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Background: While gastric cancer is a leading cause of cancer-related mortality in Eastern Europe and
Asia, it is less common in the USA. Recommendations regarding optimal treatment of non-metastatic gastric
cancer (nmGC) with regard to type and extent of surgery, choice and sequence of chemotherapeutic agents,
and use of radiation therapy vary across geographic locations. To determine how variability in treatment
practices affects patient outcomes, we conducted a retrospective study to evaluate clinical outcomes in nmGC
patients treated at four high-volume academic institutions.

Methods: California Cancer Registry data were collected for nmGC patients who underwent gastrectomy
with curative intent from 2010 to 2018. We conducted chart reviews of the patients’ electronic health
records to validate clinical factors and outcomes. We performed multivariable Cox regressions to determine
prognostic factors for outcomes.

Results: Demographics of study cohort (n=326): mean age 66 years; 64% male; 44% Caucasian, 35% Asian,
16% Latino. Tumor stage: 48% loco-regional (pT4 or pN1+) vs. 52% localized (pT1-3, pNO). Histology:
47% intestinal, 30% diffuse, 8% mixed, 15% unknown. Surgery: 34% open gastrectomy, 48% laparoscopic,
18% unknown; number of recovered lymph nodes varied from 0 to 60 in any tumor stage. Chemotherapy:
20% neoadjuvant alone, 25% adjuvant alone, 16% perioperative, 39% none. Multimodality therapy: 44%
surgery only, 31% chemotherapy, 25% chemotherapy and radiation. With a median post-surgical follow-up
of 6 years, 24% of patients developed recurrence and 40% had died. Compared to open surgery, laparoscopic
surgeries were associated with fewer recovered lymph nodes (mean =18 vs. 25, P=0.0042). Fewer recovered
lymph nodes were associated with a significant decrease in 5-year overall survival [hazard ratio (HR) =1.9,
95% confidence interval (CI): 1.3-2.8]. Timing of chemotherapy and addition of radiation therapy to
chemotherapy did not confer further improvements in survival; in contrast, greater lymph node recovery
plus chemotherapy were associated with a significant increase in survival (HR =0.3, 95% CI: 0.1-0.6)
Conclusions: This study highlights major practice differences in the management of nmGC patients
across providers and institutions. Further efforts should be made to standardize the use of chemotherapy and

adequate recovery and assessment of lymph nodes in this patient population.
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Introduction

Gastric cancer is the fifth most common malignancy and
the third leading cause of cancer mortality worldwide (1).
While gastric cancer is a leading cause of cancer-related
mortality in Eastern Europe and Asia, it is less common in
the United States. Recommendations regarding optimal
treatment of non-metastatic gastric cancer with regard
to type and extent of surgery, choice and sequence of
chemotherapeutic agents, and use of radiation therapy vary
depending on geographic location. In the United States,
based on the INTO0116 trial (2), adjuvant fluoropyrimidine-
based chemoradiation has been one commonly used
approach. However, the quality of surgical resection in that
trial has been debated and it is postulated that the addition
of radiation compensated for the fact that most patients
underwent a D1 resection. The standard for perioperative
chemotherapy without radiation was based on the MAGIC
trial which compared ECF (epirubicin, cisplatin, 5-FU)
given before and after surgery with surgery alone and
demonstrated an improvement in 5-year survival from 23 %
t0 36% (3). The FNCLCC and FFCD trial reported similar
results with the use of a 28-day regimen of perioperative
cisplatin and 5-FU (4). More recently, the German FLOT-
AIO trial showed superiority of peri-operative FLOT (5-
FU, leucovorin, oxaliplatin, docetaxel) over ECF (5). As
a result, perioperative chemotherapy has been widely
adopted as the standard of care throughout most of the UK
and Europe. Meanwhile, throughout Asia, most patients
are treated with D2 gastrectomy followed by adjuvant
chemotherapy alone based on the CLASSIC and ACT-GC
trials (6,7).

In addition, there is heterogeneity and lack of consensus
regarding the optimal extent for lymph node dissection
during gastrectomy (8,9). In eastern Asia, gastrectomy with
D2 lymphadenectomy is the standard treatment for curable
gastric cancer while surgical practice in western Europe
and the USA are guided by the UK Medical Research
Council trial (10) and the Dutch Gastric Cancer trial (11).
The 5-year follow-up data from these two large European
trials showed that extended D2 lymphadenectomy did
not improve survival and was associated with significantly
higher morbidity and mortality compared with limited D1
lymphadenectomy. The higher morbidity and mortality
rates were mostly associated with pancreatico-splenectomy,
which was an integral part of the D2 resection in both
trials. Recent clinical trials have confirmed that pancreas-
preserving D2 resection yield better survival outcomes than
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D1 resection, but more extended D3 resection does not
appear to be better than D2 resection (12-15).

To determine how variability in treatment practices
affects patient outcomes, we conducted a retrospective
study in patients with non-metastatic gastric cancer treated
at four University of California (UC) medical centers. The
authors present the study in accordance with the STROBE
reporting checklist. Available at http://dx.doi.org/10.21037/
jgo-20-212.

Methods
Study cobort

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the Institutional Review Boards at the
Universities of California in Davis, Irvine, Los Angeles, and
San Francisco prior to the collection of data (UC Reliance
No. 2843). Because of the retrospective nature of the
research, the requirement for informed consent was waived.
The study cohort which was retrospectively identified
from electronic databases included patients diagnosed with
non-metastatic gastric adenocarcinoma who underwent
gastrectomy with curative intent at four medical centers
from 2010 to 2018. Patients receiving endoscopic surgery
were not included in this study because endoscopic therapy
for early gastric adenocarcinoma was limited in frequency
at the study institutions and often reserved for very early
tumors (Tis) or for patients unable to undergo formal
resection.

Data collection

We gathered retrospective data from UC electronic health
records and California Cancer Registry databases. UC
electronic health data were obtained through chart reviews,
including patient demographics (age, sex, race), risk factors
(smoking and alcohol use, significant weight loss, history
of cancer, comorbidities), tumor characteristics (stage
based on the AJCC 7™ edition, histology, tumor size),
surgical characteristics (laparoscopic technology, partial or
total gastrectomy, number of recovered lymph nodes, and
resection margin status), types of therapy (chemotherapy,
radiation), administration of chemotherapy (neoadjuvant
alone, adjuvant alone, and perioperative), and outcomes
(cancer recurrence and death). The cutoffs of these variables
were chosen as they were mentioned in literature guidelines
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for lymph node dissection (16). UC electronic health data
and California Cancer Registry data were linked by patient
identifiers in order to obtain more complete and accurate
information about patients’ treatment and follow-up.

Statistical analyses

We summarized the demographic, clinical, tumor, and
treatment characteristics of the study patients using
descriptive statistics such as percentage, mean, and
standard deviation. Then, we summarized the outcomes
including cancer recurrence events and death events using
percentages. We compared these variables across the four
institutions using 7-tests and chi-square tests whenever
applicable.

To determine patient characteristics associated with
higher risk of cancer recurrence and death, we performed
a disease-free analysis and an overall survival analysis.
Recurrence events were used for the disease-free analysis
and death events of any cause were used for the overall
survival analysis. In these analyses, we used a multivariable
Cox regression model with proportional hazard distribution.
The unit of analysis was a patient. The dependent variable
was the time from gastrectomy to the first cancer recurrence
(or death of any cause). For patients who had never had
recurrence (or death) or were lost to follow-up, the time
was censored by their last visit. The independent variables
included patient demographic, clinical, and tumor variables.
The results of these analyses included hazard ratios (HRs)
which were used to determine the patient characteristics
associated with higher risk of cancer recurrence and death.
A HR of value greater than 1 indicated that one group of
patients was at greater risk of recurrence (or death) than
the other group; a HR of value less than 1 indicated lower
risk; and a HR of value equal to 1 indicated equal risk.
All HRs obtained from these analyses were adjusted for
demographic, clinical, tumor, and treatment variables.

To evaluate the effect of lymph node recovery on
survival, we first determined the median number of lymph
nodes in each tumor stage. We flagged each patient whether
his/her number of recovered lymph nodes was above or
below stage-specific median value. Then we performed a
Cox regression analysis to compare overall survival between
patients with lymph node recovery above vs. below the
median. All results obtained from this analysis were adjusted
for the demographic, clinical, tumor, and treatment
variables that had been found significantly associated with
survival in the preceding analysis. Lastly, we repeated this
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analysis using various thresholds other than the median
values to determine what thresholds of lymph node recovery
would yield optimal survival.

To compare survival among multimodality treatments,
we classified patients into subgroups by tumor stage, extent
of lymph node recovery, and receipt of chemotherapy. Then
we evaluated whether the subgroups were clinically similar
by comparing Charlson comorbidity score and weight loss
status at diagnosis among the subgroups using chi-square
tests. According to the cancer registry data dictionary (17),
the Charlson comorbidity score is a weighted index based on
the presence of certain comorbid conditions twelve months
prior through 6 months following the cancer diagnosis (as
determined through ICD-9 and ICD-10 diagnosis codes),
weighted by the severity of those conditions. It is intended
to be a measure of burden of serious comorbidity, not
the number of comorbidities. The following conditions
were included in this index: congestive heart failure,
myocardial infarction (acute and old), peripheral vascular
disease, cerebrovascular disease, dementia, chronic
pulmonary disease, rheumatologic disease, peptic ulcer
disease, mild liver disease, moderate/severe liver disease,
diabetes, diabetes with chronic complications, hemi- or
paraplegia, renal disease, and acquired immune deficiency
syndrome. In the end, we performed a multivariable Cox
regression analysis to compare overall survival among the
subgroups, adjusting for the demographic, clinical, tumor,
and treatment variables that had been found significantly
associated with survival in the previous analysis.

Results

Patient demographic, clinical, tumor, and treatment
characteristics are summarized in Table 1.

Demographics

A total of 326 patients fulfilling the study inclusion criteria
were included in the analysis. Age at diagnosis ranged from
24 to 98 years, with a mean of 66 years (SD =12). About
64% of the patients were male and 36% were female. The
most common ethnicity was Caucasian (44%), followed by
Asian (35%) and Hispanic (16%). Age and race differed
significantly across institutions (P<0.0040).

Clinical characteristics

About 52% of the patients smoked cigarettes or consumed
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Table 1 Demographic, clinical, tumor, and treatment characteristics of the study patients

Institutions
Characteristics P value
Site 1 (n=97)  Site 2 (n=139) Site 3 (n=30) Site 4 (n=60) Total (N=326)

Demographics

Age at diagnosis (years) 0.0035
Mean 65.8 66.8 58.1 67.1 65.8
SD 11.5 12.2 13.9 12.3 124
Range 26-88 24-92 25-80 39-98 24-98
Sex (%) 0.2184
Male 63.9 66.9 46.7 65.0 63.8
Female 36.1 33.1 53.3 35.0 36.2
Race/ethnicity (%) <0.0001
Caucasian 33.0 54.7 53.3 33.3 44.2
Asian 48.5 25.2 13.3 48.3 35.3
Hispanic 18.5 15.1 20.0 1.7 16.0
African American 0 2.1 3.4 5.0 2.1
Others 0 2.9 10.0 1.7 2.4

Clinical characteristics

Smoking/alcohol (%) <0.0001
Yes 41.2 69.1 70.0 21.7 52.2
No or unknown 58.8 30.9 30.0 78.3 47.8

Significant weight loss (%) <0.0001
Yes 8.2 56.8 43.3 26.7 35.6
No or unknown 91.8 43.2 56.7 73.3 64.4

History of cancer %) 0.0121
Yes 9.3 16.5 26.7 5.0 13.2
No or unknown 90.7 83.5 73.3 95.0 86.8

Charlson comorbidity (%) 0.5941
Low burden (score <3) 91.7 86.3 86.7 90.0 88.7
High burden (score =3+) 8.3 13.7 13.3 10.0 11.3

Tumor characteristics

pT stage (%) 0.0005
1 443 33.1 16.7 28.3 34.0
2 13.4 20.1 6.7 13.3 15.6
3 29.9 35.3 43.3 25.0 32.5
4 12.4 11.5 33.3 33.4 17.9

Table 1 (continued)
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Table 1 (continued)

Institutions
Characteristics P value
Site 1 (n=97) Site 2 (n=139) Site 3 (n=30) Site 4 (n=60) Total (N=326)

pN stage (%) 0.0220
0 62.9 54.7 36.7 58.3 56.1
1 16.5 19.4 16.7 8.3 16.3
2 9.3 12.2 20.0 15.0 12.6
3 11.3 9.4 26.6 18.4 13.2
Unknown 0 4.3 0 0 1.8

Pathological stage (%) 0.0604
Loco-regional (pT4 or pN1+) 43.3 45.3 70.0 51.7 48.2
Localized (pT1-3, pNO) 56.7 54.7 30.0 48.3 51.8

Tumor size (%) 0.0008
Small (<2 cm) 30.9 33.1 13.3 16.7 27.6
Medium (2-4 cm) 49.5 29.5 36.7 30 36.2
Large (>4 cm) 15.5 26.6 40 38.3 26.7
Unknown 4.1 10.8 10.0 15.0 9.5

Histology (%) <0.0001
Intestinal 30.9 62.6 33.3 41.7 46.6
Diffuse 47.4 12.2 53.3 31.7 30.1
Mixed 3.1 13.7 6.7 1.6 7.7
Unknown 18.6 12.5 6.7 25.0 15.6

Surgery

Surgical technology (%) <0.0001
Open 4.1 41.0 93.3 38.3 34.4
Laparoscopic 68.0 54.0 6.7 21.7 47.8
Unknown 27.8 5.0 0 40.0 17.8

Surgical type (%) <0.0001
Total 13.4 417 46.7 18.3 29.5
Partial 82.5 41.0 53.3 50.0 56.1
Unknown 4.1 17.3 0 31.7 14.4

Number of recovered lymph nodes (%) 0.0005
0 21 12.2 0 6.7 7.1
1-14 26.8 29.5 40.0 18.3 27.6
15-24 32.0 20.1 33.3 30.0 26.7
25+ 37.1 28.8 26.7 45.0 34.0
Unknown 2.0 9.4 0 0 4.6

Table 1 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2020;11(5):952-963 | http://dx.doi.org/10.21037/jgo-20-212



Journal of Gastrointestinal Oncology, Vol 11, No 5 October 2020

Table 1 (continued)

957

Institutions
Characteristics P value
Site 1 (=97)  Site 2 (=139) Site 3 (n=30) Site 4 (n=60) Total (N=326)
Positive resection margins (%) 0.0002
Yes 8.3 5.0 30.0 6.7 8.6
No 91.7 95.0 70.0 93.3 91.4
Chemotherapy
Chemotherapy administration (%) 0.1180
Neoadjuvant alone 21.6 21.6 20.0 11.7 19.6
Adjuvant alone 17.5 25.9 33.3 33.3 25.5
Perioperative (before & after surgery) 12.4 19.4 20.0 13.3 16.3
None 48.5 33.1 26.7 1.7 38.6
Multimodality treatment
Multimodality (%) 0.1880
Surgery only 48.5 45.3 30.0 41.7 44.2
Surgery/chemotherapy 24.7 28.1 40.0 41.7 30.7
Surgery/chemotherapy/radiation 26.8 26.6 30.0 16.6 251

alcohol on a regular basis; 36% experienced significant
weight loss at the time of cancer diagnosis; and 13% had
a history of cancer other than gastric cancer. About 11%
of the patients had high comorbidity burden based on
Charlson comorbidity score of 3 or greater. All clinical
characteristics, except comorbidity, varied significantly
among institutions (P<0.0500).

Tumor characteristics

There was an approximately even distribution between
loco-regional (pT4 or pN1+) and localized (pT1-3, pNO)
tumors, as well as across tumor size. In terms of histology,
47% of the tumors were diffuse type; 30% were intestinal
type; 8% were mixed type; and 16% were unknown
histology. Tumor size and histology were significantly
different across institutions (P<0.0010).

Surgery

A majority of patients (48%) underwent laparoscopic
gastrectomy. Total gastrectomy was performed in 30%.

© Journal of Gastrointestinal Oncology. All rights reserved.

Lymph node recovery varied widely: 35% of patients with
fewer than 15 lymph nodes examined, 27% with 15-24
lymph nodes, and 34% with 25+ lymph nodes. Positive
resection margins were seen in 9% of patients. All of these
surgical characteristics varied significantly across institutions
(P<0.0001).

Chemotherapy administration

About 20% of the patients received neoadjuvant
chemotherapy alone; 25% received adjuvant chemotherapy
alone; and 16% received perioperative chemotherapy
(i.e., chemotherapy both before and after surgery).
Chemotherapy records were not available in 39% of
patients. Variation in chemotherapy administration across
institutions was not statistically significant (P=0.1180).

Multimodality treatment

About 44% of the patients received surgery only; 31%
received surgery and chemotherapy; and 25% received
surgery, chemotherapy, and radiation.
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Table 2 Outcomes

Outcomes Site 1 (n=97) Site 2 (n=139) Site 3 (n=30) Site 4 (n=60) Total (N=326) P value
Cancer recurrence” (%) 0.4191
Distant recurrence 14.4 223 30 16.7 19.6
Local recurrence 3.1 5.0 3.3 6.7 4.6
None or unknown 82.5 72.7 66.7 76.6 75.8
Death due to any cause* (%) 0.001
Dead 24.7 47.5 56.7 38.3 39.9
Alive 75.3 52.5 43.3 61.7 60.1

*, with a median follow-up of 6 years after gastrectomy.

Patient characteristics associated with bigher risk of cancer
recurrence and death

Clinical outcomes are summarized in Table 2. After a
median post-surgical follow-up of 6 years, 24% of the
patients had cancer recurrence and 40% had died of any
cause. We found that the difference between the death
events and the recurrence events were due to the fact that
some patients were lost to follow-up and their deaths were
not documented at the study institutions; although we were
able to obtain all death events from the cancer registry
database, we were not able to obtain the causes of death
for patients who died outside of the study institutions. As
shown in 7able 3, the patient characteristics significantly
associated with higher risk of cancer recurrence and death
included weight loss at diagnosis [recurrence: HR =3.0,
95% confidence interval (CI): 2.0-4.7; death: HR =2.4,
95% CI: 1.7-3.3] and loco-regional disease (recurrence: HR
=3.0, 95% CI: 1.9-4.7; death: HR =2.7, 95% CI: 1.9-3.9).
Specifically, 5-year overall survival was 35% in patients with
loco-regional tumors or weight loss as compared to 70%
in those without these factors (P<0.0001). Although not
associated with cancer recurrence, Caucasian patients had
worse overall survival compared to Asian patients (HR =1.6,
95% CI: 1.1-2.5).

As a note, when we compared overall survival by
individual T and N stages, we found that survival decreased
as T and N stages increased (T stage: HR =1.7, 95% CI:
1.4-2.0; N stage: HR =1.3, 95% CI: 1.2-1.4; see graphs in
Figures S1,52). However, when we compared survival among
the subgroups of patients receiving different treatment
modalities stratified by individual T and N stages, the
sample size in each subgroup was too small to demonstrate
statistical significance. Therefore, we decided to combine T

© Journal of Gastrointestinal Oncology. All rights reserved.

and N stages into two categories (T'1-3, NO) vs. (T4, N1+)
to increase the sample sizes of the comparison groups; and
we defined (T'1-3, NO) tumors as localized disease and (T4,
N1+) tumors as loco-regional disease.

Variability in multimodality treatments influenced
survival

We observed great variability in surgery and therapy
practices across providers and institutions (7zble S1). Among
patients with loco-regional tumors receiving chemotherapy,
the timing of administration varied: 20% neoadjuvant alone,
43% adjuvant alone, and 22% perioperative. Additionally,
among patients with loco-regional tumors, 23% received
surgery alone, 42% received surgery and chemotherapy,
and 35% received surgery, chemotherapy, and radiation.
Furthermore, Figure 1 shows that lymph node recovery
varied greatly within a given tumor stage and across tumor
stages; the number of recovered lymph nodes ranged from 0
to 60 within any tumor stage, with the median value varying
from 12 to 31 across tumor stages. Last but not least, we
found that laparoscopic surgeries were associated with fewer
recovered lymph nodes compared to open surgeries after
adjusted for tumor stage (mean number of lymph nodes =18
vs. 25, P=0.0042).

As shown in Figure 2, increase in 5-year overall survival
due to higher lymph node recovery was most profound
among patients with localized tumors (HR =0.4, 95%
CI: 0.2-0.8) while increase in 5-year overall survival due
to chemotherapy was most profound among patients
with loco-regional tumors (HR =0.4, 95% CI: 0.2-0.8).
Specifically, among patients with localized tumors, 5-year
overall survival increased from 60% among those who
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Table 3 Patient characteristics associated with higher risk of cancer recurrence and death
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Patient characteristics

Hazard ratio (95% CI), P value

Cancer recurrence (n=326)

Death of any cause (n=326)

Demographics
Age at diagnosis (65+ vs. younger)
Sex (male vs. female)
Race
Caucasian vs. Asian
Caucasian vs. Hispanic
Clinical characteristics
Smoking/alcohol (yes vs. no)
Significant weight loss (yes vs. no/unknown)
History of cancer (yes vs. no)
Charlson comorbidity (high vs. low burden)
Tumor characteristics
Tumor size (large vs. small/med/unknown)
Histology (diffuse vs. intestinal/mixed/unknown)

Pathological stage (loco-regional vs. localized)

0.9 (0.5, 1.4), 0.2466
0.7 (0.5, 1.2), 0.2242

1.6 (0.9, 2.9), 0.1255
0.8 (0.4, 1.4), 0.3574

1.4 (0.9, 2.2), 0.1586
3.0 (2.0, 4.7), <0.0001
1.5 (0.8, 2.7), 0.1954
0.7 (0.3, 1.3), 0.2681

1.1 (0.6, 2.0), 0.7230
1.2 (0.7, 2.1), 0.4104
3.0 (1.9, 4.7), <0.0001

1.2 (0.9, 1.8), 0.2362
1.0 (0.7, 1.4), 0.9362

1.6 (1.1, 2.5),0.0215
1.0 (0.6, 1.7), 0.8353

1.0 (0.7, 1.5), 0.8800
2.4 (1.7, 3.3), <0.0001
1.6 (1.0, 2.5), 0.0604
1.6 (1.0, 2.5), 0.0653

1.3 (0.8, 1.5), 0.2148
1.0 (0.7, 1.5), 0.8621
2.7 (1.9, 3.9), <0.0001
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Figure 2 Comparison of overall survival among treatment groups, stratified by tumor stage.

received lower lymph node recovery to 80% among those
who received higher lymph node recovery (P<0.0001).
Among patients with loco-regional tumors, 5-year overall
survival increased from 20% among patients without
chemotherapy to 45% among patients with chemotherapy
(P<0.0001). Of note, the treatment subgroups were
clinically comparable, with no statistically significant
differences in the percentages of high comorbidity burden
and weight loss at diagnosis (Table S2).

For patients with loco-regional tumors, timing of
administration did not appear to be important; 5-year
overall survival was not statistically different between
adjuvant alone vs. perioperative chemotherapy (HR =0.9,
95% CI: 0.5-1.7, see figure in Figure S3) and adjuvant
alone vs. neoadjuvant chemotherapy alone (HR =0.7, 95%
CI: 0.4-1.2). Additionally, 5-year overall survival was not
statistically significant between chemotherapy plus radiation
vs. chemotherapy alone (HR =0.9, 95% CI: 0.5-1.5, see
figure in Figure S4).

Discussion

Literature shows great variability in gastric cancer
treatments around the world. In this study, we determined
whether variability in treatment practices affect survival
in patients with non-metastatic gastric cancer treated with
modern multimodality strategies at four high-volume
academic institutions within the UC system.

Our study cohort was heterogeneous in demographic,
clinical, and tumor characteristics including a wide range of
predisposing risk factors such as regular cigarette smoking,
alcohol consumption, history of cancer, and a full spectrum

© Journal of Gastrointestinal Oncology. All rights reserved.

of disease severity in tumor stage, size, and histology. We
found tumor stage and weight loss at diagnosis significantly
associated with higher risk of cancer recurrence and death,
with a 5-year overall survival in patients with these factors
to be half of that compared to patients without these factors.
The prognostic significance of tumor stage in resected
gastric cancer observed in this study are consistent with
literature (18-20).

We observed great variability in surgical practices
across providers and institutions. Our surgical data was
derived from surgeries performed after 2010 when the
well-known Dutch D1D2 trial confirmed the superior
benefits of extended D2 lymphadenectomy over limited
D1 lymphadenectomy on patient survival (11). Yet, we
observed that the number of recovered lymph nodes in our
study cohort varied from 0 to 60 in any tumor stage. When
we examined the number of recovered lymph nodes at the
provider level, we found no correlation between the number
of recovered lymph nodes and tumor extent. However,
in aggregation across all providers, we observed that the
higher the tumor stage, the higher the median number
of recovered lymph nodes. In addition, we found that
laparoscopic surgeries were associated with fewer recovered
lymph nodes compared to open surgeries after adjusted for
tumor stage.

More importantly, we found that higher lymph node
recovery made a significant difference in patient survival.
Five-year overall survival became optimal with an increase
of 20% when the number of recovered lymph nodes were
above the following thresholds: 15 lymph nodes for stage 1
and 25 lymph nodes for stages II and higher. Furthermore,
increase in 5-year overall survival due to higher lymph
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node recovery was most profound among patients with
localized tumors while increase in 5-year overall survival
due to chemotherapy was most profound among patients
with loco-regional tumors. These data suggest that control
of microscopic disease through recovery of regional lymph
nodes is more effective in localized tumors than loco-
regional tumors where cancer is likely spread beyond
regional nodes, thus pointing to the importance of systemic
therapy for loco-regional tumors.

Indeed, our study results confirmed that the combination
of higher lymph node recovery and chemotherapy was
associated with a significant increase in survival among
patients with loco-regional tumors, from 15% among
patients who had lower lymph node recovery and no
chemotherapy to 45% among patients with higher lymph
node recovery and chemotherapy. In reference to literature,
the 45% survival rate observed in the best-performing
subgroup in our cohort was higher than the 36-38%
survival rate reported for patients receiving surgery and
chemotherapy in the European MAGIC and INT0116 trials
(2,3), but lower than the 78% survival rate among patients
receiving D2 surgery and chemotherapy in the Asian
CLASSIC trial (6). Reasons to explain these differences
could include surgical quality and ethnic composition of our
study cohort. Last but not least, 25% of the study patients
received radiation therapy in addition to chemotherapy.
Clinical trials directly comparing chemoradiotherapy to
chemotherapy alone have been negative so far (21,22)
and our study confirmed that use of radiation therapy
was not associated with improved survival. In summary,
these findings highlight the importance of both adopting
evidence-based therapies as standard practice and adhering
to surgical guidelines that at least 15 lymph nodes be
recovered during gastrectomy for any tumor stage.

A limitation of this study involves the retrospective
nature of the cancer registry data, of which accuracy and
completeness are variable. For example, we were not able to
ascertain the reasons for inadequate lymph node recovery,
which might include providers’ lack of knowledge, lack
of effort, lack of communication between surgeons and
pathologists, and patient obesity. As another example,
some patients were lost to follow-up and their deaths were
not documented at the study institutions. Although we
were able to obtain these patients’ death events from the
cancer registry database, we were not able to obtain the
causes of their death. Despite these limitations, we have
made extensive effort to improve the data accuracy and
completeness by conducting our own chart reviews of the
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patients’ health records to validate the clinical factors and
outcomes. Another limitation is the non-randomization
bias when comparing patients who did and did not receive
chemotherapy; that is, patients who did not receive
chemotherapy may have been less fit for therapy and thus
more likely to have poorer survival outcomes irrespective
of chemotherapy administration; to reduce this bias, we
compared survival among patients of similar tumor stages
and comorbidities. In addition, we were not able to evaluate
differences amongst chemotherapy regimens and radiation
doses due to lack of available data. However, chart reviews
indicate that the most common regimens administered
at our study sites consisted of fluoropyrimidine-platinum
doublets. We would not expect any differences in survival
among the chemotherapy regimens since the MAGIC and
INTO116 trials of these chemotherapy regimens showed
similar overall survival rates (2,3) while the ALLIANCE
trial showed that addition of more intensified chemotherapy
regimens to chemoradiotherapy did not improve
survival (23). Finally, we could not map our lymph node
thresholds to the D2 lymphadenectomy protocol because
we do not have detailed information about the recovered
lymph node stations. However, studies have shown that
the total number of recovered lymph nodes as a proxy for
the extent of lymphadenectomy was a significant predictor
of survival (8,24,25). Despite these limitations, our study
results were consistent with randomized controlled trials
from literature on that greater lymph node recovery
yielded superior survival benefits and that addition of
radiation therapy to chemotherapy did not confer further
improvement in survival. The strength of our study is that
the data was derived from a contemporary patient cohort
in multiple high-volume institutions, and thus might be
more generalizable to current practices. Our next step is to
develop and implement a provider activation program to
promote adherence to evidence-based therapies and surgical
guidelines for the treatment of gastric cancer as we believe
that lack of adherence to clinical guidelines is an issue in the
United States where gastric cancer is not a common disease.
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Table S1 Variability in multimodality treatments

Treatments Localized tumors (n=169) Loco-regional tumors (n=157) P value
Number of recovered lymph nodes (%) 0.0006
0 9.5 4.5
1-14 33.1 21.7
15-24 26.6 26.7
25+ 24.3 44.6
Unknown/NA 6.5 2.5
Chemotherapy administration (%) <0.0001
Neoadjuvant alone 19.5 19.7
Adjuvant alone 9.5 42.7
Perioperative (before & after surgery) 11.2 21.7
None 59.8 15.9
Multimodality treatment (%) <0.0001
Surgery only 63.9 22.9
Surgery/chemotherapy 20.1 42.0
Surgery/chemotherapy/radiation 16.0 35.1

Table S2 Comparison of comorbidity and weight loss among treatment groups

High comorbidity burden

Weight loss at diagnosis

Treatment groups

N % P value N % P value

Localized tumors 0.5722 0.8357
Higher lymph node recovery 69 10.1 69 27.5
Lower lymph nodes recovery 100 13.0 100 29.0

Loco-regional tumors

Higher lymph node recovery 0.9080 0.5818
Chemotherapy 62 8.1 62 43.5
No chemotherapy 14 7.1 14 35.7

Lower lymph node recovery 0.6318 0.1682
Chemotherapy 70 12.9 70 41.4
No chemotherapy 11 18.2 11 63.6
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Figure S3 Comparison of overall survival among chemotherapy administrations in loco-regional tumors.
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Figure S4 Comparison of overall survival among multimodality treatments in loco-regional tumors.



