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Abstract

Background—The American Joint Committee on Cancer (AJCC) recently released its 8th
edition staging system, which created a separate staging system for gastric cancer patients who
have undergone preoperative therapy (ypStage). The objective of this retrospective study was to
apply the new ypStage to patients who have undergone preoperative therapy and potentially
curative gastrectomy.

Methods—We collected data from a prospectively maintained institutional database of gastric
cancer patients who underwent potentially curative gastrectomy after preoperative therapy (1995-
2015). Kaplan—Meier survival estimations and log-rank tests were performed to compare survival.
Univariable and multivariable analyses were performed to determine risk factors for overall
survival.

Results—A total of 354 patients met our criteria. Most patients completed planned preoperative
therapy (94%; 332/354) and received chemoradiation therapy (75%; 265/354). Although clinical
stage (cStage) provided a poor discrimination of survival, postneoadjuvant pathological stage
(ypStage) identified significant variation in survival (p < 0.001). Multivariable analysis showed the
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following factors were associated with survival after adjustment for ypStage: Asian race (HR 0.52;
p=0.028), linitis plastica (HR 1.66; o= 0.037), and R1 resection (HR 1.91; p=0.016). Survival
was not longer in ypTONO patients than in ypStage | patients (HR 1.29; p=0.377).

Conclusions—The AJCC 8th edition staging system for gastric cancer demonstrated reasonable
survival prediction by ypStage, but not cStage, in patients who had undergone preoperative
therapy. ypTONO patients, although not defined in the 8th edition, may be considered for inclusion
in the ypStage | group.
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Introduction

Recently, the American Joint Committee on Cancer (AJCC) published the 8th edition of its
cancer staging system [1]. The most notable change in the gastric cancer section is that the
new edition has three discrete staging systems: clinical stage (cTNM or cStage),
pathological stage (pTNM or pStage), and postneoadjuvant pathological stage (ypTNM or
ypStage). The concept of creating ypStage is novel, based on the assumption that survival
predictions for a specific stage (e.g., stage 1) may be different between patients who have
undergone upfront surgery (pStage 1) and those who have undergone preoperative therapy
(ypStage I1). ypStage represents the combination of tumor status and its response to
preoperative therapy; pStage does not incorporate tumor treatment response. However, this
new ypStage system was created based on the National Cancer Database (NCDB), which
included a relatively small number of patients treated with preoperative therapy (<700) with
a short median follow-up (23 months); therefore, additional studies from US cancer centers
that utilize preoperative therapy are needed.

A further question regarding the new staging system relates to cStage. A preoperative cStage
is needed to determine appropriate preoperative treatment and stage patients at diagnosis.
However, the cStage system may be limited in utility because of the reported difficulty in
accurately staging tumor thickness and nodal status [2—4]; cStage grouping is defined by
only three cT categories (cT1/2, cT3/4a, and cT4b) and two cN categories (cCNO and cN-
positive). Further, because clinical stage information in the NCDB is inadequate, the cStage
was created by using data for 4091 gastric cancer patients from Shizuoka Cancer Center in
Japan. The use of this population may be problematic because the tumor biology of gastric
cancer and clinical staging accuracy are likely different between Japan and the United States
[5]. Moreover, use of preoperative therapy has been increasing in the United States, and it is
not known whether survival predictions based on clinical stage are valid in patients who
undergo preoperative therapy.

To clarify these aspects of the new AJCC staging system, the purpose of this study was to
evaluate survival predictions by ypStage and cStage among patients who underwent
preoperative therapy followed by surgical resection for gastric adenocarcinoma.
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After receiving institutional review board approval, we collected data from a prospectively
maintained database of patients with primary gastric adenocarcinoma who were diagnosed
with clinically MO disease (no distant metastasis) and underwent a potentially curative
surgical resection at our institution (1995-2015). We identified patients with pathologically
confirmed gastric or Siewert type 111 gastroesophageal junction (GEJ) adenocarcinoma who
received preoperative chemotherapy or chemoradiation therapy or both. cStage was
determined by the combination of upper gastrointestinal endoscopy, endoscopic
ultrasonography (EUS), computed tomography (CT) scan, and positron emission
tomography (PET) scan. In general, EUS was used to define cT stage, and cN stage was
considered positive if either EUS, CT, or PET identified suspicious lymph nodes (e.g., short-
axis diameter =6 mm on CT scan, suspicious shape with enlarged size on EUS; pathological
confirmation with fine-needle aspiration was not required, or suspicious uptake at lymph
nodes on PET). Variables recorded included age, sex, race/ethnicity, date of diagnosis, tumor
location, clinical stage information, date and type of surgery, pathological stage information,
histological grade, presence of signet-ring cells, and number of lymph nodes examined in
pathological analysis.

Statistical methods

Results

The differences in categorical variables were compared using Fisher’s exact test or chi-
square tests, as appropriate. Overall survival (OS) was defined as the time interval between
the dates of diagnosis and death and was censored at the last follow-up date for patients who
were alive. The probabilities of 3- and 5-year OS were estimated using the Kaplan—-Meier
method, and the differences in OS between subgroups of patients were assessed using two-
sided log-rank tests. Patients with ypTO status (pathological complete response in the
primary tumor site) are not defined in the new AJCC staging system; therefore, we analyzed
ypTONO and ypTON1 groups separately in this study. Univariable and multivariable Cox
proportional hazards regression models were used to assess the associations between patient
characteristics and OS. Patient characteristics that were significant in the univariable models
at the 0.20 level were included in the multivariable model. A pvalue less than 0.05 was
considered statistically significant. Statistical analyses were performed using Stata software
version 14.1 (StataCorp LP, College Station, TX, USA).

We identified a total of 354 patients who met inclusion criteria. Patient and tumor
demographics are summarized in Table 1; 142 (40%) were older than 65 years, 213 (60%)
were male, and 196 (55%) were white. Seventy-eight (22%) patients had GEJ tumors, and
the majority of patients had poorly differentiated histological grade (77%, 251/354). All
patients had upper gastrointestinal endoscopy and CT scans, and the majority (93%,
329/354) of patients underwent EUS. In 284 (80%) patients, staging laparoscopy was
performed before the initiation of preoperative therapy to exclude cM1 disease using a
previously described procedure [6]. The majority of study patients completed planned
preoperative therapy (94%; 332/354) and received chemoradiation therapy [75%, 265/354;
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generally 45 Gy with concurrent 5-fluorouracil (5-FU) or capecitabine] as a part of
preoperative therapy, commonly after induction chemotherapy with a 5-FU-based regimen.
One hundred ninety-three (54%) patients underwent total gastrectomy, 58 (16%) required a
concomitant organ resection, and 304 (86%) underwent extended (D1+/D2) lymph node
dissection. Eighteen (5%) patients were found to have ypM1 disease at the time of surgery;
all 18 patients were found to have peritoneal carcinomatosis at either immediate or final
pathological assessment. RO resection was performed in 94% (316/336) of ypMO patients.

Survival estimates by cStage and ypStage

The median follow-up duration was 2.9 years, and 167 (47%) patients had died at the last
follow-up. Survival estimates by cStage and ypStage as determined by the Kaplan—Meier
method are shown in Fig. 1a, b, respectively. Survival comparison by cStage was statistically
significant as an entire model (p=0.01), but differences in survival between cStages | and
I1A (p=0.505) and among cStages 1B, 111, and IVA (p = 0.183) were not statistically
significant (Fig. 1a, Table 2).

Survival estimations by ypStage showed reasonable discrimination (p < 0.001; Fig. 1b, Table
3). Fifty-six (16%) patients had complete response in the primary tumor (ypT0). Although
ypTONO patients (7= 49) had survival outcome as good as ypStage 0 patients, ypTON1
patients (n7=7) had a substantially shorter survival (3-year survival, 23%; p value comparing
survival of ypTONO and ypTON1, 0.005). Patients who had ypMO disease and underwent R1
resection (n=20; 8 ypStage 111, 10 ypStage Il, and 2 ypStage | patients) had a short survival
duration (median survival duration, 2.8 years), which was similar to or slightly worse than
that of ypStage 111 patients, and ypM1 patients had a very short survival (median survival
duration, 1.2 years).

Analyses of prognostic factors for overall survival

Results of univariable and multivariable analyses of prognostic factors for overall survival
are summarized in Table 4. The following factors were associated with overall survival by
multivariable analysis after adjustment for ypStage: Asian race [hazard ratio (HR), 0.52,
95% confidence interval (Cl), 0.30-0.93; p=0.028], linitis plastica (HR, 1.66, 95% ClI,
1.03-2.69; p=0.037), and R1 resection (HR, 1.91, 95% ClI, 1.13-3.23; p=0.016).
Concomitant organ resection (HR, 1.45, 95% CI, 0.99-2.11; p=0.057) and examination of
fewer than 16 lymph nodes (HR, 1.38, 95% CI, 0.98-1.95; p= 0.061) showed a trend toward
shorter survival. Survival for patients with ypTONO did not differ from that of ypStage |
patients (HR, 1.29, 95% Cl, 0.73-2.28; p= 0.377), whereas survival for patients with y
pTON1 was significantly shorter than that of ypStage | patients (HR, 4.34, 95% Cl, 1.63—
11.6; p=0.003).

Survival in ypTON1

Because ypTON1 patients had diminished survival as compared to ypStage | patients by
multivariable Cox regression analysis, additional assessments were conducted to compare
tumor characteristics among ypTONO, ypTON1, and ypStage | groups (Table 5). ypTON1
patients had higher rates of concomitant organ resection (57%; p = 0.008), cN-positive
disease (86%; p = 0.035), and use of preoperative chemoradiation therapy (100%; p= 0.019)
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than other groups; these results indicated that ypTON1 patients had more advanced tumors at
presentation. Of note, ypT1N1 patients (n = 8) in ypStage I group had excellent survival.

Discussion

In this single-institutional retrospective analysis of gastric cancer patients who underwent
preoperative therapy and attempted curative-intent surgery, ypStage effectively predicted
survival whereas cStage did not. Our findings suggest that ypTONO should be considered for
inclusion in the ypStage | group, but the shorter survival observed in ypTON1 patients needs
further study to define the best category for staging. This study also showed important
findings for prognostic factors for survival; patients of Asian race had a remarkably
improved survival that was associated with a shorter survival after adjustment for ypStage,
and if fewer than 16 lymph nodes were examined, a trend was seen toward shorter survival.

After a few large randomized controlled studies showed the survival benefit of preoperative
therapy for gastric cancer [7, 8], its use has increased; it was used in more than 50% of
gastric cancer patients who were treated at US academic centers in 2012 [9]. Although the
best regimen is still under investigation [10, 11], this trend of increased use of preoperative
treatment raised the question of whether we can apply the same pathological staging system
to patients who do or do not have preoperative therapy. Although further modification may
be necessary, the concept of ypStage is novel in the AJCC 8th edition staging system for
gastric cancer. This study revealed that the new ypStage effectively predicted survival of
patients who underwent preoperative therapy and remained significant after adjustment for
other prognostic factors. There was some heterogeneity in survival among the ypTNM
groups within each ypStage, which may need to be improved in future updates to the system.
For example, ypT3NO patients likely have better survival than do ypT3N1 patients (median
survival in this study, 7.8 vs. 3.1 years, respectively; 3-year OS, 82% vs. 61%), although
both ypT3NO and ypT3NL1 are included in ypStage Il (Table 3). The AJCC 8th edition
staging system also is incomplete in that stages for patients who had a complete pathological
response in the primary tumor (ypTO0) are not defined. In a previous report from a multi-
institutional phase I trial, pathological complete response was found in 26% of patients with
localized gastric cancer following induction chemotherapy and chemoradiation therapy [12].
In the current study, ypTONO patients did not have better survival than ypStage | patients.
The challenge of the results of this study is how we can interpret the poor survival observed
in ypTON1 patients. Theoretically, ypTON1 cannot be categorized higher than ypStage I,
because ypT1NL1 is defined as the ypStage | group and showed excellent survival in the
current study despite the small number of patients (/7= 8). Based on comparisons of tumor
characteristics (Table 5), the poor survival in the ypTON1 group was thought to be mainly
derived from advanced tumor status at presentation, which frequently required concomitant
organ resections. A higher rate of chemoradiation therapy use may have contributed to the
enhanced treatment effect in the primary tumor in the ypTON1 group.

In esophageal cancer, where preoperative chemoradiation therapy is more commonly used,
there are several reports indicating diminished survival associated with persistent ypN-
positive status after preoperative therapy. Kim et al. reported that survival of ypTON1
patients was similar to that of stage 11 patients rather than that of stage | patients [13].
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Zanoni et al. reported that cN-positive status was associated with diminished survival among
patients with ypNO status, indicating that downstaged ypStage does not guarantee survival
similar to that of ypStage without downstaging [14]. Verlato et al. also reported that
persistent ypN-positive status was associated with poor survival, regardless of pathological
response in the primary tumor (tumor regression grade) [15]. These esophageal cancer data
highlight the fact that the 8th edition of the AJCC esophageal cancer staging manual
categorizes TO-T2N1 diseases in ypStage I11A group [16]. In the current study, the impact of
ypN1 status did not appear as robust as reported in the aforementioned reports of esophageal
cancer. When comparing 3-year OS of ypT2NO versus ypT2N1 (86% vs. 78%) and ypT3NO
vs. YpT3N1 (82% vs. 61%), the impact of ypN1 status was modest, and ypT stage seemed
equally or more important in survival prediction in gastric cancer. However, the impact of
persistent ypN-positive status may be different in ypTO-1 patients. Further accumulation of
survival data with accurate ypStage information is necessary to validate and improve the
current ypStaging system for gastric cancer. Based on the results of the current study, it is
important to not underestimate the survival risk of ypTON1 (persistent nodal disease)
patients, particularly in patients who have advanced cStage tumors.

In contrast to reasonable survival discrimination by ypStage, we observed poor survival
discrimination by cStage. Two main factors contribute to the difficulty of survival estimation
before preoperative therapy. First, the accuracy of clinical staging is suboptimal, according
to reports from Western countries. EUS is the mainstay method to estimate cT stage in
Western countries; however, reports of EUS staging accuracy have shown significant
heterogeneity [17—20]. The reported accuracy of EUS is worse in Western reports,
particularly in those from the United States [2-4], than in Eastern reports [21]. Accuracy of
cN staging is even less accurate [19]. Second, and more importantly, survival of gastric
cancer patients is significantly affected by response to preoperative therapy [22—-24], and we
cannot effectively predict response to therapy at the time of diagnosis [24]. In the current
study, 88% of patients (49/56) among those who had pathological complete response in the
primary tumor (ypTO0) had cT3-4b disease and 63% (35/56) had cN-positive disease.
Clinical staging should be used for patient selection for preoperative therapy with
consideration of the inaccuracy of staging methods, and physicians should be aware of the
uncertainty of cStage for survival prediction to avoid providing misleading information to
their patients.

Prognostic factors after preoperative therapy in gastric cancer patients have only been
described in a limited number of reports [24, 25]. In our previous report of a smaller number
of patients (n=192), we did not include pStage grouping in the final model of multivariable
analysis [26]. In the current study, we confirmed that known prognostic factors remained
significant, or very close to statistical significance, after preoperative therapy (i.e., linitis
plastica, concomitant organ resection, and R1 resection), whereas other factors were found
not to be risk factors after preoperative therapy (i.e., histological grade, signet-ring cells, and
tumor location at the GEJ) after adjustment for ypStage. The retrospective nature of this
study and the inherent selection bias indicate that it is not appropriate to assess the benefit of
adding preoperative radiation therapy and adjuvant chemotherapy, which were not
statistically significant for survival in this study. Inclusion of Siewert type 111 GEJ tumors in
the gastric cancer staging system seems to be reasonable among patients who undergo
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preoperative therapy, because there was no difference in survival by tumor location (GEJ vs.
other) in this study. The absence of survival impact from histological grade and signet-ring
cells in this study supports the well-accepted approach of using preoperative therapy for
more aggressive tumors. Another notable finding of this study was that Asian patients had a
better survival than white patients after adjustment for other prognostic factors. Although
preoperative therapy is not commonly used in Asian countries, where upfront gastrectomy
and selective use of adjuvant therapy constitute the standard approach [27], this finding
indicates a potential role for preoperative therapy in Asian countries as well. These risk
factors associated with diminished survival observed in this study should be considered in
conjunction with ypStage.

The number of lymph nodes examined, if fewer than 16, showed a trend toward shorter
survival after adjustment for ypStage. This finding supports the recommendation by AJCC
that at least 16 regional nodes be removed/assessed pathologically. Although most of the
patients in the current study underwent D1+/D2 lymph node dissection, for only 85% of
them (259/304) were 16 or more lymph nodes examined. The number of lymph nodes
examined in pathological analysis is affected by multiple factors, including patient factor
(the number of lymph nodes patients actually have), disease factor (advanced or inflamed
disease causes lymph node enlargement), preoperative treatment factor (treatment response
may cause shrinkage of lymph nodes), surgical factor (how extensively lymph nodes are
dissected), and pathological assessment factor (how carefully pathologists examine the
specimen). Among these factors, the pathological assessment factor may be the most
responsible for the small number of lymph nodes examined in Western countries [28].
Because location of positive lymph nodes does not contribute to pStage of gastric cancer
with recent AJCC staging systems (since its 5th edition) [29], gastric cancer lymph node
specimens are typically sent to pathology en bloc in the majority of US institutions, and
pathologists or their assistants identify the lymph nodes, generally after formalin fixation. A
recent report from Memorial Sloan Kettering Cancer Center showed improvement in number
of lymph nodes examined by conducting “ex vivo lymphadenectomy,” which partially
employed the Japanese or Korean style back table procedure that divided lymph node
specimens into stations before sending them to pathology [30]. At MD Anderson, we are
currently conducting a quality improvement project to improve the quality of pathological
assessment of gastric cancer specimens, and continued work is warranted to improve gastric
cancer staging in the Western countries. The actual survival benefit of D2 lymph node
dissection remains unclear, particularly if performed after modern preoperative
chemoradiation therapy, but D2 lymph node dissection with thorough assessment of the
resected specimen is recommended for accurate staging and better survival prediction.

This study has some limitations. The retrospective nature of the study has an inherent
selection bias for treatment; for example, patients with advanced tumors may have received
more aggressive postoperative therapy, which may have affected survival. Although this was
the largest series of gastric cancer patients who underwent preoperative therapy, some of the
yPTNM groups had small numbers of patients, which made it difficult to evaluate the
validity of ypStage for those groups. Particularly in ypTON1 patients who had poor survival
and ypT1N1 patients who had excellent survival, careful interpretation of those results is
necessary. The results of cStage evaluation are limited by the accuracy of EUS and CT [3,

Gastric Cancer. Author manuscript; available in PMC 2020 November 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

lkoma et al.

Funding

Page 8

17-20], although the patients in our cohort are rigorously evaluated with high-quality
imaging and EUS performed by experienced endoscopists. ypM1 patients in this study
represent those who were found to have peritoneal carcinomatosis upon surgery, which may
not represent more heterogeneous ypStage IV patients. Some heterogeneity in preoperative
therapy regimen (e.g., difference in chematherapy, use and type of radiation therapy, treating
institution) may have affected the results. The strengths of this study include the large
number of patients and consistent data from a single large cancer center where the treatment
and surgery are standardized. This study is the first study to examine prognostic factors of
gastric cancer patients after preoperative therapy with the current AJCC staging system
(cStage and ypStage), and we believe this report will contribute to future improvement of
postneoadjuvant therapy staging for gastric cancer patients. In addition, improved survival in
Asian patients highlights an area of active controversy regarding the use of preoperative
therapy for Asian patients.

In conclusion, the AJCC 8th edition staging system for gastric cancer demonstrated a
reasonable survival prediction by ypStage, although cStage did not effectively predict
survival in this single-institutional retrospective study of gastric cancer patients who were
treated with preoperative therapy. ypTO0 patients, which category is not defined in the AJCC
8th edition, did not have better survival than ypStage | patients; therefore, physicians should
not underestimate the survival risk of ypTO patients, particularly in ypTON1 patients. These
risk factors associated with diminished survival observed in this study should be considered
in conjunction with ypStage. Finally, thorough lymph node assessment, even after
preoperative therapy, remains important for accurate survival prediction.

Supported in part by the NIH/NCI under award number P30CA016672 and used the Clinical Trials Support
Resource.
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Kaplan—-Meier estimates for overall survival (OS) by cTNM stage group (a) and ypTNM

stage group (b)
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