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Introduction

Gastric cancer is the third leading cause of cancer-
related deaths worldwide (1). At the time of diagnosis, 
two-thirds of patients with gastric cancer have locally 
advanced disease (2). Despite multimodality treatment 

using systemic chemotherapy, chemoradiation and surgery, 
locally advanced gastric cancer (LAGC) remains a clinical 
challenge: the 5-year survival rates were less than 50% (3).

Neoadjuvant therapy, or the notion that the administration 
of therapeutic agents before a main treatment, has been 
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recommended for treatment of patients with LAGC by most 
guidelines, including those of the National Comprehensive 
Cancer Network (NCCN) (4). However, the pathological 
complete response (pCR) rate of gastric or esophagogastric 
junction cancer after neoadjuvant chemotherapy is relatively 
low. To date, only a few sporadic case reports and a meta-
analysis showed a certain survival benefit of patients with 
a pCR (5-16). Moreover, there is no evidence on whether 
the patients who achieved pCR should receive adjuvant 
chemotherapy or not.

As such, we performed a retrospective analysis to evaluate 
the impact of a pCR on the long-term survival of LAGC 
patients who underwent neoadjuvant therapy at China 
National Cancer Center. And we also evaluated the impact 
of adjuvant chemotherapy on survival of patients with pCR. 
To the best of our knowledge, this cohort is the largest to 
date in the literature for patients with LAGC achieved pCR 
after neoadjuvant therapy.

Methods

Selection of patients

We retrospectively reviewed the patients with LAGC 
treated with neoadjuvant therapy who achieved a pCR at 
the China National Cancer Center between January 2007 
and December 2018. The inclusion criteria were as follows: 
(I) histologically confirmed of gastric adenocarcinoma 
by upper gastrointestinal endoscopy prior to treatment; 
(II) presence of locally advanced disease (cT3–4a and/or 
N+) according to 7th edition TNM system of American 
Joint Committee on Cancer; (III) administrated systemic 
chemotherapy or concurrent chemoradiation prior to 
surgery; (IV) histological grade of tumor regression after 
surgical resection was classified as complete regression based 
on Mandard tumor regression grade (TRG). The exclusion 
criteria included patients with non-adenocarcinoma 
histology, distant metastatic disease (M1) and incomplete 
clinical or pathological data registered. In addition, all 
patients included had an Eastern Cooperative Oncology 
Group performance status (PS) of 0–1. All study procedures 
were approved by the Institutional Review Board at the 
China National Cancer Center.

Neoadjuvant therapy

All patients received neoadjuvant therapy consisted 
of preoperative chemotherapy (nCT) or concurrent 

chemoradiation (nCCRT). All the patients were reviewed by 
a multidisciplinary team including gastrointestinal surgeons, 
radiologists, medical oncologists and radiation oncologists. 
Based on the patient’s age, comorbidities, clinical TNM 
stage, and a pretreatment evaluation consisted of physical 
examination, complete blood count, hepatic function, 
serum tumor marker assessment and electrocardiogram, 
the most suitable therapeutic strategy was recommended. 
For patients who administrated preoperative chemotherapy, 
the regimens included FOLFOX (oxaliplatin/5-Fu/folinic 
acid), SOX (oxaliplatin/S-1), paclitaxel/oxaliplatin and 
DOS (docetaxel/oxaliplatin/S-1). For patients underwent 
preoperative concurrent chemoradiation, a total dose of  
45 Gy was applied, using 25 fractions of 1.8 Gy within  
5 weeks delivered concurrently with S-1 at 80 mg/m2.

The response evaluation was performed every two cycles 
of preoperative chemotherapy or at the end of concurrent 
chemoradiation. The tumor response was classified 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST version 1.1).

Surgery and histological examination

All the patients underwent gastrectomy and standardized 
D2 lymph node dissection 4–6 weeks after the completion 
of neoadjuvant treatment. The extent of gastrectomy, totally 
or sub-totally depended on the site and size of the primary 
tumor.

The histological grade of tumor regression was classified 
based on the Mandard TRG (17). TRG 1 (complete 
regression) shows absence of residual cancer and fibrosis 
extending through the different layers of the esophageal 
wall; TRG 2 is characterized by the presence of rare 
residual cancer cells scattered through the fibrosis; TRG 
3 features an increase in the number of residual cancer 
cells, but fibrosis still predominated; TRG 4 shows residual 
cancer outgrowing fibrosis; and TRG 5 is characterized by 
absence of regressive changes. A pCR was defined as TRG1 
at the primary tumor site (T0) and no regional lymph node 
metastasis (N0).

Postoperative adjuvant chemotherapy and follow-up

Adjuvant chemotherapy was recommended for all the 
patients enrolled in the current study. However, 19 patients 
declined adjuvant chemotherapy due to various personal 
reasons.

After the completion of treatment, all the patients were 
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followed-up every 3 months for the first 3 years, every  
6 months between 3 and 5 years, and every 1 year afterwards 
until death. Follow-up included physical examination, 
complete blood count, biochemical analysis, serum tumor 
marker assessment, chest and abdominopelvic computed 
tomography imaging and annual gastrointestinal endoscopy. 
The patient’s survival status was obtained through telephone-
based interviews as well as from the records of outpatient, 
with the follow-up period ending in March 2019.

Statistics

Continuous variables were expressed as median value and 
range or interquartile range (IQR). The overall survival 
(OS) is defined as the time from surgery to any cause of 
death, and the disease-free survival (DFS) is defined as the 

time from surgery to recurrence or metastasis. The Kaplan-
Meier method was used to analyze the survival data.

The statistical analysis was performed with SPSS v25 
(IBM Corp., Chicago, IL, USA), Stata v14 (StataCorp, 
College Station, TX, USA) and Graphpad Prism 7 
(GraphPad Software, San Diego, California, USA).

Results

Patient characteristics

From January 2007 to December 2018, 39 patients were 
identified. Table 1 summarized the baseline of patient 
characteristics. The median age was 57 years (range, 
49–64), and there were 28 males (71.8%). The primary 
tumor was located in cardia of the stomach of 10 patients, 
in the fundus/body of 11 patients, in the antrum/pylorus 
of 17 patients and overlapping of the whole stomach of 1 
patient. The histological grade of preoperative endoscopic 
biopsy was poorly differentiated adenocarcinoma in 35 
patients, moderately differentiated in 3 patients and well 
differentiated in 1.

Neoadjuvant therapy and surgery

Table 2 summarized the treatments of all the patients. Of 
the 39 patients, 27 patients received nCT and 12 patients 
underwent nCCRT. For 27 patients in the nCT group, 
chemotherapeutic schemes included FOLFOX (n=12), 
SOX (n=7), paclitaxel/oxaliplatin (n=1) and DOS (n=7). The 
median number of cycles administered was 4 (range, 2–10).

All the 39 patients underwent radical gastrectomy plus 
D2 lymph node dissection, including proximal gastrectomy 
in 4 patients, distal gastrectomy in 23 and total gastrectomy 
in 12. All of the cases were R0 resection, and the median 
lymph node detection was 27±10.1.

Postoperative adjuvant therapy

For all the patients included, 20 (51.3%) received adjuvant 
chemotherapy, 13 patients with the regimen of platinum/
fluoropyrimidine, 4 with taxane based regimens and 3 
with S-1. Nineteen patients (48.7%) didn’t administrated 
adjuvant chemotherapy after surgical resection.

Patients’ survival

After a median follow-up of 30.4 months (range, 5.1– 

Table 1 Baseline characteristics of patients

Characteristic No., %

Age, median [IQR] 57 [49–64]

Male 28 (71.8%)

Tumor location

Upper stomach 10 (25.6%)

Middle stomach 11 (28.2%)

Lower stomach 17 (43.6%)

Whole stomach 1 (2.6%)

Biopsy pathology

Well differentiated 1 (2.6%)

Moderately differentiated 3 (7.7%)

Poorly differentiated 35 (89.7%)

Clinical T stage*

T2 2 (5.1%)

T3 10 (25.6%)

T4 27 (69.2%)

Clinical N stage*

N0 1 (2.6%)

N1 10 (25.6%)

N2 17 (43.6%)

N3 11 (28.2%)

*, 7th edition TNM system of American Joint Committee on 
Cancer. IQR, interquartile range.
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101.6 months), the 1-, 3- and 5-year OS rates of all the 39 
patients were 96.9%, 88.9% and 88.9%, respectively. The 
1-, 3- and 5-year DFS rates were 94.2%, 88.9% and 88.9%, 
respectively. The Kaplan-Meier curves of OS and PFS of 39 
patients were shown in Figure 1.

Further survival analysis was performed between patients 
who underwent adjuvant chemotherapy (n=20, 51.3%) 
and who did not (n=19, 48.7%). During the follow-up, 
recurrence was observed in 1 patient who received adjuvant 
chemotherapy and 2 patients who did not receive (Table 3). 
The recurrence site included abdominal lymph nodes (n=2) 
and pleura metastasis (n=1). Of these 3 patients, 1 died of 
upper gastrointestinal bleeding during adjuvant treatment 
and the other 2 patients died of metastatic disease. No 
significant difference was found in OS and DFS between 
the two groups (OS, P=0.48; DFS, P=0.47; Figure 2).

Discussion

Although evidence shows that patients with resectable 
gastric or gastroesophageal junction cancer who achieved 
pCR after neoadjuvant chemotherapy can gain a better 
outcome than patients without pCR (18), long-term survival 
for the patients with pCR remains unclear. The present 
study showed that the 1-, 3-, 5-year OS rates of LAGC 
patients who achieved a pCR after neoadjuvant therapy 
were 96.9%, 88.9% and 88.9%, respectively. And the 1-, 3-, 
5-year DFS rates of these 39 patients were 94.2%, 88.9% 

Table 2 Pre-surgical/surgical/post-surgical treatments

Characteristic No. %

NAT pattern

Chemotherapy 27 (69.2%)

FOLFOX 12 (30.8%)

SOX 7 (17.9%)

Paclitaxel/oxaliplatin 1 (2.6%)

DOS 7 (17.9%)

Concurrent chemoradiation 12 (30.8%)

Neoadjuvant chemotherapy cycles, median 
[range]

4 [2–10]

Gastrectomy type

Proximal gastrectomy 4 (10.3%)

Distal gastrectomy 23 (59.0%)

Total gastrectomy 12 (30.8%)

Number of resected lymph nodes, mean ± SD 27±10.1

Adjuvant chemotherapy

No 19 (48.7%)

Platinum + fluoropyrimidine 13 (33.3%)

Taxane based 4 (10.3%)

S-1 3 (7.7%)

NAT, neoadjuvant therapy; FOLFOX, oxaliplatin/5-Fu/folinic 
acid; SOX, oxaliplatin/S-1; DOS, docetaxel/oxaliplatin/S-1; SD, 
standard deviation.

Figure 1 OS (A) and DFS (B) survival curves for all 39 patients with pCR after neoadjuvant therapy and resection. OS, overall survival; 
DFS, disease-free survival; pCR, pathological complete response.
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and 88.9%, respectively. The survival rates seem slightly 
higher than a systematic review that reported a 5-year OS 
of 85% and a recurrence-free survival of 75% among the 
patients with advanced gastric cancer who achieved a pCR 
after neoadjuvant therapy (19). A possible explanation is that 
the systematic review was based on published case reports 
which may have a publication bias.

To date, the evidence of the necessity of adjuvant 
chemotherapy for patients with pCR after neoadjuvant 
therapy is scarce. Moreover, in clinical practice, patients 
who achieved a pCR are less likely to undergo adjuvant 
chemotherapy than those with residual disease after 
neoadjuvant therapy and resection, just as shown in the 
present study (51.3% with adjuvant chemotherapy vs. 
48.7% without). Our subgroup analysis found that there was 
no significant difference in OS and DFS between patients 
who underwent adjuvant chemotherapy and patients who 
didn’t, suggesting that adjuvant chemotherapy may not 
improve the survival of patients who achieved a pCR after 
neoadjuvant therapy. However, the modest sample size of 
the current study may not be capable of reaching a solid 

conclusion. Thus, future large population-based studies on 
this issue are needed.

Strengths and limitations should be considered when 
interpreting the study results. To the best of our knowledge, 
our study was the first original research that reported 
the long-term survival outcomes of the patients with 
LAGC who achieved a pCR after neoadjuvant therapy 
and resection. Secondly, the present study, for the first 
time, investigated the impact of adjuvant chemotherapy 
on the survival of patients with a pCR. While we had the 
largest number of the patients to date, the sample size was 
still modest therefore chance cannot be ruled out to draw 
a confirmative conclusion. Moreover, our follow-up was 
relatively short and few events were observed over this 
time. Finally, this was a single-institutional analysis with 
significant treatment heterogeneity.

Conclusions

Patients with LAGC who achieved a pCR after neoadjuvant 
therapy and resection might have a favorable OS and DFS. 

Table 3 Characteristics of patients who had developed recurrence

Case No. NAT ACT Recurrence Site Cause of death DFS (month) OS (month)

1 nCT Yes Abdominal LNs Upper-GI bleeding 9.3 17.1

2 nCT No Pleura Metastasis 23.9 27.3

3 nCCRT No Abdominal LNs Metastasis 5.1 11.2

NAT, neoadjuvant therapy; ACT, adjuvant chemotherapy; DFS, disease-free survival; OS, overall survival; nCT, neoadjuvant chemotherapy; 
nCCRT, neoadjuvant concurrent chemoradiation; LN, lymph node; GI, gastrointestinal.

Figure 2 OS (A) and DFS (B) survival curves between patients with pCR who received adjuvant chemotherapy and who did not. OS, overall 
survival; DFS, disease-free survival; pCR, pathological complete response; ACT, adjuvant chemotherapy.
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Our study failed to demonstrate the benefit of adjuvant 
chemotherapy for those patients.
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