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Abstract
Background We previously reported the HERBIS-4A phase II trial comparing S-1 plus cisplatin (SP) with capecitabine plus 
cisplatin (XP) in chemotherapy-naïve patients with HER2-negative advanced gastric cancer (GC). We performed a pooled 
analysis of HERBIS-4A and HERBIS-2, the phase II trial comparing SP with XP in HER2-negative recurrent GC patients 
with a recurrence-free interval after S-1 adjuvant therapy of ≥ 6 months.
Patients and methods Patients were randomly assigned to receive either SP [S-1 (40–60 mg twice daily for 21 days) plus 
cisplatin (60 mg/m2 on day 8), every 5 weeks] or XP [capecitabine (1000 mg/m2 twice daily for 14 days) plus cisplatin 
(80 mg/m2 on day 1), every 3 weeks].
Results In the pooled analysis, SP (n = 44–50) showed a longer progression-free survival [6.4 versus 5.1 months; hazard ratio 
(HR), 0.666; P = 0.062], overall survival (14.8 versus 10.6 months; HR, 0.695; P = 0.099), and time to treatment failure (4.6 
versus 3.6 months; HR, 0.668; P = 0.045) as well as a higher disease control rate (86.4% versus 68.1%, P = 0.149) compared 
with XP (n = 47–51). A significant survival advantage for SP over XP was apparent in patients with a performance status of 
0, a differentiated-type tumor histology, or a primary tumor localization to the upper portion of the stomach.
Conclusion Our pooled analysis supports the use of SP in the first-line setting for patients with HER2-negative advanced or 
recurrent GC with a recurrence-free interval of ≥ 6 months.
Clinical trial registration The HERBIS-2 trial was registered with UMIN-CTR as UMIN000006105.
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Introduction

Gastric cancer (GC) is the second leading cause of cancer 
death worldwide and the fifth most common malignant 
disease [1]. Newly diagnosed GC patients often present 
with unresectable or metastatic disease, for which systemic 

chemotherapy is the standard of care. For human epidermal 
growth factor receptor 2 (HER2)–negative disease, which 
accounts for most cases of advanced GC, such treatment usu-
ally consists of doublet chemotherapy with a fluoropyrimi-
dine such as S-1 or capecitabine combined with a platinum 
agent such as cisplatin or oxaliplatin, whereas trastuzumab 
in combination with such doublet chemotherapy is the stand-
ard treatment for HER2-positive GC [2].

On the basis of the results of the phase III trials 
JCOG9912 [3] and SPIRITS [4], S-1 plus cisplatin (SP) has 
become accepted as a standard first-line therapy for HER2-
negative advanced GC in Japan. On the other hand, capecit-
abine plus cisplatin (XP), another standard chemotherapy 
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in this setting [5], has been adopted as a standard backbone 
chemotherapy regimen for combination in several global 
phase III trials for advanced GC [2, 6, 7]. Against this back-
ground, we previously conducted a phase II study, HERBIS-
4A, to directly compare SP and XP in chemotherapy-naïve 
Japanese patients with HER2-negative advanced GC and 
measurable lesions [8]. XP did not show superior efficacy 
relative to SP in this trial, providing further support for SP 
as the preferred first-line chemotherapy for HER2-negative 
advanced GC in Japan.

On the basis of the results of the ACTS-GC trial [9], S-1 
monotherapy for 12 months is the standard treatment for 
stage II or III GC after curative resection in Japan. The opti-
mal treatment strategy for such patients with recurrent dis-
ease after S-1 adjuvant therapy has been unclear, however. A 
retrospective analysis of patients with recurrent GC after S-1 
adjuvant therapy found that those treated with SP achieved 
a median progression-free survival (PFS) and overall sur-
vival (OS) of 4.8 and 12.2 months, respectively. The sur-
vival benefit of SP was greater in patients with a recurrence-
free interval (RFI) of ≥ 6 months than in those with an RFI 
of < 6 months, with a median PFS of 6.2 versus 2.3 months 
and a median OS of 16.6 versus 7.3 months, respectively 
[10]. On the basis of these findings, SP is administered pref-
erentially in recurrent GC patients with an RFI of ≥ 6 months 
in Japan. On the other hand, XP showed reasonable effi-
cacy in recurrent GC patients with an RFI of < 6 months 
after S-1 adjuvant therapy in a phase II trial (XParTS-1) 
[11], yielding a median PFS and OS of 4.4 and 13.7 months, 
respectively. However, the efficacy of XP—in particular, in 
relation to that of SP—in recurrent GC patients with an RFI 
of ≥ 6 months after S-1 treatment is unclear.

To answer this clinical question, we conducted the HER-
BIS-2 trial, in which SP and XP were compared in recurrent 
GC patients with an RFI of ≥ 6 months after S-1 adjuvant 
therapy. Furthermore, we performed a pooled analysis of 
the HERBIS-2 and HERBIS-4A trials to better understand 
the differences between SP and XP for patients with chem-
otherapy-naïve advanced GC or recurrent GC patients with 
an RFI of ≥ 6 months after S-1 adjuvant therapy.

Patients and methods

Study design and treatment

The Osaka Gastrointestinal Cancer Chemotherapy Study 
Group (OGSG) 1103 (HERBIS-2) study was designed as 
an open-label, multicenter, randomized phase II trial to 
compare the efficacy and safety of XP and SP in HER2-
negative recurrent GC patients with an RFI of ≥ 6 months 
after completion of S-1 adjuvant therapy. The study proto-
col was approved by the OGSG and the institutional review 

board of each participating institution. Written informed 
consent was provided by all participants before inclusion 
in the trial. This study was registered with UMIN-CTR as 
UMIN000006105. The study design for HERBIS-4A was 
described previously [8].

For both HERBIS-2 and HERBIS-4A studies, randomiza-
tion was stratified by institution and by Eastern Cooperative 
Oncology Group (ECOG) performance status (PS, 0 versus 
1 or 2). Patients received either SP (S-1 at 40–60 mg twice 
daily for 21 days plus cisplatin at 60 mg/m2 on day 8, every 
5 weeks) or XP (capecitabine at 1000 mg/m2 twice daily for 
14 days plus cisplatin at 80 mg/m2 on day 1, every 3 weeks) 
until progression or the development of intolerable toxicity.

Patients

For HERBIS-2, eligible patients were aged 20 years or 
older and had HER2-negative recurrent GC after treatment 
with adjuvant chemotherapy including S-1 for > 12 weeks, 
with relapse occurring ≥ 6  months after completion of 
such therapy. HER2 positivity was defined as 3 + staining 
by immunohistochemistry or as HER2 gene amplification 
(HER2:CEP17 signal ratio of ≥ 2.0) as detected by hybridi-
zation. Eligible patients were also required to have an ECOG 
PS of 0–2 as well as adequate bone marrow, cardiac, hepatic, 
and renal function. Detailed information for the HERBIS-4A 
trial was provided previously [8].

End points and assessments

The primary end point of HERBIS-2 was OS, with second-
ary end points including response rate (RR), PFS, time to 
treatment failure (TTF), and safety. Tumor response and 
progression were assessed according to RECIST (version 
1.1) at baseline and every 8 weeks from randomization 
until disease progression. RR was defined as the proportion 
of patients who achieved a confirmed complete or partial 
response. Tumor histology was determined on the basis of 
the Japanese classification of GC [12], with differentiated-
type tumors being defined as papillary or tubular adeno-
carcinoma and undifferentiated-type tumors as poorly dif-
ferentiated adenocarcinoma, signet ring cell carcinoma, or 
mucinous adenocarcinoma. Adverse events were evaluated 
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, version 3.0. Detailed 
information for the HERBIS-4A trial was provided previ-
ously [8].

Statistical analysis

The planned sample size for HERBIS-2 was initially 80 ran-
domized patients on the basis of an expected 1-year OS rate 
for SP and XP of 54–70%, respectively, and with a one-sided 



International Journal of Clinical Oncology 

1 3

significance level (α) of 0.10 and power of 0.80. However, 
as a result of slow accrual, enrollment was terminated after 
the inclusion of 20 patients in April 2016.

Survival curves were estimated by the Kaplan–Meier 
method. The stratified log-rank test with strata of allocation 
factors other than institution and with or without measur-
able lesions was applied for comparison of survival curves 
between arms. Hazard ratios (HRs) and their confidence 
intervals (CIs) were calculated with a Cox proportional 
hazards model. The RR was compared between arms with 
Fisher’s exact test. Efficacy outcomes were assessed in the 
full analysis set (FAS), which consists of all randomized 
patients with the exception of those who were found to be 
ineligible after enrollment but before treatment. Toxicity was 
evaluated in the per protocol set (PPS), which was defined as 
all patients in the FAS who received treatment at least once 
and had no major protocol violations. All statistical analysis 
was performed with the use of R version 3.3.1 (The R Foun-
dation for Statistical Computing, Vienna, Austria) and SAS 
version 9.4 (SAS Institute, Cary, NC). A P value of < 0.05 
was considered statistically significant.

Results

Pooled analysis for HERBIS‑2 and HERBIS‑4A

The detailed results of HERBIS-2 are shown in Supplemen-
tary material. For pooled analysis, patients who were found 
to be ineligible after enrollment but before treatment were 
excluded. A total of 101 patients was therefore included in 
the FAS, with the SP and XP arms including 50 and 51 
patients, respectively (Table 1). For the PPS, two patients 
were excluded from the SP arm of HERBIS-4A for not 
receiving any treatment as a result of withdrawal from the 
study. For RR analysis, four patients in each of the SP and 
XP arms of HERBIS-2 were excluded for not having meas-
urable lesions (Fig. 1).

The RR was 54.5% (95% CI, 38.8–69.6%) versus 51.1% 
(95 % CI, 36.1–65.9%) in the SP and XP arms, respectively 
(P = 1.000). The disease control rate was higher in the SP 
arm [86.4% (95% CI, 72.6–94.8%)] than in the XP arm 
[68.1% (95 % CI, 52.9–80.9%)], although the difference was 
not statistically significant (P = 0.149) (Table 2). Waterfall 
plot analysis for the 84 evaluated patients (n = 42 in each 
arm) also revealed a trend toward better disease control in 
the SP arm (Fig. 2).

The median PFS in the FAS was 6.4 months (95 % CI 
4.6–9.3 months) and 5.1 months (95% CI, 3.9–7.7 months) 
for the SP and XP arms, respectively [HR of 0.666 (95 % 
CI, 0.435–1.020), P = 0.062] (Fig. 3a). The difference in 
median PFS between the SP arm [6.8 months (95 % CI 
4.6–9.3 months)] and the XP arm [5.1 months (95 % CI 

3.9–7.7 months)] was statistically significant among the PPS 
[HR of 0.632 (95 % CI 0.410–0.973), P = 0.0037] (Fig. 3b). 
For the FAS, median OS in the SP arm [14.8 months (95 
% CI 11.5–23.0 months)] tended to be longer than that in 
the XP arm [10.6 months (95 % CI 7.6– 15.6 months); HR 

Table 1  Baseline characteristics of patients in the SP and XP arms for 
the FAS of the combined analysis of HERBIS-2 and HERBIS-4A

Characteristic SP (n = 50) XP (n = 51)

Age (years)
 Median 68 65
 Range 37–78 34–79

Sex
 Male/female 39/11 42/9

ECOG PS
 0/1 28/22 31/20

Primary tumor site
 Upper 10 17
 Middle 26 14
 Lower 14 20

Tumor histological type
 Papillary 0 0
 Tubular 25 24
 Poorly differentiated 20 24
 Signet ring cell 3 1
 Mucinous 1 2
 Undetermined 1 0

T factor at diagnosis
 TX 1 1
 T1 (SM) 0 1
 T2 (MP) 6 1
 T3 (SS) 12 11
 T4a (SE) 25 27
 T4n (SI) 6 10

N factor at diagnosis
 NX 0 1
 N0 4 7
 N1 (1–2) 5 10
 N2 (3–6) 13 17
 N3a (7–15) 20 10
 N3b (≥ 16) 8 5
 Missing 0 1

M factor at diagnosis
 MX 2 1
 M0 15 12
 M1 33 38

Prior gastrectomy
 Yes/no 15/35 10/41

Number of metastases
1 30 24
 ≥ 2 20 27
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of 0.695 (95 % CI 0.451–1.071); P = 0.099] (Fig. 3c). This 
difference in median OS was more pronounced in the PPS, 
with values of 14.9 months (95 % CI 12.0–23.8 months) 
and 10.6 months (95 % CI 7.6–15.6 months) for the SP and 
XP arms, respectively [HR of 0.656 (95 % CI 0.423–1.018), 
P = 0.060] (Fig. 3d). The median TTF in the FAS was sig-
nificantly longer for the SP arm [4.6 months (95 % CI 
3.7–6.4 months)] than for the XP arm [3.6 months (95 % 
CI 2.7 to 4.1 months); HR of 0.668 (95 % CI 0.450–0.992); 
P = 0.045] (Fig. 3e), and this difference was again more evi-
dent in the PPS 4.6 months (95 % CI 4.0–6.4 months) in the 
SP arm versus 3.6 months [95% CI, 2.7–4.1 months] in the 
XP arm; HR of 0.635 (95 % CI 0.426–0.947); P = 0.026] 
(Fig. 3f).

Subgroup analysis for OS according to baseline clinical 
characteristics showed similar results across all subgroups, 
although the OS benefit in the SP arm was significantly 
greater than that in the XP arm for patients with a PS of 0 
[HR of 0.544 (95 % CI 0.309–0.959), interaction P = 0.035], 
for those with a primary tumor located in the upper region of 
the stomach [HR of 0.226 (95 % CI 0.070–0.731), interaction 

P = 0.013], or for those with differentiated-type cancer [HR 
of 0.433 (95 % CI 0.228–0.822), interaction P = 0.011] 
among the FAS (Fig. 4), and these differences were similar 
or more pronounced among the PPS [PS of 0, HR = 0.514 
(95 % CI 0.289–0.914) and interaction P = 0.023; tumor 
arising in upper region of stomach, HR = 0.157 (95 % CI 
0.042–0.585) and interaction P = 0.006; differentiated-type 
cancer, HR = 0.433 (95 % CI 0.228–0.822) and interaction 
P = 0.011].

The median relative dose intensities per patient in the SP 
arm were 95.2% for S-1 and 88.5% for cisplatin, whereas 
those in the XP arm were 90.2% for capecitabine and 85.4% 
for cisplatin.

Discussion

We here first report the results of a phase II study, HER-
BIS-2, that examined the efficacy and safety of SP versus 
XP in recurrent GC patients with an RFI of ≥ 6 months after 
S-1–containing adjuvant therapy. This study was closed 

Eligible patients recruited (n = 101)
HERBIS-2 (n = 17)

HERBIS-4A (n = 84) 

Random
assignment

SP FAS (n = 50) 
HERBIS-2 (n = 9) 

HERBIS-4A  (n = 41) 

XP FAS (n = 51)
HERBIS-2 (n = 8)  

HERBIS-4A (n = 43) 

SP PPS (n = 48) 
HERBIS-2 (n = 9) 

HERBIS-4A  (n = 39) 

SP RR analysis (n = 44) 
HERBIS-2 (n = 5) 

HERBIS-4A  (n = 39) 

XP PPS (n = 51) 
HERBIS-2 (n = 8)  

HERBIS-4A (n = 43) 

XP RR analysis (n = 47)
HERBIS-2 (n = 4)  

HERBIS-4A (n = 43) 

HERBIS-4A (n = 2) 
Patients excluded 

(receiving no 
treatment and 
withdrawing)

HERBIS-2 (n = 4) 
Patients without 

measurable lesions

HERBIS-2 (n = 4) 
Patients without 

measurable lesions

Fig. 1  Patient flow for the combined analysis of the SP and XP arms in HERBIS-2 and HERBIS-4A

Table 2  RR in the pooled 
analysis of HERBIS-2A and 
HERBIS-4A

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, 
DCR disease control rate

Arm n CR PR SD PD NE RR
(95 % CI)

DCR
(95 % CI)

SP 44 0 24 14 4 2 54.5%
(38.8–69.6%)

86.4%
(72.6–94.8%)

XP 47 0 24 8 10 5 51.1%
(36.1–65.9%)

68.1%
(52.9–80.9%)
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prematurely because of slow accrual due to the limited size 
of the target population. However, the data obtained from 
this trial suggested that the efficacy of SP might be greater 
than that of XP in this setting. Although the difference was 
not statistically significant, median OS, the primary end 
point of this study, was longer in the SP arm than in the 

XP arm (18.7 versus 13.4 months). Furthermore, median 
PFS was significantly longer in the SP arm than in the XP 
arm (9.1 versus 5.7 months), despite the small number of 
patients enrolled. The median PFS and OS for XP in HER-
BIS-2 are similar to those for recurrent GC patients who 
relapsed within 6 months after completion of S-1 adjuvant 
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Fig. 3  Kaplan–Meier analysis of PFS (a, b), OS (c, d), and TTF (e, f) in the SP and XP arms for the FAS (a, c, e) and PPS (b, d, f) in the com-
bined analysis of HERBIS-2 and HERBIS-4A
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chemotherapy in the XParTS-1 study (4.4 and 13.7 months 
for PFS and OS, respectively) [11]. These data suggest that 
the efficacy of XP might be independent of the interval 
between completions of S-1 therapy and relapse.

We concluded that a combined analysis of data from 
the HERBIS-2 and HERBIS-4A trials was feasible and 
valid because the two trials had similar designs even if 
their primary objectives were different. With the exception 
of the history of S-1 adjuvant therapy, the inclusion and 
exclusion criteria were identical in both trials, as were the 
chemotherapy regimens studied. The objective of pooling 
the data from the two trials was to improve the statistical 
power of the survival analysis and therefore to provide a 
better estimate of the potential benefit of either SP or XP 
for patients with HER2-negative advanced or recurrent GC. 
In the HERBIS-4A trial, although the differences were not 
statistically significant, SP was associated with a better 
median PFS [5.9 versus 4.1 months; HR of 0.763 (95 % CI 
0.462–1.259); P = 0.284], OS [13.5 versus 10.0 months; HR 
of 0.776 (95 % CI 0.485–1.244); P = 0.290], and TTF [4.5 
versus 3.1 months; HR of 0.651 (95 % CI 0.421–1.006); 
P = 0.052] [8]. This trend toward a better survival for SP 
revealed by HERBIS-4A was confirmed by the current 
pooled analysis. We thus detected a better survival outcome 
for SP relative to XP, with TTF and PFS (in the PPS) being 
significantly longer and OS tending to be longer for SP. The 

median relative dose intensities of S-1 and cisplatin were 
trending higher than capecitabine and cisplatin, which may 
partially explain the significantly better TTP and PFS in the 
SP versus XP arm. These results thus suggest that SP may 
be the preferred option for first-line chemotherapy of HER2-
negative advanced GC or of HER2-negative recurrent GC 
with an RFI of ≥ 6 months after S-1 adjuvant therapy.

Subgroup analysis of the combined HERBIS-2 and HER-
BIS-4A data revealed that the survival advantage of SP was 
significant for patients whose tumors were located in the 
upper part of the stomach. This result should be interpreted 
with caution, however, given the small sample size for each 
subgroup. Gastric cancer arising from the upper portion of 
the stomach, including the gastroesophageal junction and 
cardia, has been found to be associated with chromosomal 
instability [13], suggesting that precise biomarker analysis 
might facilitate the selection of patients most likely to ben-
efit from SP. Our subgroup analysis also showed that patients 
with differentiated-type cancer benefited significantly from 
SP compared with XP. Tumor histology has been used as 
an important classifier in GC, with two major classification 
systems—the Lauren classification [14] and Japanese clas-
sification [15]—having been adopted, and with intestinal 
type versus diffuse type of the former classification largely 
corresponding to differentiated type versus undifferentiated 
type of the latter, respectively. To date, no data are available 

Factor
n

HR (95%CI) P value
SP XP

ECOG PS 0 28 31 0.544 (0.309, 0.959) 0.035

1/2 22 20 0.903 (0.455, 1.793) 0.771

HER2 (IHC) 0 29 28 0.775 (0.431, 1.394) 0.394

1+/2+ 20 21 0.624 (0.321, 1.212) 0.163

Peritoneal dissemination No 42 38 0.679 (0.414, 1.114) 0.126

Yes 8 13 1.090 (0.435, 2.728) 0.854

Primary tumor site Upper 10 17 0.226 (0.070, 0.731) 0.013

Middle 26 14 1.013 (0.493, 2.080) 0.971

Low 14 20 1.109 (0.524, 2.345) 0.787

Histology type Differentiated 26 24 0.433 (0.228, 0.822) 0.011

Undifferentiated 24 27 1.002 (0.540, 1.858) 0.995

Prior gastrectomy Yes 15 15 0.110 (0.010, 1.239) 0.074

No 44 36 0.759 (0.484, 1.190) 0.229

No. of metastatic sites 1 30 24 0.577 (0.318, 1.044) 0.069

>2 20 27 1.029 (0.539, 1.963) 0.932

0.1 1.0 10.0

SP better XP better

0.070

0.010

Fig. 4  Hazard ratio (HR) and 95 % CI for OS in patient subgroups of the FAS (n = 101) in the combined analysis of HERBIS-2 and HERBIS-
4A. Abbreviations not defined in text: IHC, immunohistochemistry
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regarding the relation between the efficacy of chemotherapy 
regimens and tumor histological type in GC. It was thought 
that SP might be effective for diffuse-type GC, given that S-1 
contains gimeracil, an inhibitor of dihydropyrimidine dehy-
drogenase, and that diffuse-type GC expresses this enzyme 
at a high level [16]. A retrospective analysis of the FLAGS 
study [17] revealed a better survival for patients with diffuse-
type GC treated with an SP regimen (S-1 at 25 mg/m2 orally 
twice daily on days 1 through 21 followed by a 7-day rest 
period; cisplatin at 75 mg/m2 on day 1 of each 28-day cycle) 
than for those treated with the combination of 5-fluoruracil 
and cisplatin [18]. However, the subsequent DIGEST study 
failed to demonstrate a significant difference in OS between 
these two regimens for advanced GC patients with diffuse-
type tumors [19]. A phase III study of patients with diffuse- 
or mixed-type GC in China recently showed that oxaliplatin 
plus S-1 tended to confer a better OS compared with SP in 
the first-line setting [20]. Further studies are thus warranted 
to shed light on the relation between tumor histology and the 
response to chemotherapy regimens.

Limitations of our pooled analysis include the relatively 
small number of patients. Direct comparison of SP and XP 
as first-line treatment for HER2-negative GC was also per-
formed in another randomized phase II study (XParTS-II) 
[21] with metastatic GC patients or recurrent GC patients 
with an RFI of ≥ 6 months after S-1 adjuvant therapy. No 
difference in efficacy was apparent between the two regi-
mens, with a median PFS of 5.6 versus 5.1 months [HR 
of 1.126 (95 % CI 0.753–1.685), P = 0.5626] and median 
OS of 13.5 versus 12.6 months [HR of 0.942 (95 % CI 
0.624–1.423), P = 0.7769] for SP versus XP, respectively. 
Furthermore, subgroup analysis according to tumor histol-
ogy (intestinal versus diffuse type) revealed no significant 
difference between the two treatments. The reason for the 
apparent discordance between these findings and our pre-
sent results is unclear. We therefore plan the integration 
analysis with the use of individual data from these trials to 
better understand the characteristic of SP and XP.

In conclusion, despite its small size, the HERBIS-2 study 
suggests that the efficacy of SP might be better than that of 
XP in recurrent GC patients with an RFI of ≥ 6 months after 
S-1 adjuvant therapy. Pooled analysis of HERBIS-2 and 
HERBIS-4A further revealed a consistent survival advantage 
of SP over XP in HER2-negative advanced GC or recurrent 
GC with an RFI of ≥ 6 months after S-1 adjuvant therapy. 
This advantage will be evaluated further by combined analy-
sis of our trials and the XParTS-II study.
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