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ABSTRACT

Introduction: YS110, a humanized monoclonal antibody
with a high affinity to CD26, exhibited promising antitumor
activity and was generally well-tolerated in the phase 1 part
of a phase 1 and 2 Japanese trial in patients with malignant
pleural mesothelioma (MPM). Here we report the results of
the phase 2 part of the study.

Methods: The patients included were aged 20 years and
older, had histologically confirmed MPM, were refractory to
or intolerant of existing antineoplastic agents, and were not
candidates for standard therapy. YS110 6 mg/kg, deter-
mined in the phase 1 dose-determination part, was given in
6-weekly cycles (5 � once-weekly infusions, followed by a
1-wk rest).

Results: The study included 31 patients (median age ¼ 68
y, 90.3% men); 64.5% had stage IV MPM, 90.3% had
greater than or equal to 20% CD26 expression in tumor
tissue, and 38.7% (12 patients) had previously received
nivolumab. The 6-month disease control rate was 3.2%.
The best overall response was partial response in one pa-
tient and stable disease in 14 patients. The median
progression-free survival was 2.8 months (both in patients
who had and had not previously received nivolumab—
groups A and B, respectively). Respective progression-free
survival rates at 6 months were 9.1% and 31.6% in
groups A and B. The median overall survival was 9.7
months. A total of 30 patients (96.8%) had at least one
adverse event. Common treatment-related adverse events
were infusion-related reaction (16.1%), hiccups (9.7%), and
interstitial lung disease (9.7%). There were no treatment-
related deaths.
Conclusions: The 6-month disease control rate did not
exceed the predefined threshold, but YS110 revealed
modest efficacy in response rate as salvage therapy in
difficult-to-treat patients with MPM. YS110 was generally
well tolerated.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: YS110; Malignant mesothelioma; Phase 2; CD26;
Japanese
Introduction
Malignant pleural mesothelioma (MPM) is a relatively

rare but aggressive malignancy that is generally associ-
ated with a very poor prognosis.1,2 Surgery, chemo-
therapy, and radiation therapy are the anticancer
treatment options available for patients with MPM, and
multimodal treatment has been noted to be the most
effective approach, but only benefits selected patients
with favorable disease subtypes. Most patients with
MPM present with extensive disease and receive pallia-
tive chemotherapy. Guidelines from the National
Comprehensive Cancer Network recommend vinor-
elbine, gemcitabine, and pemetrexed as second-line
treatment options if not administered in the first line.3

However, treatment for MPM beyond first-line therapy
is still unsatisfactory owing to limited efficacy. The most
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recent update to the National Comprehensive Cancer
Network guidelines also includes the added recommen-
dation to consider using pembrolizumab or nivolumab,
alone or in combination with ipilimumab, as subsequent
treatment options for patients with MPM.3 In Japan,
nivolumab was approved as second-line or later therapy
for MPM on the basis of a phase 2 study that reported a
promising overall response rate (29.4%), progression-
free survival (PFS) (median ¼ 6.1 mo), and overall
survival (OS) (median ¼ 17.3 mo) with nivolumab
monotherapy in patients with advanced MPM.4 In
contrast, pembrolizumab as salvage therapy was supe-
rior to chemotherapy in objective response rate, but not
in PFS and OS, in a phase 3 study.5 Because treatment
options for MPM as second-line or later therapy are still
limited, further investigation is warranted to explore
active drugs for MPM.

CD26, a 110-kDa type II transmembrane glycoprotein
with dipeptidyl peptidase IV activity, is overexpressed in
MPM cells but not in benign mesothelial tissue.6,7 CD26
expression is also an important factor associated with
improved survival in patients with MPM who receive
chemotherapy and was closely linked to cell-cycle
regulation, apoptosis, and chemotherapy resistance in
in vitro and microarray studies.7 In addition, CD26 an-
tibodies were found to suppress tumor growth by means
of ubiquitin-specific protease 22 in a preclinical study.8

These findings indicate that CD26 is a potential thera-
peutic target for MPM.

YS110, a humanized monoclonal antibody with a high
affinity to CD26, has exhibited promising antitumor ac-
tivity in phase 1 studies involving French9 and Japa-
nese10 patients with MPM. In the Japanese open-label,
dose-escalation phase 1 study (part of a phase 1 and 2
study), three patients were enrolled into each dose
group of 2, 4, or 6 mg/kg, and each 6-week treatment
cycle consisted of weekly YS110 administration for 5
weeks followed by a 1-week rest period. The best overall
response was partial response (PR) in one of nine pa-
tients and stable disease in four of nine patients, and no
patient developed dose-limiting toxicity (maximum dose
6 mg/kg).10 Given the favorable toxicity profile and
clinical activity of YS110 seen in the phase 1 part of this
study, the phase 2 part of the study was conducted in a
larger group of patients to evaluate the efficacy of this
new drug for MPM.
Materials and Methods
Study Design and Procedure

This was the phase 2 part of a multicenter, open-label,
phase 1 and 2 study (ClinicalTrials.gov: NCT03177668).
The study protocol was almost the same as in the previ-
ously published phase 1 part.10 Patients included were
those aged 20 years and older (no upper limit, unlike
the phase 1 part), had histologically confirmed MPM
with at least one measurable lesion, were refractory to or
intolerant of existing antineoplastic agents, and were not
suitable candidates for standard therapy.

Patients received YS110 6 mg/kg in 6-week cycles
(once-weekly infusions for 5 wk, 1-wk rest), which was
determined in the phase 1 dose-determination part.
Study treatment was continued until patients met
discontinuation criteria, including progressive disease
(PD), the occurrence of intolerable toxicities, or
request by the patient or physician to discontinue.
Prophylactic agents, d-chlorpheniramine maleate,
methylprednisolone, dexamethasone, acetaminophen,
and ranitidine hydrochloride were also administered
to reduce infusion-related reactions on the basis of the
French phase 1 study results.9 Methylprednisolone
could be omitted in the second administration of cycle
one and subsequent administrations. The study was
conducted in accordance with the Declaration of Hel-
sinki and Good Clinical Practice (GCP) guidelines. All
patients provided written informed consent. The study
protocol was approved by the ethics committees of the
participating centers.

Clinical Evaluation
Efficacy outcomes included a 6-month disease control

rate (DCR), DCR, overall response rate (ORR), PFS, and
OS. These end points were chosen on the basis of a
retrospective multicenter survey of second-line chemo-
therapy in MPM.11 Tumor diameter was measured every
6 weeks using computed tomography. Tumor response
was analyzed by the central assessment committee using
Response Evaluation Criteria In Solid Tumors criteria
modified for MPM.12 The 6-month DCR was defined as
the proportion of patients with complete response (CR),
PR, or stable disease at 24 weeks. DCR was defined as
the percentage of patients with CR, PR, or stable disease
as their best overall response. ORR was defined as the
percentage of patients with CR or PR as their best overall
response. PFS was the time from the first treatment date
to PD or death from any cause. OS was the time from the
first treatment date to death from any cause. Safety out-
comes included adverse events (AEs), laboratory tests,
vital signs, and a 12-lead electrocardiogram. AE severity
was evaluated according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (version
4.03). CD26 expression rate was analyzed by immunohis-
tochemical staining using a prototype companion di-
agnostics kit (Nichirei Biosciences Inc., Tokyo, Japan).

Statistical Analysis
A sample size of 30 patients was estimated to confirm

that the lower limit of the two-sided 95% confidence



Table 1. Patient Baseline Demographic and Clinical Characteristics

Characteristic
YS110
6 mg/kg (N ¼ 31)

Nivolumab Treatment History

Previously Treated
(n ¼ 12, 38.7%) Group A

Untreated
(n ¼ 19, 61.3%) Group B

Age (y), median (range) 68 (55–81) 67 (55–81) 68 (57–75)
Sex, n (%)

Male 28 (90.3) 10 (83.3) 18 (94.7)
Female 3 (9.7) 2 (16.7) 1 (5.3)

Tumor histology, n (%)
Epithelioid 26 (83.9) 10 (83.3) 16 (84.2)
Sarcomatoid 2 (6.5) 1 (8.3) 1 (5.3)
Biphasic 3 (9.7) 1 (8.3) 2 (10.5)

CD26 expression in tumor tissue, %
Mean ± SD 71.3 ± 31.44 62.9 ± 35.96 76.6 ± 27.94
<20%, n (%) 3 (9.7) 2 (16.7) 1 (5.3)
�20%, n (%) 28 (90.3) 10 (83.3) 18 (94.7)

ECOG performance status, n (%)
0 12 (38.7) 5 (41.7) 7 (36.8)
1 19 (61.3) 7 (58.3) 12 (63.2)

Tumor stage (IMIG TMN), n (%)
II 3 (9.7) 0 3 (15.8)
III 8 (25.8) 3 (25.0) 5 (26.3)
IV 20 (64.5) 9 (75.0) 11 (57.9)

ECOG, Eastern Cooperative Oncology Group; IMIG, International Mesothelioma Interest Group; TMN, tumor-node metastasis.
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interval (CI) of 6-month DCR would exceed the threshold
of 23% at a statistical power of 80% or higher. This
threshold was defined on the basis of a retrospective
multicenter survey of second-line chemotherapy in MPM.11

The efficacy analysis was performed using the full
analysis set, and the safety analysis was performed using
the safety set. The full analysis set included patients who
had measurable lesions at baseline and were treated
with the study drug at least once, excluding those with
GCP or protocol violations. The safety set included all
patients who received at least one dose of the study
drug, except those with GCP violations.

PFS and OS were analyzed using the Kaplan-Meier
method. To explore further biomarkers that may deter-
mine treatment efficacy, subgroup analyses were per-
formed to investigate the association between MPM
tissue type (epithelioid, sarcomatoid, or biphasic) or
pretreatment and the antitumor efficacy of YS110. For
the second subgroup analysis, responses in patients who
had (group A) and had not (group B) previously received
nivolumab were analyzed. The correlation between
CD26 expression levels and tumor shrinkage or PFS was
also assessed. All statistical analyses used the Statistical
Analysis System version 9.4 (SAS Institute Inc., Cary, NC).
Results
Patient Characteristics

Between June 2018 and March 2019, a total of 38
patients from 12 institutions consented to participate.
Seven patients did not receive YS110 because they did
not meet the eligibility criteria, and the remaining 31
patients received at least one dose of YS110 (Table 1).
The median age was 68 years (range: 55–81). The MPM
histologic subtype was epithelioid in 26 patients,
biphasic in three patients, and sarcomatoid in two pa-
tients. Most patients (64.5%) had stage IV MPM. Most
patients were men (90.3%) and had an Eastern Coop-
erative Oncology Group performance status of 1
(61.3%). In 28 patients (90.3%), CD26 expression in
tumor tissue was at least 20%. All patients had previ-
ously received platinum-based chemotherapy and 12
patients (38.7%) had received nivolumab (Table 1). The
median number of treatment cycles per patient was 2
(range: 1–5). A total of 27 patients continued the study
until PD, and four patients discontinued the study
because of AEs (n ¼ 2), at patient’s request (n ¼ 1), and
as per the investigator’s judgment (n ¼ 1). At data cutoff
on February 7, 2020, a total of 19 patients had died.
Efficacy
At the data cutoff, the median follow-up time was

9.7 months (interquartile range: 4.8–12.2) and 27
progression events had occurred. Of the 31 patients,
the best overall response was PR in one patient, stable
disease in 14, PD in 14 patients, and not assessable in
two patients. The DCR and ORR were 48.4% and 3.2%,
respectively. The patient who achieved PR was a 67-
year-old woman with a baseline Eastern Cooperative



Figure 1. Waterfall plot illustrating the maximum change in tumor size for each patient (N ¼ 31). Of the 31 patients, the best
overall response was PR in one patient, stable disease in 14, PD in 14 patients, and not assessable in two patients. PD,
progressive disease; PR, partial response.
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Oncology Group performance status of 0, epithelioid
MPM, and CD26 expression in tumor tissue of 40%.
She had previously been treated with triple therapy of
pemetrexed, cisplatin, and nivolumab. PR was
observed after one cycle and continued for 4.5
months; the maximum tumor shrinkage was 64%.
Another patient had a long-lasting stable disease (>24
wk) and the 6-month DCR was 3.2% (1 of 31 pa-
tients). A waterfall plot has illustrated that 10 patients
had tumor shrinkage and one of 10 patients satisfied
the criterion for PR (Fig. 1). Seven patients who
Figure 2. Computed tomography scans of the two patients w
treatment and (B) after two cycles of YS110. PR, partial respo
exhibited less than 20% tumor increase in Figure 1
were classified as either PD or not
assessable because of the short interval of evaluation,
the appearance of new lesions, or progression of
nontarget lesions. Computed tomography scans of the
two patients with the most tumor shrinkage are
illustrated in Figure 2A and B.

In the total cohort (N ¼ 31), the median PFS was
2.8 months (95% CI: 1.5–4.2) and the PFS rate at 6
months was 20.6% (95% CI: 7.7–37.7) (Fig. 3A). The
duration of PFS in each patient is illustrated in
ith the most tumor shrinkage. Scans performed (A) before
nse.



Figure 3. Progression-free survival (A) in the total cohort and (B) by previous nivolumab treatment. Overall survival (C) in the
total cohort and (D) by previous nivolumab treatment.
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Supplementary Figure 1. The median OS was 9.7
months (95% CI: 6.9–not reached [NR]), and the OS
rate at 6 and 12 months were 74.2% (95% CI: 55.0–
86.2) and 44.9% (95% CI: 27.1–61.2), respectively
(Fig. 3C). The correlation coefficients between the
CD26 expression levels and tumor shrinkage was
0.075 and between the CD26 expression and PFS was
0.0002 (Fig. 4A and B).

Soluble CD26 and dipeptidyl peptidase-4 (DPP4)
decreased after the first YS110 administration
and thereafter remained low during the study
(Supplementary Fig. 2).
Subgroup Analyses
When efficacy was evaluated in different MPM tissue

types, the median PFS was 3.0, 2.8, and 1.5 months for
patients with epithelioid, biphasic, and sarcomatoid
MPM, respectively.

When efficacy was evaluated by previous nivolumab
exposure, the best overall response in group A (nivolu-
mab-treated group) was PR in one patient and stable
disease in seven patients; the ORR and DCR were 8.3%
and 58.3%, respectively in group A, and were 0% and
42.1%, respectively in group B (nivolumab-untreated
group). The median PFS was 2.8 months (95% CI: 1.4–
5.5) in group A and 2.8 months (95% CI: 1.4–6.9) in
group B (Fig. 3B). The respective 6-month PFS rates in
groups A and B were 9.1% (95% CI: 0.5–33.3) and
31.6% (95% CI: 12.9–52.2), and the respective median
OS was 8.6 months (95% CI: 3.4–NR) and 12.1 months
(95% CI: 4.8–NR) in groups A and B (Fig. 3D). The
respective values for the 6-month OS in groups A and B
were 75.0% (95% CI: 40.8–91.2) and 73.7% (95% CI:



Figure 4. Relationship among CD26 expression in tumor tis-
sue, (A) maximum change in tumor size, and (B) progression-
free survival. Each dot represents an individual patient.
Censored patients were excluded from this analysis.
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47.9–88.1), and 31.3% (95% CI: 8.4–57.8) and 52.6%
(95% CI: 28.7–71.9) for 12-month OS.
Safety
A total of 30 patients (96.8%) experienced at least

one AE, and in 16 patients (51.6%), the events were
related to YS110 (Table 2). The most common
treatment-related AEs (�5% of patients) were infusion-
related reaction (16.1%), hiccups (9.7%), interstitial
lung disease (9.7%), diarrhea (6.5%), and pruritus
(6.5%, Table 2). Treatment-related grade 3 or higher AEs
occurred in four patients (five grade 3 events in three
patients and one grade 4 events in one patient). Six
serious AEs occurred: two cases of interstitial lung dis-
ease and one case each of pneumonia bacterial, tumor
lysis syndrome, hypercapnia, and hypoxia. Three pa-
tients interrupted or postponed treatment because of
AEs (all infusion-related reactions, one accompanied by
vomiting), and two patients discontinued treatment
because of AEs (infusion-related reaction and interstitial
lung disease). There were no treatment-related deaths.

Seven patients developed 10 events judged as
infusion-related by the investigator; these include six
infusion-related reactions, vomiting, seizure, dyspnea,
and rash. These events were experienced by four of 12
patients (33.3%) who had previously received nivolu-
mab and three of 19 patients (15.8%) who had not.

Discussion
This phase 2 part of a phase 1 and 2 study was

conducted as an exploratory evaluation of the safety and
efficacy of YS110 6 mg/kg in patients with advanced-
stage MPM who are resistant to or intolerant of stan-
dard therapy, as YS110 was generally well tolerated at
doses up to 6 mg/kg in Japanese patients in the phase 1
part of the study. In the phase 2 part of this study, the 6-
month DCR did not exceed the predefined threshold of
23%. The best overall response with YS110 was PR,
which was also observed in the phase 1 part.10 Mean-
while, DCR seemed slightly lower than that seen in the
phase 1 part of this study or in the French phase 1 study
(48.4% versus 55.6%10 and 50.0%,9 respectively).
However, three out of 14 patients who had PD as their
best overall response did experience a stable disease
after the completion of the first cycle of YS110 but they
did not meet the predefined time interval to be classified
as stable disease, so DCR may be underestimated in the
phase 2 part of this study. Further studies are warranted
to fully elucidate and clarify the efficacy of YS110 for the
treatment of MPM.

Although YS110 is an antibody against CD26, the
association between CD26 expression and YS110 efficacy
remains unknown from this study. Indeed, several of the
patients who had stable disease had low CD26 expres-
sion. One explanation for this discrepancy is that current
immunohistochemistry techniques may be unable to
estimate CD26 expression in tumor cells correctly. To
date, in vitro data indicate that a humanized monoclonal
antibody against CD26 induces the inhibition of cell
growth in MPM cells by cell-cycle regulation and
repression of transcriptional genes.8,13–15 The inhibitory
effect on CD26-positive cell proliferation in vitro was
more marked in cells exhibiting stronger versus weaker
CD26 positivity.16 In addition, the antitumor effects of
YS110 were exhibited in a CD26-positive, tumor-bearing
mouse model,13 suggesting an association between CD26
expression and anti-CD26 antibody activity in vivo and
in vitro. However, contrary to expectations, no clear as-
sociations were found in the present study. This suggests
that the antitumor activity of YS110 may not only be
linked to the expression of CD26 in tissues but also to
controlling T-cell–dependent effects by inhibiting the



Table 2. AEs in the Safety Set (N ¼ 31)

Event, n (%)

AEs AEs Related to YS110

Any Grade �3 Any Grade �3

Any event 30 (96.8) 18 (58.1) 16 (51.6) 4 (12.9)
AEs occurring in �2 patients

Lymphocyte count decreased 14 (45.2) 14 (45.2) 0 0
Constipation 7 (22.6) 0 0 0
IRR 5 (16.1) 1 (3.2) 5 (16.1) 1 (3.2)
Anemia 4 (12.9) 3 (9.7) 1 (3.2) 0
Diarrhea 4 (12.9) 0 2 (6.5) 0
Nasopharyngitis 4 (12.9) 0 0 0
Hiccups 4 (12.9) 0 3 (9.7) 0
Pruritus 4 (12.9) 0 2 (6.5) 0
Nausea 3 (9.7) 0 1 (3.2) 0
Pyrexia 3 (9.7) 0 1 (3.2) 0
URT infection 3 (9.7) 0 0 0
ILD 3 (9.7) 2 (6.5) 3 (9.7) 2 (6.5)
Hyperglycemia 2 (6.5) 1 (3.2) 0 0
Back pain 2 (6.5) 0 0 0
Insomnia 2 (6.5) 0 0 0
Cough 2 (6.5) 0 0 0
Rash 2 (6.5) 0 1 (3.2) 0

AE, adverse event; ILD, interstitial lung disease; IRR, infusion-related reaction; URT, upper respiratory tract.
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soluble CD26/DPP4 enzyme and then inhibiting cleavage
of the chemokine CXCL10 which is truncated by DPP4
activity.17 In addition, inhibiting the CD26/DPP4 en-
hances CCL11-mediated eosinophil migration into solid
tumors and antitumor response.18 In fact, soluble CD26
and DPP4 both decreased after YS110 administration.

It may be possible to improve the efficacy of YS110
through a more detailed evaluation of the relationship
between CD26 localization and antitumor activity. Some
studies have reported promising results with immune
checkpoint inhibitors for patients with advanced
MPM,4,19 which suggests that controlling immune func-
tion may be important in MPM. To control immune
function, a combination of YS110 and immune check-
point inhibitors may produce synergistic effects. A
combination of these drugs may be safe, as the safety
profile of YS110 is generally different from those of
immune checkpoint inhibitors. However, interstitial lung
disease, which is a known severe adverse drug reaction
with immune checkpoint inhibitors, occurred in three
patients. Although the effects of YS110 on the lung have
not been fully elucidated, the concomitant use of YS110
and immune checkpoint inhibitors should be adminis-
tered with caution. Considering the safety profile of
YS110, other combination therapies, such as CD47/SIRP-
a inhibitors, may be appropriate. Combination therapy
with CD47/SIRP-a and CD20 inhibitors is an exciting and
rapidly developing field. CD47 is highly expressed in
most patients with epithelioid-type malignant mesothe-
lioma.20 However, this combination is more often used
for hematologic malignancies. Blocking CD47/SIRP-a
interactions has been found to promote the destruction
of tumor cells by macrophages21; however, it is not clear
whether MPM cells are destroyed by phagocytosis with
CD47/SIRP-a inhibition. Further studies are needed to
clarify the appropriate combination therapies and the
mechanisms of the antitumor effect of YS110 for MPM.

In this study, 12 patients had previously received
treatment with nivolumab, including the patient who
achieved a PR and four patients who had tumor
shrinkage but did not meet the PR criteria; the resulting
DCR was 58.3% (7 of 12 patients) including six stable
disease patients. YS110 may be more effective in
shrinking the tumor after immune checkpoint inhibitor
use, and similar trends in PFS or OS were observed be-
tween nivolumab-treated and -naive patients in this
study. Some studies have reported improved response
rates to salvage chemotherapy after treatment with im-
mune checkpoint inhibitors in patients with NSCLC.22,23

However, no PFS or OS benefit was observed in these
studies, implying that the impact of immune checkpoint
inhibition on T-cells was short-lived.23 In this respect,
our results are consistent with the data on salvage
chemotherapy after immune checkpoint inhibition in
patients with NSCLC.23 It must be remembered that
survival data (PFS and OS) are affected by previous
lines of therapy and any poststudy treatments the pa-
tients received. Further trials are expected to confirm
whether the effects of YS110 are influenced by
immunotherapy.



June 2021 Phase 2 Study of YS110 in MPM 9
In this study, two patients had severe interstitial lung
disease, causing one patient to discontinue treatment.
This was the only severe treatment-related AE that
occurred in more than one patient. There were no re-
ports of interstitial lung disease in the phase 1 part or in
the French phase 1 study.9,10 Because CD26/DPP4 has
widespread tissue distribution and is expressed in lung
epithelial cells,24,25 the possibility that YS110 was
responsible for the case of interstitial lung disease
cannot be ruled out. However, YS110 has been admin-
istered in only a small number of patients to date, so the
relationship between YS110 and interstitial lung disease
has not yet been elucidated. Although interstitial lung
disease did not cause any deaths in this study, the careful
management of interstitial lung disease should be
considered.

In conclusion, the 6-month DCR did not exceed the
predefined threshold, but YS110 revealed modest effi-
cacy in response rate and revealed a potential disease-
stabilizing activity in PFS and OS in this difficult-to-
treat patient population. YS110 was generally well
tolerated. Further studies are warranted, including a
more detailed evaluation of the relationship between
CD26 localization and efficacy and an investigation of
combination therapy with other antineoplastic agents.
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