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ABSTRACT

Background. National guidelines endorse adjuvant

chemotherapy ± radiotherapy (C ± RT) for early-stage

gastric cancer (ESGC). Compliance with these guidelines

and the specific impact of adjuvant C ± RT on overall

survival (OS) in ESGC have not been extensively explored.

Methods. The National Cancer Data Base was queried for

stage IB-II gastric adenocarcinoma patients undergoing

gastrectomy (1998–2011). Multivariable modeling identi-

fied factors associated with adjuvant C ± RT receipt and

compared risk-adjusted OS by treatment type (i.e., adjuvant

therapy versus surgery alone).

Results. Of 23,461 ESGC patients (1998–2011), 79.4 % and

20.6 % received surgery alone and adjuvant C ± RT

(chemoradiotherapy 17.7 %; chemotherapy alone 2.9 %),

respectively. Predictors of adjuvant C ± RT receipt included

age \67 years, pathologic nodal positivity, and adequate

lymph node staging (LNS; C15 nodes examined; all

p\ 0.001). Survival analyses included 15,748 patients

(1998–2006); median, 1-, and 5-year survival were

63.5 months, 86.0 %, and 27.0 % respectively. Omission of

adjuvant C ± RT conferred an increased hazard of risk-ad-

justed mortality in the overall cohort, and stage IB and II

subgroups (all p B 0.001). The benefit of adjuvant C ± RT

was most pronounced in stage II and node-positive patients—

regardless of LNS adequacy (all p\ 0.001)—and inade-

quately staged IB patients (p = 0.003). While associated with

a trend toward improved OS in node-negative patients overall

(p = 0.051), adjuvant C ± RT did not improve OS if surgical

LNS was adequate in this subgroup (p = 0.960).

Conclusions. Adoption of adjuvant C ± RT in ESGC

remains incomplete nationally. Receipt of adjuvant therapy

is associated with improved risk-adjusted survival relative

to surgery alone; however, in adequately staged patients

without lymph node metastasis, this benefit is less certain.

An estimated 10,720 disease-specific deaths will be

attributed to gastric cancer in the United States in 2015.1

While margin-negative surgical resection remains the dom-

inant contributor to survival, poor long-term outcomes with

surgical resection alone have compelled a multimodality

approach to this disease.2 In 2001, the randomized, phase III,

Intergroup-0116 trial demonstrated a disease-specific and

overall survival benefit for adjuvant 5-fluorouracil (FU)-

based chemoradiotherapy compared with surgery alone for

stage IB-IV M0 disease.3 In 2006, the UK-based MAGIC trial

demonstrated a similar advantage for perioperative

chemotherapy (ECF: epirubicin, cisplatin, 5-FU) compared

with surgery alone in stage II-III disease.4 Subsequently,

several retrospective analyses have affirmed improved sur-

vival with a multimodality approach, particularly in locally

advanced disease.5–8 Accordingly, current national guideli-

nes advocate the use of a multimodality approach in

resectable gastric cancer, comprising curative-intent surgical

resection with either neoadjuvant or adjuvant therapy.9
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Use of multimodality therapy is not only recommended

for locally advanced (i.e., stage III or IV M0) disease but also

has been endorsed for the treatment for early-stage gastric

cancer (ESGC; i.e., stage IB-II).9 In clinical practice, ESGC

patients are more likely to undergo surgery first, deferring the

decision for adjuvant chemotherapy with or without radio-

therapy (C ± RT) until after pathologic staging information

is available. However, recent retrospective evidence from

large population-based cancer registries suggests that omis-

sion of adjuvant therapy is frequent in eligible ESGC

patients, perhaps reflecting assumptions regarding the dis-

pensability of multimodality therapy in early disease

states.7,10,11 While such assumptions have not been sup-

ported in the literature, there is, likewise, a paucity of

retrospective or prospective evidence indicating a definitive

benefit for adjuvant therapy in ESGC.

Drawing on a large cohort of patients with ESGC from

the National Cancer Data Base (NCDB), we examined

temporal trends in the administration of adjuvant C ± RT

in this patient subset, factors associated with adjuvant

C ± RT utilization, and the effect of adjuvant therapy

receipt on overall survival (OS).

METHODS

Data Source

After institutional review board approval, data from

1998 to 2011 were acquired from the esophagogastric

participant use file of the NCDB, a collaborative effort

between the American Cancer Society and American

College of Surgeons’ Commission on Cancer (CoC).

Established in 1989, the NCDB is a comprehensive

oncology surveillance program that captures approximately

70 % of new cancer diagnoses from[1500 CoC-approved

centers. Data available in NCDB include site-specific

operative codes, American Joint Committee on Cancer

(AJCC) pathologic TNM staging (5th–7th editions), and

multimodality treatment sequence.12

Patient Selection

Patients with early-stage—AJCC pathologic stage IB

(T2N0, T1N1) and II (IIA: T1N2, T2N1, T3N0; IIB: T1N3,

T2N2, T3N1, T4aN0)—invasive gastric adenocarcinoma

(defined by ICD-O-3 topography codes C16.1–C16.9)

undergoing curative-intent resection between 1998 and

2011 were selected.13 Patients who received any neoadju-

vant therapy (n = 7630) were excluded from analysis

because: (a) direct comparison between cohorts receiving

neoadjuvant and adjuvant therapy is inherently problematic

due to incongruence between clinical and pathologic

staging; and (b) a small minority of ESGC patients

evaluable for survival analysis received neoadjuvant ther-

apy (6–8 % between 1998 and 2006).

Also excluded from analysis were patients who received

adjuvant radiotherapy alone (n = 394), had stage III/IV/

unknown stage disease (n = 109,323), did not undergo at

least partial gastrectomy (n = 76,186), underwent an

indeterminate lymph node (LN) harvest or examination of

zero LNs (n = 82,149), underwent palliative resection

(n = 1739), or died within 30 days postoperatively

(n = 4097). Structured queries allowing for these exclu-

sions yielded a study cohort of 23,461 patients. Because

survival information is only abstracted 5 years following

diagnosis per NCDB methodology, it was available for

patients diagnosed before 2006 (n = 15,748; Fig. 1).

Variables

The demographic and clinicopathologic NCDB vari-

ables utilized in this study have been defined

previously.11,14–17 Per NCCN guidelines, adequate LNS

was defined as examination of C15 LN, whereas exami-

nation of \15 LN signified inadequate LNS. Adjuvant

therapy was defined as postoperative chemotherapy alone

or chemotherapy plus radiotherapy (i.e., C ± RT); nonre-

ceipt of adjuvant C ± RT was designated surgery alone.

For purposes of subgroup analysis in the adjuvant C ± RT

cohort, patients receiving chemoradiotherapy (CRT) and

chemotherapy alone (CA) were identified. OS was defined

as the interval between date of diagnosis and date of death

or last contact.

Statistical Analysis

Descriptive statistics are presented as frequencies for

categorical variables and mean ± standard deviation and

median [interquartile range (IQR)] for continuous vari-

ables. Pearson’s v2 or Fisher’s exact tests and independent

Student’s t tests were used to evaluate categorical and

continuous variables, respectively. Nonparametric com-

parisons of continuous variables were performed using the

Wilcoxon rank-sum test. Trends in utilization of adjuvant

C ± RT were assessed with the Mantel–Haenszel v2 test.

Backward, stepwise logistic regression analysis identified

factors associated with receipt of adjuvant C ± RT.

Univariate OS estimates were calculated using the

Kaplan–Meier method, with comparisons between adju-

vant therapy (C ± RT, or chemoradiotherapy and

chemotherapy alone) and surgery-alone groups performed

using the log-rank test. Multivariable survival analysis was

conducted using stepwise, Cox proportional hazards mod-

eling. Potential confounders entered into the analysis

included demographic, pathologic, and operative variables.
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Further multivariable analyses evaluated the impact of

adjuvant C ± RT on OS within the following patient

subsets: AJCC pathologic stage, IB and II; nodal status,

node-negative (N0) and node-positive [N1 (1-2 positive),

N2 (3–6 positive), or N3 (7? positive)]; and adequacy of

surgical LNS, \15 and C15 LNs examined. Finally, sep-

arate Cox models evaluated the impact of adjuvant

chemotherapy alone and chemoradiotherapy, compared

with surgery alone, on overall survival. p values B0.05

were considered statistically significant; all tests were two-

sided. Statistical analyses were performed using SPSS v22

(IBM Corp., Armonk, NY).

RESULTS

Descriptive Statistics and Temporal Trends in

Treatment Utilization

Of 23,461 patients with stage IB-II gastric adenocarci-

noma who met study criteria, median age was 71 (IQR

62.0–79.0) years; a majority of patients were male

(63.4 %), white (72.7 %), held non-private insurance

(69.5 %), and had income \$46,000 (62.0 %). Facility

type and location with the largest relative case contribu-

tions were nonacademic (62.2 %) and southern (32.4 %)

centers, respectively. The majority of tumors were char-

acterized by: (a) nondistal (i.e., proximal stomach or

lesser/greater curvature) gastric location (65.0 %); (b) size

[2 cm (72.5 %); and (c) well/moderate tumor differenti-

ation (52.0 %). Final pathologic staging revealed 60.6 %

stage IB versus 39.4 % stage II, 86.4 % T1/T2 versus

13.6 % T3/T4, and 67.5 % node-negative versus 32.5 %

node-positive tumors. Most patients (58.0 %) underwent

subtotal/partial gastrectomy, and an R0 resection was

achieved in a large majority of cases (92.7 %); however,

only a third of patients underwent examination of at least

15 LNs (i.e., adequate LNS).

In the overall cohort (1998–2011), 18,630 (79.4 %)

patients underwent surgery alone and 4,831 (20.6 %)

patients received adjuvant C ± RT (chemoradiotherapy:

4152 [85.9 %]; chemotherapy alone: 1191 [14.1 %]).

Demographic and clinical characteristics of these treatment

NCDB patients with invasive gastric adenocarcinoma from 1998-2011 (n=141,760) 

Excluded:

Excluded:
Diagnosis between 2007 and 2011 (n=7,713)

n=15,748)

Surgery alone (n=12,751) Adjuvant chemotherapy ±

Chemotherapy alone

Inadequate LNS (n=7,810)

Inadequate LNS (n=3,514)

Adequate LNS (n=2,637)

Adequate LNS (n=1,787)

Inadequate LNS (n=7,013)

Inadequate LNS (n=4,311)

Adequate LNS (n=2,434)

Adequate LNS (n=1,990)

Stage IB
(n=10,447)(n=9,447)

Stage II
(n=6,301)

Node positive

Node negative

(n=5,301)

Chemoradiotherapy
(n=2,662)

(n=720)

radiotherapy (n=2,997)

Neoadjuvant therapy (n=7,630)
<Partial gastrectomy (n=76,186)
Stage III, Stage IV, Unknown stage disease (n=109,323)
Indeterminate LN or zero LN examined (n=82,149)
Palliative resection (n=1,739)
30-day mortality (n=4,097)

Cohort eligible for analysis of temporal trends in treatment utilization & predictors of adjuvant

Cohort eligible for  survival analysis with minimum 5 years follow-up from diagnosis (1998-2006;

C±RT receipt (1998-2011; n=23,461)

FIG. 1 Patient selection flow diagram. After applying initial exclu-

sion criteria in NCDB gastric cancer patients from 1998 to 2011,

temporal trends and predictors of adjuvant therapy receipt were

examined (n = 23,461). For survival analysis, patients diagnosed

between 1998 and 2006 (n = 15,748) were selected. Treatment

distribution (i.e., surgery alone vs. adjuvant C ± RT), stratified by

stage subgroup, nodal status, and adequacy of lymph node staging are

shown. C ± RT chemotherapy with or without radiotherapy, LNS

lymph node staging
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TABLE 1 Predictors of utilization of adjuvant chemotherapy ± radiotherapy in resected stage IB-II gastric adenocarcinoma between 1998 and

2011 (n = 23,461)

Characteristic Surgery alone (%) Adjuvant C ± RT (%) Odds ratio* (95 % CI) p value

Patients 18,630 (79.4) 4831 (20.6) – –

Demographic

Age (year)

\67 5645 (68.6) 2584 (31.4) REF \0.001

67–76 6060 (79.4) 1574 (20.6) 0.56 (0.50–0.62) \0.001

[76 6925 (91.1) 673 (8.9) 0.17 (0.15–0.19) \0.001

Sex

Male 11,607 (78.0) 3280 (22.0) REF

Female 7023 (81.9) 1551 (18.1) 0.86 (0.79–0.94) 0.001

Race

White 13,699 (80.3) 3367 (19.7)

Asian 1613 (80.9) 381 (19.1)

Black/other (American Indian, Pacific Islander, etc.) 3318 (75.4) 1083 (24.6)

Insurance type

Private insurance 4987 (71.5) 1983 (28.5) REF

Nonprivate insurance 13,129 (82.7) 2738 (17.3) 0.84 (0.76–0.92) \0.001

Income

C$46,000 6752 (79.6) 1732 (20.4) REF

\$46,000 10,989 (79.5) 2836 (20.5) 0.89 (0.82–0.97) 0.007

Facility location

Northeast 5160 (80.9) 1217 (19.1) REF \0.001

West 3651 (83.6) 718 (16.4) 0.68 (0.60–0.78) \0.001

Midwest 3968 (77.4) 1157 (22.6) 1.25 (1.11–1.40) \0.001

South 5851 (77.1) 1739 (22.9) 1.11 (1.00–1.24) 0.060

Facility type

Academic 7219 (81.5) 1641 (18.5) REF

Nonacademic 11411 (78.2) 3190 (21.8) 1.34 (1.23–1.46) \0.001

Anatomic/pathologic

Primary tumor location

Distal 6506 (79.2) 1712 (20.8) REF

Non-distal (proximal, lesser or greater curvature) 12,124 (79.5) 3119 (20.5) 0.82 (0.75–0.90) \0.001

Tumor size (cm)

[5 3964 (72.9) 1470 (27.1) REF \0.001

2–5 7505 (76.7) 2277 (23.3) 0.95 (0.87–1.05) 0.301

\2 5086 (88.3) 671 (11.7) 0.63 (0.56–0.72) \0.001

Tumor grade

Well/moderately differentiated 9876 (84.5) 1818 (15.5) REF

Poorly differentiated 7883 (73.1) 2896 (26.9) 1.40 (1.29–1.52) \0.001

AJCC pathologic stage

IB 12791 (89.9) 1437 (10.1) REF

II 5839 (63.2) 3394 (36.8) 1.32 (1.15–1.50) \0.001

Pathologic T classification

T1/T2 16277 (80.8) 3857 (19.2) REF

T3/T4 2197 (69.6) 959 (30.4) 2.82 (2.41–3.29) \0.001

Pathologic N classification

Node-negative (N0) 14,085 (89.0) 1740 (11.0) REF

Node-positive (N1–3) 4545 (59.5) 3091 (40.5) 5.86 (5.15–6.66) \0.001

Operative/postoperative
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groups are summarized in Table 1. Between 1998 and

2011, the proportion of patients undergoing surgery alone

decreased from 91.9 to 77.3 %, corresponding to a signif-

icant increase in the use of adjuvant C ± RT: from 8 to

22.7 % (p\ 0.001; Supplementary Fig. S1).

Predictors of Adjuvant Therapy Utilization

Multivariable analysis identified patient-, tumor-, and

hospital-based characteristics predicting administration of

adjuvant therapy in the overall cohort (1998–2011;

Table 1). Patients were less likely to receive adjuvant

C ± RT if they were older, female, had lower household

income, held nonprivate insurance, were treated at a

facility located in the western United States, presented with

smaller (\2 cm) or nondistal tumors, or underwent a near

total/total gastrectomy; age [76 years was the strongest

predictor of failure to receive adjuvant C ± RT [odds ratio

(OR) 0.17, 95 % confidence interval (CI) 0.15–0.19,

p\ 0.001]. Patients were more likely to receive adjuvant

C ± RT if they were treated at a nonacademic institution

or a facility located in the Midwest, presented with poorly

differentiated or T3/T4 tumors, stage II disease, pathologic

LN positivity, or underwent margin-positive resection or

adequate LNS. Nodal positivity was most strongly associ-

ated with the receipt of adjuvant C ± RT (OR 5.86, 95 %

CI 5.15–6.66, p\ 0.001).

Impact of Adjuvant Therapy on Overall Survival

At a median follow-up of 93.7 (95 % CI 92.4–95.0)

months, median OS in the cohort evaluable for survival

analysis (n = 15,748) was 63.5 months; 1- and 5-year

actuarial survival rates were 86 and 27 %, respectively. In

stage-stratified Kaplan–Meier analysis, receipt of adjuvant

C ± RT was associated with improved median survival

compared with surgery alone (IB: 101.1 vs. 85.4 months,

p = 0.009; II: 45.6 vs. 30.9 months; p\ 0.001; Supple-

mentary Table S1). Stage IB patients receiving adjuvant

C ± RT demonstrated improved 1-year (94 vs. 89 %,

p = 0.018), but not 5-year (both 61 %), actuarial survival

compared with surgery alone. Conversely, stage II patients

receiving adjuvant C ± RT demonstrated improved short-

and long-term survival compared with surgery alone (1-

and 5-year OS: 86 and 44 % vs. 77 and 34 %, respectively;

both p\ 0.001).

The impact of adjuvant C ± RT on OS was corrobo-

rated after controlling for potential confounders in Cox

proportional hazards modeling. Undergoing surgery alone

increased the relative risk of death [hazard ratio (HR) 1.24,

95 % CI 1.17–1.33, p\ 0.001] relative to adjuvant

C ± RT. Other factors independently associated with

worse OS were higher pathologic stage (stage II: HR 1.25,

95 % CI 1.14–1.37), pathologic LN positivity (HR 1.68,

95 % CI 1.54–1.83), inadequate LNS (HR 1.38, 95 % CI

1.30–1.48), poor tumor differentiation (HR 1.15, 95 % CI

1.10–1.21), margin-positive resection (HR 1.79, 95 % C.I.

1.58–2.02), and nondistal/proximal tumor location (HR

1.12, 95 % CI 1.06–1.18; all p\ 0.001; Table 2). Under-

going surgery alone also was associated with worse risk-

adjusted OS compared with adjuvant C ± RT in each

AJCC stage subgroup (IB: HR 1.23, 95 % CI 1.09–1.39,

p = 0.001; II: HR 1.30, 95 % CI 1.20–1.40, p\ 0.001;

Fig. 2).

Next, separate Cox models dissected the stage-stratified

impact of adjuvant chemoradiotherapy compared with

TABLE 1 continued

Characteristic Surgery alone (%) Adjuvant C ± RT (%) Odds ratio* (95 % CI) p value

Type of gastrectomy

Subtotal/partial 10,847 (79.7) 2766 (20.3) REF 0.008

Near total/total/combined with partial esophageal resection 6482 (79.5) 1672 (20.5) 0.87 (0.80–0.96) 0.003

Multivisceral/en bloc 1301 (76.8) 393 (23.2) 0.87 (0.75–1.02) 0.077

Resection margin

R0 17407 (80.0) 4342 (20.0) REF 0.004

R1/R2 403 (63.2) 235 (36.8) 1.44 (1.16–1.79) 0.001

Indeterminate 820 (76.4) 254 (23.6) 1.06 (0.87–1.30) 0.548

Adequacy of lymph node staging

Inadequate (\15 LN) 12,825 (81.1) 2986 (18.9) REF

Adequate (C15 LN) 5805 (75.9) 1845 (24.1) 1.17 (1.07–1.27) \0.001

Bold values are statistically significant at p B 0.05

CI confidence interval, AJCC American Joint Committee on Cancer, LN lymph nodes, LNS lymph node staging, C ± RT

chemotherapy ± radiotherapy

* No. of patients included in multivariable logistic regression model: 18,725
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TABLE 2 Cox proportional hazards model for overall survival in early stage gastric patients between 1998 and 2006: overall cohort

(n = 15,748), stage IB (n = 9439), and stage II (n = 6301)

Variable Overall cohort Stage IB Stage II

HR (95 % CI) p value HR (95 % CI) p value HR (95 % CI) p value

Demographic

Age (year)

\67 REF \0.001 REF \0.001 REF \0.001

67–76 1.36 (1.27–1.46) \0.001 1.42 (1.28–1.57) \0.001 1.31 (1.20–1.44) \0.001

[76 2.09 (1.95–2.24) \0.001 2.43 (2.20–2.69) \0.001 1.77 (1.61–1.95) \0.001

Sex

Female REF REF REF

Male 1.20 (1.14–1.26) \0.001 1.24 (1.16–1.33) \0.001 1.15 (1.07–1.24) \0.001

Race

White REF \0.001 REF \0.001 REF 0.007

Black/other 1.01 (0.95–1.08) 0.818 1.04 (0.95–1.14) 0.401 0.98 (0.89–1.07) 0.621

Asian 0.72 (0.65–0.80) \0.001 0.66 (0.58–0.76) \0.001 0.78 (0.67–0.91) 0.002

Insurance type

Private insurance REF REF REF

Nonprivate insurance 1.18 (1.11–1.26) \0.001 1.29 (1.17–1.41) \0.001 1.10 (1.01–1.20) 0.030

Income

C$46,000 REF REF REF

\$46,000 1.10 (1.05–1.16) \0.001 1.09 (1.02–1.17) 0.010 1.12 (1.04–1.20) 0.002

Facility location

Northeast REF 0.015 – – REF 0.004

West 0.94 (0.88–1.02) 0.132 – – 0.88 (0.79–0.98) 0.017

Midwest 1.06 (1.00–1.13) 0.072 – – 1.05 (0.96–1.15) 0.308

South 1.04 (0.98–1.11) 0.242 – – 1.05 (0.96–1.16) 0.254

Facility type

Academic REF REF REF

Nonacademic 1.09 (1.04–1.15) 0.001 1.10 (1.03–1.18) 0.007 1.07 (1.00–1.15) 0.061

Anatomic/pathologic

Primary tumor location

Distal REF REF REF

Proximal/lesser or greater Curvature 1.12 (1.06–1.18) \0.001 1.11 (1.03–1.19) 0.006 1.13 (1.05–1.22) 0.002

Tumor size (cm)

\2 REF \0.001 REF \0.001 – –

2–5 1.21 (1.13–1.28) \0.001 1.23 (1.14–1.33) \0.001 – –

[5 1.21 (1.13–1.30) \0.001 1.28 (1.17–1.41) \0.001 – –

Tumor grade

Well/moderately differentiated REF REF REF

Poorly differentiated 1.15 (1.10–1.21) \0.001 1.15 (1.08–1.23) \0.001 1.16 (1.09–1.24) \0.001

AJCC pathologic stage

IB REF – – – –

II 1.25 (1.14–1.37) \0.001 – – – –

Pathologic T classification

T1/T2 REF REF REF

T3/T4 1.27 (1.14–1.41) \0.001 1.95 (0.92–4.12) 0.079 1.50 (1.23–1.83) \0.001

Pathologic N classification

N0 REF REF REF

N1-3 1.68 (1.54–1.83) \0.001 1.61 (1.45–1.78) \0.001 2.00 (1.64–2.45) \0.001
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chemotherapy alone in ESGC. Both adjuvant regimens

were associated with improved OS compared with under-

going surgery alone (overall cohort: p = 0.006 [CA],

p\ 0.001 [CRT]; stage IB: p = 0.023 [CA], p = 0.005

[CRT]; stage II: p = 0.016 [CA], p\ 0.001 [CRT]; Sup-

plementary Table S2; Fig. S2).

Influence of Surgical Lymph Node Staging on the

Survival Impact of Adjuvant Therapy in ESGC

Subgroups

We have previously demonstrated that inadequate LNS is

not only an independently poor prognosticator of long-term

outcomes, but also influences the survival impact of adjuvant

therapy in resected gastric cancer in the United States.14,15 In

order to specifically evaluate the effect of surgical lymph

node staging on outcomes in early-stage disease, multi-

variable Cox regression analyses were stratified by adequacy

of LNS in the overall cohort (n = 15,748), as well as stage IB

(n = 9439), stage II (n = 6301), node-positive (n = 5301),

and node-negative (n = 10,439) subgroups. In the overall

cohort, surgery alone was associated with an increased

hazard of risk-adjusted mortality relative to adjuvant

C ± RT in both inadequately (HR 1.24, 95 % CI 1.15–1.34,

p\ 0.001) and adequately (HR 1.23, 95 % CI 1.09–1.39,

p = 0.001) staged ESGC patients.

In the stage IB subgroup, surgery alone was associated

with worse risk-adjusted OS in inadequately staged (HR 1.24,

95 % CI 1.08–1.43, p = 0.003) but not adequately staged

(p = 0.355), patients. Conversely, in stage II patients, OS

was significantly worse with surgery alone regardless of LNS

adequacy (\15 LN: HR 1.29, 95 % CI 1.18–1.41, p\ 0.001;

C15 LN: HR 1.31, 95 % CI 1.14–1.51, p\ 0.001).

In the subgroup of ESGC patients with node-positive

disease, surgery alone was strongly associated with worse

OS relative to adjuvant C ± RT (HR 1.36, 95 % CI 1.26–

1.48, p\ 0.001), regardless of LNS adequacy (\15 LN:

HR 1.36, 95 % CI 1.23–1.50, p\ 0.001; C15 LN: HR

1.37, 95 % CI 1.19–1.59, p\ 0.001; Fig. 3). In node-

negative patients overall, adjuvant C ± RT receipt was

associated with a trend toward improved OS compared

with surgery alone (HR 1.11, 95 % CI 1.00–1.24,

p = 0.051). While this trend persisted in inadequately

staged patients (HR 1.12, 95 % CI 1.00–1.27, p = 0.061),

surgery alone was not associated with worse OS compared

with adjuvant C ± RT in adequately staged node-negative

patients (p = 0.960).

DISCUSSION

The present study indicates that consistent application of

adjuvant therapy following gastrectomy in ESGC (i.e.,

stage IB-II) remains incomplete in the United States; nearly

80 % of resected ESGC patients did not commence

national guideline-compliant adjuvant regimens as of 2011.

Several demographic-, hospital-, and tumor-related factors

appear to contribute to such omission, identifying oppor-

tunities for improvement in the delivery of cancer care.

TABLE 2 continued

Variable Overall cohort Stage IB Stage II

HR (95 % CI) p value HR (95 % CI) p value HR (95 % CI) p value

Operative/postoperative

Type of gastrectomy

Subtotal/partial REF \0.001 REF \0.001 REF \0.001

Near total/total/combined with partial esophagectomy 1.14 (1.08–1.20) \0.001 1.15 (1.06–1.23) \0.001 1.15 (1.06–1.24) \0.001

Multivisceral/en bloc 1.22 (1.12–1.33) \0.001 1.25 (1.10–1.43) 0.001 1.20 (1.07–1.35) 0.002

Resection margin

R0 REF \0.001 REF \0.001 REF \0.001

R1/R2 1.79 (1.58–2.02) \0.001 1.72 (1.34–2.20) \0.001 1.77 (1.54–2.05) \0.001

Indeterminate 1.26 (1.14–1.40) \0.001 1.17 (0.99–1.38) 0.070 1.34 (1.17–1.54) \0.001

Adequacy of lymph node staging

Adequate (C15 LN) REF REF REF

Inadequate (\15 LN) 1.38 (1.30–1.45) \0.001 1.32 (1.22–1.43) \0.001 1.42 (1.32–1.53) \0.001

Multimodality therapy

Adjuvant C ± RT REF REF REF

Surgery alone 1.24 (1.17–1.33) \0.001 1.23 (1.09–1.39) 0.001 1.30 (1.20–1.40) \0.001

Bold values are statistically significant at p B 0.05

HR hazard ratio, CI confidence interval, AJCC American Joint Committee on Cancer, LN lymph node, LNS lymph node staging, C ± RT

chemotherapy ± radiotherapy
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More importantly, these data affirm a stage-stratified sur-

vival benefit for adjuvant therapy (i.e., C ± RT, CRT, or

CA) over surgery alone in ESGC patients undergoing

curative-intent gastrectomy in the United States. The

advantage of adjuvant C ± RT is most pronounced in stage

II patients—regardless of LNS adequacy—and inade-

quately staged IB patients. Nodal status appears to be a

critical determinant of the survival impact of adjuvant

multimodality therapy in early stage disease; node-positive,

but not adequately staged node-negative, patients derive

benefit from post-gastrectomy C ± RT.

These data reinforce growing evidence indicating that

omission of adjuvant therapy in ESGC patients is pervasive

in clinical practice. Drawing from a Surveillance, Epi-

demiology, and End Results (SEER)-Medicare database

cohort from 1991 to 2009, Snyder and colleagues demon-

strated that omission of evidence-based adjuvant regimens

was particularly frequent in ESGC patients; 72.4 % of

stage IB and 50.6 % of stage II patients underwent surgery

alone.10 A retrospective analysis from the Oregon State

Cancer Registry (1996–2006) indicated that patients with

stage IB disease were significantly less likely to receive

adjuvant chemoradiotherapy.7 Using the NCDB, we

recently developed a bootstrap-validated risk model pre-

dicting omission of adjuvant therapy following gastric

resection; patients with T1/T2 and N0 tumors were sig-

nificantly less likely to receive adjuvant C ± RT following

gastrectomy.11

Omission in this cohort may, in part, reflect a perception

that adjuvant therapy is dispensable, offering little advan-

tage over surgery alone. This perception, however, is not

clearly supported by data. On the contrary, subset analysis

of 10-year follow-up data from the Intergroup-0116 trial

suggested a putative benefit for adjuvant chemoradiother-

apy in T1/T2, but not T3/T4, tumors.18 Beyond this,

however, there is little evidence that specifically addresses
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FIG. 2 Impact of adjuvant chemotherapy ± radiotherapy (C ± RT)

versus surgery alone on risk-adjusted overall survival in resected early

stage gastric adenocarcinoma patients, stratified by AJCC pathologic

stage subgroup (i.e., stage IB and stage II). The relative hazard (95 %

CI) of undergoing surgery alone is indicated on each adjusted

Kaplan–Meier curve, with adjuvant C ± RT serving as reference. For

stage subgroups, unadjusted median survival statistics are provided at

the bottom of each figure. HR hazard ratio, OS overall survival, mo

months
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the survival impact of a multimodality approach in ESGC

patients.

Beyond indicating that a multimodality approach should

be applied more consistently in ESGC patients overall,

these data suggest that a more nuanced strategy may be

appropriate: (a) if a patient is adequately staged at the time

of gastrectomy—a scenario frequently unrealized in U.S.

patients—adjuvant therapy should be strongly recom-

mended in pathologic stage II and/or node-positive

disease.14 Conversely, omission of adjuvant therapy may

be considered in select adequately staged stage IB and/or

node-negative (e.g., T2N0) patients; and (b) while the

benefit of adjuvant C ± RT in inadequately staged stage II

and/or node-positive patients is not surprising, its superi-

ority in inadequately staged stage IB patients [and trend

toward a similar benefit in node-negative patients

(p = 0.061)] may be reflective of stage migration, wherein

surgical understaging precludes identification of occult LN

metastasis in overlooked nodal stations.

Several study limitations—characteristic of retrospec-

tive database analyses—warrant discussion, such as bias

from missing data, misclassification of adjuvant therapy

receipt, and inability to ascertain patient selection and

referral patterns for adjuvant therapy. These factors may

have inadvertently under- or over-estimated the impact of

C ± RT in this study. Second, use of anatomically based

LN dissection techniques (i.e., D1 vs. D2) are not captured

by the NCDB, limiting ready translation from the numer-

ically-based LNS definitions utilized herein. Moreover, the

quality of pathologic assessment of resected specimens—

an undoubted contributor to LNS adequacy and/or nodal

status—cannot be discerned in this study. Third, a study of
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FIG. 3 Impact of adjuvant chemotherapy ± radiotherapy (C ± RT)

versus surgery alone on risk-adjusted overall survival in node-positive

early stage gastric adenocarcinoma patients, stratified by adequacy of

lymph node (LN) staging (inadequate:\15 LN examined; adequate:

C15 LN examined). The relative hazard (95 % CI) of undergoing

surgery alone is indicated on each adjusted Kaplan–Meier curve, with

adjuvant C ± RT serving as reference. For the overall node-positive

subgroup, unadjusted median survival statistics are provided at the

bottom of the figure. HR hazard ratio, OS overall survival, mo months
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this nature cannot account for certain pertinent treatment-

related details: (a) treatment intent; (b) specific

chemotherapy regimens; (c) completion of prescribed

treatment schedules; and (d) toxicities of administered

therapies. Fourth, this analysis does not address the optimal

adjuvant regimen (i.e., chemotherapy alone vs. chemora-

diotherapy) for early-stage disease; indeed, this question is

important and warrants prospective evaluation. Finally,

lack of relapse data precludes assessment of disease-free

survival; nonetheless, OS is an established surrogate for

disease-specific mortality in gastric cancer.19

In summary, this report specifically addresses the impact

of adjuvant multimodality therapy in resected early stage

gastric cancer in the United States. While conclusions

drawn from the present study are not intended to supplant

clinical judgment, they may allow a more personalized

approach to adjuvant therapy selection in specific ESGC

patient subgroups. In particular, node-positive and stage II

patients most obviously benefit from adjuvant C ± RT,

regardless of LNS adequacy. Conversely, adequately

staged node-negative and/or stage IB patients may repre-

sent populations in whom the morbidity of adjuvant

systemic or locoregional therapies could be avoided. In this

regard, these data emphasize the need for studies

prospectively examining the relative impact of adjuvant

C ± RT after standardized surgery.
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