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Abstract

Background and Objectives: It is unknown whether the degree of response to preoperative
therapy correlates with locoregional recurrence (LR) or distant recurrence (DR) after resection of
gastric cancer.

Methods: Patients who underwent resection of gastric adenocarcinoma following chemotherapy
and chemoradiation (1995-2015) were reviewed. The tumor regression grade (TRG) was defined
by the percentage of viable tumor cells in the specimen (TRGO = 0%, TRG1 = 1-2%, TRG2 = 3-
50%, TRG3 = 50%). The relationships among TRG, recurrence-free survival (RFS), LR, and DR
were examined.

Results: Two hundred forty-seven patients met the inclusion criteria (TRGO, 52 [21%]; TRG1,
49 [20%]; TRG2, 98 [40%]; TRG3, 48 [19%]). LR and DR occurred in 6.1% and 32.0% of
patients, respectively. No patient with TRGO experienced LR. R1 resection (6-15%) and LR (6—
8%) rates were similar among TRG1-3 patients. R1 resection was associated with LR (hazard
ratio [HR], 17.85; £< 0.001). ypN status (HR, 2.44; £=0.004) and linitis plastica (HR, 2.90; P<
0.001) were associated with DR. TRG was not independently associated with RFS, LR, or DR.
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Conclusions: TRGO imparted excellent local control. However, TRG1-3 patients had similar R1
resection rates and therefore similar LR. DR is associated with ypN status and linitis plastica, not
TRG.
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1| INTRODUCTION

The results of randomized clinical trials have firmly established multimodal therapy as the
standard of care for patients with localized gastric cancer [1-3]. In particular, the use of
chemotherapy with or without chemoradiation (CXRT) prior to gastrectomy has increased in
recent years [4]. Thus, understanding the effect of preoperative therapy on outcome for
patients with gastric cancer is increasingly necessary. The post-neoadjuvant therapy staging
system (ypTNM) in the eighth edition of the AJCC Cancer Staging Manual provides one
framework for the assessment of response to preoperative therapy, and has been previously
validated in gastric cancer patients treated in this manner [5,6].

Tumor regression grade (TRG) is another well-described tool for evaluating histological
response to therapy in resected tumor specimens. In contrast to ypT category, which is
determined by the deepest level of invasion at which viable tumor is present, the TRG is
based on the percentage of overall residual viable tumor cells. Although both ypT category
and TRG assess the post-treatment status of the primary tumor, it remains unclear how the
two interact to predict outcome in any given patient. For instance, given a ypT3 lesion with
10% residual viable tumor cells and a ypT2 lesion with 90% residual viable tumor cells, it is
not clear which represents the higher risk tumor.

Landmark randomized trials have clearly demonstrated improved locoregional control in
gastric cancer patients receiving adjuvant CXRT, and decreased risk of distant failure in
patients receiving perioperative systemic therapy [1-3,7,8]. Whereas gastric cancer patients
with pathological complete response (pCR) experience better survival than do those with
residual viable disease, the relationship between TRG and survival is unclear [2,6,9-12].
Even less clear is the impact of TRG on the likelihood of recurrence after curative-intent
gastrectomy, which occurs frequently despite the use of perioperative systemic therapy (26—
37%) [13,14]. Moreover, in an era in which preoperative CXRT is often given to patients
with gastric cancer, the specific clinical implication of TRG after CXRT has not been well
studied in these patients. Therefore, we undertook the present study to determine whether
the degree of response to preoperative CXRT—as measured by TRG—is related to the risk
of recurrence after resection of gastric cancer.

2| METHODS

2.1| Patient population and definition of variables

With Institutional Review Board approval, we reviewed a prospectively maintained database
of patients with primary gastric or Siewert type 111 gastroesophageal adenocarcinoma who
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received therapy prior to resection at The University of Texas MD Anderson Cancer Center
from 1995 to 2015. The treatment strategy for individual patients with gastric cancer are
generally determined by multidisciplinary conference. Our institutional preference is to treat
patients with ¢T2 and more advanced tumors with induction chemotherapy followed by
CXRT. As has been previously published, induction chemotherapy typically consists of a
multiagent regimen including 5-fluorouracil and a platinum agent (cisplatin, oxaliplatin)
with or without a taxane (docetaxol, paclitaxel) [13]. CXRT most commonly consists of a
radiation dose of 45Gy with concurrent 5-fluorouracil based chemosensitization, the
technical details of which have also been previously described [15]. To limit potential
confounding factors related to the local effects of radiation therapy, we excluded patients
that received chemotherapy alone as a preoperative treatment; all patients were required to
have received CXRT. Patients with prior gastrectomy were also excluded. The following
variables were collected: age, sex, race/ethnicity, date of diagnosis, date of surgery, date of
recurrence (if any), date of death or last follow-up visit, histological grade, signet ring cell
morphology, tumor location, linitis plastica, clinical TNM stage, type of surgical resection,
extent of lymph node dissection (D1 versus D1+/D2), number of lymph nodes examined,
need for concomitant organ resection, and post-treatment pathology. Our method of
determining clinical TNM stage based on preoperative endoscopic ultrasonography,
computed tomography, and positron emission tomography as well as the routine
performance of pretreatment staging laparoscopy was described previously [6]. Similarly,
we have defined linitis plastica as gastric wall thickening and lack of distensibility involving
at least 1/3 of the stomach as identified on endoscopy, preoperative CT, and by diagnostic
laparoscopy [16]. No patients with preoperatively suspected metastatic disease were eligible
for resection; patients with M1 disease upon final pathology were included.

Our standard protocol for the pathologic assessment of post-treatment gastrectomy
specimens is to embed the entire tumor or ulcer bed at 3-5 millimeter intervals, in order to
ensure complete histologic evaluation of the tumor (or previous tumor site). All H&E
sections were examined as part of routine pathologic assessment and the percentage of
viable tumor and TRG were reported. TRG was defined by the percentage of viable tumor
cells in the resected primary tumor (TRGO = 0%, TRG1 = 1-2%, TRG2 = 3-50%, TRG3 =
>50%). These criteria were adopted to reflect the recommendations of the College of
American Pathologists (CAP), which designate a four-category system for scoring treatment
effect: 0 = complete response, 1 = single cells or rare small groups of cells (near-complete
response), 2 = residual cancer with evident tumor regression, 3 = extensive residual cancer
with no evident tumor regression [17]. However, the CAP recommendations do not define
specific percentages of viable tumor cells for each category. A cutoff of less than 1-2%
viable tumor cells was therefore selected to closely reflect the criterion of single cells or rare
small groups of cells (TRG1). A cutoff of >50% viable tumor cells was selected to closely
reflect the criterion of extensive residual cancer with no evident tumor regression (TRG3),
based on previously reported literature that >50% residual disease portends worse outcome
[12].

Locoregional recurrence (LR) was defined as an anastomotic recurrence, recurrence within
the surgical bed, or recurrence within the regional lymph node basin. Distant recurrence
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(DR) was defined as any recurrence within the peritoneum, liver, lungs, bone, brain, or
distant lymph node basin.

Statistical analysis

The demographic and clinical characteristics of the TRG groups were compared using a chi-
square test or the Fisher exact test as appropriate. Time to recurrence (overall, LR, and DR)
was calculated from the date of diagnosis to the date of recurrence or last follow-up visit.
Overall recurrence-free survival (RFS) was estimated using the Kaplan-Meier method; the
overall RFS curves for the TRG groups were compared using the log-rank test. Cox
regression models were used to estimate hazard ratios (HRs) for factors associated with
overall RFS, LR, and DR. Each variable was run in a univariable model and retained if the P
value was less than 0.2; stepwise selection of variables was then performed to make the final
multivariable model. As the variable of interest, TRG was included in the multivariable
model in all instances. For the sake of comparision, variables independently associated with
overall RFS were also included in the multivariable models for LR and DR if the initial P<
0.2 threshold was not met. Pvalues less than 0.05 were considered significant. All analyses
were conducted using SAS Enterprise Guide software (version 7.1; SAS Institute, Cary,
NC).

RESULTS

We identified 247 patients who met the inclusion criteria. Patient demographic, clinical, and
pathological characteristics stratified according to the TRG are shown in Table 1. The
majority of the patients were younger than 65 years (64.4%), male (59.5%), and white
(55.5%). Tumors were predominantly poorly differentiated (70.9%), located in the gastric
body (40.9%), and had clinical T category 3/4a (78.1%). Nearly half of the patients had
signet ring cell features (49.0%). The clinical nodal status was positive in 57.1% of the
patients.

The TRG distribution was as follows: TRGO, 52 patients (21%); TRG1, 49 patients (20%);
TRG2, 98 patients (40%); and TRG3, 48 patients (19%). Chi-square analysis identified
significant differences in sex, presence of signet ring cells, tumor location, number of lymph
nodes examined, ypT category, and ypN category among TRGO0-3 groups (see Table 1). As
the degree of response to preoperative therapy decreased (from TRGO to TRG3), the
percentage of patients with signet ring cell features increased in a stepwise manner (from
19.2% to 66.7%). Similarly, the rate of post-treatment nodal positivity (ypN+) increased as
the response to therapy decreased (TRGO = 11.5%, TRG1 = 30.6%, TRG2 = 35.7%, TRG3
= 62.5%).

Overall RFS

The 5-year overall RFS rates were 79%, 62%, 54%, and 42% in the TRGO, TRG1, TRG2,
and TRG3 groups, respectively (P = 0.003 [log-rank test]) (Figure 1). Additional factors
associated with overall RFS in univariable Cox regression analysis include ypN status, ypT
category, tumor location, signet ring cell features, linitis plastica, R1 resection, and ypM1
status (Supplementary Table S1). Creation of a multivariable model for overall RFS
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identified R1 resection (HR, 3.11 [95% CI, 1.68-5.78]; £< 0.001), ypN status (HR, 2.72
[95% CI, 1.74-4.24]; < 0.001), and linitis plastica (HR, 1.89 [95% CI, 1.05-3.37]; P=
0.033) as being independently associated with RFS. The TRG did not independently predict
RFS. We performed sensitivity analyses treating the TRG as a binary variable in additional
models, in which TRG was never independently associated with overall RFS. Specifically,
the HR for TRG2/3 vs. TRGO/1 was 1.27 (95% CI, 0.79-2.03; P=0.321), and that for
TRG1/2/3 vs. TRGO was 1.36 (95% Cl, 0.68-2.72; P=0.392).

LR occurred in 6.1% of the patients (n = 15) during a median follow-up duration of 2.62
years. No patients in the TRGO group experienced LR. In comparison, 6.5% (n = 3) of the
TRG1 group, 8.2% (n = 8) of the TRG2 group, and 8.3% (n = 4) of the TRG3 group
experienced LR. The cumulative incidence of LR over time is shown in Figure 2, stratified
according to TRG. We found no statistically significant differences in the incidence of LR
among the TRG groups as analyzed by chi-square and log-rank tests.

Univariable Cox regression analysis of risk factors for LR identified ypT4a/b category (HR,
14.40 [95% confidence interval (Cl), 1.58-130.92]; A= 0.018) and R1 resection (HR, 22.12
[95% CI, 7.78-62.90]; P< 0.001) as potential predictors of LR (Table 2). After stepwise
selection of variables to create a multivariable model, only R1 resection was independently
associated with LR (HR, 17.85 [95% ClI, 6.06-52.57]; £< 0.001).

DR occurred in 32.0% of the patients (n = 79). DR occurred in 19.2% (n = 10) of TRGO
patients, 28.6% (n = 14) of TRG1 patients, 34.7% (n = 34) of TRG2 patients, and 43.8% (n
= 21) of TRG3 patients. Differences in the incidence of DR among the TRG groups
approached but did not meet statistical significance by chi-square analysis (P= 0.057), but
were statistically significant by log-rank test (£=0.024, Supplementary Figure S1).

Univariable Cox regression analysis of risk factors identified numerous potential predictors
of DR (Table 3). TRG overall (P=0.025) and TRG3 in particular (HR, 3.04 [95% ClI, 1.43-
6.46]; £=0.004) were associated with DR. Other factors identified as potentially predictive
of DR included ypN status, ypT category, linitis plastica, R1 resection, and the presence of
intraoperatively discovered and resected ypM1 disease. Stepwise selection of variables and
the creation of a multivariable model identified ypN status (HR, 2.44 [95% Cl, 1.34-4.45]; P
=0.004) and linitis plastica (HR, 2.90 [95% CI, 1.79-4.69]; P < 0.001) as being
independently associated with DR. In this model, the TRG did not independently predict
DR.

4| DISCUSSION

In this analysis of gastric cancer patients who underwent curative-intent gastrectomy after
chemotherapy and CXRT, primary tumor pCR (TRGO) occurred in 21% of the patients, none
of whom experienced LR. For all other patients (TRG1-3), the degree of response to
preoperative therapy was not independently associated with either LR or DR. Instead, R1
resection defined the risk of LR for gastric cancer patients given preoperative therapy, and
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the rate of R1 resection did not vary among the TRG1, TRG2, and TRG3 groups. Because
ypN status and linitis plastica were the only variables defining the risk of DR, this study re-
emphasizes the clinical importance of these factors in patients with resectable gastric cancer.
The TRG is seemingly correlated with aggressive tumor biology but does not appear to add
predictive value with regard to the risk of recurrence when compared with routinely
analyzed factors such as ypN and margin status.

In the era preceding widespread use of preoperative therapy, the incidence rates for overall
recurrence of resected gastric cancer ranged from 30% to 42%, with as many as half of
patients experiencing LR [18-20]. The 6.1% incidence rate for LR and 32.0% incidence rate
for DR in the present study are consistent with recently reported patterns of recurrence in the
era of preoperative therapy for resectable gastric cancer. Mokadem et al recently reported on
a cohort of patients in the Netherlands Cancer Registry, in which 408 gastric cancer patients
from 18 centers received chemotherapy prior to resection. They found that the 5-year risk of
recurrence was 36.8% overall and that the vast majority (81.6%) of recurrences were distant.
The rate of LR as the sole site of recurrence was 11.2% [14]. We previously reported on the
pattern of first recurrence for all patients with resected gastric cancer at our institution, in
whom the most common sites of recurrence were the peritoneum (49%), liver (21%), and
locoregional (15%). Sixty-one percent of these patients received preoperative therapy (with
and without CXRT) [13].

In an early report of phase 2 clinical trials of treatment of resectable gastric cancer at MD
Anderson, response to chemotherapy was found to be the most important predictor of overall
survival (OS) in a binary fashion inasmuch as responders (<50% viable tumor cells) fared
better than did nonresponders (>50% viable tumor cells), with actuarial 5-year OS rates of
83% and 31%, respectively (P< 0.001 [log-rank test]) [21]. Similarly, a prospective trial of
patients receiving neoadjuvant CXRT showed that patients who had at least a partial
response to therapy had longer survival than did those who did not [22]. Since then,
numerous retrospective studies have investigated TRG or histological response grade as a
predictor of OS in gastric cancer patients. Despite the known association between pCR and
improved outcome, the literature does not support a linear relationship between the degree of
response to therapy and OS. In a cohort of 168 patients with gastric cancer treated with
preoperative chemotherapy only at Memorial Sloan Kettering Cancer Center, Mansour and
colleagues found that histological response grade did not independently predict disease-
specific survival [12]. Similarly, in a Japanese cohort of 70 resected gastric cancer patients
given preoperative chemotherapy alone, histological response grade was neither
independently associated with OS for all patients nor associated with OS in the cohort of
patients with “advanced” (N2-N3) disease. In these cohorts, only ypN status independently
predicted OS. Of note, in the cohort of patients with NO-N1 disease (n = 35), response to
therapy was independently associated with OS for patients who had less than 33% remaining
viable tumor cells (HR 17.24, [95% CI 2.1-141.3]; £=0.008) [23]. In addition, a
retrospective study of 45 patients given MAGIC trial regimen chemotherapy (epirubicin,
cisplatin, and 5-fluourouracil/capecitabine) demonstrated that patients with major response
to chemotherapy (<10% residual viable tumor; n = 9 [17.3%]) experienced 5-year disease-
specific survival time of 47.6 months compared with 16.8 months in patients with lesser
response to therapy. However, this finding was not significant (£ =0.53), perhaps because of
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the limited sample size [24]. Finally, a study of a large cohort of 850 patients with
predominantly gastroesophageal junction tumors demonstrated significant association of
TRG with tumor grade, clinical response to therapy, and Lauren classification but not an
independent association of it with OS [11].

Few studies have investigated the relationship between response of gastric cancer to therapy
and recurrence. A 2011 retrospective review of gastric cancer patients at Memorial Sloan
Kettering Cancer Center who underwent chemotherapy with and without CXRT followed by
resection (n = 609) found that the 5-year overall risk of recurrence for patients with pCR (n
= 60) was significantly less than that for patients with residual viable tumor (27% vs. 51%; P
= 0.01 [log-rank test]). The reviewers also found no difference in the pattern of recurrence—
43% for LR and 57% for DR—between the two groups. Of note, 6 of 14 patients with pCR
had LR, all of whom had received CXRT [9]. In the review recently reported by Mokadem
and colleagues, tumor regression data were available for 180 of 408 patients. Of these, 43
experienced complete or subtotal tumor regression, and the remaining 137 had partial or no
tumor regression. Partial/no tumor regression was independently associated with RFS in a
multivariable Cox regression analysis (HR, 2.63 [95% CI, 1.22-5.64]; = 0.013). However,
ypN+ status was the factor most strongly associated with RFS (HR, 4.92 [95% Cl, 3.35—
7.24]; P<0.001). Other independent factors associated with RFS included three (vs. more
than six) cycles of preoperative chemotherapy, R1 resection, fewer than 15 lymph nodes
examined, and diffuse-type gastric cancer[14]. In the present study, we performed a uniquely
dedicated investigation of the degree of response of gastric cancer to therapy and recurrence.
TRG did not independently correlate with LR, DR, or RFS. Instead, LR was predicted by R1
resection, DR was predicted by ypN status and the presence of linitis plastica, and RFS was
predicted by all three. Our results therefore add to the growing body of literature regarding
the importance of ypN status in gastric cancer patients receiving preoperative therapy and
corroborate studies demonstrating the importance of linitis plastica and histological subtype
in determining the risk of gastric cancer recurrence [25-27].

Using the National Cancer Database, we previously demonstrated that CXRT leads to higher
rates of primary tumor pCR than does chemotherapy alone [28]. Because all patients
received preoperative CXRT in this study, it provides important insight into the relationship
between response to CXRT and local control. No LR occurred in patients with TRGO,
indicating excellent local control when pCR occurs. However, the rate of LR did not vary
among the TRG1, TRG2, and TRG3 groups, nor did the rate of R1 resection. This may
indicate that only patients who have primary tumor pCR (TRGO) experience a local benefit
from preoperative CXRT. This is a clinically significant finding insofar as the rationale for
CXRT is often predicated on perceived improvement in local control. Thus the role of
preoperative CXRT in patients with resectable gastric cancer will continue to generate
significant debate pending the results of two forthcoming randomized trials poised to
address this important question (TOPGEAR and CRITICS-11) [29,30]. In addition, future
studies with specific attention to molecular profiling may allow us to identify a prioriwhich
patients are likely to respond to preoperative CXRT.

The present study has some limitations in addition to the risk of selection bias inherent in its
retrospective design. We extracted TRG data directly from medical records, not from a re-
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review of specimens specifically for this study. Although specialized gastrointestinal
pathologists performed all pathology, tumor regression grading may be subjectively
dependent on the pathologist. There is a risk of sampling error when determing pathologic
response; however, as a percentage of viable cells in the entire reviewed section, TRG is
likely to be representative of the entire tumor and therefore less subject to sampling error
than traditional measurements like ypT category. The specific percentage of viable tumor
cell values selected to define TRGO-3 groups in this study is novel, and may render
comparison with the established literature more challenging. However, the system used is
very similar to the one recommended by the College of American Pathologists and the one
established by Becker et al [31,32]. Our values were carefully selected to differentiate
between patients with pCR (TRGO0) and those with near-complete response (TRG1).

We excluded patients who received chemotherapy alone as preoperative treatment to avoid
potential confounding factors related to the local effects of CXRT and because evidence
demonstrates that CXRT induces primary tumor pCRs more frequently than does
chemotherapy alone [9,28]. Although TRG does not correlate with LR, DR, or RFS in
patients who have received CXRT, we cannot draw this conclusion regarding patients who
receive preoperative chemotherapy alone based on the results of this study. In particular,
because CXRT exerts a local effect on the primary tumor, TRG may correlate better with DR
or RFS for patients who have received chemotherapy alone. In the latter scenario, TRG is
the sole result of a systemic therapy to which all disease—both local and distant
micrometastatic—is subjected.

In conclusion, the degree of response to preoperative CXRT as measured according to the
TRG does not predict risk of recurrence of resected gastric cancer. However, local control is
excellent when TRGO is achieved. Therefore, strategies that increase the likelihood of
primary tumor pCR are likely to improve local control of this cancer. Adherence to the
maxim of margin-negative resection of gastric cancer remains critical to mitigating the risk
of LR even as near-complete pathological response is approached, as the rate of R1 resection
is similar among patients with TRG1-3. ypN status is the most important factor associated
with DR and overall RFS in gastric cancer patients given preoperative therapy, and strategies
to achieve ypNO status are the most likely to improve overall outcomes in this patient
population.
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SYNOPSIS

It is unknown whether the degree of response to preoperative therapy—as quantified by
tumor regression grade (TRG)—correlates with the risk of locoregional recurrence (LR)
and distant recurrence (DR) after resection of gastric cancer. No patient with TRGO
experienced LR, indicating excellent local control. However, TRG did not otherwise
correlate with LR or DR; instead R1 resection continues to define the risk for LR, and
linitis plastica and ypN status define the risk for DR.

J Surg Oncol. Author manuscript; available in PMC 2021 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Stark et al.

100

90

80

70

60

50

40

30

Recurrence-free survival (%)

20

10

Page 12
- |
1
I

- TRG (p=0.003)

0
- 1

2

3
N T T T T T T

0 1 2 3 4 5 6

Time (years)

FIGURE 1.
Kaplan-Meier RFS curve for gastric cancer patients undergoing curative-intent gastrectomy

after preoperative chemotherapy and CXRT stratified according to TRG.
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FIGURE 2.
Cumulative incidence curve of LR for gastric cancer patients undergoing curative-intent

gastrectomy after preoperative chemotherapy and CXRT stratified according to TRG.
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TABLE 1

Characteristics of gastric cancer patients undergoing curative-intent gastrectomy after preoperative
chemotherapy and CXRT stratified according to TRG.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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n (%)
TRG
Characteristic All(n=247) 0(n=52) 1(n=49) 2(n=98) 3(n=48) Pvalue
Age 0.205
<65 years 159 (64.4)  28(53.8) 33(67.3) 69 (70.4) 29 (60.4)
>65 years 88 (35.6) 24 (46.2) 16(32.7)  29(29.6) 19 (39.6)
Sex 0.041
Male 147 (595)  37(71.2) 34(69.4) 51(52.0) 25 (52.1)
Female 100 (405)  15(28.9) 15(30.6) 47(48.0) 23 (47.9)
Race/ethnicity 0.543
White 137 (55.5)  31(59.6) 30(61.2) 53(54.1) 23 (47.9)
Black 22 (8.9) 3(5.8) 5(10.2) 9(9.2) 5(10.4)
Asian 61 (24.7) 13(25.0) 10(20.4) 21(21.4) 17(35.4)
Hispanic/Latino 27 (10.9) 5 (9.6) 482  15(153)  3(6.3)
Tumor histology 0.710
Moderately differentiated 52 (21.1) 13 (25.0) 9(18.4) 22 (22.5) 8(16.7)
Poorly differentiated 175(70.9)  33(63.5) 35(71.4) 71(725) 36 (75.0)
Unknown 20 (8.1) 6 (11.5) 5(10.2) 5(5.1) 4(8.3)
Signet ring cell features <0.001
No 126 (51.0)  42(80.8) 25(51.0) 43(43.9) 16 (33.3)
Yes 121 (49.0)  10(19.2) 24(49.0) 55(56.1) 32(66.7)
Linitis plastica 0.150
No 223(90.3)  50(96.2) 43(87.8) 90(91.8)  40(83.3)
Yes/suspected 24 (9.7) 2(3.9) 6(12.2) 8(8.2) 8(16.7)
Tumor location 0.030
Gastroesophageal junction 67 (27.1) 16 (30.8) 19(38.8) 26 (26.5) 6 (12.5)
Cardia/fundus 18 (7.3) 4(7.7) 3(6.1) 9(9.2) 2(4.2)
Body 101 (40.9)  18(34.6) 14(28.6) 43(43.9) 26 (54.2)
Distal 50 (20.2) 14 (26.9)  9(18.4) 18(184)  9(18.8)
Total 11 (4.5) 0(0.0) 4(8.2) 2(2.0) 5(10.4)
Margin status 0.2132
RO 229(927)  52(100.0) 44(89.8) 92(939) 41 (85.4)
R1 18 (7.3) 0(0.0) 5(10.2) 6 (6.1) 7 (14.6)
Postoperative chemotherapy 0.148
No 238 (96.4) 51(98.1)  48(98.0) 91(92.9) 48(100.0)
Yes 9 (3.6) 1(1.9) 1(2.0) 7(7.1) 0(0.0)
Organ resection 0.129
No 207 (83.8)  44(84.6) 45(91.8) 76(77.6) 42 (87.5)
Yes 40 (16.2) 8 (15.4) 482  22(225)  6(125)
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Characteristic
Extent of lymph node dissection
D0/D1
D1+/D2
Unknown
Number of lymph nodes examined

<16

cT category

3/da
4b
CcN status
Negative
Positive

ypT category

la/lb

4aldb
ypN status
ypN-
ypN+
LR
No
Yes
DR
No
Yes
Vital status
Alive
Dead
Type of resection
Total gastrectomy
Subtotal gastrectomy

Proximal gastrectomy

All (n = 247)

28 (11.3)
218 (88.3)
1(0.4)

68 (27.5)
179 (72.5)

1(0.4)
30 (12.2)
193 (78.1)

23(9.3)

106 (42.9)
141 (57.1)

52 (21.1)
40 (16.2)
48 (19.4)
85 (34.4)
22(8.9)

161 (65.2)
86 (34.8)

232 (93.9)
15 (6.1)

168 (68.0)
79 (32.0)

131 (53.0)
116 (47.0)

140 (56.7)
93 (37.7)
14 (5.7)

0(n=52)

8 (15.4)
44 (84.6)
0(0.0)

17 (32.7)
35 (67.3)

0(0.0)
5(9.6)
41 (78.9)
6 (11.5)

19 (36.5)
33 (63.5)

52 (100.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

46 (88.5)
6 (11.5)

52 (100.0)
0(0.0)

42 (80.8)
10 (19.2)

27 (51.9)
25 (48.1)

26 (50.0)
22 (42.3)
4(1.7)

n (%)

TRG
1(n=49) 2(n=098)
7(14.3) 6 (6.1)
42(85.7)  91(92.9)
0(0.0) 1(1.0)
19 (38.8) 17 (17.4)
30(61.2) 81(82.7)
0(0.0) 1(1.0)
9 (18.4) 9(9.2)
38(77.6  78(79.6)
2(4.1) 10 (10.2)
23(46.9) 46 (46.9)
26(53.1) 52 (53.1)
0(0.0) 0(0.0)
18 (36.7) 19 (19.4)
14 (28.6) 24 (24.5)
16 (32.7) 44 (44.9)
1(2.0) 11 (11.2)
34(69.4) 63 (64.3)
15(30.6) 35 (35.7)
46 (93.9) 90 (91.8)
3(6.1) 8(8.2)
35(71.4) 64 (65.3)
14 (28.6) 34 (34.7)
24 (49.0) 58 (59.2)
25(51.0) 40 (40.8)
31(63.3) 52(53.1)
13 (26.5) 42 (42.9)
5(10.2) 4(4.1)

3(n=48)

7 (14.6)
41 (85.4)
0(0.0)

15 (31.3)
33 (68.8)

0(0.0)
7(14.6
36 (75.0)
5 (10.4)

18 (37.5)
30 (62.5)

0(0.0)
3(6.3)
10 (20.8)
25 (52.1)
10 (20.8)

18 (37.5)
30 (62.5)

44.(91.7)
4(8.3)

27 (56.3)
21 (43.8)

22 (45.8)
26 (54.2)

31 (64.6)
16 (33.3)
1(2.1)

P value

0.442

0.026

0.714

0.492

<0.001

<0.001

0.892

0.057

0.418

0.233
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TABLE 2

Page 16

Univariable and multivariable Cox regression analysis of factors associated with LR in gastric cancer patients
treated with preoperative chemotherapy and CXRT.

Variable
TRG

0 (ref)

1

2

3
ypN status (ypN+ vs. ypN-)
ypT category

0

1 (ref)

2

3

4alb

Age at diagnosis (=65 vs. <65 years)

Sex (female vs. male)
Race/ethnicity
White (ref)
Black
Asian
Hispanic
Tumor location
Gastroesophageal junction
Cardia/fundus
Body
Antrum
Total
Tumor histology
Moderately differentiated
Poorly differentiated

Unknown

Signet ring cell features (yes vs. no)

Linitis plastica (yes/suspected vs. no)

Concomitant organ resection

Adjuvant therapy (yes vs. no)

Number of lymph nodes examined <16

Extent of lymph node dissection

Do/D1
D1+/D2

J Surg Oncol. Author manuscript; available in PMC 2021 September 01.

Univariable

HR (95% CI)

ref

1.75 (0.62-4.92)

ref

2.39 (0.25-22.9)
4.08 (0.50-33.16)
14.38 (1.58-130.92)
1.24 (0.44-3.49)
0.93 (0.33-2.62)

ref

1.38 (0.30-6.37)
0.73 (0.20-2.70)
0.54 (0.07-4.29)

ref

2.21 (0.37-13.25)
0.84 (0.19-3.77)
1.75 (0.39-7.83)
5.25 (0.87-31.58)

ref

1.11 (0.31-3.94)
3.03 (0.96-9.51)
1.97 (0.44-8.79)
2.08 (0.66-6.53)
1.94 (0.26-14.73)
1.59 (0.45-5.67)

ref

0.68 (0.15-3.02)

P value

0.895

0.291
0.074

0.451
0.189
0.018
0.679
0.895
0.846

0.683
0.637
0.563
0.257

0.385
0.824
0.463
0.070
0.987

0.872

0.058
0.373
0.210
0.523
0.468
0.880

0.613
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Univariable
Variable HR (95% CI) P value
Unknown -
R1 resection 22.12 (7.78-62.90) <0.001
ypM1 status 6.65 (0.86-51.16) 0.069
Type of resection 0.503
Total gastrectomy ref
Subtotal gastrectomy 0.85 (0.28-2.60)
Proximal gastrectomy 2.23 (0.47-10.52)
Multivariable
Variable HR (95% CI) P value
TRG 0.972
0 (ref) Ref
1 >99.99
2 >99.99
3 >99.99
ypN status (ypN+ vs. ypN-) 0.75 (0.15-3.64) 0.721
Linitis plastica (yes/suspected vs. no) 1.31 (0.45-3.83) 0.625
R1 resection 17.85 (6.06-52.57) <0.001
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Univariable and multivariable Cox regression analysis of factors associated with DR in gastric cancer patients
treated with preoperative chemotherapy and CXRT.

Univariable

Variable
TRG

0 (ref)

1

2

3
ypN status (ypN+ vs. ypN-)
ypT category

0

1 (ref)

2

3

4alb
Age at diagnosis (=65 vs. <65 years)
Sex (female vs. male)
Race/ethnicity

White (ref)

Black

Asian

Hispanic
Tumor location

Gastroesophageal junction

Cardia/fundus

Body

Antrum

Total
Tumor histology

Moderately differentiated

Poorly differentiated

Unknown
Signet ring cell features (yes vs. no)
Linitis plastica (yes/suspected vs. no)
Concomitant organ resection
Adjuvant therapy (yes vs. no)
Number of lymph nodes examined <16
Extent of lymph node dissection

D0/D1

D1+/D2

J Surg Oncol. Author manuscript; available in PMC 2021 September 01.

HR (95% CI)

ref

1.55 (0.69-3.49)
1.89 (0.93-3.82)
3.04 (1.43-6.46)
3.20 (2.05-4.99)

1.13 (0.43-2.96)
ref

1.48 (0.59-3.71)
2.95 (1.31-6.63)
6.12 (2.42-15.47)
0.74 (0.45-1.21)
1.05 (0.67-1.64)

ref

0.76 (0.33-1.78)
0.74 (0.42-1.30)
0.89 (0.44-1.82)

ref

0.62 (0.21-1.78)
0.84 (0.48-1.45)
1.08 (0.58-2.01)
2.21 (0.89-5.45)

ref

0.85 (0.50-1.44)
0.64 (0.25-1.60)
1.44 (0.92-2.25)
2.99 (1.70-5.28)
1.54 (0.90-2.64)
1.07 (0.34-3.39)
0.81 (0.51-1.30)

Ref
0.65 (0.34-1.23)

P value

0.025

0.292
0.077
0.004
<0.001
<0.001
0.811

0.403
0.009
<0.001
0.233
0.837
0.723

0.527
0.293
0.757
0.223

0.371
0.525
0.820
0.087
0.616

0.542
0.336
0.110
<0.001
0.113
0.909
0.386
0.237

0.185



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stark et al.

Variable
Unknown

R1 resection

ypM1 status

Type of resection
Total gastrectomy
Subtotal gastrectomy

Proximal gastrectomy

Variable
TRG

0 (ref)

1

2

3

ypN status (ypN+ vs. ypN-)

Linitis plastica (yes/suspected vs. no)

R1 resection

HR (95% CI)
2.01 (0.26-15.58)
2.53 (1.21-5.28)
7.38 (3.36-16.19)

ref
0.67 (0.42-1.10)
0.71 (0.26-1.96)

Multivariable

HR (95% CI)

Ref

1.01 (0.44-2.35)
1.21 (0.58-2.54)
1.33 (0.58-3.06)
2.44 (1.34-4.45)
2.90 (1.79-4.69)
1.73 (0.80-378)

P value
0.505
0.014
<0.001
0.264

P value
0.851

0.004
<0.001
0.167
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