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Abstract
Background We investigated early tumor shrinkage (ETS) and depth of response (DpR) using data from the G-SOX study 
comparing S-1 plus oxaliplatin with S-1 plus cisplatin as the first-line treatment for advanced gastric cancer (AGC).
Methods ETS was determined as % decrease in the sum of the longest diameters of the target lesions at the first evaluation 
of week 6 compared to baseline. DpR was the maximum % shrinkage during the study treatment. The impact of ETS (cutoff 
value 20%) and DpR (continuous value) on progression-free survival (PFS) and overall survival (OS) were assessed by the 
log-rank test and Cox regression analysis including prognostic factors obtained in the G-SOX study; ECOG performance 
status, baseline sum of tumor diameters, disease status (recurrent/unresectable), and histology (diffuse/intestinal).
Results Among 685 patients enrolled in the G-SOX study, 632 patients who had the first tumor evaluation were analyzed. 
Patients with ETS ≥ 20% had longer PFS (median 4.5 vs. 2.8 months, p < 0.0001) and OS (median 14.8 vs. 10.5 months, 
p < 0.0001) than those with ETS < 20%. Adjusted hazard ratios of ETS < 20 vs. ≥ 20% were 0.606 (95% confidence interval 
(CI) 0.506–0.725) for PFS and 0.589 (95% CI 0.492–0.704) for OS. DpR was also significantly associated with PFS and OS 
(both p < 0.0001). These results were similar between the SOX and CS groups.
Conclusions In AGC patients receiving the first-line therapy, ETS and DpR might be predictors for PFS and OS.
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Introduction

One of the goals of chemotherapy for advanced gastric can-
cer (AGC) is to reduce the tumor size expecting amelioration 
of tumor-related symptoms and survival prolongation.

In the recent years, several retrospective studies [1–5] 
and one prospective study [6] have shown that early tumor 
shrinkage (ETS), defined as a % decrease in the sum of the 
longest diameters of the target lesions at the first evaluation 
(usually week 6 or 8), is a good predictor of the long-term 
outcomes of the first-line treatment for metastatic colorectal 
cancer (mCRC). In most of these reports, ETS of 20% was 

used to classify as responders or non-responders [2–6]. ETS 
is considered as an on-treatment marker that reflects tumor 
sensitivity to anticancer therapy [2, 7, 8] and thus could be 
a useful clinical decision-making tool. In addition, depth of 
response (DpR) defined as the maximum tumor shrinkage of 
individual patient during the treatment has been reported to 
be associated with survival in mCRC patients [5, 6].

Unlike mCRC, there are a small number of studies assess-
ing ETS or DpR in AGC [9–11]. Although those reports sug-
gested that ETS was a significant predictor of the long-term 
outcomes in patients who received the combination therapy 
with trastuzumab against human epidermal growth factor 
receptor 2 (HER2), the association between ETS and treat-
ment outcomes of the platform regimen, fluoropyrimidine 
plus platinum, is not known.

The phase III G-SOX study has demonstrated noninfe-
riority of combination therapy with S-1 plus oxaliplatin 
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(SOX) to cisplatin plus S-1 (CS) in the first-line treatment 
for AGC with regard to progression-free survival (PFS) and 
overall survival (OS) [12]. In this present study, we reviewed 
the G-SOX data to determine whether ETS and DpR are 
associated with the long-term outcomes in AGC patients.

Patients and methods

G‑SOX study

The G-SOX study was a prospective, open-label, multi-
center, randomized phase III clinical trial conducted at 51 
centers in Japan. Between January 2010 and October 2011, 
685 chemotherapy-naïve AGC patients with at least one 
measurable lesion at baseline were randomly assigned at a 
1:1 ratio to receive first-line SOX or CS therapy, as reported 
previously [12]. Treatment was continued until disease pro-
gression, unacceptable toxicity, or patient’s withdrawal. 
Tumors were monitored with computed tomography (CT) 
at baseline and every 6 weeks after randomization until the 
start of second-line therapy. All images were assessed by an 
independent review committee according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.0 
[13]. The G-SOX study was conducted in compliance with 
the Declaration of Helsinki and the Good Clinical Practice 
(GCP) guidelines, and the study protocol was approved by 
the ethical committee of each institution.

Statistical analysis

Patients with no CT scan data at week 6 were excluded from 
the full analysis set of the G-SOX study. All other patients 
were analyzed in the present study. ETS was assessed as 
the relative tumor reduction (%) in the sum of the longest 
diameters of the target lesions at week 6 compared to the 
baseline. DpR was defined as the maximum tumor shrinkage 
(%) observed throughout the treatment.

We compared baseline characteristics between two treat-
ment groups by Fisher’s exact test. Differences in response 
measurements were also compared. To validate combining 
two treatment groups for subsequent analyses, waterfall 
plots were created for each treatment group at the maximum 
shrinkage point. The time from randomization to maximum 
shrinkage was also calculated.

The landmark approach was used to avoid guarantee-time 
bias [14], and the first CT scan was set as the landmark 
point for ETS. PFS was defined as the time from the land-
mark point until disease progression or death from any cause 
(whichever was earlier). OS was defined as the time from 
the landmark point until death from any cause. Subpopula-
tion treatment effect pattern plot (STEPP) analysis was per-
formed to explore the interaction between treatment effects 

and ETS. A sliding-window approach (window size of 150 
with an overlap between adjacent windows of 100 cases) 
was employed for the analysis [15, 16]. We adopted the cut-
off value of 20% for ETS recommended in various reports 
for mCRC [2–6]. Baseline characteristics were compared 
using Fisher’s exact test between the patients who achieved 
ETS and patients who did not. PFS and OS curves were 
estimated by the Kaplan–Meier method for patients who 
achieved ETS ≥ 20% and patients who did not, and were 
compared by the log-rank test, respectively (≥ 20 vs. < 20%). 
To evaluate the impact of ETS or DpR on PFS and OS, haz-
ard ratios (HRs) and their 95% confidence intervals (CIs) 
were determined by multivariate Cox regression analysis. 
The multivariate analysis employed four prognostic factors 
[Eastern Cooperative Oncology Group performance status 
(ECOG PS; 1, 2 vs. 0), total tumor diameter before the treat-
ment (≥ median vs. < median), disease status (recurrent vs. 
unresectable), and tumor histology (diffuse vs. intestinal)] 
that were reported to influence OS in the G-SOX study [12], 
along with the treatment (CS vs. SOX) and ETS or DpR.

To evaluate the predictive accuracy of ETS or DpR for 
PFS and OS, time-dependent receiver operating charac-
teristics (ROC) analysis was performed to calculate the 
time-dependent concordance index (Cτ) [17], with which 
its 95% CI was calculated by the bootstrap method using 
1000 samples, and as a reference, optimal cutoff values of 
ETS and DpR: the point on the ROC curve that was closest 
to the point at both sensitivity and specificity = 1 (point of 
maximum sensitivity and specificity) were obtained [18].

Statistical significance level was set at p < 0.05 (two-
sided). Due to the exploratory nature of this study, adjust-
ment for multiplicity was not done during these analyses. 
All statistical analyses were performed by SAS version 9.4 
(SAS Institute, Cary, NC, USA).

Results

Patients

G-SOX study enrolled a total of 685 patients. Of 685 rand-
omized patients, twenty-two patients were not included in 
the full analysis set (9 did not receive the allocated treat-
ment, 3 had a major GCP violation, and 10 did not meet the 
inclusion or exclusion criteria). Thirty-one patients with no 
tumor diameter data at the first tumor evaluation were also 
excluded, and remaining 632 patients (313 in the SOX group 
and 319 in the CS group) were included in the present study.

Validity of combining two treatment groups

Baseline characteristics were well balanced between the two 
treatment arms (Table 1). Median ETS was 23.5% in the 
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SOX group and 22.7% in the CS group (Table 2). ETS ≥ 20% 
was achieved in 58.1% of the SOX group and 55.8% of the 
CS group. The STEPP analysis showed that PFS rates at 
4 months and OS rates at 12 months were similar between 
SOX and CS groups (Fig. 1a, c), and HRs of PFS and OS 
were near 1.0 for each subpopulation (Fig. 1b, d), where 
the horizontal axis represents median ETS of the patient 
subpopulations. The results of the analysis indicated that 
both SOX and CS have similar treatment effects across the 
value of ETS with respect to PFS and OS, suggesting that 
there was no interaction between treatment effects and ETS. 
Median DpR was 38.2% in the SOX group and 37.8% in the 
CS group (Table 2), and the distributions of tumor shrink-
age were very similar between treatment arms (Fig. 2). The 
median time to maximum tumor shrinkage was 121 days in 

the SOX group and 120 days in the CS group. These data 
mentioned above indicated that ETS and DpR were very 
similar between SOX and CS groups, and could be analyzed 
together.

Impact of ETS and DpR on survival

Baseline characteristics between the patients with 
ETS ≥ 20% and ETS < 20% were similar, with the excep-
tion of a higher proportion of the patients who had primary 
tumor in the ETS ≥ 20% patients (Table 3). Comparing the 
patients who achieved ETS ≥ 20% to those with ETS < 20%, 
PFS was significantly longer in the former group (4.5 vs. 
2.8 months, HR 0.659, 95% CI 0.552–0.787, p < 0.0001) 
and so was OS (14.8 vs. 10.5 months, HR 0.663, 95% CI 
0.556–0.791, p < 0.0001) (Fig. 3). No significant interac-
tions between the treatment arms and ETS were seen for PFS 
(p = 0.231) and OS (p = 0.382).

In multivariate Cox regression analyses (Table 4), ETS 
was significantly associated with PFS and OS irrespective 
of whether it was treated as a continuous or binary variable 
(cutoff value of 20%). DpR was also significantly associated 
with PFS and OS.

Predictive accuracy and optimal cutoff values of ETS 
and DpR

ETS (continuous variable) and DpR moderately predicted 
PFS (Cτ index 0.540, 95% CI 0.561–0.612 for ETS, and 
0.697, 95% CI 0.678–0.717 for DpR) and OS (Cτ index 
0.569, 95% CI 0.547–0.594 for ETS, and 0.644, 95% CI 
0.622–0.663 for DpR).

Optimal cutoff values of ETS and DpR for predicting 
the long-term outcomes were calculated on the basis of the 
median PFS and OS (4.14 and 12.78 months after the land-
mark point, respectively) by ROC analysis in all patients. 
The optimal ETS cutoff values to dichotomize the study pop-
ulation for predicting the prognosis were 19.9% for PFS and 
20.0% for OS. The optimal DpR cutoff values were 36.7% 
for PFS and 40.0% for OS.

Discussion

The present study revealed that ETS at week 6 and DpR 
were significantly associated with survival outcomes in 
patients receiving combination chemotherapy with S-1 plus 
a platinum agent as the first-line treatment for AGC. When 
adjusted with the treatment effect and prognostic factors, 
the risks of progression and death reduced by approxi-
mately 40% in patients with ETS ≥ 20%, compared to those 
in patients with ETS < 20%. ETS can be obtained at a speci-
fied early time point after the start of treatment, while the 

Table 1  Baseline characteristics

Data are shown as the number (%) or median (range)
SOX S-1 plus oxaliplatin, CS cisplatin plus S-1, ECOG Eastern Coop-
erative Oncology Group
a Fisher’s exact test
b Some patients had more than one site

Treatment pa

SOX (N = 313) CS (N = 319)

Age (years) 66 (21–83) 65 (29–85) –
Gender
 Male 235 (75.1) 235 (73.7) 0.72
 Female 78 (24.9) 84 (26.3)

ECOG performance status
 0 221 (70.6) 227 (71.2) 0.98
 1 88 (28.1) 88 (27.6)
 2 4 (1.3) 4 (1.3)

Unresectable 258 (82.4) 266 (83.4) 0.75
Recurrent 55 (17.6) 53 (16.6)
 Adjuvant chemotherapy (+) 28 (8.9) 26 (8.2)
 Adjuvant chemotherapy (−) 27 (8.6) 27 (8.5)

Tumor histology
 Intestinal 145 (46.3) 143 (44.8) 0.75
 Diffuse 168 (53.7) 176 (55.2)

Primary tumor
 − 72 (23.0) 73 (22.9) 1.00
 + 241 (77.0) 246 (77.1)

No. of metastatic sites
 1 100 (31.9) 101 (31.7) 1.00
 2 134 (42.8) 137 (42.9)
 ≥ 3 79 (25.2) 81 (25.4)

Metastatic  siteb

 Liver 123 (39.3) 127 (39.8) –
 Lung 35 (11.2) 33 (10.3)
 Lymph node 286 (91.4) 282 (88.4)
 Peritoneal 60 (19.2) 63 (19.7)
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time reaching the maximum shrinkage is longer and unpre-
dictable. On this point, ETS is more useful than DpR as an 
on-treatment marker for predicting prognoses.

Several reports have demonstrated the correlation 
between ETS and survival in mCRC patients receiving 
chemotherapy with or without molecular-targeted agents, 
such as anti-EGFR monoclonal antibodies (cetuximab and 
panitumumab) and anti-VEGF monoclonal antibody (beva-
cizumab) [7]. The present study was based on the data of 
G-SOX study comparing SOX and CS without molecular-
targeted agents. Trastuzumab was not approved for AGC in 
Japan when the G-SOX study was planned, and the HER2 
status of the patients was not investigated. Our results indi-
cated that ETS was applicable for survival prediction in 
AGC patients receiving the first-line chemotherapy without 
a molecular-targeted agent.

It is important to set an optimal cutoff value for appropri-
ately classifying patients as responders and non-responders. 
The cutoff value for dichotomizing a patient population has 
been reported to depend on the regimen used for treatment 
[4, 6, 7]. In the present study, we used 20% cutoff value for 

ETS based on the findings reported in mCRC studies [2–6]. 
By ROC analysis, we assured 20% ETS as the optimal cutoff 
value for predicting PFS and OS in AGC patients treated 
with first-line chemotherapy with S-1 plus either cisplatin 
or oxaliplatin.

In the absence of pretreatment predictors of response, a 
regular evaluation of tumor shrinkage is usually performed 
on the basis of the RECIST and used for the decision-mak-
ing of treatment continuation and prediction of prognosis. 
In the RECIST, 30% tumor shrinkage is a cutoff value for 
responder and non-responder [13]. The time point reaching 
the cutoff is not defined. Although we did not analyze the 
relationship between ETS and RECIST responders, ETS at 
week 6 seemed to be simple and easy to use for treating 
physicians.

In conclusion, both ETS and DpR were associated with 
the long-term outcomes in AGC patients receiving first-line 
SOX or CS therapy. In particular, 20% tumor shrinkage at 
week 6 could be applicable as the cutoff value for predicting 
survival. The present analyses were retrospective using a 
single study, and further studies are needed for verification.

Table 2  Response 
measurements between 
treatment arms

SOX oxaliplatin plus S-1, CS cisplatin plus S-1, RECIST Response Evaluation Criteria in Solid Tumors, CR 
complete response, PR partial response, ETS early tumor shrinkage, DpR depth of response
a Fisher’s exact test
b Kruskal–Wallis test

Treatment p

SOX (N = 313) (%) CS (N = 319) (%)

RECIST response
 Response rate (CR + PR) 56.9 53.0 0.338a

ETS
 Median (range) 23.5 (− 98.8 to 65.6) 22.7 (− 73.4 to 100) 0.769b

 ETS ≥ 20% 58.1 55.8 0.574a

 ETS < 20% 41.9 44.2
DpR
 Median (range) 38.2 (− 98.8 to 100) 37.8 (− 73.4 to 100) 0.831b

 1st quintile 19.2 20.7 0.407a

 2nd quintile 19.8 20.1
 3rd quintile 21.7 18.8
 4th quintile 21.7 17.9
 5th quintile 17.6 22.6
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Fig. 1  Subpopulation treatment effect pattern plot analysis of a progression-free survival (PFS) at 4 months from landmark, b hazard ratio (HR) 
of PFS, c overall survival (OS) at 12 months from landmark, and d HR of OS

Fig. 2  Depth of response in both groups, a SOX group; b CS group
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Table 3  Baseline characteristics 
based on ETS < 20 vs. ≥ 20%

Data are shown as the number (%) or median (range)
ECOG Eastern Cooperative Oncology Group
a Fisher’s exact test
b Some patients had more than one site

Early tumor shrinkage pa

< 20% (N = 272) ≥ 20% (N = 360)

Age (years) 65 (21–83) 65 (31–85) –
Gender
 Male 202 (74.3) 268 (74.4) 1.00
 Female 70 (25.7) 92 (25.6)

ECOG performance status
 0 193 (71.0) 255 (70.8) 1.00
 1 76 (27.9) 100 (27.8)
 2 3 (1.1) 5 (1.4)

Unresectable 217 (79.8) 307 (85.3) 0.07
Recurrent 55 (20.2) 53 (14.7)
 Adjuvant chemotherapy (+) 30 (11.0) 24 (6.7)
 Adjuvant chemotherapy (−) 25 (9.2) 29 (8.1)

Tumor histology
 Intestinal 133 (48.9) 155 (43.1) 0.15
 Diffuse 139 (51.1) 205 (56.9)

Primary tumor
 − 74 (27.2) 71 (19.7) 0.03
 + 198 (72.8) 289 (80.3)

No. of metastatic sites
 1 77 (28.3) 124 (34.4) 0.18
 2 127 (46.7) 144 (40.0)
 ≥ 3 68 (25.0) 92 (25.6)

Metastatic  siteb

 Liver 117 (43.0) 133 (36.9) –
 Lung 32 (11.8) 36 (10.0)
 Lymph node 242 (89.0) 326 (90.6)
 Peritoneal 57 (21.0) 66 (18.3)
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Fig. 3  Kaplan–Meier survival curves stratified according to tumor shrinkage (< 20 vs. ≥ 20%) at first evaluation, a progression-free survival 
(PFS); b overall survival (OS)

Table 4  Impact of ETS or DpR on PFS and OS

PFS progression-free survival, OS overall survival, HR hazard ratio, CI confidence interval, CS cisplatin plus S-1, SOX oxaliplatin plus S-1, 
ECOG Eastern Cooperative Oncology Group, PS performance status, ETS early tumor shrinkage, DpR depth of response
a Wald test
b HRs are presented per 10% tumor shrinkage
c Median sum of tumor diameters: 77.6 mm

Variables Category PFS OS

HR 95% CI pa HR 95% CI pa

ETS as  continuousb 0.808 0.767 0.851 < 0.0001 0.851 0.815 0.889 < 0.0001
Treatment SOX (vs. CS) 0.952 0.798 1.137 0.5893 0.991 0.831 1.182 0.9223
ECOG PS 1, 2 (vs. 0) 1.434 1.185 1.735 0.0002 1.662 1.374 2.010 < 0.0001
Disease status Recurrent (vs. unresectable) 0.663 0.512 0.858 0.0018 0.509 0.388 0.667 < 0.0001
Tumor histology Diffuse (vs. intestinal) 1.385 1.157 1.659 0.0004 1.491 1.247 1.784 < 0.0001
Sum of tumor diameter ≥ Medianc (vs < median) 1.511 1.258 1.815 < 0.0001 1.493 1.246 1.789 < 0.0001

ETS ≥ 20% (vs. < 20%) 0.606 0.506 0.725 < 0.0001 0.589 0.492 0.704 < 0.0001
Treatment SOX (vs. CS) 0.962 0.806 1.148 0.6686 0.989 0.830 1.180 0.9059
ECOG PS 1, 2 (vs. 0) 1.433 1.185 1.734 0.0002 1.657 1.370 2.004 < 0.0001
Disease status Recurrent (vs. unresectable) 0.701 0.543 0.905 0.0065 0.550 0.422 0.718 < 0.0001
Tumor histology Diffuse (vs. intestinal) 1.291 1.080 1.544 0.0050 1.474 1.232 1.765 < 0.0001
Sum of tumor diameter ≥ Medianc (vs < median) 1.493 1.244 1.793 < 0.0001 1.495 1.249 1.791 < 0.0001

DpR as  continuousb 0.741 0.712 0.771 < 0.0001 0.829 0.803 0.856 < 0.0001
Treatment SOX (vs. CS) 0.916 0.767 1.094 0.3334 0.977 0.820 1.165 0.7986
ECOG PS 1, 2 (vs. 0) 1.360 1.124 1.646 0.0016 1.648 1.363 1.993 < 0.0001
Disease status Recurrent (vs. unresectable) 0.622 0.480 0.807 0.0004 0.466 0.354 0.613 < 0.0001
Tumor histology Diffuse (vs. intestinal) 1.262 1.056 1.508 0.0104 1.417 1.186 1.693 0.0001
Sum of tumor diameter ≥ Medianc (vs < median) 1.487 1.236 1.789 < 0.0001 1.441 1.202 1.726 < 0.0001
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