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Abstract

Background—Locally advanced gastric cancer (LAGC) presents a therapeutic dilemma,
particularly as it often involves adjacent organs through desmoplasia or true pathologic invasion.
To obtain a margin-negative resection, these tumors require en bloc gastrectomy with multivisceral
resection (G+MVR), and contention remains regarding its safety and oncologic benefit.

Methods—We used the National Cancer Database to retrospectively evaluate the short- and long-
term outcomes of patients with LAGC treated in the USA between 2004 and 2016. Associations
with margin status and perioperative outcomes were calculated using logistic regression. Survival
was estimated using Cox proportional hazards regression and the Kaplan-Meier method.

Results—Overall, 785 pathologic stage T4b (pT4b) patients diagnosed with LAGC underwent
gastrectomy (7= 438) or G+MVR (7= 347). There was no association between G+MVR and
short- or long-term mortality. Positive resection margins (HR 1.68, 95% CI 1.40-2.03), the
presence of nodal disease (HRs 1.46-1.50), treatment at a high-volume center (HR 0.76, 95%

Cl 0.68-0.85), and the receipt of adjuvant chemotherapy (HR 0.64, 95% CI 0.51-0.80) were
independently associated with overall survival. Diffuse-type histology was associated with higher
rates of an R1 resection (OR 3.60, 95% CI 2.20-5.87). Perioperative and long-term survival
metrics were comparable between patients with pT4a and pT4b LAGC who underwent a margin-
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negative G+MVR. Undergoing a margin-negative G+MVR imparted a 6-month survival benefit
over non-curative gastrectomy alone (p < 0.001).

Conclusions—Our study demonstrates the safety and long-term feasibility of G+MVR for
disease clearance in well-selected patients with LAGC, and we advocate for their referral to
high-volume centers for optimal care.

Keywords
Multivisceral resection; Locally advanced; Gastric cancer

Introduction

Gastric cancer (GC) is the world’s third most lethal malignancy, accounting for over 780,000
deaths annually.! In the Western world, patients often present at advanced stages, leaving
them with less opportunity for cure.1~> A multimodal approach incorporating surgery

and chemotherapy generally provides patients the best chance for a favorable outcome.®
Adequate locoregional control in GC includes either subtotal or total gastrectomy with
regional lymphadenectomy.’ Resection of adjacent organs, such as the distal pancreas,
spleen, or colon, may be necessary to maximize local control of disease. Advances

in perioperative systemic chemotherapy have led to improved oncologic outcomes of
resection.® However, despite improvements in both treatment modalities, overall GC
prognosis remains poor.6:8-10

A subset of GC patients present with stage T4b locally advanced gastric cancer (LAGC)
that extends through the stomach wall and into adjacent organs in the absence of remote
spread.! This locally aggressive behavior is believed to represent a more favorable disease
biology than GC that develops regional or distant dissemination early in the disease
course.1213 For such patients, a potentially curative resection remains possible but may
require en bloc multivisceral resection (MVR) of adjacent organs to achieve negative
margins.”1415 Routine staging studies do not reliably identify patients who require MVR
for disease clearance, as preoperative clinical T stage accuracy ranges from 43 to 88%.16-22
Many LAGCs are densely adherent to adjacent organs due to an intense desmoplastic
inflammatory response, which may be interpreted as T4b disease while tumor itself does not
traverse the gastric serosa. As such, rates of pathologic T4 (pT4) disease in the setting of
desmoplasia are as low as 46%.7-11:14.15 Gjven this uncertainty, these patients are presumed
to have pT4b disease until proven otherwise, and curative-intent resection in such cases
should include MVR. The risk of additional perioperative complications and mortality
associated with MVR in LAGC may create a nihilistic view of aggressive treatment, which
in turn may impede referral to surgical oncologists and potentially dissuade their attempts at
a curative-intent operation.”:23.24

Treatment of these complex patients requires a nuanced approach, and long-term outcomes
in GC have improved through the development of increasingly effective systemic therapy
regimens.®8 However, resection of the primary tumor remains a critical component of GC
management, and this task is further complicated in patients with locally aggressive tumors.”
In order to assess whether MVR is beneficial for patients with LAGC and adjacent organ
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involvement, we used a national database to evaluate short- and long-term outcomes for
this population from across the USA.714:23 Specifically, we aimed to determine the safety
and efficacy of MVR, the biological effect of pathologically verified tumor invasion into an
adjacent organ in the setting of a margin-negative resection, and the survival implications of
a radical operation to achieve negative margins for LAGC. Additionally, we sought to better
characterize the centers at which these patients receive care and to assess the relationships
between outcomes and hospital volume, database entry completion, and center type.

The National Cancer Database participant user files (NCDB PUFs) are a repository of de-
identified tumor- and outcome-related cancer patient data from across the USA. These data
are collated from the submissions of over 1,500 Commission on Cancer (CoC)-accredited
programs, accounting for over 70% of incident US cancer diagnoses per year.2> Of note, the
CoC is a collaboration between the American College of Surgeons and the American Cancer
Society that evaluates and accredits hospitals based on their cancer care metrics. The CoC
does not verify the data supplied in the NCDB, the methodology used in its analysis, or the
conclusions that are drawn from those results. NCDB was the source of all data in our study,
and because only de-identified data was included, the study was exempt from institutional
review board review.

Cohort Selection

We selected all patients with malignancy of the stomach diagnosed between 2004 and

2016, as delineated by the International Classification of Diseases for Oncology, 3rd

Edition (ICD-0-3) topography codes 16.1-16.9. Patients with cancer of the gastric cardia,
indicated by topography code 16.0, were excluded from our analysis to eliminate the
potential confounding factors associated with undergoing esophagogastrectomy. We selected
only patients with gastric adenocarcinoma, as indicated by ICD-0-3 morphology codes
8140, 8141, 8142, 8143, 8144, 8145, and 8490, with the American Joint Committee

on Cancer (AJCC) 7t edition pathologic stages T4a and T4b (pT4a and pT4b) disease.
Patients with distant metastasis were excluded. Using the Facility Oncology Registry Data
Standards, patients who underwent gastrectomy were identified using site-specific procedure
codes 30-52 and 80, and those who underwent gastrectomy with MVR were indicated

by procedure codes 60-63. Patients who did not undergo gastrectomy were excluded.
Patients who underwent gastrectomy alone were designated to the “gastrectomy” cohort,
while those who also underwent MVR were designated to the “G+MVR” cohort (Fig. 1).
Patients who underwent a “margin-positive resection” consisted of those who underwent a
microscopically margin-positive resection (R1), a macroscopically positive margin (R2), and
a margin-positive resection not otherwise specified (R1+R2).

Data Analysis

We collected available demographic, clinicopathologic, and outcomes data on all patients
and subsequently performed Wilcoxon rank-sum tests and Pearson’s chi-squared tests for
continuous and categorical variables, respectively. We performed a subgroup analysis using
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logistic regression to compare diffuse versus intestinal histologic subtypes of LAGC and
the odds of specifically obtaining an R1 (versus RO) resection margin. Logistic regression
was also used to compare perioperative outcomes (30-day unplanned readmission, 30-day
mortality, and 90-day mortality). Bivariable survival analyses were performed using Cox
proportional hazards regression. Clinically significant variables and variables demonstrating
statistically significant associations in bivariable analysis were subsequently included as
predictors in a multivariable model.

We also performed a facility-based analysis based on case volume and database completion
percentage. We compiled facility case totals based on G+MVR contributions to the entire
gastric cancer NCDB PUFs and considered facilities who contributed a total number of
G+MVR cases within the top 10% of all contributing centers to be “high-volume centers”
(HVCs). We hypothesized that a hierarchical clustering association by treatment in HVCs
may affect these data, so we performed multilevel modeling to measure that difference.
While incorporating both random intercepts and random slopes within our model, Akaike
information criteria did at times slightly decrease, but these iterative changes did not
appreciably change the covariates’ fixed effects. Based on these findings, we believed that
the use of a fixed effects model in this situation was simpler and more appropriate for these
data.

Additionally, we evaluated the database entry completeness of each contributing center

by calculating the percentage of missing or ambiguous data (with respect to the total
number of data entry opportunities) from each center and subtracting that value from 1 to
generate a “completion rate.” Of note, we applied further scrutiny to pertinent variables.
Specifically, we considered entries of “not otherwise specified” (NOS) for margin status
(positive margin NOS), primary tumor site (NOS, greater curvature, lesser curvature), and
extent of gastrectomy (NOS) as incomplete entries. Similarly, we considered clinical and
pathologic staging entries as incomplete if they had “Tx” or “Nx” values. We categorized
centers whose completion rates were below the median as “low completion centers” (LCCs)
and those whose completion rates were at or above the median as “high completion centers”
(HCCs). We used Pearson’s chi-squared testing to determine associations between being an
HCC and an HVC or academic center.

Statistical significance was defined as p < 0.05. Survival curves were estimated using the
Kaplan-Meier method, and the curves were compared using the log-rank test. Of note,
perioperative and long-term survival data were unavailable for patients who were diagnosed
with LAGC in 2016 (7= 97), which constituted over 95% of patients with missing
follow-up data. These data were not considered incomplete entries with respect to our
database completion analysis. All statistical analyses were performed using SAS version 9.4
(SAS Inc, Cary, NC), and graphics were produced using GraphPad Prism 8.1.1 (GraphPad
Software, San Diego, CA).

Stage pT4b: Gastrectomy vs. G+MVR—The first portion of our analysis evaluated
treatment effect while controlling for disease biology by comparing patients with pT4b
tumors who underwent gastrectomy alone versus those who underwent G+MVR. We
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analyzed baseline characteristics, margin status, perioperative outcomes, and long-term
survival outcomes as above.

True vs. Suspected Tumor Invasion—Margin-negative G+MVR: pT4a vs. pT4b—
The second portion of our analysis evaluated disease biology while controlling for treatment
effect by comparing patients who underwent a margin-negative G+MVR with pT4a

disease versus those with pT4b disease. We analyzed baseline characteristics, perioperative
outcomes, and long-term survival outcomes as above.

Subgroup Survival Analysis—Finally, the third portion of our analysis approximated
the survival advantage afforded patients with pT4b disease who underwent a margin-
negative G+MVR when compared with those with pT4b disease who underwent a margin-
positive gastrectomy (effectively, a non-curative gastrectomy). This analysis eliminated
patients who underwent a margin-positive G+MVR (i.e., aborted after adjacent organ
resection due to operative difficulty, positive margins on final pathology) and those who
underwent a margin-negative gastrectomy alone (i.e., invasion into an adjacent structure
such as the omentum, mesentery, or peritoneum but not into an adjacent major organ).

We believed that comparing these two groups best highlighted the balance between the
short-term morbidity of an extended operation and the potential long-term survival benefit of
a complete resection.

Gastrectomy vs. G+MVR

Patient Demographics and Clinicopathologic Variables—Overall, 785 patients
with pT4b disease met inclusion criteria, and a slightly higher proportion (n = 438, 55.8%)
underwent gastrectomy alone compared with G+MVR (n= 347, 44.2%, Table 1). Factors
associated with G+MVR were younger age, larger tumor size, receipt of care at an academic
or high-volume center, receipt of neoadjuvant chemotherapy, total gastrectomy, higher
lymph node yield, and longer length of stay (p < 0.05). Among patients who underwent

a margin-positive resection, only 4.7% (n7=15) underwent an R2 resection, while the
remainder underwent an R1 resection (n7= 185, 58.4%) or a margin-positive resection that
was not otherwise specified (7= 117, 36.9%). In a multivariable model, diffuse histology
was independently associated with undergoing an R1 resection (OR 3.60, 95% CI 2.20—
5.87), and treatment at an HVC was associated with undergoing an RO resection (OR 1.67,
1.08-2.60). Treatment at an HCC was not associated with R1 status (OR 1.01, 95% CI1 0.71-
1.42). Of note, the receipt of neoadjuvant therapy was not associated with undergoing an RO
resection among patients who underwent gastrectomy alone (OR 1.59, 95% CI 0.89-2.85).

The median data completion rate (interquartile range, IQR) for all centers was 0.90 (0.85-
0.95). Overall, just 67.1% (n7=53) of HVCs were HCCs while 62.7% (= 229) of HVCs
were LCCs (OR 1.21, 95% C1 0.72-2.03; p= 0.47). However, there was an association
between academic centers and being an HCC, as 75% (7= 105) were HCCs (OR 2.01,
95% ClI 1.28-3.14; p< 0.001), as opposed to just 60% (1= 172) of non-academic centers.
When considering variables that highly associated with gastric cancer outcomes, just 17.7%
(n=41) of pT4a tumors were staged as cT4a tumors and just 19.4% of pT4b tumors (n=
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41) were staged as cT4b tumors. Importantly, a considerable fraction of both pT4a (46.1%)
and pT4b (47.3%) patients either had ¢X or a “missing” value recorded as their clinical T
stage. Additionally, a considerable fraction of patients had a missing or ambiguous code
with respect to tumor location (45.5%) and clinical N stage (19.4%).

Perioperative Outcomes—Thirty-day readmission data were available for nearly all
patients (n7 =782, 99.6%). Younger age and a positive resection margin were associated
with an unplanned 30-day readmission (Fig. 2a). The 30-day mortality rate was 8.8% (1=
69), and the 90-day mortality rate was 15.2% (7= 119). Older age and a margin-positive
resection were independently associated with 30-and 90-day mortality, while pN1 nodal
disease was associated with 90-day mortality (Figs. 2b—c). Specifically, patients aged 75
years and above, who constituted over one-quarter of the cohort, had a 90-day mortality rate
of 22.9%. Of note, G+MVR was not associated with 30-day readmission (OR 1.34, 95%

Cl 0.84-2.14), 30-day mortality (OR 0.78, 95% CI 0.47-1.29), or 90-day mortality (OR
0.94, 95% CI 1.40) using bivariable logistic regression. Treatment at an HVC was inversely
associated with 90-day mortality (OR 0.56, 0.33-0.95). Additionally, treatment at an HCC
was not associated with 30-day readmission (OR 0.85, 95% CI 0.53-1.36), 30-day mortality
(OR 0.87, 0.53-1.43), or 90-day mortality (OR 0.96, 95% CI 0.65-1.44).

Survival Analysis—Long-term follow-up information was available for 88% (7= 688)
of pT4b patients. Unadjusted median (interquartile range, IQR) overall survival (OS) for
all patients with pT4b tumors was 13.5 months (IQR 6.2-30.3). Unadjusted median OS for
gastrectomy and G+MVR pT4b cohorts was 13.7 (IQR 6.1-31.5) months and 12.9 (IQR
6.2—-26.6) months (p=10.62), respectively. Among all patients, a positive resection margin
and the presence of nodal disease (pN1 and pN3) were independently associated with
shortened OS, while undergoing care at an HVC and the receipt of adjuvant radiation or
chemotherapy were independently associated with prolonged survival (Table 2). Treatment
at an HCC was not associated with survival (HR 1.07, 95% CI 0.90- 1.30). G+tMVR
subgroup analyses demonstrated that positive margin status (HR 1.49, 95% CI 1.11-2.00)
and the presence of extensive nodal disease (pN3) were associated with shorter survival (HR
1.97, 95% CI 1.33-2.91), and the receipt of care at an HVC (HR 0.72, 95% CI 0.54-0.96)
and adjuvant chemotherapy (HR 0.58, 95% CI 0.42-0.80) were independently associated
with prolonged survival (Supplemental 1).

True vs. Suspected Tumor Invasion—Margin-negative G + MVR: pT4a vs. pT4b

A total of 443 patients had a margin-negative (R0) gastrectomy with multivisceral resection.
A slight majority had pT4a (n = 232, 52.4%) versus pT4b (n= 211, 47.6%) tumors. While
patients with pT4a disease more commonly had poorly and undifferentiated tumors and
slightly higher readmission rates, demographic and clinicopathologic variables were quite
similar between groups (Supplemental 2). Pathologic T4b disease was not predictive of a 30-
day unplanned readmission (OR 2.17, 95% CI 0.98-4.77), 30-day mortality (OR 1.22, 95%
Cl 0.48-3.07), or 90-day mortality (OR 1.23, 95% CI 0.63-2.40). There were few variables
associated with perioperative outcomes, but older age was independently associated with a
higher rate of 90-day mortality (Supplemental 3). Unadjusted median OS was 22.6 (IQR
10.4-46.3) and 17.7 (IQR 8.8-39.2) months for pT4a and pT4b groups, respectively (Fig. 3,
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log-rank p=0.21). For both pT4a and pT4b groups, nodal disease and a higher comorbidity
score were associated with shortened survival (Table 3).

Subgroup Survival Analysis

A slightly higher proportion of patients with pT4b disease underwent a margin-negative
G+MVR (n= 211, 52.8%) than margin-positive gastrectomy alone (7= 188, 47.1%).
Follow-up information was available for 86% of patients (7= 344). Median OS (IQR)

for the entire cohort was 13.3 (IQR 5.9— 27.9) months. Median OS for patients who
underwent a margin-negative G+MVR was 6.6 months longer than for those who underwent
a margin-positive gastrectomy alone (17.8 [IQR 8.8—-39.2] vs. 11.2 [IQR 4.1-20.1] months,
respectively; Fig. 4).

Discussion

We evaluated the short- and long-term outcomes of patients with LAGC treated with
gastrectomy and multivisceral resection using a national database. First, we selected the
most locally advanced (T4b) tumors treated with G+MVR compared with gastrectomy

alone and demonstrated that the addition of MVR was not associated with worse short- or
long-term outcomes. Undergoing a margin-positive resection was associated with decreased
long-term survival. Furthermore, while older patient age and a positive resection margin
were associated with increased perioperative mortality, treatment at an HVC was associated
with a lower 90-day mortality rate and better long-term survival, highlighting the importance
of patient selection and referral to experienced centers. Additionally, diffuse-type histology
was associated with a higher rate of undergoing an R1 resection. Next, we compared patients
with pT4a and pT4b tumors who underwent a margin-negative G+MVR to determine
differences in disease biology between true pathologic invasion versus those with organ-
adherent desmoplasia. In doing so, we showed that short- and long-term outcomes were
similar between the two groups. Finally, we approximated the survival advantage afforded

to a well-selected patient with pT4b LAGC by comparing survival between those who
underwent a margin-negative G+MVR versus a margin-positive gastrectomy. Our findings
suggest that when necessary for disease clearance of LAGC, G+MVR is a practical and
potentially beneficial treatment option for highly selected patients.

Our results are consistent with the well-documented advantages conferred by margin-
negative resections for long-term oncologic outcomes.28:27 \We selected patients with the
most locally invasive biology, finding little overall survival difference compared with
patients who underwent an extended resection for desmoplasia.16:21.28 When considering
that up to half of patients with apparent pathologic invasion may only have organ-adherent
desmoplasia, surgeons are potentially subjecting these patients to “over-resection,” but

the practice does not appear to inflict additional harm compared with gastrectomy alone.
However, our data also emphasize the risks of undergoing a margin-positive resection, and
this suboptimal outcome seems to be associated with the more insidious diffuse histologic
subtype of GC. This risk of a margin-positive resection is potentially related to subepithelial
spread, and is independently associated both with diffuse-type cancers and locally-advanced
tumors.2%:30 An overly aggressive approach in an unfit candidate may increase the risk of
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perioperative morbidity and mortality, which further underscores the importance of patient
selection in these complex cases. This increase in perioperative mortality seems to be
most profound in older patients. For those with presumed T4b LAGC, G+MVR represents
the only potentially curative treatment option and seems to impart a marginal increase

in morbidity in order to achieve negative margins and potentially prolong survival in a
well-selected patient.

While the addition of MVR to gastrectomy is oncologically sound, indiscriminate
application of this approach can be perilous even in patients with excellent functional status
who undergo treatment in experienced centers.31:32 Any patient being considered for MVR
must be able to sustain the procedure’s associated morbidity, and a patient’s physiologic
reserve is often related to the mechanical and functional effects of the locally aggressive
primary tumor on per oral nutrition.33:34 This biology often manifests clinically as profound
anorexia, sarcopenia, and malnutrition antecedent to operative intervention and can result

in an increased rate of perioperative complications.33:34 Patients who underwent MVR in
our pT4b cohort did have a slightly longer median hospital length-of-stay, suggesting that
their courses may have been more complicated than their gastrectomy-only counterparts.
However, despite this longer initial hospital stay, the addition of MVR was not associated
with increased rates of hospital readmission or perioperative mortality. In addition to proper
patient selection for an extended resection, the referral of G+MVR candidates to high-
volume surgeons and centers ensures the highest probability of a safe and margin-negative
resection.3538 Admittedly, the perioperative mortality rate of our cohort is higher than
previously reported in patients with T4b disease.’1415 We believe that much of this can be
attributed to the substantial mortality rates among our group’s older patients. More advanced
chronologic age may reflect increased frailty in this subgroup, and it often serves as a
surrogate for diminished physiologic reserve. Additionally, the diffuse histologic subtype of
GC seems to carry higher risk of achieving a margin-positive resection, which is a major
predictor of poorer short- and long-term outcomes. Our findings underscore the importance
of careful patient selection for this radical operation.

Historical and contemporary cohorts evaluating the feasibility and utility of MVR for LAGC
have yielded variable results, and more recent studies have reflected improvements in the
execution of a complex operation and the efficacy of systemic therapy regimens.6-8:23.37.38
Most studies questioning the role of MVVR come from an era when systemic options

for LAGC were limited; however, despite that, the authors felt that these patients may
benefit from margin-negative locoregional tumor control.12:13.39-41 Resylts from single- and
multi-institutional series have demonstrated the feasibility and utility of MVR for LAGC
patients and have identified positive margin status, extensive nodal disease, and the inclusion
of pancreatectomy in MVR as main predictors of shortened survival.”1423 Qur findings
support the results of prior studies but are more generalizable, as they are derived from a
wider spectrum of care centers.

This analysis encountered variable levels of data reporting within a national database for
a rare tumor subset. Most centers reported approximately 90% of requested variables.
While there was no evidence of a difference in outcomes between HCCs and LCCs,
reporting in academic centers was more complete than in non-academic centers. This
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short-coming represents an opportunity for participating centers and their specialists who
treat advanced gastric cancer to redouble efforts to provide the most accurate, detailed,

and complete reporting of patient data to national registries. More reliable patient-level
data likely provides more realistic insights into the care of these complex patients as a
whole. A universal commitment by surgeons, oncologists, radiologists, gastroenterologists,
pathologists, and data registrars should center around providing the most complete and
granular data to the designated databases for subsequent outcomes research. Specific to
this study, more accurate and better reported tumor characterization and clinical staging
could have potentially provided more information about advanced gastric cancers, for which
clinical and pathologic data are frequently disparate yet treatment decisions are made based
on clinical staging.

Our study highlights a cohort of GC patients who may benefit from a nuanced approach,
calling attention to the heterogeneity of GC’s natural history. For example, while some
GCs metastasize to distant organs prior to their invasion of the gastric serosa, other

GCs invade adjacent organs without even seeding nearby lymph nodes. The basis of our
investigation hinges on the biological differences between small primary GCs with multiple
early metastases versus more indolent, large, locally aggressive GCs with or without
oligometastatic nodal foci. We examined a cohort that has been pathologically confirmed

to represent the most locally aggressive subset of tumors. Given the implications of this
tumor biology, we believe that while there may be some added perioperative morbidity with
MVR, it is reasonable to pursue an extended resection in well-selected patients to achieve
disease clearance.

While our use of a national database for this study allows for an evaluation of LAGC
treatment across a variety of care centers, it also has some inherent limitations. Coding
errors and incomplete or ambiguous data are a peril of the use of large databases. The
non-randomized, retrospective nature of the study limits our insight into patient selection
for particular treatments and detailed knowledge of clinical decision-making. The lack

of GC genomic data within the NCDB also precludes a nuanced analysis pertaining to
prognostication or targeted systemic therapies.#2~45 Further, we were unable to analyze
LAGC patients with the granularity of single- and multi-institutional studies. Specifically,
we were unable to know the sites of margin positivity, and degree of margin positivity
(R1 vs. R2) for much of our cohort, which organs were included in MVR, the extent of
organ resection in each MVR, or why an extended resection was needed at all (vascular
involvement, direct organ involvement, suspected tumor invasion, iatrogenic injury). Finally,
follow-up information on these patients is limited, not collected at regular intervals, and
lacks details of disease recurrence.

Conclusion

Some patients will present with locally advanced gastric cancer, leading to either
desmoplastic adherence or infiltration of adjacent organs. Such patients may require
multivisceral resection to achieve disease clearance and negative resection margins. Patients
with good functional status, the absence or low number of clinically positive regional lymph
nodes, and ability to tolerate perioperative systemic chemotherapy are most likely to tolerate
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a more radical resection. Despite potential nihilism surrounding multivisceral resection
for gastric cancer, short-term complication rates are no worse. Importantly, achieving a
margin-negative resection is a primary driver of short- and long-term survival among this
patient population, and patients with the intestinal subtype of GC may be more likely

to benefit from an aggressive approach. We advocate for the referral of LAGC cases to
high-volume centers for consideration of G+MVR in well-selected patients to minimize
complications and to maximize the likelihood of a successful perioperative and survival-
prolonging outcome.
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Refer to Web version on PubMed Central for supplementary material.
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Percent survival

Fig. 3.
Kaplan-Meier estimates comparing patients with pT4a and pT4a gastric cancer. Patients who

underwent margin-negative gastrectomy with multivisceral resection
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Bivariable and multivariable survival analysis for patients with pT4b locally advanced gastric cancer

Table 2

Bivariable HR (95% CI)"

Multivariable HR (95% CI)*

Age (years)
18-49

50-64

65-74

275

Female sex

Race

White
African-American
Asian-American
Hispanic Ethnicity
No

Yes

Charlson-Deyo score

Yes

Gastrectomy type

Subtotal

Total

Gastrectomy unspecified
Pathologic nodal stage

0

1

2

3

Resection margin status
Positive

Neoadjuvant chemotherapy
Yes

Neoadjuvant radiation

Yes

Adjuvant chemotherapy
Yes

Adjuvant radiation therapy
Yes

Treatment at a high-volume center

J Gastrointest Surg. Author manuscript; available in PMC 2022 July 12.

Reference

0.84 (0.63-1.13)
0.97 (0.72-1.31)
1.42 (1.07-1.90)
1.21 (1.02-1.43)

Reference
0.84 (0.68-1.04)

0.77 (0.56-1.07)

Reference
0.82 (0.62-1.08)

Reference

1.03 (0.84-1.26)

0.97 (0.71-1.33)

1.04 (0.88-1.24)

Reference

1.14 (0.95-1.36)

1.36 (0.96-1.94)

Reference

1.54 (1.16-2.05)

1.30 (0.98-1.72)

1.68 (1.31-2.14)

1.76 (1.48-2.10)

0.79 (0.64-0.98)

0.79 (0.42-1.48)

0.60 (0.51-0.72)

0.63 (0.52-0.77)

Reference

0.87 (0.65-1.17)
1.02 (0.75-1.38)
1.20 (0.88-1.65)
1.11 (0.93-1.33)

Reference
0.87 (0.71-1.08)
0.85(0.61-1.19)

Reference

1.50 (1.12-2.00)
1.31 (0.98-1.75)
1.46 (1.13-1.88)

1.63 (1.35-1.97)

0.81 (0.64-1.03)

0.64 (0.51-0.80)

0.77 (0.61-0.98)
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Bivariable HR (95% CI)*  Multivariable HR (95% CI)”

Yes 0.73 (0.60-0.89) 0.76 (0.68-0.85)
Treatment at a high-completion center
Yes

*
Hazard ratios and 95% confidence intervals
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Table 3

Page 23

Bivariable and multivariable survival analysis for patients with pT4a and pT4 locally advanced gastric cancer

who underwent margin-negative gastrectomy with multivisceral resection

Bivariable HR (95% CI)*

Multivariable HR (95% CI)*

Age (years)

18-49

50-64

65-74

=75

Female sex

Race

White
African-American
Asian-American
Hispanic ethnicity
Yes

Charlson-Deyo score
0

1

22

Gastrectomy type
Subtotal

Total

Gastrectomy unspecified
MVR

Yes

Primary tumor stage
T4b

Pathologic nodal stage
0

1

2

3

Neoadjuvant chemotherapy
Yes

Neoadjuvant radiation
Yes

Adjuvant chemotherapy
Yes

Adjuvant radiation

Yes

Reference

0.98 (0.67-1.45)
0.78 (0.51-1.18)
1.54 (1.03-2.30)
0.99 (0.62-1.59)

Reference

1.11 (0.82-1.50)

0.89 (0.55-1.42)

1.07 (0.75-1.53)

Reference

1.57 (1.17-2.09)

1.13 (0.72-1.75)

Reference

1.12 (0.86-1.45)

1.05 (0.72-1.55)

0.75 (0.47-1.20)

1.17 (0.92-1.49)

Reference

1.36 (0.90-2.06)

1.18 (0.79-1.76)

2.35 (1.69-3.27)

0.88 (0.66-1.16)

0.72 (0.27-1.94)

0.59 (0.46-0.75)

0.64 (0.49-0.84)

Reference

0.93 (0.62-1.40)
0.84 (0.54-1.30)
1.36 (0.89-2.07)
1.32 (1.02-1.71)

Reference
1.41 (1.05-1.90)
1.29 (0.74-1.92)

Reference

1.61 (1.06-2.47)
1.45 (0.96-2.19)
2.69 (1.91-3.78)

0.75 (0.55-1.03)

0.77 (0.55-1.08)

*
Hazard ratios and 95% confidence intervals
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