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Abstract
Background Accelerated tumor growth during immunotherapy in pre-existing measurable lesions, hyperprogressive disease 
(HPD), has been reported. However, progression of non-measurable lesions and new lesions are frequently observed in 
patients with advanced gastric cancer (AGC).
Methods This retrospective study involved AGC patients at 24 Japanese institutions who had measurable lesions and received 
nivolumab after ≥ 2 lines of chemotherapy. HPD was defined as a ≥ two-fold increase in the tumor growth rate of measurable 
lesions. The pattern of disease progression was classified according to new lesions in different organs and ascites appeared/
increase of ascites.
Results Of 245 patients, 147 (60.0%) showed progressive disease (PD) as the best response and 41 (16.7%) showed HPD 
during nivolumab monotherapy. There was no significant difference in overall survival (OS) between patients with HPD 
and those with PD other than HPD (median OS 5.0 vs 4.8 months; hazard ratio [HR] 1.0, 95% confidence interval [CI] 
0.6–1.5; p = 1.0). Fifty-three patients developed new lesions in different organs and 58 had appearance/increase of ascites; 
these patients showed shorter OS than those without each of these features (median OS 3.3 vs 7.1 months, HR 1.8, 95% 
CI 1.2–2.7, p = 0.0031 for new lesions, and 3.0 vs 7.8 months, HR 2.6, 95% CI 1.8–3.8, p < 0.0001 for ascites). Thirty-one 
patients who had both features showed the worst prognosis (median OS 2.6 months).
Conclusions New lesions in different organs and appearance/increase of ascites, rather than the original definition of HPD, 
are the patterns of disease progression associated with poor prognosis in AGC patients receiving nivolumab whose best 
response was PD.
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Introduction

Gastric cancer is the fifth most common malignancy and 
the fourth leading cause of cancer-related death world-
wide. The incidence of gastric cancer is two-fold higher 
in men than in women. In several Asian countries, gastric 
cancer is the most common cancer in men and the leading 
cause of cancer-related death [1]. Japan and Korea have a 
nationwide screening system for gastric cancer. However, 
with the exception of these two countries, many patients 
with gastric cancer have unresectable disease at the time of 
diagnosis, and the cure rate remains low even after surgical 
resection with or without perioperative adjuvant chemo-
therapy. The clinical outcome of advanced gastric cancer 
(AGC) that is unresectable or recurrent remains poor, with 
median overall survival (OS) of around 1 year despite the 
various chemotherapeutic agents available.

Several guidelines recommend a combination of plati-
num and fluoropyrimidine as the first-line treatment for 
AGC [2–6] with addition of trastuzumab in patients who 
are positive for human epidermal growth factor recep-
tor 2 [7]. The recommended second-line treatment is a 
combination of paclitaxel and ramucirumab, a vascular 
endothelial growth factor receptor 2 antibody [8]. Depend-
ing on the patient’s general condition, the recommenda-
tions for third-line treatment include trifluridine/tipiracil 
(TFTD) [9], trastuzumab deruxtecan (T-DXd) [10], iri-
notecan[11–14], and an immune checkpoint inhibitor (ICI) 
targeting the programmed cell death (PD)-1 protein, such 
as nivolumab [15] or pembrolizumab [16–18]. Recently, 
considerable progress has been made. In the Check-
Mate-649 study, nivolumab plus chemotherapy achieved 
significant improvements in OS and progression-free sur-
vival (PFS) not only in patients with a combined posi-
tive score of PD-ligand 1 ≥ 5 but also in all randomized 
patients [19]. Accordingly, nivolumab has been approved 
for use in combination with chemotherapy as first-line 
treatment for AGC.

However, ICIs may cause a rapid type of tumor growth 
known as hyperprogressive disease (HPD) [20]. HPD was 
originally defined as a ≥ two-fold increase in the tumor 
growth rate (TGR), assessed as the change in volume of 
a pre-existing measurable lesion per unit time [21], com-
pared with that at the evaluation of disease progression 
during the previous line of treatment. HPD has attracted 
attention because it is reported to be associated with poor 
prognosis. Although the definition of HPD varies slightly 
from study to study, there have been several reports of 
HPD during anti-PD-1/PD-L1 therapy. In one study, 12 of 
131 patients (9%) with various types of cancer, including 
melanoma and lung, renal, and colorectal cancer, devel-
oped HPD [20], as did 10 of 34 patients (29%) with head 

and neck cancer [22] and 56 of 406 patients (14%) with 
lung cancer [23]. There have also been reports on AGC 
in which 13 of 62 patients (21%) [24], 10 of 34 patients 
(29%) [25] and 45 of 219 patients (20.5%) [26] developed 
HPD that was associated with poor prognosis.

Approximately 30%–50% of patients with AGC present 
with peritoneal metastasis, which is a typical pattern of dis-
ease progression in patients with AGC and is well known 
to be associated with poor prognosis. However, peritoneal 
metastasis is not included in the original definition of HPD 
because it is not a measurable lesion. Moreover, there has 
also been a report suggesting that disease progression 
accompanied by new lesions has a strong negative impact 
on the prognosis in patients with AGC [27]. Given the lack 
of difference in the biological mechanism of ICI-induced 
rapid progression between measurable lesions and non-
measurable/new lesions, exclusion of peritoneal metastasis 
and new lesions from the definition of HPD may lead to 
underestimation of accelerated tumor growth during treat-
ment with ICI in patients with AGC.

The aims of this study were to (1) determine the preva-
lence, background characteristics, and clinical outcomes of 
HPD in patients with AGC receiving nivolumab monother-
apy as salvage treatment and (2) investigate the pattern of 
disease progression associated with poor prognosis, focusing 
on peritoneal metastasis and new lesions.

Methods

Patients and treatment

This multicenter retrospective study involved patients with 
AGC who received nivolumab 3 mg/kg or 240 mg/body 
intravenously every 2 weeks as a third-line or later treatment 
at 24 participating Japanese institutions between September 
2017 and October 2018.

The inclusion criteria were as follows: age ≥ 20 years; 
histologically confirmed advanced unresectable or recurrent 
gastric/gastro-esophageal junction adenocarcinoma; refrac-
tory to or intolerant of at least 2 previous lines of chemo-
therapy (must be refractory to the immediately preceding 
chemotherapy); at least 1 measurable lesion according to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1; and radiologic images available at 2 time points 
for evaluating disease progression during previous chem-
otherapy, the latter of which was used as the baseline for 
evaluation of the response to nivolumab in some patients, 
and those for first evaluation of response after initiating 
nivolumab. Patients who had received previous immuno-
therapy were excluded. The study was approved by the ethics 
committee of the National Cancer Center and by all partici-
pating institutions.
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Tumor growth rate

Tumor response was assessed according to RECIST version 
1.1. The TGR was assessed by comparing the two images 
obtained during the immediately preceding therapy and dur-
ing treatment with nivolumab, respectively.

TGR was calculated using the following method. Taking 
D as the sum of the largest diameters of the target lesions as 
per RECIST version 1.1 (new lesions and non-measurable 
lesions were not included) and virtually representing a single 
lesion with size D, the tumor volume (V) is approximated as 
V = 4/3 × π × R3, where R is the radius (D/2) of the sphere. 
Assuming the tumor grows at an exponential rate, the tumor 
volume at time t (Vt) can be calculated as Vt = V0 exp(TG·t), 
where V0 is the volume at baseline and t is the interval time 
(months) between successive CT scans. Tumor growth 
(TG) is then calculated as TG = 3 Log(Dt/D0)/t. Finally, 
TGR, which is the percentage increase in tumor volume per 
month, is obtained using the following formula: TGR = 100 
[exp(TG) − 1] [20, 28–30]. The TGR during the previous 
therapy and that during treatment with nivolumab were com-
pared, and an increase in TGR of ≥ two-fold was defined as 
HPD [20].

Non‑measurable lesions and appearance of new 
lesions

When evaluating disease progression during treatment with 
nivolumab, we also investigated factors not included in the 
original definition of HPD, namely, new lesions appearing 
in different organs other than those involved before initiating 
nivolumab and ascites (representing peritoneal metastasis). 
Definition of appearance/increase of ascites was based on the 
Response Evaluation Criteria in Solid Tumors (RECIST), 
which was judged as unequivocal disease progression by 
each physician. Patterns of progression were classified as 
follows according to whether new lesions developed in dif-
ferent organs or not and whether ascites appeared/increased 
or not: group (G) 1 (−/−), G 2 (+/−), G 3 (−/+), and G 4 
(+/+).

Statistical analysis

Categorical valuables were compared using Fisher’s exact 
test and continuous variables using the t test. The neutrophil-
to-lymphocyte ratio (NLR) was calculated from the labora-
tory data obtained immediately before initiating nivolumab. 
Receiver-operating characteristic curves was used to deter-
mine the optimum cut-off value for NLR in association with 
HPD status. The cut-off for tumor size was set at the median 
value. Upper limit of normal was cut-off value for alkaline 
phosphatase (ALP), which was included in the Japan Clini-
cal Oncology Group (JCOG) prognostic factor [31]. OS was 

defined as the time from initiation of nivolumab 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 until detection of disease progres-
sion or death, and survivors without disease progression 
were censored at the last contact. Survival functions of OS 
and PFS were estimated using the Kaplan–Meier method 
and compared using the log-rank test. Hazard ratios (HRs) 
were estimated using a univariable Cox proportional hazards 
model. Adjusted odds ratios (OR) for inability to receive 
subsequent chemotherapy after disease progression were 
obtained by multivariable logistic regression analysis. All 
statistical analyses were performed using EZR software for 
Windows (version 1.37) and SAS version 9.4 (SAS Institute 
Incorporated, Cary, NC, USA). A p value of < 0.05 was con-
sidered statistically significant.

Results

Patient characteristics

The study population consisted of 245 patients at 24 hospi-
tals who received nivolumab between September 2017 and 
October 2018 and for whom the TGR immediately before 
and during nivolumab therapy could be calculated. Base-
line characteristics at initiation of nivolumab are shown in 
Table 1. Median age was 69 years (range 29–94) and 186 
patients (75.9%) were male. Eastern Cooperative Oncol-
ogy Group performance status was 1 or 2 in 176 patients 
(71.9%). Ninety-three patients (38.0%) had been treated with 
3 or more lines of chemotherapy. Peritoneal metastasis was 
observed in 107 patients (43.7%).

Effect of HPD on clinical outcomes in AGC 

After initiation of nivolumab, the median follow-up duration 
in survivors was 13.0 months (range 11.6–14.2). Median 
OS was 8.5 months (95% confidence interval [CI] 7.3–9.5) 
and median PFS was 1.9 months (95% CI 1.9–2.3) (Fig. 1). 
Of the 245 patients, 36 achieved a partial response (PR), 
including 2 patients showing pseudo progression (1.0%) 
at the first evaluation and tumor shrinkage thereafter. No 
patient achieved a complete response, giving a response 
rate of 14.7% (95% CI 10.5–19.8). One hundred forty-seven 
patients (60.0%) showed PD as their best response, in whom 
median PFS was 1.5 months (95% CI 1.4–1.6) and OS was 
4.8 months (95% CI 4.1–6.4). In these 147 patients with PD 
as the best response, 41 were classified as having HPD (Sup-
plementary Table 1). There were no significant differences 
in baseline characteristics at initiation of nivolumab between 
the 41 patients with HPD and the 106 patients with PD other 
than HPD (non-HPD) (Table 2). Forty-seven (44.3%) of 
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the 106 patients with non-HPD and 19 (46.3%) of the 41 
patients with HPD received subsequent chemotherapy after 
disease progression (Supplementary Table 2).

Next, we compared the prognosis of patients with HPD 
with that of patients with non-HPD, stable disease (SD), or 
PR (Fig. 2). Median PFS was 1.4 months (95% CI 1.3–1.6) 
in patients with HPD, 1.6 months (95% CI 1.4–1.7) in those 

with non-HPD, 5.3 months (95% CI 4.0–6.3) in those with 
SD, and 11.4 months (95% CI 6.7–NA) in those with PR. 
Median OS was 5.0 months (95% CI 3.3–7.6) in patients 
with HPD, 4.8 months (95% CI 4.0–7.1) in those with non-
HPD, 11.6 months (95% CI 8.5–16.7) in those with SD, and 
not reached in those with PR. Although the median PFS 
was slightly shorter in the 41 patients with HPD than in 

Table 1  Patient characteristics 
at initiation of nivolumab

HER2 human epidermal growth factor receptor 2, NLR neutrophil-to-lymphocyte ratio

Total, n = 245
Sex Age, years
 Male 186 (75.9%)  Median (range) 69 (29–94)
 Female 59 (24.1%)

Performance status Histological type
 0 65 (26.5%)  Intestinal 133 (54.3%)
 ≥ 1 176 (71.9%)  Diffuse 100 (40.8%)
 Unknown 4 (1.6%)  Unknown 12 (4.9%)

HER2 status Disease status
 Negative 167 (68.2%)  Recurrent 100 (40.8%)
 Positive 66 (26.9%)  Stage IV 145 (59.2%)
 Unknown 12 (4.9%)

Peritoneal metastasis Liver metastasis
 No 138 (56.3%)  No 115 (47.7%)
 Yes 107 (43.7%)  Yes 130 (53.1%)

Metastatic sites, n Previous lines of chemo-
therapy, n

 1 70 (28.6%)  < 3 152 (62.0%)
 ≥ 2 175 (71.4%)  ≥ 3 93 (38.0%)

Prior ramucirumab treatment NLR
 No 52 (21.2%)  < 1.8 82 (33.5%)
 Yes 193 (78.8%)  ≥ 1.8 161 (65.7%)

 Unknown 2 (0.8%)

Fig. 1  Kaplan–Meier plots showing progression-free survival (PFS) and overall survival (OS). a PFS curves after initiation of nivolumab. b OS 
curves after initiation of nivolumab



136 M. Aoki et al.

1 3

the 106 with non-HPD (median 1.4 months vs 1.6 months; 
HR 1.5, 95% CI 1.1–2.2; p = 0.02), there was no significant 
difference in OS between patients with HPD and those with 
non-HPD (median 5.0 months vs 4.8 months; HR 1.0, 95% 
CI 0.6–1.5; p = 1.0). Furthermore, there was no difference 
in OS between patients with HPD and those with non-HPD 
even among the patients with 2 lines of previous chemo-
therapy (median 7.6 months vs 7.8 months; HR 0.9, 95% CI 
0.5–1.6; p = 0.6972).

Clinical outcomes in patients with new lesions 
in different organs

New lesions appeared at the time of disease progression 
during nivolumab in 73 (49.7%) of 147 patients whose 
best response was PD. There was no significant difference 
in median OS between the 73 patients with appearance of 
new lesions regardless of anatomic sites and the 74 with PD 
in pre-existing lesions without new lesions (4.1 months vs 
6.3 months; HR 1.1, 95% CI 0.8–1.7; p = 0.5053) (Supple-
mentary Fig. 1). There was also no significant difference in 
OS according to the number of new lesions (data not shown). 
In contrast, new lesions appeared in different organs in 53 
of these patients (36.1%) of 147 patients with PD as the best 
response. OS was significantly worse in the 53 patients in 
whom new lesions appeared in different organs than in the 
94 in whom they did not (median 3.3 months vs 7.1 months; 
HR 1.8, 95% CI 1.2–2.7; p = 0.0031) (Fig. 3a); there were 
no significant differences in baseline characteristics at ini-
tiation of nivolumab between these groups (Supplementary 
Table 3).

Clinical outcomes in patients with an appearance/
increase of ascites

Ascites appeared/increased in 58 (39.5%) of the 147 patients 
whose best response was PD; in 29 of these 58 patients, 
ascites appeared as a new lesion. OS was significantly 
shorter in these 58 patients with appearance/increase of 
ascites than in the 89 patients with stable/decreased ascites 
(median 3.0 months vs 7.8 months; HR 2.6, 95% CI 1.8–3.8; 
p < 0.0001) (Fig. 3b). Large tumor size, presence of peri-
toneal metastasis, unresectable disease (stage IV), more 
previous lines of chemotherapy, and high NLR at baseline 
tended to be more common in the 58 patients with appear-
ance/increase of ascites (Supplementary Table 4). Patients 
with an increase in ascites had more difficulty receiving 
subsequent chemotherapy after disease progression than the 
other groups of patients (51.7% [46/89] vs 75.9% [44/58]; 
p = 0.03). In multivariable analysis, appearance/increase 
of ascites was associated with inability to receive chemo-
therapy after disease progression (Supplementary Table 2).

Table 2  Patient characteristics at initiation of nivolumab according to 
HPD and PD (non-HPD) status

HER2 human epidermal growth factor receptor 2, HPD hyperprogres-
sive disease, NLR neutrophil-to-lymphocyte ratio, PD progressive 
disease

Total, n = 147 HPD PD (non-HPD) p value
n = 41 n = 106

Sex
 Male 33 (80.5%) 75 (70.8%) 0.299
 Female 8 (19.5%) 31 (29.2%)

Age, years
 Median (range) 66 (29–83) 69 (41–94) 0.0577

Performance status
 0 11 (26.8%) 26 (24.5%) 0.832
 ≥ 1 29 (70.7%) 79 (74.5%)
 Unknown 1 (2.5%) 1 (1.0%)

Histological type
 Intestinal 17 (41.5%) 61 (57.5%) 0.0923
 Diffuse 23 (56.1%) 42 (39.6%)
 Unknown 1 (2.4%) 3 (2.9%)

HER2 status
 Negative 26 (63.4%) 78 (73.6%) 0.405
 Positive 13 (31.7%) 27 (25.5%)
 Unknown 2 (4.9%) 1 (0.9%)

Disease status
 Recurrent 15 (36.6%) 40 (37.7%) 1
 Stage IV 26 (63.4%) 66 (62.3%)

Peritoneal metastasis
 No 24 (58.5%) 55 (51.9%) 0.58
 Yes 17 (41.5%) 51 (48.1%)

Liver metastasis
 No 13 (31.7%) 38 (35.8%) 0.702
 Yes 28 (68.3%) 68 (64.2%)

Metastatic sites, n
 1 11 (26.8%) 23 (21.7%) 0.519
 ≥ 2 30 (73.2%) 83 (78.3%)

Previous lines of chemotherapy, 
n

 < 3 25 (61.0%) 64 (59.0%) 1
 ≥ 3 16 (39.0%) 42 (41.0%)

Prior ramucirumab treatment
 No 9 (22.0%) 24 (22.6%) 1
 Yes 32 (78.0%) 82 (77.4%)

Tumor size, mm
 < 41.3 16 (39.0%) 49 (46.2%) 0.464
 ≥ 41.3 25 (61.0%) 57 (53.8%)

Alkaline phosphatase, U/L
 < 350 20 (48.8%) 62 (58.5%) 0.458
 ≥ 350 21 (51.2%) 43 (40.6%)
 Unknown 1 (0.9%)

NLR
 < 1.8 18 (43.9%) 33 (31.1%) 0.125
 ≥ 1.8 22 (53.7%) 73 (68.9%)
 Unknown 1 (2.4%)
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Clinical outcomes of four patterns of disease 
progression classified by new lesions in different 
organs and an appearance/increase of ascites

The 147 patients whose best response was PD were then 
classified into 4 groups of disease progression patterns 
according to whether or not new lesions appeared in dif-
ferent organs before initiation of nivolumab and accord-
ing to whether or not ascites appeared/increased (group 1 
[−/−] n = 67, group 2 [+/−] n = 22, group 3 [−/+] n = 27, 
and group 4 [+/+] n = 31). Patients in group 4 tended to 
have larger tumors, more previous lines of chemotherapy, 
and a higher NLR at baseline (Table 3). Patients in group 
4 had the poorest median OS (2.6 months vs 8.0 months 
in group 1; HR 3.2, 95% CI 2.0–5.3; p < 0.0001) (Table 4, 
Fig. 3c). Patients were divided into eight groups according 
to presence or absence of an increase in TGR of ≥ two-fold, 
new lesions in different organs and appearance/increase of 
ascites: group 1 [+/+/+], group 2 [+/+/−], group 3 [+/−/+], 
group 4 [+/−/−], group 5 [−/+/+], group 6 [−/+/−], group 
7 [−/−/+] and group 8 [−/−/−] (Supplementary Fig. 2). 
Comparing between group 1 and 5 (median OS, 2.5 and 
2.6  months), between group 2 and 6 (median OS, 4.7 
and 4.5 months), between group 3 and 7 (median OS, 3.6 
and 3.2 months) and group 4 and 8 (median OS, 8.0 and 
8.2 months), there were no differences in OS depending on 
TGR of ≥ two-fold. The prognosis of AGC patients receiv-
ing nivolumab was found to be influenced by new lesions in 
different organs and appearance/increase of ascites, not by 
increase in TGR of ≥ two-fold. 

Discussion

The main finding in this study was that the pattern of pro-
gression associated with poor prognosis in patients with 
AGC receiving nivolumab whose best response was PD, was 
appearance of new lesions in different organs and appear-
ance/increase of ascites, not HPD. Appearance/increase of 
ascites was a particularly important prognostic factor.

In previous studies, HPD during anti-PD-1/PD-L1 therapy 
has been observed in 9–29% of patients with various types 
of cancer [20, 22, 23]. The incidence of HPD in patients 
with AGC has been reported to be 20–30% [24–26] and is 
associated with poor prognosis. While HPD has also been 
observed during third-line chemotherapy with irinotecan, 
the incidence of HPD was found to be higher on nivolumab 
than on irinotecan and the prognosis was found to be poorer 
for HPD than for non-HPD in patients on nivolumab but not 
those on irinotecan [25]. HPD was observed in 16.7% of 
our patients with AGC treated with nivolumab consistently 
with previous studies; however, there was no difference in 
OS between patients with HPD and those with non-HPD. 
In the ATT RAC TION-2 trial which compared nivolumab 
with placebo as salvage therapy, survival was better from 
the beginning in the nivolumab group [15] although it is 
assumed that HPD, if it occurred, might cause more early 
death in patients receiving nivolumab than in those receiv-
ing placebo. Furthermore, a recent report has suggested that 
disease progression is not more rapid on nivolumab than on 
placebo [32]. Therefore, it is controversial whether ICIs lead 
to HPD and poor prognosis in patients with AGC.

Fig. 2  Kaplan–Meier plots showing progression-free survival (PFS) 
and overall survival (OS). Purple lines indicate patients with hyper-
progressive disease (HPD), green lines indicate patients with progres-
sive disease (PD) (non-HPD), blue lines indicate patients with stable 

disease (SD), and red lines indicate patients with a partial response 
(PR). a PFS curves after initiation of nivolumab. b OS curves after 
initiation of nivolumab
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Appearance of new lesions was not included in the origi-
nal definition of HPD, which is based on the sum of the 
largest diameters of pre-existing measurable lesions. In 
this study, while new lesions regardless their sites did not 
have an impact on survival, patients in whom new lesions 
appeared in different organs had poor prognosis (Supple-
mentary Fig. 1). In contrast, colorectal cancer patients with 
PD after first-line chemotherapy who developed new lesions 
regardless the sites were reported to have a significantly 
poorer prognosis than their counterparts without new lesions 
[33]. In that study, there was no significant difference in 

the prognosis between patients with new lesions in different 
organs and those with new lesions in the pre-existing organs 
before initiation of chemotherapy. Therefore, debate contin-
ues about the clinical significance of the anatomic sites of 
new lesions. However, in view of previous reports that the 
number of metastatic sites is a prognostic factor [33] and 
that progression accompanied by new lesions has a strong 
negative impact on the prognosis of AGC [27], not includ-
ing new lesions in the sum of tumor diameters may lead to 
underestimation of tumor burden. New lesions especially 
in an organ different from that involved before initiation of 

Fig. 3  Kaplan–Meier plots showing overall survival (OS). a OS 
curves after initiation of nivolumab according to whether or not new 
lesions appeared in different organs. Blue lines indicate patients with 
new lesions in different organs and red lines indicate patients with 
no such lesions. b OS curves after initiation of nivolumab accord-
ing to whether or not there was a change in amount of ascites. Blue 
lines indicate patients in whom ascites appeared/increased and red 

lines indicate patients in whom ascites remained stable/decreased. c 
OS curves after initiation of nivolumab according to whether or not 
new lesions appeared in different organs and/or ascites appeared/
increased: group 1 (−/−), group 2 (+/−), group 3 (−/+), and group 
4 (+/+). Red lines indicate patients in group 1, blue lines indicate 
patients in group 2, green lines indicate patients in group 3, and pur-
ple lines indicate patients in group 4
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Table 3  Patient characteristics 
at initiation of nivolumab 
according to patterns of 
progression, whether new 
lesions appeared in different 
organs and whether there was 
appearance/increase of ascites: 
group (G) 1 (−/−), G 2 (+/−), 
G 3 (−/+), and G 4 (+/+) 
among 147 patients whose best 
response was PD

p value was estimated between G1 and G4
HER2 human epidermal growth factor receptor 2, HPD hyperprogressive disease, NLR neutrophil-to-lym-
phocyte ratio, PD progressive disease

Total, n = 147 G1 G2 G3 G4 p value
n = 67 n = 22 n = 27 n = 31

Sex
 Male 52 (77.6%) 18 (81.8%) 18 (66.7%) 20 (64.5%) 0.22
 Female 15 (22.4%) 4 (18.2%) 9 (33.3%) 11 (35.5%)

Age, years
 Median (range) 69 (41–94) 69 (50–81) 74 (51–84) 67 (29–82) 0.424

Performance status
 0 20 (29.9%) 7 (31.8%) 3 (11.1%) 7 (22.6%) 0.473
 ≥ 1 45 (67.2%) 15 (68.2%) 24 (88.9%) 24 (77.4%)
 Unknown 2 (2.9%)

Histological type
 Intestinal 37 (55.2%) 11 (50.0%) 15 (55.6%) 15 (48.4%) 0.518
 Diffuse 29 (43.3%) 10 (45.5%) 10 (37.0%) 16 (51.6%)
 Unknown 1 (1.5%) 1 (4.5%) 2 (7.4%)

HER2 status
 Negative 48 (71.6%) 19 (86.4%) 23 (85.2%) 14 (45.2%) 0.0609
 Positive 16 (23.9%) 3 (13.6%) 4 (14.8%) 17 (54.8%)
 Unknown 3 (4.5%)

Disease status
 Recurrent 28 (41.8%) 12 (54.5%) 8 (29.6%) 7 (22.6%) 0.0739
 Stage IV 39 (58.2%) 10 (45.5%) 19 (70.4%) 24 (77.4%)

Peritoneal metastasis
 No 40 (59.7%) 14 (63.6%) 7 (25.9%) 18 (58.1%) 1
 Yes 27 (40.3%) 8 (36.4%) 20 (74.1%) 13 (41.9%)

Liver metastasis
 No 22 (32.8%) 9 (40.9%) 13 (48.1%) 7 (22.6%) 0.349
 Yes 45 (67.2%) 13 (59.1%) 14 (51.9%) 24 (77.4%)

Metastatic sites, n
 1 14 (20.9%) 9 (40.9%) 5 (18.5%) 6 (19.4%) 1
 ≥ 2 53 (79.1%) 13 (59.1%) 22 (81.5%) 25 (80.6%)

Previous lines of chemotherapy, n
 < 3 47 (70.1%) 13 (59.1%) 14 (51.9%) 15 (48.4%) 0.045
 ≥ 3 20 (29.9%) 9 (40.9%) 13 (48.1%) 16 (51.6%)

Prior ramucirumab treatment
 No 20 (29.9%) 7 (31.8%) 5 (18.5%) 8 (25.8%) 0.597
 Yes 47 (70.1%) 15 (68.2%) 22 (81.5%) 23 (74.2%)

Tumor size, mm
 < 41.3 33 (49.3%) 11 (50.0%) 15 (55.6%) 6 (19.4%) 0.00723
 ≥ 41.3 34 (50.7%) 11 (50.0%) 12 (44.4%) 25 (80.6%)

Alkaline phosphatase, U/L
 < 350 39 (58.2%) 14 (63.6%) 14 (51.9%) 15 (48.4%) 0.383
 ≥ 350 27 (40.3%) 8 (36.4%) 13 (48.1%) 16 (51.6%)
 Unknown 1 (1.5%)

NLR
 < 1.8 31 (46.3%) 8 (36.4%) 5 (18.5%) 7 (22.6%) 0.0279
 ≥ 1.8 36 (53.7%) 14 (63.6%) 21 (77.8%) 24 (77.4%)
 Unknown 1 (3.7%)
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nivolumab could be included in the calculation of TGR and 
HPD in patients with AGC.

Performance status, liver metastases, peritoneal metas-
tases, number of metastatic sites, previous gastrectomy, 
and the ALP level have been reported to be prognostic fac-
tors in patients with AGC on first-line treatment [31, 34, 
35]. The peritoneum is one of the most frequent metastatic 
sites in AGC and becomes increasingly common during the 
clinical course of the disease. Although peritoneal metas-
tasis is well known to be a poor prognostic factor in AGC, 
it cannot be measured and is not included in the original 
definition of HPD. Peritoneal metastasis should be consid-
ered when investigating the prognostic impact of the pat-
tern of disease progression in AGC. However, given that 
it is often difficult to determine progression of peritoneal 
metastasis objectively, we assessed the appearance/increase 
of ascites as a surrogate in this study and found that these 
patients had poor prognosis. Furthermore, in our study, the 
proportion of patients with appearance/increase of ascites 
was significantly higher in the group with new lesions in 
different organs than in the group with new lesions in the 
same organs (58% [31/53] vs 25% [5/20]; p = 0.0183). We 
suggest that appearance/increase of ascites is a factor that 
influences the prognosis in patients with AGC. Appearance/
increase of ascites may represent progression of peritoneal 
metastasis and could be taken into consideration as part of 
HPD in AGC.

Patients with peritoneal metastasis are reported to derive 
less benefit from nivolumab as third-line therapy than from 
placebo [36, 37]. The proportion of Treg cells has been 
found to be higher among lymphocytes in malignant ascites 
than in peripheral blood [38]. Patients in our group 4, who 
had both appearance/increase of ascites and new lesions 
in different organs had the worst prognosis. These patients 
tended to have larger tumors, more previous lines of chemo-
therapy, and a higher NLR at baseline. A previous study 
found that tumor size correlated with low accumulation of 
tumor-infiltrating lymphocytes and with poor prognosis in 

patients with AGC [39], while there is a report that clini-
cal failure on blockade of programmed cell death 1 may 
result from an imbalance between T-cell reinvigoration and 
tumor burden in melanoma [40]. The NLR is also a predic-
tor response to chemotherapy. PFS and OS have been found 
to be significantly shorter in patients with AGC who have a 
high NLR than in those who have a low NLR [41]. There-
fore, multiple adverse prognostic factors are likely to affect 
the outcome of patients with AGC treated with nivolumab.

While it has been reported that subsequent treatment after 
failure of nivolumab may have a prognostic impact, most of 
patients in whom there was an increase in ascites could not 
receive subsequent chemotherapy after disease progression. 
Many patients whose overall condition deteriorates after 
disease progression cannot receive treatment regimens such 
as irinotecan and TFTD (Supplementary Table 2). Because 
HPD leading to deterioration of patient’s condition and 
inability to receive subsequent therapy are confounding, it 
remains unclear how much impacts on poor prognosis the 
acceleration of tumor growth by itself and worsening of the 
patient’s condition unfit for subsequent therapy might have 
respectively.

New aspects of ICIs are becoming apparent as treatment 
with these agents evolves. In the KEYNOTE-062 trial, 
Kaplan–Meier estimates showed that survival during the 
initial 6–9 months was poorer in patients treated with pem-
brolizumab monotherapy than in those treated with chemo-
therapy [42]. However, combination of pembrolizumab 
with chemotherapy reduced the initial mortality [42]. This 
finding suggests that combination of chemotherapy with 
an ICI may prevent HPD. Nevertheless, it is important to 
know the risks and benefits when choosing an ICI for third-
line therapy because ICIs have shown efficacy comparable 
with that of cytotoxic agents in this setting [43]. In present 
clinical practice, response evaluation with a short interval 
and careful observation may detect appearance/ increase of 
ascites not to miss the appropriate timing for switching to 
subsequent treatment [35] (Table 3, Supplementary Table 3, 
4). Given that there are no established biomarkers of an ICI 
for AGC, combined positive score may select patients who 
achieve a substantial survival benefit in the first-line treat-
ment. However, there is no biomarkers for negative selection 
of non-responders, especially for HPD in ICI monotherapy. 
Therefore, a clinically relevant definition of HPD is essen-
tial not only to clarify clinical risk factors and biomarkers 
predicting HPD but also to develop new treatment to prevent 
HPD in near future.

This study had several limitations, which stem mainly 
from its retrospective design. First, we did not compare 
patients according to whether they received nivolumab 
or other cytotoxic chemotherapy (irinotecan, TFTD, or 
T-DXd). Therefore, it is not clear whether the pattern of 
disease progression associated with poor prognosis found 

Table 4  Comparison of overall survival according to whether new 
lesions appeared in different organs and/or whether there was appear-
ance/increase of ascites: group (G) 1 (−/−), G 2 (+/−), G 3 (−/+), 
and G 4 (+/+)

CI confidence interval, HR hazard ratio, OS overall survival, PD pro-
gressive disease

Patients 
with PD
n = 147

n Median OS (months) HR [95% CI] p value

G1 67 8.0 [6.3–9.4] Reference
G2 22 4.5 [3.3–9.0] 1.6 [0.9–2.9] p = 0.8461
G3 27 3.6 [2.6–4.6] 2.7 [1.6–4.6] p = 0.0002
G4 31 2.6 [2.1–3.3] 3.2 [2.0–5.3] p < 0.0001
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in this study is specific to nivolumab or common with other 
cytotoxic chemotherapy. Second, numbers of previous chem-
otherapy differed among the four groups classified by new 
lesions in different organs and appearance/increase of ascites 
(Table 3). Prognosis of patients with 3 or more lines of pre-
vious chemotherapy was worse than those with 2 lines (Sup-
plementary Table 5) regardless progression pattern. Previous 
lines of chemotherapy might be a confounding factor of poor 
prognosis. However, multivariate analysis showed appear-
ance/increase of ascites is an independent factor for not 
receiving subsequent chemotherapy. Third, the images used 
to evaluate TGR were obtained by the attending physician 
as part of routine clinical practice rather than at protocol-
specified time points. Therefore, the time interval between 
successive CT scans differed among the patients. Finally, we 
did not analyze biomarkers in tissues and blood, which could 
lead to the discovery of the mechanism(s) of HPD.

In conclusion, the appearance of new lesions in differ-
ent organs and appearance/increase of ascites, but not the 
original definition of HPD based on the TGR of pre-exist-
ing measurable lesions, were patterns of disease progres-
sion associated with poor prognosis in patients with AGC 
receiving nivolumab monotherapy whose best response was 
PD. Assuming that mechanism of disease progression accel-
erated by ICI are common regardless metastatic sites and 
measurability of lesions, the clinically relevant definition of 
HPD, including new lesions and non-measurable lesions, 
should be considered especially for AGC which metastasizes 
to the peritoneum frequently.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10120- 022- 01349-y.
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