151 » B
CHE: Fiin L - {bEEH V) (303 4)
HFHRRRE 94 » B
it
b
S 05 A o s
I Baf I Flisnt) - b=EEL L (75 41)
H HFHEREPR{E 88 » B
D& :Fiik L - 1b2iEEL L (331 40)
EEHREPRE 4358
\k\\
0 . ; 5 3 S
0 1 2 3 4 5 6
EEFERE R

Fr {2 R S o> A5 P 1 2 WRRIE 9 5 B TAH AR BR I3 BAE
EZAHFELRV,
P/DHEDIBEIZOWTHHFT I N T w32, P/D
BB R RS < D IS IR S % fifT L 2238 T3,
2EREFR23%, 1ERIHIEEE42% T, Grade
3 LA b DTS HR Al 28 23 10.6 % (Grade 5 : 141]) & &
BETH 5720, P/DH DR HIINEIIEEHIE R 72 105
B CRZVE IR Tw3Y, —7%, P/DIifTHE
K OFEGIBRBIIZ T U C o B 28 R O R 6 9 intensity
modulated radiation therapy (IMRT) % Fi\> 7= 1l ik
SIS 2 T o HRERIIC B WT, 2MEEERBZN TN
53%, 28% TdH - 723, Grade 3 LA DG F Ml 25
D20%ICET T3, B ETRFEEOB LSS S
P/D#& DS MG I HERE S N T i, P/DfafT
B F 7o X PRI RER 1< HRA B IS TR Rtk %
TI5E, BERSEE L TIThbNIRNETH 3,

3. MERREICE T B{b2EE

AT B X Otk O FHANIA L AREO N R L
5. RIBBEOUIBRARELES I L, AT F7F v, <
A ML XX FOORREE > AT T T B L % il
U 7 I PR BB T AH GAR © 2 A IR, e SR AR PRt
ZRRCTHICB LT HHFHMTHRICRIEFTH b
(AR O HIE12.3 5 H vs 9.3 7 H, MEHE 7
WM O IiE5.7 5 A vs 3.9 % H, 2313 41.3% vs
16.7%) BURs i c o e R L ST Y il
EIIED 72D 275 F v OREDR D EbiL

1056 JRIELBERR 2019 Vol. 37 No. 11

B, ANVKT 7F v OREMEEREING, HILVETS
FERX TP L X2 FOJHBEEICOVWTIZ2 DD
MR H D, FRDOT R 75 F v L DB
HRBHNRIZPRS% 508 (18.6%, 25%), HHEE T
IR (6.5 7 A, 8.0 % A) B X &4 HFMM (12.7 » A,
145 A) ZIZIEHEOFRERTH D, Bl BHEINH L
NIBETH o720, 8L, AIVRTIFIIE
PR B IR L2 LR S LT\ e Vo SIS A BE
Ths, PINHLEEEE LTo s 0ftfEED R
WSz 4~6 a2 —2 L ENTED, ZOHBDR
A ML FE P X 2HERERICOW TR EF
VARIETIRD,

T7FFHAERRX L F R FITRLAIGE RS 7
B, WRREOBERBIIBO NG, RIBREICEIT 3
ELILVEYHEZ0RT LYY EYDREIL, win
b3 BRI B W CREIHRIZ 7~24%, I
DHFYAEIZ8.0~10.6 » H L WE SN T2
JVUNE Y ET LYY E Y DOIFHEEIC O WL,
IAHRRBRIC B W T 2 N ZF o WA % [A] 2 i
WEINTEST, —HTHEHFEEEINT 2 & &h
TWwa, ZNDIAHCY 2N F TIZEO D OFTHLEH] I
DOLTHRFEBBThbNTEL DD, AHMEITRE
Nighoi,

O TR, M R IR RN 2 D s B B
DRI LUERREA DR T W R HEF = v 7 R
A v FHESZ, Ml RIS > TH T & 4



B2 BEERBIESRIE ST 3 =K
WX TREBIDERESE (k17 L) -

M)
80 -
<
T 60
=
2
pus]
%]
T 40 -
(0]
=4
')
20 ~

Median OS 17.3 months (95%Cl, 11.5- NR)
HR 0.542 (95%Cl, 0.208- 1.415)

= All patients
PD-L1<1%
— PD-L1>1%

L -

Do0bh 5. WEAED LA D Nh g ks (—%k
BB 24 N, ZRIBRBION) Z2NRE Lo AL
~ 7 OGRS RS (MERIT 3%05%) 15\, L6
BN rb & TN 29.4%, MERITEA: 77 IR 0 o
fH2.6 % H, 67 HOEERTA%, 44 o i
E17.4 5 H L OBGEDHE I = (K2). - o
@%%KE@%:%»V?@%B@SHK,%MAK
FIRER TR U 2 VISR 28T - TS0 T g
FENE IS L TRRI N, =R LT R e S
T2y 78R4V FEERICOWTIRSE, MEO(LE
BEE DO, &2\ 3EEE L L<oGAE~D
WA E > TR D, BIZE L BRRBISED 5T
2. FEESI, YIBRRREHICN T 2 WE LA & L
TDYATI7F v, AL FL FELIV=ALeT
DPEFICTILE O FIME & 24t % ST 2 Bk as 11
MHEL 2 EEAT AR LCfT L cH 0D, B
BIEREET LT3,
ZOMDWEFIE L LT3, EFEHERCH 2 <
WY AR TRV T8 =7 % e - R I B
I THELEEDPEEINEZL DD, EHICIEE-
T, BETHEBERTAIRIEIC O\ T b K
DHED STV BN, ZNBICDNTHINETD L
AR A E ARSI TV Ry, S5% 304
B DBED -0, 415 b ] 25k S G5 7 aRaE o
RIS &N 2,

0 T I T T 1 1 T 1 1 T L
0 2 4 6 8§ 10 12 14 16 18 20 22
Months

No. at risk
All patients 34 33 31 29 26 24 20 20 18 7 1 0
PD-L1<1% 12 11 11 10 8 i 4 4 4 2 0 0
PD-L1>1% 20 20 18 17 16 15 14 14 12 3 1 0

|

4. EFHEE

LB K90, SRR BT o B 1 BT
BT, REANEREERICES T 5 TR e
WS Twz, FHFATEE 2 1 ~ 0 Bk b i
REGNC IS, TR0 % 7 3 i 0 £ 6 & po i fbapin:, &
72 EPP HGFTHIIC 3 > T4 1 it i 1 % i 2. 2
REINRIEDHF XN 3, Sugarbaker & &, i,
UL, TR D = DR 5\ < B4
EORRON BN H 2 Z L2 RE LT3
TRIITH T 2 EPP % & & 825G I B3 2 46 11
MHERPRERBRIC 3\ T 421 0 BARERZ I 51 2 MST 13
1997 H, HBBEECRIZI5%TH - 722, Fff
) GBI AIRNSE 22 B o s - L sme
TH DA, THRE N Z i DRI 2 5 2 7
b & THHRERAE - LBERE 2 & % -0 3Rl 3 2 2408
3 3,

5. fBFNERE

Bl b B2 I, % < DB EFRRNIE B 5 30~40
FOWRMERETHIET 2720, EIBCRIET 2 —
xw%w.itﬁﬁﬁéWﬁ%ﬁié&—z%%@
LIS BLFAFRALERE DM & 7 & TR
WNREL BT —ADD R v, 7ol s i i o
ORI D KRR I X B B M e
HERIC X 22 A 5 2 L 03% ¢, BRI T
TS REDIER ISR Z v, FORIBR B 1O st
THEFT U725 T, 5960 % oS 1o H00 B A 7 1

1057

Vol. 37 No. 11



LN EHEI N TR Jgsk g & R A
HivE L7 fle N v - —2 8 X O, o6
TERERALAIRTE 2 & D RERRI 22 PO IR O S it oD 75 41
CPPboTERING, FEIIGEE I LY $721%
OK432 (E> N=— L") Hw 5N 3,

E e IEEEICBWTIE, BB EEG S A,
PR W PRI 72 & O ESRIEIR 2 BT 2 HHEDE W 2
&, BRIBIEEENRO NS Z &, F-RREEREICER
THEGEDS W L EDS, BERHEOD AL S TR
dHHVIEHEENRY A= 28T 23475 —223%
VB BRI TERERY Y v LY —h—h LS
ORI L 2T R—FDZEE L v,

. IBEDKE

NE S v B i o B AR D 10~20% % 5 & 5. g
i v B2 BB B RIS B D M B D E A h3 % 2,
Jifi, MR BRI A & 7 R HE o IR s e~ o B3
EA X =Y I 02, JEET LI T L A g
FIELDDEREORRIZBRICKET S 2 LR
BINTV2, A BUAOERE LTz, 1
WERIRRSE R DRRME, BAPILEIETFER, Mgkt
CBDIED, IEIER, BYIBRTEER, MEEHES »
Y EOWEDD B, FIRHEE T E 2 RER b
Dre K 0 HEREIR E LTI, IR,
BRAR, REBDZFLS I ER%\, B LIE
KDOBDE D5, BIROHEIE R UL T OREE, |E
Bx 2T 85605 5,

BORIARE S FEY T, BEHEMIAIRTE (S RIEHE,
WERHAIR) iz STy, BREMEcWRT
HIWT S N2 G A I EEZW b R TUIBRONR & 7% 3
Gainid 5, YRR R EI e L, FasE©
EABRINTO BRI, S EIcHE s T 2
TI73FVHLVEANVETIFLERXFLFR FD
EFHEBESHITEIN TR D EBbN 3D, 204
WA DOWME 122 < 2D,

. REHEHEREK

RUEafaRAE, A @k > T4 L 3 IR
DR %2 E7-THEETH D, A (7 ARZ )
Mg & SIS, Epler & ic X 22 WiktElx, D
A E CBIED D 2, QB XD 2 i3k Ze
THARDEEDHER S D, QOFFIE < BUAHT K
B DR K D372\, @KRERSS 348 DA I TE: s

1058 WRIBEEER 2019 Vol. 37 No. 11

ZROBVEWHIAETH 2%, Hillerdal 51, Ny
CT 7% £ DE{REW TR 22 iR RR 2 B2 L 72454
I, FERLIEORBBEZTIVE LTL 309,
RIICEWEEDHEL STV 3 LIZB VLR
H5. el BERFENE, hRE, O E A
JEE & BITTHRMEONRIER L 2>TVEA, Z0
REHLED T INTE ST, WEESEE BT
2RI L > THREZINT VLS,
BYFRIAKDBZENIE, D F D EMEIIEZS M
MM, WBEOWIC AR ) M, X 2B R
LA EL LR KIS 2 % 72 TR B2 Rt
TH52LTHSE. RTORICAMIZSBELD 345
&, MEREEZ IR T 2 28R BETH
D, My/k#fEE2 5> CEA (carcinoembryonic antigen),
TT/Y T 7=, erruaviighk ERkdho
B~ — A —DMRIZD S B A, HHRELIR b s
2T BRI B2 255 2 L NEETH
2 30).
RMAMA I 2 BRI SN T w0,
—ERI KD LB, W R A X 25
&, Mopegefl, ME R L - —202 X Y ko HEE AT
O, MKEFEZEDIREL a2 v b — LR 5
B, AT 84 NEEOWMEDDH 30 RIFBENTH
5. - REGHIAORERX, BB 3 0FAM
NI EA~FATT 5.

V. UZAMBEKREE

O F A MERBAEE I 6002 X B JRNEE M ke 5B o
=D TH Y, MW E 71— D A HE MR 2
ET 5, TRERAERI T R o AR Y 4 T
B BN, ZDWRED UL UISTEERIE I RN, s
DNEHE T B 7 DIRME DI RE R E 2 2 72 5%, 3
LWt EEREREE 2 2T 254, HRBED 2 0L
FCERIC X 2 RS EORFICE T 28 81T 3
RFONRE % S,

FEASIE, AfECBIC Lo THRAEL200F A
AL 106 15112 >\ CTHRR E oS AfE B L o
BRBLIZ DWW THEL T3 zhicks L, 708
L EDBMEDIRIT, S PEBEHTH Y, ik
iSOG ESE, GEANPTINIESE, BEERIESE, WIEL - SRR
EE, VORI EEN FoLIECBELEEbN 2
WSR2 o7z, A < IR o dhyefl 13 25
i, AfIENE < B2 6 O F AMIEIREZ N £ T
WM DO I P RAE46.5FETH - 7. B JE DRI



PRRERET 2 & 70 L 7GiEBIDSS <, BTG & o0 770
IOHRAEIX23.5 47 HEFBRARTH - %, filifE %
G LTAERIDI 261 H 253, 2 DAthDd K213 A T
PED 5 VIZEEMRDEHHIC X HIET LT,

O APEIRRILE R § 2 38R b RESZ LT 2z
Vo D EAMEMRIEEOMEIT 2 M2 23 /32 <, N
TEIIC RAESIRIRSE, SEEE, REHEL s
%, WIRGRRERRE DRI & > TIZRER LG A X
N5, LdBDL)ICTFBRIERRTH B,

V. [IREEAN, ZZHEBEATIELL

M, MRS R HE % rp DI AR B L ORI R E
2L L CRERERIAK, OF A MERERE Iz w»
AT, BRRESDEE T 2003 TH L, MELFH
W ICRE DD, Z0RDICIIBERELFEEED &
Ol WERLEEPLHETH 2, BORRKI, THEK
EH, WMEELSTEATIELWLI L 2ikRz,

1. #®iEE+9»

MR Mk b B2 BEDSEE b 2 D%, 7K EEEE 72\
LIEDAELIEE, H50WIEIEEL2ET 2848 TH
5. FTERRER, HGE X KRS TS »
WCEEEE TH 20 L) 0 BHIIT 2. BT
RELTid, Ho2RIEREOIER, EE OB
NORME, ) VRSN DIER R ETh B, ¥
Te B 7 MR E SR I I L T w2 e b 4y
CEMIEE R .  OBRARKRE M S D FET
M7k & %\ I3 FTRE 22 BB D MRS, BB 2 R L
Bk & UCHRINT 228, WEEICIZE T T2l 21c
TG EPB O N TR0 ZHEBI LEZTWE
ElwERE), ZZCHRENERT 22HIE, T
TR &>, 2 9 TR UM & 2> 0 TE I B |
Ths. ZOHETREMEDHMSOE»NRS ) X
BREZZLZLRBETHY, ZOBAHKREIZIRA
B OG22 FRZHEL 20813 H 5. fkd
BB DRBRES I I D SR A et DS BE G
HoL, FBERMCEEZTMETH 254, 20
TBIRTT DR IIWESTRL D R 5 4 N —@ETF Dl
ROMETHD, 22 TH—TEBL oMKz NIE L
T3, FTHRAKREREE R, TSI EEEE T
HBEIPEI Py OEHRELEL, ZoBEA» D%
WETH 20 E ) R HET 2 NENH 3

2. BWIHERE £ TORER

R IED RSN 132 2 BERER RS b, EEOH
Bl L AR EPBEBETHREET 2, £ no0

BERIZINEPMERA~D 2 v LT —> 3 v BT 3
B Dm v, HRE LREEE I, T2WE T
EDCSVDRMZET 220 2L E T 2 08B H
%, B Z T G L KR &b 3D 7 R o
B, D& BYE, HHEERMEZEL TTLHMD
DRVBWi 2 B2 BENH 29, FldBokI i
"W S D EEIEE DA, RHICRZ DMER DS
T=ATEHLROBHEESERI NS, HHKE
&, RREVET 23S 2 R 002 REBEICER, 2
O _ETHE I TBHNICIE ENS 5 VORI ) 2
D0 DEREHE T EHEND B,

3. FRHBWVITKERE

R IRV RS A 1 K IR AR e &, BT
TE U 7 S5 A BhE I3 57 SIS % 2\ 2 D i
FRFRICTRIFEIND L L s, Z0FFEIEBL
REZW IO TEETH S, BEHO~T X
Yoo AT UREBITNZ, SR EII BT B
BEROGME~——, Bl —D—%ETHD, 2
DiGRIZERE & LTiRHI NS, HETF— 2R ET
556, BIMORERECEFIE c 0Bz 2 8
L, BRIVCAEINS ETIRKD 22 ET 30
BEICEOTRABLES VLS L H 5. hFIED
TR &7 > CIh B IERE 0, AiicBb 34
SMEZERL, ZOWRBEBWIHED 5\ idHl
BB SDTH B E ) Db ABEICEB - -
THREHEBLERED GO T RZ2 BT 2 43215
5.

X ik

1) Berzenji, L., Van Schil, P.E, Carp, L. : The eighth
TNM classification for malignant pleural mesothe-
lioma. Transl Lung Cancer Res 2018, 7 : 543-549

2) Travis, W.D, Brambilla, E, Nicholson, A.G. et al.
The 2015 World Health Organization Classifica-
tion of Lung Tumors : Impact of Genetic, Clinical
and Radiologic Advances Since the 2004 Classifi-
cation. ] Thorac Oncol 2015, 10 : 1243-1260

3) Sharif, S, Zahid, I, Routledge, T. et al. : Extrapleu-
ral pneumonectomy or supportive care : treat-
ment of malignant pleural mesothelioma? Interact
Cardiovasc Thorac Surg 2011, 12 : 1040-1045

4) Bovolato, P., Casadio, C., Bille, A. et al. : Does sur-
gery improve survival of patients with malignant
pleural mesothelioma? : a multicenter retrospec-
tive analysis of 1365 consecutive patients. J Tho-
rac Oncol 2014, 9 : 390-396

5) Flores, RM., Riedel, E., Donington, J.S. et al. : Fre-
quency of use and predictors of cancer—directed
surgery in the management of malignant pleural

Vol 37 Mo.11 | 1059



)

10)

11)

12)

13)

14)

15)

16)

17)

18)

1060

mesothelioma in a community-based (Surveillance,
Epidemiology, and End Results [SEER]) popula-
tion. ] Thorac Oncol 2010, 5 : 1649-1654

Gemba, K., Fujimoto, N, Aoe, K. et al. : Treatment
and survival analyses of malignant mesothelioma
in Japan. Acta Oncol 2013, 52 : 803-808

Taioli, E., Wolf, A.S,, Flores, R.M. : Meta—analysis
of survival after pleurectomy decortication versus
extrapleural pneumonectomy in mesothelioma.
Ann Thorac Surg 2015, 99 : 472-480

Verma, V., Ahern, C.A., Berlind, C.G. et al. : Na-
tional Cancer Database Report on Pneumonecto-
my Versus Lung-Sparing Surgery for Malignant
Pleural Mesothelioma. ] Thorac Oncol 2017, 12 :
1704-1714

Gupta, V., Mychalczak, B, Krug, L. et al. : Hemi-
thoracic radiation therapy after pleurectomy/de-
cortication for malignant pleural mesothelioma.
Int J Radiat Oncol Biol Phys 2005, 63 : 1045-1052
Rosenzweig, K.E, Zauderer, M.G,, Laser, B. et al. :
Pleural intensity-modulated radiotherapy for ma-
lignant pleural mesothelioma. Int J Radiat Oncol
Biol Phys 2012, 83 : 1278-1283

Vogelzang, N.J., Rusthoven, J.J., Symanowski, J. et
al. : Phase IIT study of pemetrexed in combination
with cisplatin versus cisplatin alone in patients
with malignant pleural mesothelioma. J Clin Oncol
2003, 21 : 2636-2644

Ceresoli, GL., Zucali, P.A., Favaretto, A.G. et al. :
Phase II study of pemetrexed plus carboplatin in
malignant pleural mesothelioma. J Clin Oncol
2006, 24 : 1443-1448

Castagneto, B, Botta, M., Aitini, E. et al. : Phase II
study of pemetrexed in combination with carbo-
platin in patients with malignant pleural mesothe-
lioma (MPM) . Ann Oncol 2008, 19 : 370-373
Steele, J.P., Shamash, J., Evans, M.T. et al. : Phase
IT study of vinorelbine in patients with malignant
pleural mesothelioma. J Clin Oncol 2000, 18 :
3912-3917

Stebhing, J., Powles, T., McPherson, K. et al. : The
efficacy and safety of weekly vinorelbine in re-
lapsed malignant pleural mesothelioma. Lung
Cancer 2009, 63 : 94-97

van Meerbeeck, J.P, Baas, P, Debruyne, C. et al. :
A Phase II study of gemcitabine in patients with
malignant pleural mesothelioma. European Orga-
nization for Research and Treatment of Cancer
Lung Cancer Cooperative Group. Cancer 1999,
85 1 2577-2582

Okada, M., Kijima, T. Aoe, K. et al. : Clinical effi-
cacy and safety of nivolumab : results of a multi-
center, open-label, single-arm, Japanese phase 2
study in malignant pleural mesothelioma (MER-
IT). Clin Cancer Res 2019, 25 : 5485-5492
Fujimoto, N., Aoe, K, Kozuki, T. et al. : A Phase
IT Trial of First-Line Combination Chemotherapy
With Cisplatin, Pemetrexed, and Nivolumab for

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

Unresectable Malignant Pleural Mesothelioma : A
Study Protocol. Clin Lung Cancer 2018, 19 : e705-
e707

Sugarbaker, D.J,, Flores, RM., Jaklitsch, M.T. et
al. © Resection margins, extrapleural nodal status,
and cell type determine postoperative long-term
survival in trimodality therapy of malignant pleu-
ral mesothelioma : results in 183 patients. ] Tho-
rac Cardiovasc Surg 1999, 117 : 54-63, discussion
63-65

Hasegawa, S., Okada, M., Tanaka, F. et al. : Tri-
modality strategy for treating malignant pleural
mesothelioma : results of a feasibility study of in-
duction pemetrexed plus cisplatin followed by ex-
trapleural pneumonectomy and postoperative
hemithoracic radiation (Japan Mesothelioma Inter-
est Group 0601 Trial). Int J Clin Oncol 2016, 21 :
523~530

Akmansu, M., Erpolat, O.P, Goksel, F. et al. : Ra-
diotherapy applications of patients with malignant
mesothelioma : A single center experience. Rep
Pract Oncol Radiother 2012, 18 : 82-36

Jenkins, P, Milliner, R., Salmon, C. : Re-evaluating
the role of palliative radiotherapy in malignant
pleural mesothelioma. Eur J Cancer 2011, 47 :
2143-2149

Nagamatsu, Y., Oze, I, Aoe, K. et al. : Quality of
life of survivors of malignant pleural mesothelio-
ma in Japan : a cross sectional study. BMC Can-
cer 2018, 18 : 350

Attanoos, R.L., Churg, A, Galateau-Salle, F. et al. :
Malignant Mesothelioma and Its Non-Asbestos
Causes. Arch Pathol Lab Med 2018, 142 : 753-760
Mensi, C., Mendola, M., Dallari, B. et al. : Differ-
ences between peritoneal and pleural mesothelio-
ma in Lombardy, Italy. Cancer Epidemiol 2017,
51 : 68-73

Leblay, N., Lepretre, F., Le Stang, N. et al. : BAP1
Is Altered by Copy Number Loss, Mutation, and/
or Loss of Protein Expression in More Than 70%
of Malignant Peritoneal Mesotheliomas. ] Thorac
Oncol 2017, 12 : 724-733

Fujimoto, E. Kijima, T. Kuribayashi, K. et al. :
First-line chemotherapy with pemetrexed plus
cisplatin for malignant peritoneal mesothelioma.
Expert Rev Anticancer Ther 2017, 17 : 865-872
Epler, GR., McLoud, T.C, Gaensler, E.A. : Preva-
lence and incidence of benign asbestos pleural ef-
fusion in a working population. JAMA 1982, 247 :
617-622

Hillerdal, G., Ozesmi, M. : Benign asbestos pleural
effusion : 73 exudates in 60 patients. Eur ] Respir
Dis 1987, 71 : 113-121

Fujimoto, N.,, Gemba, K., Aoe, K. et al. : Clinical In-
vestigation of Benign Asbestos Pleural Effusion.
Pulm Med 2015, 2015 : 416179

Fujimoto, N., Kato, K., Usami, 1. et al. : Ashestos-
related diffuse pleural thickening. Respiration



)014 88 277 284 ............................................................................................
32) EAEDL, Jéﬁ/l\ﬁ'— %’n‘li B BICL B FEAM: . JEEAAH—  Fujimoto Nobukazu

Hf*ﬂl INESE & e R I - TS ll 49 2 M), 975
P S R A ﬁ)l”*‘ . F1 Ik 5%
75k 2017, 65 153 159

il 1 58315 933P

% LORIRGH - PG % ik L 7=
WS DWRBE Y 5 A, FADOYGE] |

/
=I

B5 ZEYI-416 H -4 &5l
Effl (4 22,000 [+
ISBN978-4-8306-0478-2

Eﬂ% ﬁﬂ%@%
W7 b

[4ET - SeEES 2 hi]
W AR PR —

Atlas of Iumm.\ Pathology of the
L Ovary and Fallopian Tube, 2nd Ed.

L

SBTRRSESRESECIFTER/TELR, I
REBRE7 NS ZIDMWET. 2014FDWHO

SUEH KU201 6 E D[IIRAES - S MR r =) ;‘5{ P
ERRL VO () 28 | KR B\ X CEIRIITR W ]P7 N b VA
HBRL. SIRDSEHEREOERICI2T HEDN | 8 %O &R & - FllE—

HMEIEVWST—F—ZEIT, FIRD S DR _ LD HAEt - FEH—
HEN—BTHNBELIICLTND. X T, IR THF #W%i#/1® Steven G. Silverberg

5 FEF I [T AIFRERIB! | O T—F—b—#. JEREI(C B5 ZA¥-336 H -4 &2l
< REUCNBTHD. 'Eﬁﬁ (## 18,000 H+#)
\\‘_43 s \_VISBN978-4-8306-0465-2

1061



	背表紙　
	令和元年度労災疾病臨床研究事業報告書原稿
	背表紙　
	令和元年度労災疾病臨床研究事業報告書原稿
	背表紙　
	製本表紙
	001目次
	002中扉①
	003総括研究報告書
	004中扉②
	005分担研究報告書①
	006分担研究報告書②
	007分担研究報告書③
	008中扉③
	009研究成果の刊行一覧
	010中扉④
	011研究成果
	Advances in Medicine and Biology. vol156 (final)-p165-185
	Ito T JID2019 139, 878(final)
	Biological Effects of IL-26 on T Cell–Mediated Skin Inflammation, Including Psoriasis
	Introduction
	Results
	IL-26 exacerbates skin inflammation by inducing vascular invasion and immune cell infiltration in the IMQ-induced psoriasis ...
	IL-26 upregulates expression of FGF1, FGF2, and FGF7 in IMQ-induced psoriasis model
	IL-26 enhances the production of FGF1, FGF2, and FGF7 from keratinocytes and vascular endothelial cells
	IL-26 acts directly on vascular endothelial cells, resulting in enhanced proliferation and tube formation
	PI3K-Akt, Raf-MEK-ERK, and IκB–NF-κB signalings are indispensable for IL-26–mediated activation of vascular endothelial cells

	Discussion
	Materials and Methods
	Cell culture and reagents
	Antibodies
	Mice
	IMQ-induced psoriasis model
	Clinical samples
	Proliferation assay for HUVECs
	Tube formation assay
	Aortic ring assay
	Methods for immunofluorescence staining and immunohistochemical staining of skin sections, quantitative real-time reverse t ...
	Statistics
	Study approval

	Conflicts of Interests
	Acknowledgments
	Supplementary Material
	References


	Santos MF J Cell Mol Med. 2019
	Mezawa Y Cancer Med 2019 May 29 Epub ahead of print
	Hatano R PLoS One. 2019 14(6) e0218330
	Hatano R MAbs 2019 11(8) 1428-1442
	Abstract
	Introduction
	Results
	Development of novel neutralizing anti-human IL-26 mAbs
	The inhibitory effect of the novel anti-IL-26 mAbs on cell surface ICAM-1 expression on IL-26-stimulated COLO205 cells
	The inhibitory effect of the novel anti-IL-26 mAbs on STAT3 phosphorylation in IL-26-stimulated COLO205 cells
	The inhibitory effect of the novel anti-IL-26 mAbs on FGF7 and VEGF expression in IL-26-stimulated HaCaT cells
	The inhibitory effect of the novel anti-IL-26 mAbs on proliferation and tube formation of IL-26-stimulated HUVEC
	Lack of effect on the antimicrobial activity of IL-26 by the novel anti-IL-26 mAbs
	Anti-IL-26 mAb administration suppresses skin inflammation by inhibiting angiogenesis and infiltration of inflammatory cells in psoriatic lesions of IMQ-treated hIL-26Tg mice

	Discussion
	Materials and methods
	Cell culture
	Antibodies and reagents
	Mice
	Development of hybridomas and monoclonal anti-human IL-26 antibodies
	ELISA
	Flow cytometry
	Western blotting
	Quantitative real-time RT-PCR
	Proliferation assay for HUVEC
	Tube formation assay
	Binding assay
	CFU assay
	IMQ-induced psoriasis model
	Statistics
	Study approval

	Abbreviations
	Acknowledgments
	Disclosure statement
	Funding
	References

	Hayashi M Cancers(Basel) 2019 11(8) E1138
	Introduction 
	Results 
	Cytotoxicity of Triptolide and TR-1 against MM and Leukemia Cell Lines 
	Conjugation of YS110 and TR-1, the Drug Antibody Ratio of Y-TR, and the Binding Activity of Y-TR1 to CD26-Positive Cell Line 
	In Vitro Cytotoxicity of Y-TR1 against MM and Leukemia Cell Lines 
	Nucler Translocation of Y-TR1 
	Apoptosis Assay 
	Effects of Triptolide and Y-TR1 on Heat Induction of HSP70 in CD26-Positive MM Cells 
	In Vivo Anti-Tumor Effect of Y-TR1 

	Discussion 
	Materials and Methods 
	Reagents and Antibodies 
	Conjugation Protocols 
	Cell Culture 
	Mass Spectrometry Assay 
	Binding Assay 
	Cytotoxicity Assay 
	Western Blotting 
	Immunofluorescence Staining 
	Apoptosis Assay 
	Heat Induction of HSP70 and Real Time PCR Assay 
	In Vivo Efficacy Assay and Toxicity Study 
	Statistics 
	Study Approval 

	Conclusions 
	Patents 
	References

	Takeda M Lung Cancer 2019 137 64-70
	Phase I study of YS110, a recombinant humanized monoclonal antibody to CD26, in Japanese patients with advanced malignant pleural mesothelioma
	Introduction
	Material and methods
	Patients
	Study design
	Safety assessment
	Pharmacokinetics
	Efficacy assessment
	Pharmacodynamics
	Statistical analysis

	Results
	Patient characteristics
	Safety
	Pharmacokinetics
	Immunogenicity
	Efficacy
	Pharmacodynamics

	Discussion
	Author contributions
	Conflict of Interest Statement
	Acknowledgments
	Supplementary data
	References


	Sato T Scientific reports 2019 9(1) 18094
	DPP8 is a novel therapeutic target for multiple myeloma

	Results

	Cytotoxic effects of DPP4 inhibitors against multiple myeloma cell lines. 
	Anti-myeloma activity of DPP8/9 inhibitor. 
	DPP8 as a target of myeloma therapy. 

	Discussion

	Methods

	Cell culture. 
	Reagents. 
	Cellular cytotoxicity. 
	DPP4 activity. 
	In vivo studies. 
	Myeloma cells from patients. 
	Flow cytometry. 
	Gene expression database. 
	Preparation of siRNAs. 
	Transfection of siRNAs. 
	Western blot analyses. 
	Statistical analysisn. 

	Acknowledgements

	Figure 1 Cytotoxic effects of DPP4 inhibitors against multiple myeloma cell lines.
	Figure 2 Anti-myeloma activity of DPP8/9 inhibitor.
	Figure 3 DPP8 as a target of myeloma therapy.


	Ohnuma Mod Rheumatol 2019 29(5) 721-732
	Abstract
	Introduction
	Normal immune response and immune homeostasis
	Mechanism of action of immune checkpoint inhibitors
	Anti-cytotoxic T-lymphocyte-associated antigen 4 inhibitors
	Anti-programmed cell-death protein-1 inhibitors
	Anti-programmed cell-death protein-ligand 1 inhibitors
	Combined therapy

	Immune-related adverse events
	Arthritis
	Inflammatory and non-inflammatory muscle disease
	Other rheumatic immune-related adverse events
	Non-rheumatic immune-related adverse events
	Immune-related adverse events with preexisting rheumatic diseases

	Management of immune related adverse events in cancer treatment
	Conclusions
	Conflict of interest
	References


	JO2019-6084012
	01.Reply to 'MUC4 staining in sarcomatoid
	Reply to ‘MUC4�staining in sarcomatoid carcinomas’ by Berg et�al
	Outline placeholder
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References


	02.Droplet digital PCR as a novel system for the detection
	03.Physician requests by patients
	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Data analysis
	Ethical considerations

	Results
	Requests to the physician
	Understandable explanations to meet patient’s needs
	Patient-centered treatment
	Need for improvement of treatment and a support system for MPM
	Emotional support
	Customize “breaking the bad news”
	Dedication to the treatment of MPM


	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethical approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

	07.Small intestinal intussusception in an adult
	Small intestinal intussusception in an adult
	Clinical question
	What is your diagnosis?
	Discussion
	Answer
	References


	08.Clinical Efficacy and Safety
	11.Immunocheckpoint Blockade in Malignant
	12.Serum levels of the chemokine
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Assay method
	Statistics

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

	岩尾憲明　BioClinica 8(1) 128-133 2019  GVHDの発症と慢性炎症
	04.石綿（アスベスト）が人体に与える健康影響
	06.石綿関連疾患の診断と治療
	05.石綿（アスベスト）関連肺・胸膜疾患の的確な診断と新規治療法の導入
	10.胸膜・腹膜疾患への臨床的アプローチ -治療を中心として-

	012奥付




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




