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Abstract

Purpose New stage grouping classifications for clinical (cStage) and post-neoadjuvant treatment (ypStage) stage for gastric
adenocarcinoma have been proposed for the eighth edition of the AJCC manual. This article summarizes the analysis for
these stages.

Methods Gastric adenocarcinoma patients diagnosed in 2004-2009 were identified from the National Cancer Database
(NCDB). The cStage cohort included both surgical and nonsurgical cases, and the ypStage cohort included only patients
who had chemotherapy or radiation therapy before surgery. Survival differences between the stage groups were determined
by the log-rank test and prognostic accuracy was assessed by concordance index. Analysis was performed using SAS 9.4
(SAS, Cary, NC, USA).

Results Five strata for cStage and four strata for ypStage were developed. The 5-year survival rates for cStages were 56.77%,
47.39%, 33.1%, 25.9%, and 5.0% for stages I, Ila, IIb, III, and IV, respectively, and the rates for ypStage were 74.2%, 46.3%,
19.2%, and 11.6% for stages I, II, III, and IV, respectively. The log-rank test showed that survival differences were well
stratified and stage groupings were ordered and distinct (p < 0.0001). The proposed cStage and ypStage classification was
sensitive and specific and had high prognostic accuracy (cStage: ¢ index = 0.81, 95% CI, 0.79-0.83; ypStage: ¢ index = 0.80,
95% CI, 0.73-0.87).

Conclusion The proposed eighth edition establishes two new staging schemata that provide essential prognostic data for
patients before treatment and for patients who have undergone surgery following neoadjuvant therapy. These additions are
a significant advance to the AJCC staging manual and will provide critical guidance to clinicians in making informed deci-
sions throughout the treatment course.
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Background

Gastric adenocarcinoma (GAC) is the fifth most com-
mon cancer and the third leading cause of cancer mortal-
ity worldwide [1]. In 2012, an estimated 723,000 deaths
from GAC occurred globally [1] and 10,730 deaths from
GAC occurred in the US [2]. Prognosis and survival vary
significantly depending on the stage of disease at the time
of diagnosis. Early-stage GAC has a 5-year survival rate
of more than 90%, whereas regional GAC confers a 5-year
survival of 29% and metastatic GAC 4% [3].

The tumor-node-metastasis (TNM) classification system
devised by Pierre Denoix in the 1940s was first adopted
by the International Union for Cancer Control (UICC) [4].
The American Joint Committee on Cancer (AJCC) Stag-
ing and End Results Reporting was organized in 1959.
In early editions, the UICC and AJCC proposed different
staging systems, but the TNM and stage groupings have
been unified since the fourth edition of the UICC and the
third edition of the AJCC manual. The rules for classifica-
tion and staging are updated periodically by the AJCC and
UICC and comprise the international standard for staging
solid tumors [5].

For the eighth edition of the AJCC Cancer Staging
Manual, separate stage grouping classifications for clinical
(cStage) and post-neoadjuvant treatment (ypStage) stage
were developed on the basis of prognostic information to
better provide critical guidance to clinicians in making
informed decisions throughout the treatment course. The
clinical classification in prior editions was not developed
based on survival data but was assigned identically to the
pathological TNM classification for purposes of data col-
lection. The assumption that data used to derive patho-
logical classification can be used retrospectively for treat-
ment decision making for patients before the initiation of
therapy could be misleading and thus lead to prescribing
inappropriate therapies.

There is also a critical need for separate stage group-
ings and prognostic information for patients who receive
neoadjuvant therapy. Increasingly, patients are undergoing
neoadjuvant therapy before surgery. Tumor responsiveness
to neoadjuvant therapy drives survival outcomes [6, 7],
and applying prognostic information derived from surgery-
first patients may not be applicable to these patients.

The eighth edition of the AJCC manual was published
in the fall of 2016 and is expected be presented for adop-
tion in late 2017. This edition provides an opportunity
to incorporate survival statistics accumulated from years
of prospective data collection by the National Cancer
Database (NCDB) and refinements to the current patho-
logical staging system made through collaborative work
with the International Gastric Cancer Association [8].
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The objective of this article is to provide a summary of
our analysis that provided the data for the clinical stage
groupings (cStage) and post-neoadjuvant therapy stage
(ypStage) that were incorporated into the eighth edition
of the AJCC manual.

Methods
Data source

NCDB data were used to create clinical stage (cStage)
and post-neoadjuvant therapy stage (ypStage) groupings.
The NCDB is a nationwide oncology database created by
the American College of Surgeon (ACoS) and American
Cancer Society (ACS) to explore trends in cancer care
and to create regional and state benchmarks for quality
improvement [9]. The NCDB currently contains data on
more than 30 million patients diagnosed between 1985 and
2016 and is considered the largest clinical registry in the
world [9, 10]. The NCDB collects information on patient
demographics (age, sex, race, payer, zip code, median
income), tumor characteristics (location, size, grade, stage,
histology), treatments (receipt of chemotherapy and radia-
tion therapy), and vital status (dead or alive) from 1500
Commission on Cancer (CoC)-accredited hospitals, rep-
resenting 70% of newly diagnosed cancer cases in the US.
This information is coded according to Facility Oncology
Registry Data Standards (FORDS) [11]. Survival is exam-
ined as overall survival (OS).

Study population

The NCDB was used to identify patients with newly diag-
nosed gastric adenocarcinomas [International Classifica-
tion of Disease for Oncology, third edition (ICD-O-3): site
code, C161-C169; histology codes, 8000-8152, 8154-8231,
8243-8245, 8250-8576, 8940-8950] between 2004 and
2008. Only first or primary cancers were included in the
analysis. Analysis was limited to adults of ages 18—79 who
received the first course of treatment in the reporting facility
(class of case 10-22). This cohort was then used to create
two distinct cohorts for the cStage and ypStage analysis. For
the cStage cohort, both surgical and nonsurgical cases were
included. The ypStage cohort excluded all patients who did
not undergo surgery, and of those who did, selected only
patients who had received chemotherapy, chemoradiation,
or radiation therapy alone before surgery. Cases with incom-
plete staging information or that could not be converted from
the sixth to seventh edition coding schema were excluded
from these analyses.
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Analysis

The GAC subcommittee of the upper gastrointestinal (GI)
expert panel had decided a priori that cStage and ypStage
would be examined in the broadest groupings that would be
useful in a clinical setting and promote the future collection
of data, setting the stage for further refinements in stage clas-
sifications. Hence, for cStage, cT1a and cT1b were examined
as cT1, and cN categories were examined as cNO or cN+,
where cN+ includes cN1, cN2, and cN3. Kaplan—-Meier
survival analysis was used to generate survival estimates.
Combinations of cT and cN were sorted and grouped accord-
ing to median survival. Any cT and cN combination with
fewer than 50 patients were considered unstable estimates
and assigned to stage group according to the pathological
stage schema.

For ypStage, the stage groupings were kept in accord-
ance with the pathological stage to maintain harmonization
of the stage classification schema to be used after surgery.
Because a limited number of patients were available for
analysis, ypStage prognostic information was generated for
broad stage groupings of stages I, II, III, and IV.

Survival differences between stage groups were deter-
mined by the log-rank test. We assessed discrimination
that was representative of the ability of the AJCC seventh
and eighth editions staging survival model to differentiate
between subjects with and without events. The prognostic
accuracy of the proposed cTNM and ypTNM staging sys-
tems was assessed using a concordance index. The C statistic
for survival analysis is the probability of concordance given
usable pairs of which at least one had an event [12, 13]; it is
interpreted as the probability that event group subjects have
higher predicted probabilities than nonevent groups. We cal-
culated all usable pairs for a C-index and 95% confidence
limits (CI) using the estimated probabilities of concordance.
Analysis was performed using SAS 9.4.

Results
Patients, tumors, and surgery

Data for 7306 patients were available for cStage analysis
and data of 708 patients were available for ypStage analysis
(Appendix 1). Patient demographics are shown in Table 1.

Clinical stage cohort descriptive analysis

Patients included in cStage analysis had a median age of
64 years (range, 19-79 years) and a slightly greater per-
centage of males (58%). Tumors were more often in the
pyloric antrum (24%), or unspecified (27%). Most tumors
were classified as cT4a (30%) or cT4b (29%) in depth;

Table 1 Clinicopathological features of gastric cancer patients
included in the National Cancer Database (NCDB) available for clini-
cal and neoadjuvant staging

Variable Clini- yp stage
cal stage (n=708)
(n =17306)
n % n %
Median age (years) 64 60
Sex
Male 4276 58.5 425 60.1
Female 3026 41.4 283 399
Other 4 006 - -
Site distribution
C16.1: fundus 431 6.0 54 7.6
C16.2: body of the stomach 830 114 90 12.7
C16.3: pyloric antrum 1774 242 155 22.0
C16.4: pylorus 246 34 12 1.7

C16.5: lesser curvature of the stomach 780 10.6 111 15.7
C16.6: greater curvature of the stomach 369 5.1 28 3.9
C16.8: overlapping sites of the stomach 860 11.8 112 15.8

C16.9: unspecified 2016 27.5 146 20.6
Depth of tumor invasion
No tumor 11 02 25 33
Mucosa (T1a) 1644 225 17 24
Submucosa (T1b) 2 2422 31
Muscularis propria (T2) 500 69 110 15.6
Subserosa (T3) 820 11.2 172 244
Serosa exposed (T4a) 2194 30.0 282 39.9
Invasion of adjacent structure (T4b) 2137 29.2 80 11.3
Lymph node stage
NO (0 nodes) 3512 48.0 220 31.0
N1 (1-2 nodes) 2673 36.5 175 24.8
N2 (3-6 nodes) b 126 179
N3a (7-15 nodes) 709 9.8 125 17.6
N3b (>16 nodes) 412 57 62 87
Metastasis
MO 4839 66.3 602 85.0
M1 2467 337 106 15.0
Resection type
No surgery 3447 472 - -
Total or near-total gastrectomy 936 12.8 306 43.1
Distal or partial gastrectomy 1094 15.0 149 21.1
Proximal gastrectomy 400 55 61 8.6
Gastrectomy, unknown type 1220 16.7 187 264
Surgery, not otherwise specified (NOS) 69 09 3 0.4
Local treatment 128 18 2 03
Unknown if surgery 12 02 - -
Systemic therapy before surgery
Chemotherapy only 290 3.8 448 63.3
Radiation therapy only 3 0.0 8 1.1
Both chemotherapy and radiation 94 1.2 252 356
No neoadjuvant therapy 6919 950 - -
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Table 1 (continued)

Variable Clini- yp stage
cal stage (n="1708)
(n=17306)

n % n %

Summary of first course of treatment

No treatment

1359 186 - -
Surgery only 2044 279 - -
Surgery + chemo and/or radiation 2447 334 - -
Chemo- and/or radiation only (no 1456 20.1 - -

surgery)

% Sixth—seventh edition conversion does not allow for T1b designa-
tion from sixth edition

® N1 and N2 were combined and presented as N2 for purposes of tab-
lulare presentation

48% had cNO disease and 37% had cN1 or cN2 disease.
cN1 and cN2 were analyzed in aggregate because cN1
and cN2 could not be distinguished when converting from
from the sixth to seventh edition. M1 disease was present
in 34%. Of all patients, 53% received chemotherapy or
radiation therapy (or both) as any part of the first course of
treatment. Gastrectomy was performed in 51% of patients;
47% did not undergo surgery. Of the surgical patients, 5%
received neoadjuvant therapy before gastrectomy.

Fig.1 Cancer-related 5-year

Post-neoadjuvant therapy stage cohort descriptive analysis

By definition, all patients included in ypStage analysis
received preoperative therapy. Most patients (63%) received
only chemotherapy whereas 35% received both chemo-
therapy and radiation before surgery. Median age for the
whole group was 60 years (range, 18-79 years) and there
was a slight male predominance (60%). Tumor site distribu-
tion is listed in Table 1. Total or near-total gastrectomy was
performed on 43% of patients who underwent neoadjuvant
treatment. After neoadjuvant therapy, 41% of the pathologi-
cal specimens were ypT4a, 25% were ypT3, and 16% were
ypT2. Additionally, 25 patients were ypTO, of whom 18 were
ypTONO, 1 was TisNO, and 6 were ypTON1. There was a
fairly even distribution of ypN disease (ypNO, 31%; ypN1,
25%; ypN2, 18%; ypN3a, 18%; ypN3b, 9%). ypM1 disease
was present in 15%.

Clinical stage classification
T and N categories and survival

Median follow-up for clinical stage was 11.8 months. Sur-
vival decreased in a stepwise fashion with increasing cT
(Fig. 1). The median survival for cT1 was 78.23 months, for
c¢T2 was 77.57 months, for ¢T3 was 30.23 months, for cT4a
was 18.4 months, and for cT4b was 8.41 months. There was
an overlap in survival between cT1 and cT2. Median survival
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Fig.2 Cancer-related 5-year
and median survival according
to ¢cN classification
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decreased in a similar stepwise fashion with increasing cN.
Median survival of patients with cNO (lymph node negative)
was 35.25 months, for cN1-cN2 was 19.06 months, for cN3a
was15.21 months, and for cN3b was 10.25 months (Fig. 2).

Proposal of cTNM stage grouping

Patients without evidence of metastatic disease (cMO)
were divided into ten groups according to their tumor/
node status by combining the five T categories (cT1,
cT2, cT3, cT4a, cT4b) and the two N categories (cNO,
cN+) (Table 2). Patients with metastatic disease (cM1)
were analyzed as a separate group. Stage groupings were
determined by median survival times. The c¢T and cN

combinations were clustered into four stage groups with
further subdivision of stage II into IIa and IIb depending
on the depth of tumor invasion and extent of lymph node
involvement.

c¢T4bNO and cT4bN+ were noted to have particularly
poor prognosis, nearly that of M1 disease. Hence, T4b was
grouped with stage IV. cT1N+ was noted to have a particu-
larly lower survival, 34 months, as compared to cT2N+,
67 months. Although the data would suggest cT 1N+ should
be grouped with either stage cIIb or clll, the committee
decided to keep the natural progression of stages and retain
cT1N+ with cT2N+. This decision was in consideration of
keeping this new introduction to the AJCC familiar to users,
as well as the data not yet being validated.

Table 2 Five-year survival

: Clinical stage Number of 1-year 3-year 5-year Median survival®>  95% CI

estimates ff)r prf)posed cTNM patients (n = 11, survival survival survival

stage classifications 999) (%) (%) (%)
cTINOMO 1,164 80.4 65.2 56.7 80.1 70.87  96.23
cT2NOMO 254 81.2 63.5 56.6 84.93 5841 104.9
cTIN+MO 160 67.6 48.8 43.8 34.07 22.54 7852
cT2N+MO 136 81.9 59.4 51.4 66.96 37.39 102.77
cT3NOMO 244 75.0 523 46.8 45.01 26.84  68.44
cT4ANOMO 539 65.8 36.4 26.8 20.14 17.71  24.00
cT3N+MO 367 72.1 42.7 34.6 28.16 21.75  33.05
cT4AN+MO 1,060 64.3 29.8 22.8 17.05 1597  19.35
cT4BNOMO 396 34.6 11.2 7.5 7.72 6.34 8.84
cT4BN+MO 519 38.7 13.6 11.3 8.87 7.89 9.79
cM1 2,467 25.0 5.9 33 5.45 5.06 5.88
# Months
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The 5-year survival rates for cStage groupings were
56.77% for stage 1, 47.39% for stage Ila, 33.1% for stage IIb,
25.9% for stage 111, and 5.0% for stage IV (Fig. 3). The log-
rank test showed strong evidence of heterogeneity among the
stage groups, indicating that survival differences were well
stratified and that true survival differences existed between
groups (p < 0.0001). The proposed cTNM staging classifica-
tion was highly sensitive and specific, and had high prognos-
tic accuracy (concordance index = 0.81; 95% CI, 0.79-0.83).

Fig.3 Cancer-related 5-year

Post-neoadjuvant therapy stage
classification

Median follow up for ypStage was 22.6 months. The ypStage
classification maintained the same classification schema as
the proposed AJCC eighth edition pathological stage [14].
The 5-year survival rates for ypStage groupings were 74.2%
for stage I, 46.3% for stage 11, 18.6% for stage III, and 7.0%
for stage IV (Fig. 4). In addition, there were 18 cases of
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complete response (ypTONO) and 1 case with ypTisNO.
These cases combined had a 5-year survival of 88.8% (pre-
sented as ypStage CR in Fig. 4). The log-rank test showed
that survival was well stratified among the stage groups
(p < 0.0001). The proposed ypTNM staging system had
high prognostic accuracy (concordance index = 0.80; 95%
CI, 0.73-0.87). Figure 5 presents the newly proposed cTNM
and ypTNM stage classifications.

Discussion

The utility of a cancer staging schema is to associate a dis-
ease with prognosis and therapy, thereby providing clini-
cians with relevant patient data with which to make deci-
sions. The proposed eighth edition of the AJCC staging
manual compartmentalizes GAC into three platforms from
which we approach the disease: the clinical stage (cStage) to
be used to provide prognostic information and inform treat-
ment decisions after staging workup has been completed,
the pathological stage (pStage) to provide prognostic risk
assessment using tumor specimen analysis and inform adju-
vant treatment decisions, and the post-neoadjuvant therapy
stage (ypStage) to provide a prognostic risk assessment for
tumors that have been subjected to neoadjuvant therapy.

In prior versions, only pathological stage was provided
for GAC staging. Pathological stage derives information

ypMO
ypNO ypN1 ypN2 ypN3
(0) (1-2) (3-6) (>6)

ypT1l | | 1l 1l
ypT2 | I |
ypT3 1l 1l
ypT4a 1}
ypT4b

Fig.5 Proposed cTNM and ypTNM stage classification

exclusively from surgically resected cases of GAC to provide
prognostic information for gastric cancer. In the absence of
clinical staging information, treating physicians have used
pathological stage data to clinically stage and devise treat-
ment strategies. However, the inherent inaccuracies in clini-
cal staging modalities can cause a fundamental discordance
between outcomes based on clinical staging compared to
that from pathological stage. Furthermore, the data pre-
sented in the pathological stage carry an implicit patient
selection bias. Because patients who have undergone surgery
are generally younger and healthier, the use of survival sta-
tistics based on these patients for treatment decisions after
staging workup (before treatment) has led to overly opti-
mistic predictions. Clinical stage for the eighth edition was
created using the NCDB, which captures 70% of all cancer
cases diagnosed in the US; 47% of patients in the dataset
used for the creation of clinical stage did not undergo sur-
gery, providing real-world prognostic information that can
be used by patients and clinicians to better inform manage-
ment decisions. As a case in point, in the proposed eighth
edition, the projected 5-year survival for pStage IA and IIA
is 94% and 88%, respectively, whereas cStage I based on the
NCBD was much lower, at 56%. Similarly, pStage IIB was
68% whereas cStage IIB was only 33% [14]. There are sev-
eral potential reasons for these survival disparities, including
selection bias, information gaps, and inaccuracies in staging
modalities.

The AJCC eighth edition also provides an alternative
clinical stage prognostic table derived from surgically
treated patients treated at Shizouoka Cancer Center (Japan)
[14, 15]. The use of two data sources provided validation for
our clinical stage grouping schema with excellent separation
of stage groups from both sources while highlighting differ-
ences in prognosis based on clinical stage derived from all
patients or only surgical patients and by differences in the
patient population (US versus Japanese patients).

As neoadjuvant therapy is becoming increasingly com-
mon and has been demonstrated to be effective when com-
bined with adjuvant therapy in localized GAC [16], there is
a need for revising the AJCC staging. The development of a
post-neoadjuvant stage was presaged by a number of prior
studies. Data compiled from two prospective trials of preop-
erative chemotherapy and radiation therapy [17, 18] showed
that when patients with localized GAC received neoadju-
vant therapy, the degree of pathological response and not
the stage preceding treatment dictated patient outcome [18].
Patients achieving pathological complete response (pathCR)
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or partial response (pathPR) had a significantly longer
median survival time (63.9 months) than those achieving
less than pathPR (12.6 months; p = 0.03) [7]. Cancers hav-
ing responded to neoadjuvant therapy can be downstaged
from the baseline clinical stage, suggesting a cancer biology
that is more responsive to chemotherapy. On the other hand,
cancers that are less responsive after neoadjuvant therapy
demonstrate therapeutic resistance with associated aggres-
sive metastatic and invasive potential. The ypStage proposal
in the AJCC eighth edition allows for a modification of their
prognosis based on tumor responsiveness to therapy, provid-
ing a critical insight into the future management and outlook
for these patients.

Given the lack of ypStage in staging manuals for gas-
tric cancer, prognostic guidance on patients with complete
response to neoadjuvant treatment had been lacking. Our
current analysis includes 19 patients with complete response
of their primary tumor (ypTONO or ypTisNO). Although the
small number of cases in this category cannot produce sta-
ble estimates, it shows a trend toward favorable outcomes
of 5-year survival of 89%. The notation of these complete
responders within the staging schema is currently under
debate. As described in the chapter ‘Principles of Cancer
Staging’ of the AJCC manual [14], stage 0 is used to indicate
carcinoma in situ (pTisSNOMO), and no stage is assigned if
the specimen shows no cancer. However, the lack of can-
cer in the resected specimen is very different in the con-
text of a tumor having received treatment compared to an
untreated specimen. The former situation would indicate that
the cancer is highly responsive to treatment, but the latter
would indicate a misdiagnosis. UICC considers ypTONOMO
as stage 0 [19], and, given the need for harmonization of
AJCC and UICC, denoting ypTONOMO as stage O is under
consideration. For purposes of this article, ypTONOMO and
ypTisNOMO are combined in tables and figures and pre-
sented as ypStage CR.

The data used to create cStage and ypStage were from
NCDB and have the limitations contained in the short-
comings of this database. Namely, the data for NCDB are
collected by cancer registrars for the purpose of main-
taining a cancer registry but not specifically for research
purposes. In addition, these new staging recommendations
were developed with data obtained from a nonstandard-
ized approach to diagnosis, staging, and surgery, with par-
ticular variability regarding nodal resection [20]. GAC is
approached differently depending on the cancer center, the
resources available, and the expertise of the clinician [21].
At the same time, this is also one of the strengths of this
analysis in providing data for the clinical stage because it
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contains the same staging methodologies and approaches
currently used in practice across the US. Also, for this
inaugural proposal of cStage and ypStage, the data were
not sufficiently robust to provide more granular substages.
In addition, patients who were not fully coded (e.g., Tx,
Nx) and those that could not be converted from the sixth
to seventh edition were excluded, resulting in the loss of
information provided by these patients. In particular, cT
and cN were often incomplete, with the result that only
30% of cases (8,001 of 26,516) were available for clinical
stage analysis. Patients without complete staging informa-
tion may represent patients who had an incomplete workup
before surgery, either because they were not surgical can-
didates or needed emergency surgery, or this discrepancy
may represent systematic issues such as some institutions
routinely underreporting clinical stage. As coding require-
ments become more stringent and consecutive editions
of the AJCC manual take into account conversion issues
between cancer staging editions, we anticipate less infor-
mation loss and greater ability to develop granular strati-
fication of the staging data in subsequent editions.

Conclusions

In summary, the proposed eighth edition establishes two
new staging schemata that provide essential prognostic
data for patients before treatment and for patients who
have undergone surgery following neoadjuvant therapy.
The recognition of a vast population previously uncaptured
by a solely pathological approach to gastric cancer will
improve the information provided for our patients and aid
in treatment decisions. Future progress in our understand-
ing of GAC pathogenesis will be aided by these additions,
and the attention brought by the addition of a cStage and
ypStage to the AJCC staging manual will undoubtedly
improve the accuracy of pretreatment staging for GAC
patients as well as providing more accurate prognostic
information for patients given neoadjuvant therapy and
should be considered a significant advance.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical standards This article does not contain any studies with human
or animal subjects performed by any of the authors.



The newly proposed clinical and post-neoadjuvant treatment staging classifications for gastric... 9

Appendix 1. Selection criteria for patient
data extracted from the National Cancer
Database (NCDB)

Gastric adenocarcinoma
Diagnosed between 2004-2008

First or primary diagnosis

Ages 18-79
class of case 10-22
(N=26,516)
A 4 A4
Limit to cases with complete Limit to patients receiving
CcTNM staging information invasive surgery
(n=8,001) (n=14,939)
Drop if staged as AJCC 6th l
edition T2 Limit to patients treated
(n=7,306) with neoadjuvant therapy
prior to surgery
(n=899)
Limit to cases with
complete ypTNM staging
information
(n=708)
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