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Abstract

Background Clinical staging guides decisions about optimal treatment sequence in patients with gastric cancer, although the
preoperative accuracy is not strongly established. This study investigates concordance of clinical and pathologic stage as well as
its impact on the survival of patients with gastric adenocarcinoma.

Methods Patients with clinical stage T2-4, NO, MO gastric adenocarcinoma who underwent surgery without neoadjuvant therapy
were identified from the National Cancer Database (2010-2015). The primary outcome was up-staging, defined as cT < pT, pN1-
3, and/or pM1 (AJCC 7™ edition). Multivariable logistic regression analysis was performed to predict up-staging. Survival
analysis was performed using the Kaplan-Meier method.

Results In total, 2254 patients were identified. cTNM staging was discordant with pTNM staging in 65.6% of cases, with 50.4%
up-staged and 15.2% down-staged. On multivariable logistic regression, younger age (OR 0.991, 95% CI 0.984-0.999,
p=0.0188), male sex (versus female; OR 1.392, 95% CI 1.158-1.673, p=0.0004), poor or undifferentiated tumor grade (versus
well differentiated or moderately differentiated; OR 2.399, 95% CI 1.987-2.896; p<0.0001), positive margin status (versus
negative; OR 4.575, 95% CI 3.360-6.230; p<0.0001), and days from diagnosis to surgery (15-32 days versus < 14 days; OR
1.411, 95% CI 1.098-1.814, p=0.0072) were predictive of up-staging. Patients who were up-staged had a decreased survival
compared to patients who were accurately staged (median survival 27.9 months versus 67.6 months; log-rank p<0.0001).
Conclusion This study found a substantial discordance between clinical and pathologic staging of resectable locally advanced
gastric adenocarcinoma. These data support that patients may have more advanced disease at presentation than reflected in
clinical staging and may benefit from improved diagnostic modalities and neoadjuvant chemotherapy.
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survival of 32%.% * Approximately 30% of patients present

with surgically resectable disease, and as such, the majority of
patients are diagnosed at later stages, especially in under-

Background

Gastric cancer is the fifth most common cancer worldwide,
2,4,5

representing approximately 28,000 new cases and 11,000
deaths per year in the USA." ? Although its incidence is de-
clining, largely due to Helicobacter pylori screening and treat-
ment, gastric cancer maintains a poor prognosis with a 5-year
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served populations, thus leading to worse outcomes.

The treatment of gastric cancer is dependent on staging
guidelines. The American Joint Committee on Cancer
(AJCC) staging of gastric cancer is the accepted interna-
tional standard for classification of this malignancy.® ’
This system includes both clinical and pathologic stages
and undergoes periodic evidence-based revisions.® ? It is
generally agreed upon that accurate preoperative staging
is critical in guiding the treatment of these patients.
However, the evidence from other solid tumors suggests
that clinical staging may have a significant discrepancy
from pathological staging, and this staging discordance
is not well studied in gastric cancer.'® !
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Curative treatment for gastric cancer requires complete on-
cologic resection.'” Working in conjunction with surgery,
chemotherapy and radiation therapy are also utilized in the
treatment of gastric cancer. More recently, multiple studies
have demonstrated that the use of neoadjuvant therapy results
in a survival benefit in patients with resectable gastric
cancer.'>'® In addition, neoadjuvant therapy has a potential
advantage for patients who are initially non-resectable but
may achieve “down-staging” of their tumor that allows for
surgical intervention.'” Despite these findings, neoadjuvant
chemotherapy is not universally utilized in gastric cancer in
the USA.

Given the important role that accurate staging plays in the
optimization and sequence of multimodality treatment, this
study aims to investigate the concordance of clinical and path-
ologic stage as well as its impact on overall survival in patients
with locally advanced gastric adenocarcinoma.

Materials and Methods
Data Source

Patient data were obtained from the National Cancer Database
(NCDB). This database is a program of the American College
of Surgeons and the American Cancer Society, representing
more than 70% of newly diagnosed cancer cases
nationwide.'® ' All NCDB data are de-identified, and thus,
this study was deemed exempt from review by the Boston
University Institutional Review Board.

Patient Selection

Patients with gastric adenocarcinoma who underwent gas-
trectomy were identified from the NCDB (2010-2015).
These patients were identified based on International
Classification of Disease for Oncology, 3"edition (ICD-
0-3) using topography codes C160-C166 and C168-169
and histology codes 8000, 8010, 8012, 8020, 8021, 8050,
8051, 8140-8145, 8210, 8211, 8230, 8243-8245, 8255,
8260-8263, 8310, 8323, 8480, 8481, 8490, 8560, 8570,
8572, and 8574-8576.%° Patients were also selected based
on Facility Oncology Registry Data Standard (FORDS)
procedure codes 30-33, 40—42, 50-52, and 60-63.
Patients with clinical stage T2 and greater, NO and MO
disease were included. All pathological stages, including
missing pathologic M stage, were included. Both clinical
and pathologic staging were based upon AJCC 7" Edition
staging criteria. Patients with multiple malignancies were
excluded (n=6586), as were patients who underwent neo-
adjuvant therapy so as not to impact pathologic staging
(n=2640). Patients 90 years or older were excluded
(n=43) along with patients not treated at the reporting
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facility (n=53). Missing or unknown data for any of the
following variables was excluded: sex, race, Charlson-
Deyo comorbidity score, grade, facility type, insurance
status, vital status, days from diagnosis to definitive sur-
gery, examination of regional lymph nodes, margin status,
TNM edition, pathologic T stage, and pathologic N stage
(n=397). All exclusions were done so sequentially.

Data Elements

Independent variables in this analysis included patient,
tumor, and treatment characteristics. Patient characteris-
tics included age, sex, race, insurance status, and
Charlson-Deyo comorbidity score. Tumor characteristics
included grade (well and moderately differentiated ver-
sus poorly differentiated or undifferentiated) and loca-
tion (proximal, body, distal, overlapping, and other).
Treatment characteristics included facility variables: type
(academic versus non-academic center), volume (defined
as the number of gastrectomy operations per year divid-
ed at the 50™ percentile: low [0-11] and high [>11]),
and therapy: receipt of adjuvant chemotherapy (defined
as any systemic therapy), radiation, lymph node exami-
nation (for which the number of nodes greater or equal
to 90 is categorized as “90 nodes”), time to surgery
(defined in days and divided into quartiles [0—14, 15—
32, 33-52.5, >52.5), and margin status (defined as neg-
ative or positive).”’ The primary outcome was up-
staging as compared to concordant staging or down-
staging, as defined by differences in clinical T, N, and
M stage as compared to pathologic T, N, and M stage
following surgery. The secondary outcome was overall
survival (OS), defined from the date of diagnosis to
death date or last contact.'®

Statistical Analysis

Summary statistics were reported as percentages for cat-
egorical variables and as medians with interquartile
ranges (IQR) for continuous variables. Multivariable lo-
gistic regression analysis was performed, based on uni-
variate logistic regression analysis (significance set at <
0.05). The following variables were included in the final
multivariable logistic regression model: age, sex, grade,
margin status, and days to surgery, with tumor location
forced into the model. Survival curves and median sur-
vival estimates were obtained using the Kaplan-Meier
method and compared using the log-rank test.
Statistical significance was set at < 0.05. All data anal-
yses were conducted using SAS 9.4 (SAS Institute,
Cary, NC).
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Results
Patient Characteristics

In total, 2254 patients with gastric adenocarcinoma were iden-
tified who met inclusion criteria. Patient, hospital, tumor, and
treatment information are displayed in Table 1. Most patients
were male (60.4%), white (71.8%), and insured by Medicare
(56.5%). The median number of gastrectomies performed
each year was 11 [IQR, 6-22], the majority of which occurred

Table 1T Demographics of patients with gastric adenocarcinoma who
underwent gastrectomy as identified from the National Cancer Database
(2010-2015)

n=2254

Age [median, IQR] 69 [59-77]
Sex

Male 1361 (60.4%)
Female 893 (39.6%)
Race

White 1619 (71.8%)
Black 330 (14.6%)
Other 305 (13.5%)
Charlson-Deyo Comorbidity score

0 1403 (62.2%)
1 605 (26.8%)
2 170 (7.5%)
>3 76 (3.4%)
Insurance

No insurance 70 (3.1%)
Private insurance 713 (31.6%)
Medicaid and other government 198 (8.8%)

Medicare 1273 (56.5%)
Facility type

Non-academic center 1204 (53.4%)
Academic center 1050(46.6%)
Facility volume [median, IQR] 11 [6-22]
Tumor grade

Well differentiated, moderately differentiated 794 (35.2%)
Poorly differentiated, undifferentiated 1460 (64.8%)

Tumor location

Proximal 625 (27.7%)
Body 588 (26.1%)
Distal 687 (30.5%)
Overlapping, other 354 (15.7%)
Time to surgery [median days, IQR] 32.5[14-53]
Nodes examined [median, IQR] 17 [10-24]

Positive margin status 307 (13.6%)
Receipt of chemotherapy 992 (44.0%)

Receipt of radiation 691 (30.7%)

at non-academic centers (53.4%). In addition, most tumors
were poorly differentiated or undifferentiated (64.8%) with a
relatively even distribution between tumor location. The me-
dian time to surgery was 32.5 days [IQR, 14-53], and the
median number of lymph nodes examined was 17 [IQR, 10—
24]. The majority of tumor resections had negative margins
(86.4%).

Staging

The breakdown of clinical and pathologic staging by AJCC
7™ edition TNM staging is presented in Table 2. The break-
down by cT stage was as follows: cT2 49.8%, cT3 37.6%, and
cT4 12.6%. cT stage was discordant with pT stage in 44.5% of
cases, with 24.7% clinically under-staged and 19.8% clinical-
ly over-staged (Fig. 1). Of ¢cNO patients, 46.9% demonstrated
positive nodes on pathological examination (Fig. 2). Distant
metastases were discovered on pathology evaluation in 3.0%
of cases (Fig. 3).

Overall, cTNM staging was discordant with pTNM staging
in 65.6% of cases, with 50.4% up-staged and 15.2% down-
staged (Fig. 4). Of early-stage disease, defined as clinical stage
IB, IIA, or IIB (n=2186), 50.6% were up-staged. Of late-stage
disease, defined as clinical stage I1IB (n=68), 45.6% were up-
staged.

When comparing high and low volume centers, there was a
significant difference in staging (p<0.0001). In high volume
centers, staging was discordant in 68.8% of cases, with 48.7%
up-staged and 20.1% down-staged. In low volume centers,
staging was discordant in 62.6% of cases, with 52.1% up-
staged and 10.5% down-staged.

On multivariable logistic regression, younger age (OR
0.991, 95% CT1 0.984-0.999, p=0.0188), male sex (versus fe-
male; OR 1.392, 95% CI 1.158-1.673, p=0.0004), poor or
undifferentiated tumor grade (versus well differentiated or
moderately differentiated; OR 2.399, 95% CI 1.987-2.896;
p<0.0001), positive margin status (versus negative; OR
4.575,95% CI 3.360-6.230; p<0.0001), and days from diag-
nosis to surgery (15-32 days versus < 14 days; OR 1.411,

Table 2 Clinical and

pathologic TNM staging Clinical Pathologic

of patients with gastric

adenocarcinoma who 0 0 (0%) 11 (0.5%)

underwent gastrectomy 1A 0 (0%) 263 (11.7%)

as identified from the 1B 1122 (49.8%) 374 (16.6%)

National Cancer

based on AJCC 7™ 1IB 216 (9.6%) 356 (15.8%)

Edition A 0 (0%) 201 (8.9%)
B 68 (3.0%) 257 (11.4%)
MC  0(0%) 188 (8.3%)
\% 0 (0%) 67 (3.0%)
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m Concordant = Upstaged = Downstaged

m Concordant = Upstaged

Fig. 1 Comparison of clinical versus pathologic T staging for patients
with gastric adenocarcinoma who underwent gastrectomy as identified

from the National Cancer Database (2010-2015) Fig. 3 Comparison of clinical versus pathologic M staging of patients

with gastric adenocarcinoma who underwent gastrectomy as identified
from the National Cancer Database (2010-2015)
95% CI 1.098-1.814, p=0.0072) were predictive of up-stag-
ing. Tumor location did not impact up-staging. staged had a median survival that was not yet reached (Fig. 5;
log-rank, p<0.0001).
When comparing patients whose clinical and pathologic
Survival staging was concordant to those who were up-staged, there

is a difference in survival at 6 months, 1 year, and 3 years. For
There were survival differences between patients who were

accurately staged versus those with stage discordance.
Patients who were up-staged had a median overall survival
of 27.9 months, while those who were accurately staged had
a median survival of 67.6 months, and those who were down-

= Concordant

= Upstaged
m Concordant = Upstaged = Downstaged
Fig. 2 Comparison of clinical versus pathologic N staging of patients Fig. 4 Comparison of clinical versus pathologic overall staging of
with gastric adenocarcinoma who underwent gastrectomy as identified patients with gastric adenocarcinoma who underwent gastrectomy as
from the National Cancer Database (2010-2015) identified from the National Cancer Database (2010-2015)
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those who were up-staged, survival was 86.6% at 6 months,
74.3% at 1 year, and 42.3% at 3 years. This is in comparison to
those who were appropriately staged: 92.3% at 6 months,
85.5% at 1 year, and 65.9% at 3 years.

Discussion

This study demonstrates that there is significant discordance
between the clinical and pathologic staging of patients with
gastric adenocarcinoma. Approximately half of all patients,
and the majority of patients with early clinical stage tumors,
were ultimately up-staged on pathology. For patients who
were up-staged on pathologic examination, there was a clear
survival disadvantage.

The importance of appropriate staging in cancer care is
widely accepted given its role in treatment and prognosis.
The discrepancy between clinical and pathologic staging,
and the associated differences in survival, has been previously
demonstrated in other cancer types, including renal cell carci-
noma and bladder cancer.?> ** In gastric cancer, patients are
clinically staged through a combination of imaging modali-
ties, including CT and EUS, but these are not without limita-
tions. For example, EUS has a high specificity and sensitivity
for later stage disease but is less accurate in diagnosing super-
ficial tumors and lymph nodes.** More recent studies have
evaluated the use of MRI, FDG PET/CT, and techniques such
as radiomics, which has shown some improvement in clinical

staging of gastric adenocarcinoma.?> 2’ Therefore, there may
be value in combining diagnostic techniques. Further study is
required to evaluate diagnostic methods and the discordance
of staging due to variation in diagnostic protocols.

The importance of accurate staging is particularly relevant
today as the use of neoadjuvant therapy in gastric adenocarci-
noma is increasing in the USA. Multiple studies have demon-
strated that the use of neoadjuvant therapy results in improved
resection rates and surgical outcomes.'* '> 7 2% In our study,
50.4% of patients were up-staged after pathologic evaluation
and had a survival disadvantage of 39.7 months as compared
to those were accurately staged. This survival difference may
be explained not only by a large proportion of patients who
were clinically under-staged but also by the omission of neo-
adjuvant chemotherapy. Interestingly, only 44% of patients
received adjuvant chemotherapy, despite that the majority of
patients were eligible. However, it is not uncommon to see
low levels of adjuvant therapy completion in gastric cancer.?’
Still, we would expect that many more patients would benefit
from adjuvant therapy after definitive surgery, than are cur-
rently completing it.

Previous clinicopathologic profiles of gastric cancer have
demonstrated the effect of grade on disease spread and the
impact of margin status on survival.*> *' Our study confirms
these findings as higher grade tumors and positive margins
were predictive of up-staging. It is possible that these charac-
teristics also impacted the survival differences seen in this
study. When considering treatment modifications for these
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patients, those with more aggressive tumor characteristics or
those with more challenging planned resections may benefit
from neoadjuvant therapy.

Location of gastric adenocarcinoma was not associated
with tumor up-staging in this study. Interestingly, previous
studies have demonstrated differences in outcomes based on
tumor location in gastric cancer, particularly when comparing
proximal to distal tumors.>* Although our study did not find
this difference, location is an important consideration in treat-
ment planning. For example, the support for neoadjuvant ther-
apy in locally advanced distal esophageal adenocarcinoma has
been extended to proximal gastric tumors.>”

Despite significant differences in staging discordance be-
tween high and low volume centers, this factor was ultimately
not predictive of up-staging. As volume is a well-established
predictor of quality in surgical cancer care, it should be con-
sidered, in conjunction with patient and tumor characteristics,
for staging and treatment planning.®*

Surgery within 2 weeks to a month of diagnosis also pre-
dicted up-staging but was not significant beyond 33 days. This
is likely related to the disease, and previous studies have dem-
onstrated that prolonged time to gastrectomy does not impact
overall survival.>® In addition, this could be reflective of the
extent of the staging work up, and a more thorough evaluation
may result in better accuracy. Timing can also guide therapy,
with early initiation of neoadjuvant chemotherapy to halt
progression.

This study has several limitations. The NCDB is subject to
possible misclassification and is limited by its predefined var-
iables. As such, there is no information available regarding
preoperative staging methods or variations in pathologic or
radiographic examination, which could provide estimations
of discordance due to diagnostic protocol variation.
Although the NCDB represents a large proportion of cancers
in the USA, it is hospital-based rather than population-based
and represents only commission on cancer approved sites.
Therefore, it may not generalize to all patients and centers.
In addition, we included clinical stage T4 disease in our anal-
ysis to determine if patients had been down-staged but recog-
nize that these patients cannot be up-staged by T stage. Lastly,
though the most recent AJCC guidelines are currently the 8™
edition, we used the AJCC 7™ edition to reflect the staging
guidelines in use during the time period of our NCDB data
collection.

Conclusion

Our study demonstrates a substantial discordance in clinical
and pathologic staging in gastric adenocarcinoma, thus poten-
tially misguiding treatment and impacting overall survival.
We must improve diagnostic and treatment guidelines and
factor in patient and tumor specific variables as well as

@ Springer

institutional limitations. Our findings provide evidence that
patients often present with more advanced disease than clini-
cally appreciated and lend support to the need for improve-
ment and better utilization of diagnostic techniques. We hope
our findings will also encourage the use of neoadjuvant ther-
apy in resectable gastric cancer.
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