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Abstract. Background/Aim: Rapid tumor growth after
administration of immune checkpoint inhibitors is designated
hyper progressive disease (HPD). In this study, besides the
conventional HPD category, we proposed the “super HPD”
category where the disease is naturally rapidly growing.
Patients and Methods: Patients treated for advanced gastric
cancer with irinotecan or nivolumab as a third-line treatment
were retrospectively compared. Results: Eighteen and 26
patients were treated with irinotecan or nivolumab,
respectively. There were 3 HPD cases (16.7%) in the
irinotecan group, 6 cases (23.1%) in the nivolumab group,
and the frequency of HPD was not significantly different.
This article is freely accessible online.
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Two cases satisfied the super HPD definition only in the
nivolumab group. When one of them was analyzed
immunologically, the number of regulatory T cells was found
to be increased, resulting in a low neutrophil-to-lymphocyte
ratio. Conclusion: Our proposed super HPD was likely to
represent a true HPD, with a frequency of 7.7%.

In 2012, phase I clinical trials of anti-PD-1 antibody and
anti-PD-L1 antibody for solid cancer were conducted (1, 2).
Since then, clinical development has progressed, and these
antibodies have been shown to be effective in many cancer
types. In gastric cancer, the ATTRACTION-2 trial has shown
a survival benefit of nivolumab, an anti-PD-1 antibody,
compared to placebo after two or more lines of
chemotherapy (3). Consequently, nivolumab is recommended
for third-line chemotherapy according to the Japanese
guidelines. Further, the single-arm phase II KEYNOTE-059
trial has demonstrated the effectiveness of pembrolizumab,
another anti-PD-1 antibody, in the same setting (4), and
pembrolizumab was more effective in PD-L1 positive
(Combined positive score: CPS≥1) tumors compared to PDL1 negative (CPS<1) tumors. Accordingly, pembrolizumab
has been adopted as a third-line or subsequent therapy for
gastric cancer according to the National Comprehensive
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Cancer Network (NCCN) guidelines. Furthermore,
pembrolizumab showed efficacy in tumors with mismatchrepair deficiency (dMMR) in the phase II trial (5). Although
only one gastric cancer patient was involved in this trial,
NCCN guidelines recommend pembrolizumab for patients
with dMMR gastric cancer.
While an effect has been shown, a case of rapid tumor
growth after administration of immune checkpoint inhibitors
(ICI) such as nivolumab or pembrolizumab has been reported
and this condition is designated hyper progressive disease
(HPD). In the second-line setting of gastric cancer, the
KEYNOTE-061 trial showed an earlier decline in the
survival curve in the pembrolizumab group compared to the
paclitaxel group, whose survival curve showed a gradual
increase (6). Similar effects were observed in the
KEYNOTE-062 trial that investigated the efficacy of
pembrolizumab, platinum plus fluoropyrimidine, and both,
in the first line setting (7). This early decline in the survival
curve in the pembrolizumab group suggested the possibility
of HPD cases. HPD has been reported in various cancers (8,
9), such as non-small cell lung (10, 11), head and neck (12),
and gastric cancer (13, 14), with a rate between 6% and
29%. Although there is no clear definition of HPD, it is
common for HPD to have a tumor growth kinetics (TGK)
ratio of 2 or more (12). However, rapid tumor growth often
occurs with the use of cytotoxic agents in daily clinical
practice, especially in the late lines of chemotherapy.
Furthermore, this rapid growth can occur in the natural
course of tumors. The true HPD mechanism is
immunospecific, which cannot occur when using a cytotoxic
agent. Thus, HPD occurrence due to cytotoxic agents
probably reflects growth during the natural course of disease.
The above HPD criteria can be satisfied even in these cases.
Two retrospective studies have reported that the frequency
of HPD with nivolumab administration in gastric cancer was
20% (13) and 29.4% (14). These cases may contain cases of
rapid tumor growth in the natural course not related to ICI
administration, resulting in an overestimation of the actual
HPD cases in the previous reports. In the case of true HPD
cases, administration of ICI accelerated the progression of
the tumor and rapidly deteriorated the condition. Therefore,
it was very important to understand the frequency and
predict in advance the occurrence of HPD.
Sasaki et al. have retrospectively investigated gastric
cancer patients who were treated with nivolumab after two
or more lines of chemotherapy. They reported that Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 1 or 2, liver metastases, a large sum of target lesion
diameters, and the elevation of absolute neutrophil count
(ANC) and C-reactive protein (CRP) after initiation of
nivolumab were significantly correlated with HPD (13). In
other cancer types, Ferrara et al. reported that HPD was
significantly associated with more than two metastatic sites
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compared to non-HPD in non-small cell lung cancer (10).
Although we should have considered these clinical features
before treatment, it was difficult to accurately predict HPD
before ICI administration using these factors.
Regarding the molecular features of HPD cases, Kato et
al. reported that MDM2/4 amplification and EGFR
aberration were associated with HPD (9). Additionally, Lo
Russo et al. reported that CD33 and CD163 were associated
with HPD (11). However, these molecular features are wellknown factors that suggest resistance to ICI and do not
necessarily cause HPD. Accordingly, there are no molecular
biomarkers predicting HPD at this time.
Therefore, we retrospectively compared patients who
received nivolumab and or irinotecan as a third-line treatment
for gastric cancer in our hospital and investigated the frequency
of HPD using the above general criteria. We proposed to
terminate the concept of true HPD and replace it with that of
super HPD. We then generated criteria for super HPD and
investigated its frequency. In addition, immunological analysis
was performed before and after treatment of nivolumab-treated
cases. The relationship between immune cell dynamics and the
treatment effect was examined.

Patients and Methods

Patients. Patients treated for unresectable advanced or recurrent
gastric cancer with irinotecan as a third-line treatment from January
2014 to October 2017 or nivolumab from October 2017 to March
2019 were retrospectively compared. Of these, patients who met the
following criteria were included: 1) histologically confirmed gastric
or esophago-gastric junction adenocarcinoma, 2) an ECOG
performance status (PS) of 0-2, and 3) computed tomography (CT)
findings within 3 months before and after treatment. We did not ask
for the presence or absence of a measurable lesion, because some
advanced gastric cancers, particularly in undifferentiated type, had
only peritoneal dissemination but no measurable lesions. As for
post-treatment, any treatment was permitted. Evaluation factors
were the presence or absence of HPD and super HPD, overall
response rate, progression-free survival (PFS), and overall survival
(OS). Response rate was calculated according to RECIST ver1.1 to
evaluate the best overall response. In patients without measurable
lesion, the effect was evaluated according to the criteria for
evaluation of non-target lesions, such as complete response (CR),
non-CR/non-PD, and progressive disease (PD), based on first
evaluated CT. PFS was defined as the interval between the date of
the first drug administration and the date of disease progression or
to the date of death from any cause. OS was the period from the
start of third-line treatment to the date of death from any cause.

Definition of HPD and super HPD. The definition of HPD for
patients who had target lesions was set to TGK ratio 2 or higher
based on the previous report (12). The pre-baseline CT, baseline CT,
and post-treatment first CT were defined as Tpre, T0, and Tpost,
respectively. The sums of the largest diameters of the target lesions
at pre-baseline CT, baseline CT, and post-treatment first CT were
defined as Spre, S0, and Spost, respectively. We included the patients
who did not have measurable lesions. If the longest diameter of the
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largest metastatic lesion was less than 10 mm, or the shortest
diameter of the largest lymph node was less than 15 mm, we used
the measured value itself for TGK analysis. TGKpre and TGKpost
were calculated as (S0-Spre)/(T0-Tpre), and (Spost-S0)/(Tpost-T0). TGK
ratio was defined as the ratio of TGKpost to TGKpre. However, there
were cases where lesions could not be measured, such as peritoneal
metastases and/or malignant ascites, in which HPD was defined by
the following methods during the four weeks after nivolumab
administration: 1) cases whose ascites thickness (mm) on the
surface of the liver or peritoneal dissemination thickness (mm)
increased two times or more, or 2) cases that developed intestinal
obstruction due to peritoneal dissemination.
To distinguish natural course cases from HPD, cases with TGK
ratio of 5 or more and an increase in the number of tumors two
times or more compared to the pre-baseline number of tumors were
defined as super HPD. In patients who did not have a measurable
lesion, we defined the cases with rapid progression of peritoneal
dissemination and development of intestinal obstruction within 2
weeks after nivolumab administration as super HPD.

Immunological and molecular examination. Immunological study
was performed using five patients who received nivolumab. Their
blood samples were collected before and after treatment. One case
was a super HPD case, two cases were normal HPD cases, and two
cases were long stable disease (SD) cases. In conventional HPD
cases and long SD cases, blood samples were collected before, 2
weeks and 4 weeks after nivolumab administration. In the super HPD
case, blood samples could not be collected before treatment. Thus,
we decided to use the samples of 2 weeks and 4 weeks after
treatment. We performed population kinetic studies on a subset of
immune cells using flow cytometry as an immunological study. In
the super HPD case, we collected a tumor sample during gastroscopy
to evaluate the primary site after super HPD, with patient consent.
Peripheral blood mononuclear cells (PBMCs) of each patient
were harvested by density gradient centrifugation with Ficoll-Paque
(Amersham Pharmacia Biotech, Uppsala, Sweden). PBMCs were
stained using human PerCP-Cy5-conjugated human CD4 Ab, V500conjugated human CD3 Ab, APC-conjugated human FoxP3 Ab, (BD
Biosciences, San Jose, CA, USA) FITC-conjugated human
CD45RA Ab (Miltenyi Biotec, Bergisch Gladbach, North RhineWestphalia, Germany), V450-conjugated human CTLA-4 Ab (BD
Biosciences), PE-conjugated human MCAM Ab (BD Biosciences),
and Alexa Fluor 488-conjugated human CD161 Ab (BD
Biosciences). Cells were stained according to manufacturer’s flow
cytometry preparation protocol for each antibody, and the staining
was detected using the BD LSRFORTESSA X-2 flow cytometer
(BD Biosciences). Flow cytometric data were analyzed using
FlowJo software, version 10.3.0 (FlowJo, Ashland, OR, USA). The
scale of the Y axis demonstrates the delta (D) mean fluorescent
intensity (MFI). D MFI was calculated by subtracting the control
MFI from the MFI.

Statistical analysis. Associations between two groups of categorical
and continuous variables and two groups of categorical variables
were analyzed by the Wilcoxon test and Chi-square test,
respectively. PFS and OS were calculated by the Kaplan-Meier
method. All analyses were performed using JMP software, version
14.0 (SAS Institute, Cary, NC, USA). Correlations or associations
were considered to be statistically significant when the two-tailed
p-value was less than 0.05.

Table I. Patients’ characteristics.

Nivolumab
(n=26)

Irinotecan
(n=18)

Age, median (range)
65 (25-82)
67.5 (47-80)
Gender
Male (%)
17 (65%)
10 (56%)
Female (%)
9 (35%)
8 (44%)
ECOG PS
0/1
14 (54%)
14 (78%)
2
12 (46%)
4 (22%)
Histology
Intestinal (%)
11 (42%)
9 (50%)
Diffuse (%)
15 (58%)
8 (44%)
Unknown
0 (0%)
1 (6%)
HER2
Positive (%)
5 (19%)
2 (11%)
Negative (%)
21 (82%)
16 (89%)
NLR, median (range)
2.8 (0.8-9.2)
3.1 (0.7-18.2)
PLR, median (range) 65.1 (31.0-140.4) 68.9 (15.5-149.6)
Metastatic site
Liver (%)
10 (38%)
9 (50%)
Lung (%)
0 (0%)
2 (11%)
Peritoneum (%)
15 (58%)
5 (28%)
Lymph node (%)
16 (62%)
14 (78%)
Other (%)
6 (23%)
4 (22%)
Measurable lesion
+ (%)
15 (58%)
13 (72%)
− (%)
11 (42%)
5 (28%)
The sum of the target
31 (10-82)
32 (10-84)
lesion diameter,
median (range)

p-Value
0.35

0.54
0.13
0.38
0.47

0.62
0.98

0.54
0.16
0.07
0.26
1.00

0.36

0.71

ECOG PS: Eastern Cooperative Oncology Group performance status;
HER2: human epidermal growth factor receptor 2; NLR: neutrophillymphocyte ratio; PLR: platelet-lymphocyte ratio.

This study was reviewed and approved by the Ethics Committee
of Showa University School of Medicine.

Results

Patient characteristics. Eighteen patients were treated with
irinotecan as a third-line treatment for unresectable advanced
or recurrent gastric cancer from January 2014 to October
2017. In 26 cases, patients were administered with nivolumab
as the third-line treatment from October 2017 to March 2019.
Table I shows the clinicopathological features of each group.
The nivolumab group included 17 (65%) men and 9 (35%)
women, with a median age of 65 years (range=25-82 years).
The irinotecan group consisted of 10 (56%) men and 8 (44%)
women, with a median age of 67.5 years (range=47-80 years).
The patients with PS 2 tended to be more frequent in the
nivolumab group (46%) than the irinotecan group (22%). For
intestinal type and HER2-positive cases, 11 (42%) and 5
(19%) were in the nivolumab group, and 9 (50%) and 8 (44%)
1867
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Figure 1. Overall response and CT findings of super hyper-progressive disease (HPD) cases. Overall response of Nivolumab (A) and Irinotecan
(B). Case 1 (C, D) showed increasing number of tumors two times or more resulting in tumor growth kinetics (TGK) ratio of 5.0 after nivolumab
administration. Case 2 (E, F), without a measurable lesion, developed rapid progression of peritoneal dissemination and development of bowel
obstruction after nivolumab administration.

in the irinotecan group, respectively. Median neutrophillymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR)
was 2.8 (range=0.8-9.2) and 65.1 (range=31.0-140.4) in the
nivolumab group, 3.1 (range=0.7-18.2) and 68.9 (range=15.5149.6) in the irinotecan group. Further, 15 (58%) patients had
measurable lesions in the nivolumab group, whereas 13 (72%)
patients had measurable lesions in the irinotecan group. The
1868

sum of the target lesion diameter was 31 mm (range=10-82
mm) in the nivolumab group and 32 mm (range=10-84 mm)
in the irinotecan group. There was no significant difference in
the background of both groups.
HPD rate and response. Figure 1 (A, B) and Table II show
therapeutic effects in both groups. The response rate (RR)
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Table II. Overall response to treatment.
Patients with measurable lesion

CR
PR
SD
PD
RR
DCR
HPD
Super HPD

Nivolumab
(n=15)
0 (0%)
1 (6.7%)
5 (33.3%)
9 (60.0%)
6.7%
40.0%
5 (33.3%)
1 (6.7%)

Patients without measurable lesion

CR
Non-CR/non-PD
PD
HPD
Super HPD
Total patients

HPD
Super HPD

Nivolumab
(N=11)
0 (0%)
3 (27.3%)
8 (72.7%)
1 (33.3%)
1 (9.1%)

Nivolumab
(N=26)
6 (23.1%)
2 (7.7%)

Table III. Patients’ characteristics of HPD and non-HPD cases in the
nivolumab group.
Irinotecan
(n=13)

0 (0%)
4 (30.8%)
2 (15.4%)
7 (53.8%)
30.8%
46.2%
3 (16.7%)
0 (0%)

Irinotecan
(N=5)

0 (0%)
1 (20.0%)
4 (80.0%)
0 (0%)
0 (0%)

Irinotecan
(N=18)

3 (16.7%)
0 (0%)

p-Value

0.15
1.00
0.69
1.00
p-Value

N/A
N/A
p-Value
0.72
0.51

CR: Complete response; PR: partial response; SD: stable disease; PD:
progressive disease; NE: not evaluable; RR response rate; DCR: disease
control rate; HPD: hyper-progressive disease.

and disease control rate (DCR) in the nivolumab group were
6.7% and 40.0%, respectively, while 30.8% and 46.2% in
the irinotecan group. There was no significant difference
between the two groups. In the patients without measurable
lesion, CR was not observed in both groups, non-CR/nonPD was observed 27.3% in the nivolumab group and 20.0%
in the irinotecan group. There were 6 HPD cases (23.1%) in
the nivolumab group and 3 cases (16.7%) in the irinotecan
group. The frequency of HPD was not significantly different
between the two groups. Two super HPD cases (7.7%)
satisfying our criteria were observed only in the nivolumab
group. One super HPD case had a TGK ratio of 5 or more
and an increase in the number of tumors 2 times or more
compared to the pre-baseline number of tumors. The image
findings before and after treatment for super HPD cases are
shown in Figure 1. The patient had worsened general
condition and increased aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) 16 days after

HPD
(N=6)

Non-HPD
(N=20)

Age, median (range)
68 (25-82)
62.5 (49-82)
Gender
Male (%)
6 (100%)
11 (55%)
Female (%)
0 (0%)
9 (45%)
PS
0/1
4 (67%)
10 (50%)
2
2 (33%)
10 (50%)
Histology
Intestinal (%)
4 (67%)
7 (35%)
Diffuse (%)
2 (33%)
13 (65%)
HER2
Positive (%)
3 (50%)
2 (10%)
Negative (%)
3 (50%)
18 (90%)
NLR, median (range)
2.4 (0.8-2.9)
3.4 (1.2-9.2)
PLR, median (range) 61.6 (37.3-129.6) 68.1 (31.0-140.4)
Metastatic site
Liver (%)
5 (83%)
5 (25%)
Lung (%)
0 (0%)
0 (0%)
Peritoneum (%)
3 (50%)
12 (60%)
Lymph node (%)
4 (67%)
12 (60%)
Diameter of measurable
27 (3-73)
21.5 (8-37)
lesion, median (range)

p-Value
0.63

0.06
0.65
0.35
0.06

0.07
0.76

0.02
N/A
1.00
1.00
0.90

NLR: Neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio;
HPD: hyper-progressive disease.

nivolumab administration. Therefore, when CT was
performed, multiple liver metastases increased rapidly
(Figure 1C, D). In another super HPD case, the peritoneal
dissemination rapidly worsened, and the patient was unable
to eat due to bowel obstruction 5 days after nivolumab
administration (Figure 1E, F).

Progression free survival and overall survival. Median PFS
was 1.6 months in the nivolumab group and 2.6 months the
irinotecan group. Median OS was 3.8 months in the
nivolumab group and 20.1 months in the irinotecan group
(data not shown).

Immunological analysis. One out of 2 super HPD cases, 2
normal HPD cases, and 2 long SD cases were used for
immunological analysis before and after treatment. The PFS
of 2 long SD cases were 3.6 months and 6.7 months. The
super HPD group was consistently higher than any natural
HPD or long SD group in any subset of effector, central, and
effector memory RA T cell (TEMRA) memory CD4-positive
T cells (Figure 2). Levels of the Th17 population were
similar in the super HPD, natural HPD, and long SD groups.
Conversely, the regulatory T cell (Treg) population was
highest in the super HPD group, whereas natural HPD and
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Figure 2. Immunological analyses of effector, central, and TEMRA memory CD4 positive T cells. Time 1 refers to before nivolumab administration.
Time 2 and Time 3 refer to 2 and 4 weeks after nivolumab administration, respectively. Closed triangle, open square, and open circle showed long
stable disease (SD) cases, conventional hyper-progressive disease (HPD) cases, and super HPD case, respectively.
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Figure 3. Immunological analyses of Th17 and Treg. Time 1 refers to before nivolumab administration. Time 2 and Time 3 refer to 2 and 4 weeks
after nivolumab administration, respectively. Closed triangle, open square, and open circle showed long stable disease (SD) cases, conventional
hyper-progressive disease (HPD) cases, and super HPD case, respectively.

1871

in vivo 35: 1865-1875 (2021)

Figure 5. Progression-free survival by Neutrophil-lymphocyte ratio
(NLR) in the nivolumab group. The solid line showed NLR low (<5),
and the dotted line showed NLR high (≥5).

previous study (15), for which the low NLR group showed
significant longer PFS than high NLR (2.4 months vs. 0.7
months, p=0.0035) (Figure 5).

Figure 4. Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte
ratio (PLR) in hyper-progressive disease (HPD) cases and non-HPD
cases. Closed square and closed circle show HPD cases and non-HPD
cases, respectively. Two cases of super HPD are marked grey square.

long SD levels were comparable, yet at a lower level to the
super HPD group (Figure 3).

Comparison between HPD and non HPD. Table III shows
clinicopathological characteristics of HPD cases and nonHPD cases in the nivolumab group. Comparing HPD cases
and non-HPD cases in the nivolumab group, existing liver
metastasis cases were more frequent in HPD cases than nonHPD cases. Human epidermal receptor 2 (HER2)-positive
cases were tended to be more frequently in HPD cases than
non-HPD cases. Moreover, NLR tended to be lower in HPD
cases compared to non-HPD cases. NLR and PLR in HPD
cases or non-HPD cases are shown in Figure 4. The median
NLR was 2.4 (range=0.8-2.9) in HPD cases and 3.4
(range=1.2-9.2) in non-HPD cases. Of these, the lowest NLR
case was a super HPD case, which we evaluated by
immunological analysis. Comparing high NLR (≥5) and low
NLR (<5), we used 5 as the NLR cut-off value according to
1872

Genetic analysis for super HPD case using next generation
sequencing (NGS). In the exome sequence of a super HPD
case, MDM2/4 amplification, EGFR aberration, and a JAK
1/2 mutation were not found (data not shown).

Discussion

This is a retrospective observational study comparing
nivolumab and irinotecan for HPD in patients with gastric
cancer. Table IV shows previous HPD reports in solid tumor
treated with ICI, of which only 2 non-small cell lung cancer
cases, 2 solid tumor cases, and 2 gastric cancer cases were
reported until now. Currently, TGK ratio of 2 or more is
standard for HPD analysis, and recent studies of solid tumors
treated with ICI revealed an HPD rate of 6-29% using this
criterion. We showed a 16.7% rate of HPD in patients with
gastric cancer treated with irinotecan third-line therapy. This
rate was consistent with our HPD rate of nivolumab (23.1%).
Considering the mechanism of HPD related to ICI, it is
likely that drug-induced HPD will not occur using cytotoxic
agents, such as irinotecan. These HPD cases in the irinotecan
group were suspected to represent naturally rapidly growing
disease cases. Because standard HPD criteria of TGK ratio
of 2 or more includes these cases, we suggest that this
criterion is not appropriate for HPD analysis.
In the ICI group of each clinical trial, the survival curves
were shown to decrease immediately after the start of
administration (6, 7). Therefore, ICI-induced HPD can
occur; however, a considerable number of HPD cases
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Table IV. Previous HPD reports in solid tumors treated with ICI.

Population
HPD criteria
HPD rate
Associated
factors

Champiat
et al. (8)

Metastatic cancer
Phase 1 (N=131)
TGK ratio >2
9%
Age

Kato
et al. (9)

Metastatic cancer
(N=155)

>50% increase in
tumor burden
>2-fold increase in
progression pace
6%
MDM2/MDM4
EGFR

Saada-Bouzid
et al. (12)

Ferrara
et al. (10)

Head and neck
Cancer (N=34)
TGK ratio >2

Non-small-cell
lung cancer
(N=406)
TGK ratio >2

29%
Regional
recurrence

13.8%
Metastatic
sites >2

Lo Russo
et al. (11)

Sasaki
et al. (13)

Non-small-cell Gastric cancer
lung cancer
(N=73)
(N=187)
>50% increase
TGK ratio >2
in SLD <6 weeks
TTF<2 months
25.7%
CD33, CD163
MDM2/MDM4
EGFR

21%
ANC
CRP

Aoki M
et al. (14)

Gastric cancer
(N=34)

TGR more than
twofold
29.4%
–

HPD: Hyper-progressive disease; ICI: immune checkpoint inhibitor; TGK: tumor growth kinetics; MDM2: murine double minute 2; MDM4: murine
double minute 4; EGFR: epidermal growth factor receptor; ANC: absolute neutrophil count; CRP: c-reactive protein.

defined by standard criteria may be represent naturally
rapidly growing disease cases. Of HPD cases in our
nivolumab group, only two cases satisfied the super HPD
definition proposed in this study. In these two super HPD
cases, tumor growth was clearly accelerated, and the
survival was reduced by nivolumab administration. We
believe that these super HPD cases were true HPD related
to ICI administration. Therefore, it is important to predict
these cases prior to ICI treatment.
HPD cases of gastric cancer have been retrospectively
reported after the administration of nivolumab or irinotecan
(14). A previous study revealed that the HPD rate was
significantly higher in the nivolumab group (29.4%) than the
irinotecan group (13.5%). Further, the HPD rate of
nivolumab was 15.9% higher than irinotecan, partially
indicating a true HPD. However, the researchers used a
different definition of HPD, such as tumor growth rate
(TGR), thus it is difficult to compare to our study. However,
similar to our study, they observed HPD with conventional
chemotherapy such as irinotecan.
Previous reports have reported that genetic abnormalities
such as MDM2/4 amplification, EGFR aberration, and JAK
1/2 mutation cause HPD (9, 11). However, these gene
abnormalities were not observed in the super HPD cases
examined in this study. These genetic abnormalities are wellknown resistant markers of ICI. Because HPD cases defined
by the standard HPD criterion include naturally rapidly
growing disease cases. it is difficult to predict HPD cases
using these abnormalities. We believe that super HPD that
has been accelerated by ICI is different from HPD that
occurs during the natural course. Therefore, further studies
should be conducted on only super HPD cases to identify the
gene alterations responsible for true HPD.

In our study, HPD cases tended to have low NLR,
especially super HPD cases. Sasaki et al. retrospectively
investigated 62 gastric cancer patients treated with
nivolumab (13). In their study, NLR was significantly higher
in HPD cases than non-HPD cases, which is distinct from
our study. In fact, when the NLR cut-off value was set to 5,
the group with NLR of 5 or less had a significantly longer
PFS than the group with 5 or more in our study (Figure 5).
Although lower NLR is a good prognostic factor in general,
it may not necessarily be a factor in HPD.
In this study, we performed immunological analysis using
a super HPD case, normal HPD cases, and long SD cases,
which showed that Treg cells were activated in super HPD
cases. Cases with low NLR contained a significant number
of original lymphocytes and may demonstrate a better effect
of ICI. However, HPD may develop when the main
lymphocyte is a regulatory T cell. In our study,
immunological analyses revealed that there was no difference
between HPD cases using normal criteria and long SD cases.
Conversely, the super HPD case defined using our criteria
demonstrated significant activation of regulatory T cells.
No definitive effect predictors for HPD have been reported
so far, likely because the boundary between HPD, which was
rapidly exacerbated by treatment, and PD, which represents
cancer exacerbation due to natural course, could not be
differentiated using the conventional definition. Therefore, we
proposed a redefinition of super HPD as a rapidly
exacerbating HPD case with a TGK ratio of 5 or more and an
increase in the number of tumors 2 times or more compared
to the pre-baseline number of tumors, or a case in which
peritoneal dissemination progressed rapidly and the patient
was unable to eat within 2 weeks after nivolumab
administration. Super HPD was not observed in HPD with
1873
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irinotecan. TGK ratio of 5 or more is easily satisfied when the
original tumor diameter is small. Therefore, the number of
tumors was also added as evaluation items. Further, in patients
who did not have measurable disease, we included ascites
volume and symptoms associated with exacerbation of
peritoneal dissemination. In our defined super HPD, no
previously reported genetic abnormalities were found.
However, super HPD had a very low NLR and high amount
of regulatory T cells, which could be a predictor of efficacy.
This is completely different from the conventional concept for
NLR. Despite a high number of lymphocytes, a subset may
block antitumor effects, resulting in poor prognosis, even if
NLR is low. Regarding memory cells, the super HPD case had
a large subset of Treg. In future studies, although it is very
difficult to collect the sample from the patients with super
HPD, a large cohort of these cases will be needed to identify
simpler and more accurate biomarkers.
In conclusion, the HPD rate based on ICI treatment of
gastric cancer was lower than that of existing reports, yet
still present. To treat super HPD, its cause should be
determined; however, no clear predictor of super HPD is
known. In our super HPD case, AST/ALT increased and
deterioration of general condition was rapidly observed 8
days after nivolumab administration. Thus, when a suspected
symptom of HPD appears, it is necessary to evaluate tumor
progression and cease treatment.
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