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ABSTRACT

Background. A pathologic complete response (pCR) can

sometimes be induced by intensive or long-term neoadjuvant

chemotherapy (NAC). Thisprognostic research study based on

a systematic review of the literature evaluated the impact of a

pCR on the long-term survival of gastric cancer (GC) patients.

Methods. Articles were extracted from PubMed and the

Japanese medical search engine ‘‘Ichu-shi,’’ using the

terms ‘‘GC,’’ ‘‘NAC,’’ and ‘‘pCR.’’ Articles were selected

based on the following criteria: (1) full-text case report, (2)

R0 resection following NAC for locally advanced GC, and

(3) pathological complete response in both the primary

stomach and in the lymph nodes. A questionnaire regarding

the patients’ prognoses was sent to the corresponding

authors of the articles selected in July 2013.

Results. Twenty-four articles met the criteria. Twenty

authors responded to the questionnaire. Finally, 22 patients

from 20 articles were entered into the present study. The

median follow-up time (range) of the survivors was 76

(range 13–161) months. Tumors that were stage III/IV

(86 %: 19/22) and of an undifferentiated histology

(61.9 %: 13/21) were dominant. An S1-based regimen was

frequently selected for the NAC. All patients underwent R0

resection and D2/D3 lymphadenectomy. The overall sur-

vival and recurrence-free survival rates at 3 and 5 years

were 96 % and 85 % and 91 % and 75 %, respectively.

Conclusions. Although a pCR was a relatively rare event,

a high pCR rate would be helpful to select the regimen and

courses of NAC, especially when the pathological response

rates are similar.
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Gastric cancer (GC) is the second leading cause of can-

cer-related death worldwide.1 Although surgical resection

remains a mainstay of treatment for localized/regional GC,

the R0 resection rate with surgery alone is unsatisfactory

when the tumor is already in an advanced stage. Adjuvant

chemotherapy with S-12 or capecitabine/oxaliplatin3 after

D2 gastrectomy improved the survival of patients with stage

II/III GC. However, the survival remains unsatisfactory in

stage III patients, at approximately 50 % at 5 years. Theo-

retically, neoadjuvant chemotherapy (NAC) represents a

promising strategy, because it is associated with a high R0

resection rate, downstaging, high compliance for an inten-

sive regimen, low toxicities, a high rate to initiate

chemotherapy, and avoidance of unnecessary surgery

compared with adjuvant chemotherapy.4

To develop NAC in the phase III setting, the identifi-

cation of optimal surrogate endpoints representing the

survival is essential in phase II studies. Previous phase II

studies had selected the R0 resection rate, clinical response

rate by The Response Evaluation Criteria in Solid Tumors

(RECIST) or the pathological response rate as a primary

endpoint. However, the pathological response was shown

to have higher response assessment validity than the RE-

CIST, thus suggesting that a pathological response would

be a better surrogate endpoint than the RECIST.5

Recently, more intensive regimens have been developed

to improve the survival in metastatic GC.6–8 Intensive

chemotherapy induced a high response rate, but also some

sporadic pathological complete responses (pCR) in locally

advanced GC.9–11 More recently, we clarified that long-

term chemotherapy induced a high pathological complete

response rate but did not affect the overall pathological

response rate itself in a randomized phase II study.12 To

select the most promising regimen and courses, it should be

clarified whether a pathological complete response induces

long-term survival. So far, only a few sporadic case reports

showed a certain survival benefit of a pCR, but the follow-

up period in those reports was short.13–33

Because NAC is an investigational treatment in Japan

and the pCR rate is still low, we conducted a prognostic

research study based on a systematic review of the litera-

ture to evaluate the impact of a pCR on the long-term

survival in GC patients.

PATIENTS AND METHODS

Literature Search Strategy

A comprehensive literature search was performed to

evaluate the prognosis of the patients who achieved a pCR

following NAC for GC. The MEDLINE database was

searched using the terms ‘‘gastric cancer,’’ ‘‘neoadjuvant

chemotherapy,’’ and ‘‘pathological complete response (or

histological complete response)’’ using PubMed for reports

published from 2002 to 2011. An extended search with the

Japanese medical search engine ‘‘Ichu-shi’’ also was per-

formed to include corresponding cases which were reported

in Japanese journals.

Inclusion Criteria

Articles were selected for inclusion if they met the

following criteria: (1) full-text case report, (2) R0 resec-

tion following NAC for locally advanced GC, and (3)

pathological complete response not only in the primary

stomach, but also in the lymph nodes. Surgical interven-

tions for GC with distant metastasis were distinguished

from neoadjuvant treatment and excluded from eligibility,

even when the metastatic site was completely resected

and was proven to be a pCR. Clinically detected para-

aortic nodal metastases close to the celiac artery were

eligible in cases where these nodes were proven to have

disappeared following NAC, either by imaging studies

after NAC or based on the resected specimen. Cases with

positive peritoneal cytology were also eligible in cases

where the intraoperative lavage cytology was confirmed

to be negative. Patients who received other treatment

modalities than chemotherapy, such as chemoradiotherapy

or radiotherapy, were excluded.

Prognostic Data

A questionnaire (Supplemental Fig. 1) regarding the

patients’ prognoses was sent to the authors of the articles

selected by the above criteria in July 2013.

Statistical Analysis

The overall survival (OS) was defined as the period

from the initiation of NAC to any cause of death, and the

recurrence-free survival (RFS) as the period from the

initiation of NAC to the occurrence of an event, recur-

rence or death, whichever came first. The data for patients

who had not experienced an event were censored as of the

date of the final observation. The Kaplan–Meier method

and the log-rank test were used to estimate the RFS and

OS. The software program used for this analysis was IBM

SPSS Statistics, version 21 (IBM corporation, North

Castle Drive, Armonk, NY). The tumor stage was

expressed by 7th edition of the TNM classification (TNM

7th).34
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RESULTS

Patient Selection and Compliance

Twenty-four articles met the criteria for this study

(Fig. 1). These 24 articles were all reported from Japan. A

questionnaire was retrieved from the authors of 21 articles.

Thus, the response rate for the questionnaire was 87.5 %.

Finally, 22 patients from the 21 articles were entered into

the present study.

Patient Characteristics

The baseline characteristics of these 22 patients are

shown in Table 1. The clinical stages had been determined

by the Japanese classification of gastric carcinoma 13th

edition (JCGC 13th) in all articles.35 Because the clinical N

status was defined not by the number of lymph nodes, but

by the lymphatic location in the JCGC 13th, we could not

translate the clinical N from the JCGC 13th into the TNM

7th in 11 patients. Among them, five patients had metastasis

to the para-aortic lymph nodes (expressed as N3 in JCGC

13th) which corresponded to stage IV in the TNM 7th. The

other six patients could not be precisely classified into a

TNM clinical stage due to unknown nodal status; however,

all six patients had clinical T4 N? disease and could be

classified to stage III-unspecified (Table 1). Three patients

underwent staging laparoscopy (SL). Among them, two

were diagnosed to be positive for peritoneal cytology. A

total of 86 % (19 of 22) of the patients had either stage III

or IV disease based on the TNM 7th.

The pathological details of the changes in the primary

tumor after NAC had been described for 11 patients. The

relationship between the clinical stage and fibrotic scar also

are demonstrated in Table 1. A fibrotic scar was observed

at the same or deeper depth as determined before NAC in

10 patients. Pathological examination was done by serial

section of the whole portion where the primary tumor was

considered to be located in five cases but was not done or

not described in detail in 17 cases.

Most regimens (21/22, 95 %) of NAC included a flu-

oropyrimidine; with 86 % (19/22) of the NAC regimens

containing S-1 (Table 2). The surgical procedures and

postoperative treatments also are summarized in Table 2.

All patients underwent D2 or D3 lymphadenectomy. Sev-

enteen patients (77 %) required combined resection of

adjacent organs. After surgery, ten patients (45 %)

received S-1-based adjuvant chemotherapy.

OS and RFS

The median follow-up period (range) of the survivors

was 76 (range 13–161) months. Two patients died of

110 records identified through 
PubMed

37 records identified through
Japanese medical search engine
“Ichu-Shi”

142 records after duplicates were removed

36 full-text case-reports were screened

27cases from 24 full-text 
articles were eligible

12 full-text articles were
Excluded due to; 

Surgical intervention (6)
No surgery (1)
Remnant  cancer in LN (3)
Chemoradiation (1)
Lost contact (1)

Included in the analysis; 
22 cases of 21 articles

No reply (5 cases from 3 articles)

FIG. 1 CONSORT diagram of the literature search

TABLE 1 The characteristics of the patients and the tumors

Age, median (range) 67.5 years (54–78)

Male/Female 13/9

Primary tumor

Macroscopic type

Type I/II 1/7

Type III/IV/V 9/3/2

Histology

Differentiated/undifferentiated 9/13

Clinical stage (TNM 7th)

T

T1(M/SM) 0/0

T2 (MP) 3

T3 (SS) 1

T4a/T4b (SE/SI) 13/4

N

N0/N1 1/6

N2/N3 4/0

N? (number unassessed) 11

M

M0 15

M1 (PAN/CY) 7 (5/2)

Stage

IB 1

IIB 2

IIIA/IIIB/III-unspecified 4/2/6

IV 7

Pathological findings

Extent of fibrotic scar

MP 3 (cT2:2, cT3:1)

SS 5 (cT2:1, cT4a:4)

SE 2 (cT4a:1, cT4b:1)

SI 1 (cT4b:1)

NA 11 (cT4a:9, cT4b:2)

PAN para-arortic node, CY peritoneal cytology, NA not available

Survival of GC with a pCR to NAC 789



gastric cancer while three died of other diseases. Only three

patients developed recurrence: to the brain in one patient,

liver in one, and para-aortic lymph nodes in one. As a

whole, the OS rates at 3 and 5 years were 96 % (95 %

confidence interval [CI] 100–87) and 85 % (95 % CI

100–70; Fig. 2), and the RFS rates at 3 and 5 years were

91 % (95 % CI 100–79) and 75 % (95 % CI 94-56; Fig. 3).

When limited to the 19 patients with clinical stage III/IV

disease, the OS rates at 3 and 5 years were 94 % (95 % CI

100–85) and 83 % (95 % CI 100–66), and the RFS rates at

3 and 5 years were 89 % (95 % CI 100–76) and 72 %

(95 % CI 93–51).

DISCUSSION

The present study first clarified that the GC patients who

showed a pCR to NAC had an excellent RFS and OS.

According to the Japanese nationwide survey, the 5-year

survival rates for GC were reported to be approximately

90 % in stage I, 70 % in stage II, 50 % in stage III, and

15 % in stage IV.36 Although the number of patients was

very small and the clinical staging was not fully validated

in our study, the 5-year survival rate of the patients

showing a pCR, even when the patients were limited to

those with clinically confirmed stage III/IV disease, was

similar to that of the stage I/II patients who did not receive

NAC.

In the patients with a pCR, NAC eradicated the primary

tumor. If NAC also eradicates micrometastasis, NAC can

cure cancer. In our study, 12 of 22 patients (54 %) lived

longer than 5 years without recurrence. In two patients

with positive peritoneal cytology, the disseminated cancer

cells disappeared after NAC. These data suggest that NAC

is effective for micrometastasis, as well as the primary

TABLE 2 Pre-surgical/surgical/post-surgical treatments

Regimen of NAC

Non FU-based

PTX/CDDP 1

FU-based

S1/CDDP 14

S1/PTX 3

S1/CPT11 1

S1 1

FLP 1

FP 1

Median total course of NAC (range) 2 (1–4)

Surgical procedure

Gastrectomy

Total 17

Distal 5

Lymphadenectomy

D2 20

D3 2

Combined resection

None 5

Left upper abdominal exenteration 1

Spleen 6

Spleen, gall bladder 6

Lower esophagus, spleen 1

Transverse colon 1

Left adrenal gland, pancreas tail, spleen 1

Left adrenal gland, spleen 1

Postoperative adjuvant chemotherapy

None 12

S1 9

S1/PTX 1
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FIG. 2 Kaplan–Meier overall survival
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FIG. 3 Kaplan–Meier recurrence-free survival
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tumor. The survival benefit of NAC has also been proven in

randomized, controlled trials. As shown in two phase III

studies, the MAGIC trial and the FNCLCC/FFCD trial,

perioperative chemotherapy significantly improved the

progression-free and OS rates compared with surgery

alone.37,38 Furthermore, two Japanese phase II studies

evaluating NAC, the JCOG 0001 and JCOG 0405, also

demonstrated excellent three-year survival rates (27 and

59 %, respectively), despite the fact that those studies

targeted the patients with bulky nodal metastasis of the

celiac axis or major branched arteries or para-aortic nodal

metastasis, which were considered to be non-curable

disease.39,40

There is a possibility that the longer survival can be

explained by several factors other than the effects of NAC.

First, there is a possibility that there was contamination by

patient in an earlier stage due to an overdiagnosis of the

clinical staging. We previously examined the accuracy of

clinical staging and showed that the staging accuracy was

approximately 75 % when the decision was made by CT

alone according to the evidence-based criteria.41 In all 21

articles cited in this study, the tumor progression was

evaluated by CT, endoscopy, and/or barium gastrography,

but none of the articles commented on the decision criteria

used for the clinical staging. Although the accuracy of the

staging could not be evaluated in this study, the present

results demonstrated that a fibrotic scar was seen at the

same or deeper depth, as determined clinically, in 10 of 11

patients. Considering that chemotherapy induced fibrotic

changes through necrosis of the primary tumor, the clinical

stage was not overdiagnosed, at least in these 10 patients.

The remaining one patient with a clinical T3 had fibrotic

changes to the depth of proper muscle layer. Although this

case showed an overdiagnosis, the differential diagnosis of

T2 and T3 is very difficult, in contrast to that of T1 and T2.

Thus, the contamination of earlier stage cases was limited.

Next, there was a possibility of selection bias. The

biological characteristics of NAC super-responders were

not sufficiently examined. These patients may have had a

good prognosis irrespective of tumor progression or treat-

ment selection. Another possible bias is publication bias. It

has been found that statistically significant results are three

times more likely to be published than papers affirming a

negative result.42 It therefore cannot be denied that doctors

may have submitted the reports of pCR patients just

because the survival outcomes of these patients were

excellent. Furthermore, a responding bias may exist. Of the

24 doctors to whom we sent the questionnaire, 3 did not

respond. They might have hesitated to respond, because the

postpublication outcomes of the patients were poor.

In conclusion, the present study demonstrated that a

pCR induced by NAC was associated with the long-term

survival of patients with locally advanced gastric cancer.

Although a pCR was a relatively rare event, a high pCR

rate would be helpful to select the regimen and courses of

NAC, especially when the pathological response rates are

similar.
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