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ABSTRACT

Background Nivolumab showed a survival benefit

for advanced gastric cancer (AGC). However, an
acceleration of tumour growth during immunotherapy,
(hyperprogressive disease, HPD) has been reported in
various cancers. This study reviewed the HPD in patients
with AGC treated with nivolumab or irinotecan.

Methods The subjects of this retrospective study were
patients with AGC with measurable lesions, and their
tumour growth rates (TGR) during nivolumab or irinotecan
were compared with those during prior therapy. HPD was
defined as an increase in TGR more than twofold.
Results 34 and 66 patients received nivolumab and
irinotecan in third or later line between June 2009 and
September 2018 at our hospital; 22 patients receiving
nivolumab had prior treatment with irinotecan, and one
patient received irinotecan after nivolumab. Nivolumab and
irinotecan showed no differences in disease control rates
(38.2% and 34.8%) and in progression-free survival (PFS)
(HR 1.1, 95% Cl 0.7 to 1.6, p=0.802). The incidence of
HPD was slightly higher after nivolumab (29.4%) than after
irinotecan (13.5%) (p=0.0656), showing no differences in
background between the patients with and without HPD.
Compared between HPD and PD other than HPD after
nivolumab, the HRs for PFS and overall survival (0S) were
1.1 (95% Cl 0.5 to 2.7; p=0.756), and 2.1 (95% CI 0.7 to
5.8; p=0.168), but such clear difference in 0S was not
observed after irinotecan.

Conclusions HPD was observed more frequently

after nivolumab compared with irinotecan, which was
associated with a poor prognosis after nivolumab but not
so clearly after irinotecan.

INTRODUCTION

Gastric cancer represents the fifth most
commonly diagnosed cancer and the third-
leading cause of cancerrelated deaths world-
wide. The incidences are markedly high in
Eastern Asia.! At the time of diagnosis, about
half of patients present with unresectable,
locally advanced or metastatic disease except
in Japan and Korea which has a nationwide
screening system for gastric cancer. Although
various chemotherapeutic agents have been
developed to improve prognosis, the clinical
outcome of advanced gastric cancer (AGC)

Key questions

What is already known about this subject?

» While hyperprogressive disease (HPD) was observed
in 9%—29% of patients with various advanced can-
cers during treatment with programmed cell death
(PD-1)/PD-L-1 inhibitors, PD-1/PD-L-1 therapy in-
duces HPD more frequently than single-agent cyto-
toxic chemotherapy in lung cancer. HPD was also
reported to be associated with worse prognosis.

What does this study add?

» In our study, HPD was observed in 29.4% of patients
after nivolumab, more frequently than after irino-
tecan (13.5%) as in third—or later lines chemo-
therapy for advanced gastric cancer. HPD induced
after nivolumab was associated with poor survival,
but not so clearly after irinotecan. Progression-free
survival (PFS) of patients with HPD was shorter af-
ter nivolumab than that after irinotecan, and same
trend has been also seen in patients with PD oth-
er than HPD. On the contrary, among the patients
who obtained disease control (partial response and
stable disease), nivolumab showed longer PFS than
irinotecan.

How might this impact on clinical practice?

» Itis clinically important to take the risk of hyperpro-
gression during treatment with nivolumab into con-
sideration when selecting third-line chemotherapy.

remains poor with a median overall survival
(OS) of 1 year.

Combination of platinum compounds
and fluoropyrimidines is the most common
first-line treatment for patients with AGC
as recommended by the treatment guide-
lines,”® and trastuzumab is added if tumour
shows overexpression of the HER2 protein.’
After failure of the firstline treatment,
combination therapy of paclitaxel and the
vascular endothelial growth factor receptor
2 antibody ramucirumab is recommended as
a second-line treatment regardless of HER2
expression.” There was no global consensus
on a standard third-line treatment until 2017,
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while irinotecan monotherapy was recommended for
some cases according to the patient’s condition in the
Japanese treatment guideline.”

Nivolumab is a programmed cell death (PD)-1 immune
checkpoint inhibitor, which enhances antitumour T-cell
activity. The phase III trial, ATTRACTION-2, showed a
survival benefit of nivolumab over placebo as the third-line
or later-line treatment for patients with AGC (HR 0.63;
95% CI 0.51 to 0.78; p<0.0001).* The median OS was 5.26
months in the nivolumab group and 4.14 months in the
placebo group. The 12 months OS rates were 26.2% with
nivolumab and 10.9% with placebo. In 2017, nivolumab
was approved for AGC with refractory to, or intolerant
of at least two previous chemotherapy regimens in Japan.
However, the response rate (RR) was as low as 10% and
progression-free survival (PFS) curve of more than half of
the patients overlapped with the placebo.

The tumour growth rate (TGR) is used to estimate
the increase in tumour volume.” Progression with TGR
larger than double compared with that during previous
treatment is called hyperprogressive disease (HPD)."
There are some reports of HPD during anti-PD-1/PD-L1
therapy, which was identified in 9% of 131 patients with
various types of cancers including melanoma, lung, renal
and colorectal cancer,'” in 29% of 84 patients with head
and neck cancer,'' and in 14% of 406 patients with lung
cancer.'”” HPD was reported to be associated with worse
prognosis in various types of cancers.

However, the frequency and clinical outcomes of HPD
in patients with AGC treated with immunotherapy and
cytotoxic agents are little known. The aim of this study
was to review the prevalence, background and clinical
outcomes of HPD in patients with AGC treated with

nivolumab or irinotecan. In addition, we compared the
treatment outcomes of HPD between the two cohorts
treated with nivolumab and irinotecan.

METHODS
Patients and treatment
The source of the subjects of this retrospective study was
patients with AGC who were treated with nivolumab or
irinotecan as the third or later line at our institution
between June 2009 and September 2018, including
patients who received both nivolumab and irinotecan.
The selection criteria were as follows: (1) 20 years or
older; (2) histologically confirmed unresectable advanced
or recurrent gastric/gastro-oesophageal junction adeno-
carcinoma; (3) at least one measurable lesion according
to RECIST V.1.1 which had to be assessed at least three
times (during prior therapy, immediately before and after
initiating nivolumab or irinotecan) and (4) refractory
to, or intolerant to at least two previous chemotherapy
regimens (must be refractory to immediately previous
chemotherapy). Patients who had received previous
immunotherapy were excluded from the cohort treated
with nivolumab

Tumour growth rate

To calculate TGR, information of CT scans assessing
measurable disease before and during treatment with
nivolumab or irinotecan was used. TGR was calculated
using the following formula: TG=3 Log(Dt/D0) /t, where
tis the interval time (months) between two CT scans and
0 means baseline; D is the sum of the largest diameters of
the target lesions as per RECIST V.1.1 (new lesions and

Advanced gastric cancer patientsreceived nivolumab or irinotecan as the
3rd or later line at our institution between June 2009 and September 2018.

Nivolumab N=69 Irinotecan N=108

Exclusion
28 no target lesion

7 not assessed at least 3 times
(during prior therapy, immediately
before and after nivolumab)

Nivolumab Cohort

Exclusion
30 no target lesion

8 not assessed at least 3 times
(during prior therapy, immediately
before and after irinotecan)

Irinotecan Cohort

N=34
N=66
Received only _ Received both N=4 Received only
Nivolumab N=30 Irl.notecan=>N|§f0Iumab N=3 Irinotecan N=62
Nivolumab=Irinotecan N=1

Figure 1 Flow chart of study selection process.
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non-measurable lesion were not included). Where R is
the radius of one virtual sphere lesion with size D, the
tumour volume (V) is approximated by V=4/3 x @ x R’.
Assuming the tumour growth follows an exponential law,
the tumour volume at time t (Vt) can be calculated by
the formula: Vt=V0 exp(TG.t), where V0 is the volume at
baseline and TG is the growth rate. Finally, TGR, repre-
sented as a percentage increase in tumour volume during
1 month, is obtained by the following transformation:
TGR=100 [exp(TG)-1], where exp(TG) represents the
exponential of TG."” " Finally, TGR was compared
before and after nivolumab or irinotecan treatment, and
more than twofold increase in the TGR after nivolumab
or irinotecan compared with prior therapy was defined
as HPD."" Tumour response was assessed according to
RECIST V.1.1. Responses other than HPD including
complete and partial response (PR), stable disease (SD),
PD with TGR less than twofold increase was defined as
non-HPD.

Statistical analysis

Background characteristics at the initiation of treatment
between nivolumab and irinotecan, and those between
and HPD and non-HPD in each therapy were compared
using the Fisher's exact test, t-test. OS was defined as the
time from initiation of nivolumab or irinotecan until the
date of death from any cause or censored at the latest
follow-up for surviving patients. PFS was defined as the
time from initiation of nivolumab or irinotecan until
detection of disease progression or death and survivors
without disease progression were censored at the last
contact. OS and PFS curves were estimated using the
Kaplan-Meier method and compared by the log-rank test.
HR was estimated using the Cox proportional hazards
model. Statistical analyses were performed using the EZR
software for Windows version V.1.37

RESULTS

The source of the subjects was 69 and 104 patients
treated with nivolumab and irinotecan at our hospital
between June 2009 and September 2018, and a total
of 34 patients receiving nivolumab and 66 patients
receiving irinotecan whose TGR just before and
during nivolumab or irinotecan could be calculated
were included in this study (figure 1). Within the 34
patients receiving nivolumab, 22 had received irino-
tecan as prior treatment. Nineteen of these 22 patients
had received irinotecan at other institutions and their
TGR before irinotecan could not be obtained. The
remaining three patients who received nivolumab after
irinotecan and another patient who received irinotecan
after nivolumab at our hospital were included in both
cohorts. The backgrounds of the patients at the initia-
tion of each treatment are listed in the table 1. There
were more prior chemotherapy regimens at initiating
nivolumab than irinotecan (p<0.0001).

Table 1 Patient characteristics at initiation of nivolumab
and irinotecan treatments
P value
Nivolumab Irinotecan (Fisher's
Total N=34 N=66 exact test)
Sex
Male 26 (76.5%) 53 (80.3%) 0.796
Female 8(23.5%) 13 (19.7%)
Age
Median (range) 67 (561-84) 66 (41-77)
Performance status
(PS)
PS 0 3 (8.8%) 9 (13.6%) 0.746
>1 31 (91.2%) 57 (86.4%)

Histological type

Intestinal 21(61.8%) 37 (56.0%) 0.83
Diffuse 13 (38.2%) 26 (44.0%)

HER?2 status
Negative 24 (80.0%) 34 (69.4%) 0.307
Positive 6(20.0%) 15 (30.6%)

Disease status
Recurrent 18 (52.9%) 19 (28.8%) 0.0281
Stage IV 16 (47.1%) 47 (71.2%)

Peritoneal metastasis
Absent 16 (47.1%) 38 (57.6%) 0.398
Present 18 (52.9%) 28 (42.4%)

No of metastatic sites
1 4(11.8%) 12(18.2%) 0.285
>2 30 (88.2%) 54 (81.8%)

No of prior

chemotherapy lines
<3 10 (29.4%) 62 (93.9%) <0.0001
>3 24 (70.6%) 4 (6.1%)

Agents contained in

prior chemotherapy
Fluoropyrimidine 34 (100%) 66 (100%)
Platinum 31(91.2%) 60 (90.9%) 1.000
Taxane 33(97.1%) 62 (93.9%) 0.659
Ramucirumab 13 (38.2%) 20 (30.3%) 0.502
Irinotecan 22 (64.7%) 0 (0%)
Immune check point 0 (%) 1(1.5%)
inhibitor

ALP (U/L)
<360 17 (50.0%) 38 (57.6%) 0.528
>360 17 (50.0%) 28 (42.4%)

ALP, alkaline phosphatase.

After initiation of nivolumab, the median follow-up
period of survivors was 4.4 months (range: 0.5-33.8).
The median OS was 3.9 months (95% CI 2.3 to 6.8),
and the median PFS was 1.4 months (95% CI 0.8 to
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Figure 2 Kaplan-Meier plots for progression-free (PFS) and overall (OS) survival. Red lines indicate PFS and black lines
indicate OS. (A) All patients after initiation of nivolumab treatment. (B) All patients after initiation of irinotecan treatment.

1.8) (figure 2). Two PR were achieved in the two out
of 34 patients receiving nivolumab, resulting in an RR
0of 5.9% (95% CI 0.7% to 19.7%). A total of 21 patients
(61.8%) showed PD, 10 of which were classified as HPD
(29.4%) (table 2). There was no difference in baseline
characteristics at the initiation of nivolumab between
patients with HPD and non-HPD (table 3). Six patients
with non-HPD received post-treatment, and one patient
with HPD did. We investigated prognosis according
to the response: HPD, PD other than HPD, SD, PR
(figure 3). The median PFS was 0.9 months (95% CI
0.3 to 1.4) in patients with HPD, 0.8 months (95% CI
0.5 to 1.5) with PD other than HPD, 5.5 months (95%
CI 1.4 to 11.5) with SD and 14.8 months (95% CI 14.8
to not available (NA)) with PR. The median OS was
2.1 months (95% CI 1.2 to 3.6) in patients with HPD,
3.1 months (95% CI 1.1 to 6.8) with PD other than
HPD, 8.2 months (95% CI 3.6 to 16.8) with SD and
18.6 months (95% CI 18.6 to NA) with PR. Compared
between HPD and PD other than HPD, the HRs for
PFS and OS were 1.1 (95% CI 0.5 to 2.7; p=0.756), and
2.1 (95% CI 0.7 to 5.8; p=0.168). The median PFS and
OS of the all patients with non-HPD were 1.7 months
(95% CI 1.0 to 5.5) and 5.5 months (95% CI 3.2 t0 9.9).
Compared between HPD and non-HPD, the HRs for
PFS and OS were 3.4 (95% CI 1.5 to 8.0; p=0.00426)

Table 2 Summary of responses

Irinotecan N=66

Total Nivolumab N=34 (%) (%)

PR 2 (5.9) 4(6.1)
SD 11 (32.4) 19 (28.8)
PD 21 (61.8) 43 (65.2)
HPD 10 (29.4) 9 (13.5)

RR (95% Cl)
DCR (95% Cl)

5.9% (0.7 to 19.7)
38.2% (22.2 to 56.4)

6.1% (1.7 to 14.8)
34.8% (23.5 to 47.6)

DCR, disease control rate; HPD, hyperprogressive disease;PD,
progressive disease; PR, partial response; RR, response rate; SD,
stable disease.

and 4.7 (95% CI 1.8 to 12.7; p=0.00195) (online supple-
mentary figure 1).

After initiation of irinotecan, the median follow-up
period of survivors was 5.3 months (range: 2.4-33.7).
The median OS was 7.0 months (95% CI 4.5 to 7.9) and
the PFS was 2.2 months (95% CI 1.9 to 3.0) (figure 2).
A total of 4 out of 66 patients receiving irinotecan
achieved response resulting in an RR of 6.1% (95% CI
1.7% to 14.8%). A total of 43 patients (65.2%) showed
PD, nine of which were classified as HPD (13.5%)
(table 2). No significant differences in baseline char-
acteristics at initiation of irinotecan were observed
between patients with HPD and non-HPD (table 4).
Although the frequency was low, 3 patients with HPD
and 13 patients with non-HPD patients received
post-treatment. Prognosis according to the response:
HPD, PD other than HPD, SD and PR are shown in
figure 4. The median PFS was 2.1 months (95% CI 0.5
to 2.3) in patients with HPD, 1.8 months (95% CI 1.4
to 2.1) with PD other than HPD, 4.5 months (95% CI
3.9 to 5.3) with SD and 11.0 months (95% CI 8.1 to NA)
with PR. The median OS was 7.3 months (95% CI 1.0 to
8.5) in patients with HPD, 4.2 months (95% CI 3.2 to
5.0) with PD other than HPD, 8.4 months (95% CI 7.3
to 11.0) with SD and 16.4 months (95% CI 11.0 to NA)
with PR. Compared between HPD and PD other than
HPD, the HRs for PFS and OS were 1.0 (95% CI 0.5 to
2.1; p=0 .975), and 0.9 (95% CI 0.4 to 2.0; p=0 .742).
The median PFS and OS of non-HPD were 2.3 months
(95% CI 1.8 to 3.7) and 7.0 months (95% CI 4.5 to 8.4).
Compared between HPD and non-HPD, the HRs for
PFS and OS were 2.1 (95% CI 1.0 to 4.4; p=0.0547) and
1.5 (95% CI 0.7 to 3.4; p=0.341) (online supplementary
figure 2).

Comparison between nivolumab and irinotecan

While the proportions of PD in overall population after
both treatments were similar (table 2), the incidences of
HPD were slightly higher after nivolumab (29.4%) than
after irinotecan (13.5%) (p=0.0656). Similarly, there was
no difference in PFS between nivolumab and irinotecan
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Table 3 Patient characteristics at initiation of nivolumab treatment according to HPD status

HPD Non-HPD P value OR
Total N=10 N=24 (Fisher's exact test) (adjusted) 95% CI P value
Sex
Male 8 (80.0%) 18 (75.0%) 1.000
Female 2 (20.0%) 6 (25.0%)
Age
Median (range) 66 (55-83) 67 (51-84)
Performance status (PS)
PS 0 1(10.0%) 2 (8.3%) 1.000
>1 9 (90.0%) 22 (91.7%)
Histological type
Intestinal 6 (60.0%) 15 (62.5%) 1.000
Diffuse 4 (40.0%) 9 (37.5%)
HER2 status
Negative 7 (70.0%) 18 (85.7%) 0.358
Positive 3 (30.0%) 3 (14.2%)
Disease status
Recurrent 4 (40.0%) 14 (58.3%) 0.457 Reference
Stage IV 6 (60.0%) 10 (41.7%) 0.396 0.02t0 8.51 0.554
Peritoneal metastasis
Absent 5 (50.0%) 14 (58.3%) 1.000
Present 5 (50.0%) 10 (41.7%)
No of metastatic sites
1 1(10.0%) 3 (12.5%) 1.000
>2 9 (90.0%) 21 (87.5%)
No of prior chemotherapy lines
<3 4 (40.0%) 6 (25.0%) 0.431 Reference
>3 6 (60.0%) 18 (75.0%) 1.520 0.18to0 12.80 0.702
Agents contained in postchemotherapy
Fluoropyrimidine 0 (0%) 2 (8.3%) 1.000
Platinum 0 (0%) 2 (8.3%) 1.000
Taxane 0 (0%) 1(4.2%) 1.000
Ramucirumab 0 (0%) 4 (16.7%) 0.296
Irinotecan 1(10.0%) 0 (0%) 0.294
ALP (U/L)
<360 3 (30.0%) 14 (58.3%) 0.259 Reference
>360 7 (70.0%) 10 (41.7%) 0.174 0.01t02.73 0.213

ALP, alkaline phosphatase; HPD, hyperprogressive disease.

in overall population (median PFS: 1.4 months (95%
CI 0.8 to 1.8) after nivolumab and 2.2 months (95% CI
1.9 to 3.0) after irinotecan, HR 1.1, 95% CI 0.7 to 1.6,
p=0.802) (table 5). Interestingly, PFS was shorter after
nivolumab than after irinotecan in the patients with
HPD (median PFS: 0.9 months (95% CI 0.3 to 1.4) after
nivolumab and 2.1 months (95% CI 0.5 to 2.3) after
irinotecan, HR 8.7 (95% CI 1.8 to 41.8), p=0.00671),
which showed similar trend in the patients with PD other

than HPD (median PFS: 0.8 months (95% CI 0.5 to 1.5)
after nivolumab and 1.8 months (95% CI 1.4 to 2.1) after
irinotecan, HR 3.7 (95% CI 1.7 to 8.0), p=0.00098). On
the contrary, although not significantly, PFS was longer
after nivolumab than after irinotecan in the patients with
disease control (PR and SD) (median PFS: 6.4 months
(95% CI 2.4 to 14.8) after nivolumab and 4.8 months
(95% CI 4.1 to 6.4) after irinotecan, HR 0.6 (95% CI 0.3
to 1.2), p=0.155).
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Figure 3 Kaplan-Meier plots for progression-free survival (PFS) and overall survival (OS). Black lines indicate patients with
HPD, red lines indicate patients with PD other than HPD, blue lines indicate patients with SD and green lines indicate patients
with PR. PFS and OS curves after initiation of nivolumab treatment according to HPD, PD, SD and PR. HPD, hyperprogressive
disease; PD, progressive disease; PR, partial response; SD, stable disease.

DISCUSSION

Head-to-head comparison between immune check inhib-
itor and cytotoxic agents has been conducted in the
second-line treatment (Keynote-061 trial)'® and in the
third-line treatment (Javelin Gastric 300 trial) '7 could not
show superiority of immune checkpoint inhibitor over
cytotoxic agents. However, because both immune check
point inhibitors showed equivalent efficacy to cytotoxic
agents, it is very difficult to select an optimal treatment
without established biomarker for selecting immune
checkpoint inhibitors except for very limited fractions
with Epstein-Barr virus positive or microsatellite instability
high among patients with advanced gastric cancer. There-
fore, it is very important in clinical practice to recognise
the risks and benefits comparing between these two kinds
of drugs.

In this retrospective study, HPD was observed in 29.4%
of patients after nivolumab treatment, more frequently
than after irinotecan treatment (13.5%). In previous
reports, HPD during anti-PD-1/PD-L-1 therapy was
observed in 9%—29% in various types of advanced cancers
treated with PD-1/PD-L-1 inhibitors."""* While the
proportion of HPD differed based on cancer types, the
results shown here for gastric cancer seem to be consis-
tent with previous reports for other cancer types. Among
lung cancer, 14% of 406 patients treated with PD-1/
PD-L-1 were classified as HPD and 5.1% of 59 patients
treated with single-agent chemotherapy were classified as
HPD.'? These results suggest that nivolumab therapy may
induce HPD more frequently than single-agent cytotoxic
chemotherapy also in patients with AGC.

Although HPD was reported to be associated with higher
age,'"’ '® locoregional recurrence'' and high number

of metastatic sites'® in other cancers. In this study, the
average tumour burden and the level of alkaline phos-
phatase were not significantly different between patients
with HPD and non-HPD either after nivolumab or after
irinotecan. It is suggested that no particular patient char-
acteristics were related with HPD in AGC.

In this study, patients with HPD showed shorter OS
than non-HPD patients after nivolumab treatment, but
there was no such clear difference observed after irino-
tecan treatment. Actually, a phase III study, comparing
nivolumab with docetaxel in previously treated patients
with advanced non-squamous non-small cell lung cancer
(NSCLC), showed an initial benefit in favour of docetaxel
regarding survival while 14 deaths were observed during
the first 3 months in the nivolumab arm." Recently,
Ferrara et al reported that advanced NSCLC patients
treated with PD-1/PD-L1 inhibitors and experiencing
HPD within the first 6 weeks showed significantly shorter
OS compared with patients who showed PD other than
non-HPD (median 3.4 vs 6.2 months).'? Although there
were some differences in background between nivolumab
and irinotecan, our results suggest that HPD induced
after nivolumab may be associated with poor survival of
patients with AGC, but not so clearly after ininotecan.

Several previous studies assessed the efficacy of irino-
tecan treatment as third line or later were reported™ >
and showed that the median OS was 4.0-6.6 months
which looks similar to our results, while the efficacy of
nivolumab in this study seemed slightly worse compared
with the phase III trial because practically nivolumab was
given to many patients even with poor condition who had
been waiting for approval of nivolumab in 2017. Since
this study included patients receiving irinotecan before
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Table 4 Patient characteristics at initiation of irinotecan treatment according to HPD status

HPD Non-HPD P value OR
Total N=9 N=57 (Fisher's exact test) (adjusted) 95% CI P value
Sex
Male 6 (88.9%) 47 (82.5%)  0.364
Female 3 (11.1%) 10 (17.5%)
Age
Median (range) 64 (53-75) 66 (41-77)
Performance status (PS)
PSO 1(11.1%) 8 (14.0%)  1.000
>1 8 (88.9%) 49 (86.0%)
Histological type
Intestinal 4 (44.4%) 33 (61.1%) 1.000
Diffuse 5 (565.6%) 21 (38.9%)
HER2 status
Negative 3 (50.0%) 31(72.1%)  0.469
Positive 3 (50.0%) 12 (27.9%)
Disease status
Recurrent 2 (22.2%) 17 (29.8%) 1.000 Reference
Stage IV 7 (77.8%) 40 (70.2%) 2.320 0.38to 14.10 0.361
Peritoneal metastasis
Absent 7 (77.8%) 41 (71.9%) 0.282
Present 2 (22.2%) 16 (28.1%)
No of metastatic sites
1 2 (22.2%) 12 (21.1%) 1.000
>2 7 (77.8%) 45 (78.9%)
No of prior chemotherapy lines
<3 9 (100%) 53 (94.7%)  1.000 Reference
>3 0 (0%) 4 (5.3%) <0.0001 0.00 to Inf 0.994
Agents contained in postchemotherapy
Fluoropyrimidine 2 (22.2%) 5(8.8%) 0.241
Platinum 2 (22.2%) 4 (7.0%) 0.186
Taxane 0 (0%) 3 (5.3%) 1.000
Ramucirumab 1(11.1%) 4 (7.0%) 0.531
Immune check point inhibitor 0 (%) 4 (7.0%) 1.000
ALP (U/L)
<360 7 (77.8%) 31 (54.4%) 0.282 Reference
>360 2 (22.2%) 26 (45.6%) 0.215 0.04to1.26 0.09

ALP, alkaline phosphatase; HPD, hyperprogressive disease.

approval of nivolumab, the nivolumab cohort had more
prior chemotherapy including irinotecan. Therefore, it
may not be appropriate to compare directly both treat-
ments, especially for OS. However, it is important to
note that the PFS of patients with HPD was worse after
nivolumab than after irinotecan. Same trend has been
also seen in patients with PD other than HPD. On the
contrary, among the patients who obtained disease
control (PR and SD), nivolumab showed longer PFS than
irinotecan. Thus, while it is very difficult to speculate

which is superior as the third or later lines treatment,
nivolumab or irinotecan, for AGC, the risk and benefit
of nivolumab should be taken into consideration when
selecting third-line chemotherapy, either irinotecan or
nivolumab. Biomarkers for selecting either nivolumab or
irinotecan in terms of efficacy (disease control) and resis-
tance (disease progression) should be established.

HPD after anti-PD-1/PD-L-1 therapy might result from
several physiological mechanisms derived from the pleio-
tropic effects of the factors involved in immunity and the
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Figure 4 Kaplan-Meier plots for progression-free survival (PFS) and overall survival (OS). Black lines indicate patients with
HPD, red lines indicate patients with PD other than HPD, blue lines indicate patients with SD and green lines indicate patients
with PR. PFS and OS curves after initiation of irinotecan treatment according to HPD, PD, SD and PR. HPD, hyperprogressive
disease; PD, progressive disease; PR, partial response; SD, stable disease.

redundancy of the immune signalling pathways.*® First,
PD-L-1 blockade upregulates T-regulatory (Treg) cell
activity.** ® Second, compensatory T-cells are exhausted
by PD-L1 blockade. In patients with lung cancer treated
with anti-PD-1/PD-L-1 antibodies, aberrant proliferation
of peripheral exhausted CD4 +T cells was observed in
patients with HPD.?® Third, tumour-promoting cells are
modulated. Interferon vy released by PD-1 blockade may
have detrimental effects on immunity.”” #* In addition,
tumour tissues with high myeloid-derived suppressor cells
(MDSCs) infiltration are related to poor prognosis and

resistance to various therapies. In our previous report of
gastric cancer, patients with high granulocytic MDSCs
showed significantly shorter PFS than those with low
granulocytic MDSCs.”” Fourth, immune system-induced
inflammation may contribute to tumour growth through
angiogenesis and tissue remodelling by producing
growth factors and matrix metalloproteinases.”*™ Fifth,
an oncogenic pathway in cancer cells is activated by
PD-1 blockade. Basic research using mice model showed
that PD-1/PD-L-1 blockade can directly lead to tumour
progression®** . Although the mechanisms of HPD have

Table 5 Comparison of PFS between nivolumab and irinotecan according to response

No of patients median PFS (month)

(95% CI) HR
Response Nivolumab Irinotecan (95% CI) P value
All N=34 N=66 1.1 (0.7 to 1.6) 0.802
1.4 (0.8 t0 1.8) 2.2 (1.9t0 3.0)
Non-PD (PR+SD) N=13 N=23 0.6 (0.3t01.2) 0.155
6.4 (2.4 to 14.8) 4.8 (4.1t06.4)
PR N=2 N=4 0.3 (0.03 to 2.4) 0.229
14.8 (14.8 to NA) 11.0 (8.1 to NA)
SD N=11 N=19 0.6 0.188
5.5(1.4 to 11.5) 4.5(3.9105.3) (0.2t0 1.3)
PD N=21 N=43 4.3 (2.3t08.2) <0.0001
0.8 (0.6 to 1.4) 1.9 (1.6 to 2.1)
PD other than HPD N=11 N=34 3.7 (1.7 to0 8.0) 0.00098
0.8 (0.5to0 1.5) 1.8 (1.4 to0 2.1)
HPD N=10 N=9 8.7 (1.8 t0 41.8) 0.00671

0.9 (0.3 to 1.4)

2.1 (0.5 to 2.3)

HPD, hyperprogressive disease; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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been studied, there are many aspects to be elucidated.
Thus, itis important that future studies include analysis of
sample such as tumour biopsy or peripheral blood from
patients with HPD before, during, and after treatment.

This study had several limitations due to its retrospec-
tive nature and that was based on a single institution.
The sample size was also small and patient’s background
could not be adjusted statistically enough. We are now
conducting a multicentre retrospective study with a larger
sample size investigating the clinical outcomes, including
HPD, after nivolumab. Because many patients received
nivolumab after irinotecan and some patients were
included in both cohorts, the OS could not be compared
between the two therapies, and the PFS might be affected
by lines of therapy. Finally, we did not perform biomarker
analysis using tissues and blood which could lead to the
discovery of more HPD mechanisms. We are currently
conducting a translational research collecting blood and
tissue samples before, during, and at disease progres-
sion in patients receiving nivolumab in the West Japan
Oncology Group.

In conclusion, HPD was observed more frequently after
nivolumab compared with irinotecan, which was associ-
ated with a poor prognosis after nivolumab but not so
clearly after irinotecan. Further research on a large popu-
lation is needed in order to validate our results in gastric
cancer and to find the molecular mechanisms of HPD.
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