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Background: A microscopically positive (R1) resection margin following resection for gastric and
esophageal cancers has been documented to be a poor prognostic factor. The optimal strategy and impact of
different modalities of adjuvant treatment for an R1 resection margin remain unclear.

Methods: A retrospective analysis was performed for patients with gastric and esophageal adenocarcinoma
treated at the Princess Margaret Cancer Centre (PMCC) from 2006-2016. Electronic medical records of all
patients with an R1 resection margin were reviewed. Kaplan-Meier and Cox proportional hazards methods
were used to analyze recurrence free survival (RFS) and overall survival (OS) with stage and neoadjuvant
treatment as covariates in the multivariate analysis.

Results: We identified 69 gastric and esophageal adenocarcinoma patients with a R1 resection.
Neoadjuvant chemoradiation was used in 13% of patients, neoadjuvant chemotherapy in 12%, surgery alone
in 75%. Margins involved included proximal in 30%, distal in 14%, radial in 52% and multiple margins
in 3% of patients. Pathological staging showed 3% with stage I disease, 20% stage II and 74% stage IIL
Adjuvant therapy was given in 52% of R1 pts 28% CRT, 20% chemotherapy alone, 3% radiation alone,
1% reoperation). Median RFS was 14.1 months [95% confidence interval (CI), 11.1-17.2]. The site of first
recurrence was 72% distant, 12% mixed, 16% locoregional alone. Median OS was 34.5 months (95% CI,
23.3-57.9) for all patients. There was no significant difference in RFS (adjusted P=0.26) or OS (adjusted
P=0.83) comparing modality of adjuvant therapy.

Conclusions: Most patients with positive margins after resection for gastric and esophageal cancer had
advanced pathologic stage and prognosis was poor. Our study did not find improved RFS or OS with
adjuvant treatment and only one patient had reresection. The main failure pattern was distant recurrence,
suggesting that patients being considered for adjuvant radiotherapy (RT) should be carefully selected.
Further studies are required to determine factors to select patients with good prognosis despite a positive

margin, or those who may benefit from adjuvant treatment.
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Introduction

Gastric and esophageal cancers are a major health burden
globally, with high morbidity and mortality despite recent
advances in therapy (1). For curative intent treatment,
surgery remains an essential component of management.
Contemporary therapeutic approaches often include
multimodality treatment, which has been shown to improve
survival and may comprise of surgery, chemotherapy and
radiation.

Curative (R0) resection is defined as resection of
the primary tumor without any residual microscopic or
macroscopic disease, while microscopic residual tumor at
the surgical margin is defined as a R1 resection. In both
gastric and esophageal cancer, predictors of a positive
margin include advanced tumor and nodal stage, tumor
size, and diffuse histology (2-5). Having a positive margin
has been shown to be a poor prognostic factor even after
adjusting for other confounders of aggressive biology (2-10),
although some studies suggest that this prognostic effect is
more significant in patients with limited nodal involvement
(3-5,11,12).

Options for management after an R1 resection
may include a combination of re-resection, adjuvant
chemotherapy, radiation, or observation. Given the low
incidence of a microscopically positive margin, there
are no randomized trials to guide management. The
optimal strategy and impact of different modalities of
adjuvant treatment remain unclear, with conflicting
recommendations in the literature. This study aims to
examine recurrence patterns and survival outcomes in
gastric and esophageal cancer patients with R1 resections
and explore the impact of adjuvant treatment.

Methods
Patients

A retrospective analysis was performed for patients
with gastric and esophageal adenocarcinoma treated at
the Princess Margaret Cancer Centre (PMCC) from
2006-2016. Patients included had curative intent surgical
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resection either within the University Health Network or at
an outside institution. Patients referred postoperatively from
an outside institution were reviewed by a multidisciplinary
team consisting of surgical oncologists, medical oncologists,
radiation oncologists, radiologists and pathologists whenever
possible. This study was approved by the University Health
Network Research Ethics Board. Electronic medical records
of all patients with an R1 resection margin were reviewed.
Data was collected by trained abstractors and all extracted
data was verified by a second investigator. The pathological
stage was classified using the American Joint Committee
on Cancer (AJCC) 7th edition TNM staging system. The
presence of tumor within 1mm of the surgical margin was
used to define a R1 resection, as stipulated by the Royal
College of Pathologists’ criteria.

Follow up

Duration of follow up period was defined from the date of
surgery. First recurrences were classified as local, distant or
mixed based on the first site of recurrence. Local recurrence
was defined as recurrence in the tumor bed, anastomotic
site, or locoregional lymph node (LN) stations. Distant
recurrence was defined as recurrence in other organs,
peritoneum, or non-locoregional LNs. Mixed recurrence
was defined as the simultaneous presence of locoregional
and distant recurrence. Recurrence free survival (RFS) and
overall survival (OS) were calculated as the time from the
date of surgery to the date of death from any cause, or the
date of detection of recurrence respectively.

Statistical analysis

The Kaplan-Meier and Cox proportional hazards methods
were used to analyze RFS and OS. Due to the limited
number of events, only stage and neoadjuvant treatment were
included as covariates in the multivariable analysis. A subset
analysis was performed to analyze esophageal (including
esophageal, Siewert I and Siewert II) and gastric (including
gastric and Siewert III) patients separately. One patient who
had two concurrent primary tumors (Siewert II and gastric)
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was included in the analysis of the entire cohort but omitted
from the subset analysis. All analyses were performed in R
version 3.5.2 (R Core Team 2018, Vienna, Austria).

Results
Patient characteristics

Clinical and pathologic characteristics are summarized in
Tuble 1. We identified 69 patients (16% esophageal, 41%
gastroesophageal junction, 42% gastric) with an R1 resection.
Patients were predominantly male (74%) with a median age
of 65 (range, 33-86) years. Neoadjuvant chemoradiation was
used in 13% of patients, neoadjuvant chemotherapy in 12%,
surgery alone in 75%. Of the 52 patients who did not receive
neoadjuvant treatment, 26 (50%) had gastric cancer, 21 (40%)
gastroesophageal junction and 5 (10%) esophageal. Reasons
provided for not giving neoadjuvant included the following:
19 (37%) were referred to the PMCC postoperatively from
an outside center, 7 (13%) were due to patent clinical factors,
3 (6%) due to tumor factors such as bleeding or perforation,
3 (6%) patient preference, 16 (31%) unknown, 4 (8%) other
(1able 1). On pathologic staging, 83% had a p13-4 tumor,
64% pN2-3 nodal involvement, 68% grade 3, 70% positive
for lymphovascular invasion. Of all R1 patients, 3% were
stage I, 20% stage II, 74% stage III. The proximal margin
was involved in 30% of patients, distal 14%, radial 52%, and
multiple margins were positive in 3%.

Management after R1 resection

Adjuvant therapy was given in 36 (52%) R1 patients
(Table 2). Of these patients, 12 had received neoadjuvant
treatment. Adjuvant CRT was used in 19 (28%) patients,
with the most common regimen being 5-fluorouracil (5-FU)
with 4,500 cGy of radiation in accordance with the
MacDonald protocol (13). Chemotherapy alone was given
to 14 (20%) patients, with most patients receiving a triplet
regimen consisting of an anthracycline, platinum and
fluoropyrimidine (7izble 2). Radiation alone was used in 3%
of patients. Only 1 patient had reoperation, which was also
followed by CRT.

In the 33 patients who did not receive adjuvant therapy,
the most common reasons were patient comorbidities/
poor performance status (21%), complicated postoperative
course prohibiting further treatment (15%), further
therapy deemed not indicated by physician (24%), patient
preference (12%), postoperative imaging showing metastatic

disease (9%), other (6%) and unknown (12%) (Table 3).
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Recurrence and RFS

The median follow up time was 11.3 (range, 0.6-118.3)
months. A total of 50 (72%) patients had documented
recurrences. Of these, the site of first recurrence was distant
in 72% of patients, mixed in 12% and locoregional alone
in 16% (Figure 1). The median RFS for all patients was
14.1 months [95% confidence interval (CI), 11.1-17.2].
There was no significant difference in RFS in patients with
and without adjuvant treatment, or between modalities of
adjuvant treatment groups (Figure 2 and Table 4).

(0N

The median OS was 34.5 months (95% CI, 23.3-57.9) for
all patients. The 2- and 5-year survival rates were 61% (95%
CI, 49-76%) and 22% (95% CI 10-46%) respectively.
There was no significant difference observed in the OS
between patients with and without adjuvant therapy, or
between different modalities of adjuvant treatment (Figure 3
and Tible 5).

Subset analysis of esophageal patients

Of the esophageal cancer patients (N=33), the median RFS
was 15.2 months (95% CI, 5.6-20.7), with no difference in
RFS with and without adjuvant therapy (adjusted P=0.11)
(Figure 44). The median OS was 28.5 months (95% CI,
22.9-57.9), with a 3-year OS rate of 47% (95% CI, 30-
74%) (Figure 4B). There was no difference in OS between
patients who received adjuvant treatment and those who did
not (adjusted P=0.61).

Subset analysis of gastric patients

Of the gastric cancer patients (N=35), the median RFS was
15.6 months (95% CI, 11.5-21.8), with no difference in
RFS with or without adjuvant therapy (adjusted P=0.097)
(Figure 5A). The median OS was 34.5 months (95% CI,
21.4-68.7), with a 3-year OS rate of 48% (95% CI, 31—
75%) (Figure 5B). There was no difference in OS between
patients who received adjuvant treatment and those who did

not (adjusted P=0.15).

Discussion

The predisposing factors and negative prognostic effect
of a microscopically positive margin after curative intent
resection for gastric and esophageal cancers have been
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Table 1 Clinicopathological features of R1 patients

Table 1 (continued)

Clinicopathological features

359

Age (years)
Median [range]
Sex
Male
Tumor location’
Esophageal
Siewert |
Siewert Il
Siewert IlI
Gastric
Multiple
Histology
Adenocarcinoma
Neoadjuvant treatment
None
Chemotherapy
Chemoradiation
Reason for no neoadjuvant treatment (N=52)
Referred to PMCC postoperatively
Patient clinical factors
Tumor factors
Patient preference
Other
Unknown
Type of surgery
Esophagectomy®
Ivor-Lewis
McKeown
Left thoracoabdominal
Transhiatal
Pharyngolaryngoesophagectomy
Esophagogastrectomy®
Gastrectomy
Subtotal gastrectomy
Total gastrectomy

Total gastrectomy with partial
esophagectomy

N=69 [%] Clinicopathological features N=69 [%]
LN harvested
65.1[33-86] Mean + SD 22.3+12.4
LN positive
51[74] Mean + SD 7.1£7.2
pT classification
11116] T1 1]
12[17] T2 9[13]
10014 T3 42 [61]
60l T4 15 [22]
29 [42] Missing 2 [3]
T pN classification
NO 12[17]
69 [100] N1 11[16]
N2 13[19]
5279l N3 31 [45]
8112l Nx 1]
o] Missing 11]
Pathologic stage
19 [37] B 23]
7l A 11]
sl 1B 13[19]
3l A 14 [20]
418 B 20 [29]
16(31] lnc 17 [25]
Missing 23]
30[43] Tumor grade
1 1 23]
2 2 15 [22]
4 3 47 [68]
8 Not applicable* 1[1]
1 Missing 4 6]
2y Lymphovascular invasion
34 149] Present 48 [70]
23 Absent 14 [20]
8 Indeterminate 3[4]
8 Missing 4 [6]

Table 1 (continued)
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Table 1 (continued)
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Table 1 (continued)

Clinicopathological features N=69 [%]
Margin involved
Proximal 21 [30]
Distal 10 [14]
Radial 36 [52]
Multiple 23]

', Siewert class based on epicenter of tumor, with the anatomical
cardia defined as 40 cm. <35 cm = esophageal, 35-39 cm =
Siewert |, 39-42 cm = Siewert Il, 42-45 cm = Siewert Ill, >45 cm
= gastric; %, one patient documented in clinical notes to have
esophagectomy, unknown approach; *, five patients who had
surgery at an outside institution with “esophagogastrectomy”
documented in clinical notes and pathology report, no operative
report available; ¢, post-treatment changes. PMCC, Princess
Margaret Cancer Centre; LN, lymph node.

Table 2 Treatment after R1 resection

Treatment N=69 [%]
Reoperation and CRT 1[1]
Chemotherapy 14 [20]
ECF/ECX/EOX 9
Cisplatin/5FU 2
Other 3
CRT 19 [28]
5FU 13
Cisplatin/5FU 3
Carboplatin/paclitaxel 2
Other 1
Radiation 2 [3]
No adjuvant 33 [48]

CRT, chemoradiation; ECF, epirubicin, cisplatin and
5-fluorouracil; ECX, epirubicin, cisplatin and capecitabine; EOX,
epirubicin, oxaliplatin and capecitabine; 5-FU, 5-fluorouracil.

shown in many studies. Our data support that having a
positive margin is likely a marker of underlying aggressive
tumor biology, as reflected by the advanced pathologic
features of the patients in our cohort.

The ideal management of positive margins remains
controversial, with no prospective randomized trials

to direct therapeutic decisions. Patients with positive
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Table 3 Reason for no adjuvant treatment

Reason N=33 [%)]

Patient clinical status 7 [21]

Postoperative complications prohibiting treatment 5[15]

Deemed not indicated by oncologist 8 [24]
Patient preference 412]
Metastatic disease on postoperative imaging 31[9]
Other 2 [6]
Unknown 412]

margins were often excluded from landmark trials that
guide contemporary management such as the Intergroup
0116, ARTIST and ARTIST 2 studies which investigated
the role of postoperative chemoradiotherapy, as well as
the CLASSIC trial which examined the use of adjuvant
chemotherapy in patients with gastric cancer (13-16).

The current National Comprehensive Cancer Network
(NCCN) guidelines place an emphasis on postoperative
locoregional therapy modalities for R1 patients,
recommending chemoradiation for patients who did not
receive it preoperatively and consideration of re-resection
if feasible in patients who already received neoadjuvant
therapy. The writers of the guideline acknowledge that
this strategy has not been evaluated in prospective trials,
but felt that this was a “reasonable treatment option given the
significantly worse prognosis associated with margin-positive
resections, especially in patients who bave not received preoperative
therapy” (17,18). There is no recommendation for or against
postoperative chemotherapy alone for R1 patients.

The majority of the literature on postoperative
management of R1 patients is retrospective, with conflicting
reports and recommendations regarding the role of
different modalities of adjuvant therapy. Some studies
align with the NCCN guideline and advocate for the use
of postoperative chemoradiation. In a subgroup analysis of
a retrospective cohort study that included 22 R1 patients,
adjuvant chemoradiation was associated with improved OS
compared with surgery alone (19). Stickema et a/. found
that in a cohort of 110 gastric cancer patients, 30 of whom
had an R1 resection, there was no difference in survival
outcomes between R1 and RO patients after postoperative
chemoradiation (20).

Conversely, others have suggested that there is no role
for adjuvant radiation. In a cohort of 68 esophageal R1
patients, Vadhwana ez 4/. did not find any RFS or OS benefit
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All patients with recurrence (N=50)

Locoregional

No adjuvant treatment (N=21)

Distant Locoregional

Locoregional

3 (14%) 14 (67%)

Figure 1 Location of first recurrence in R1 resection patients.
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Figure 2 RFS for R1 patients (A) RFS for R1 patients by adjuvant treatment modality; (B) RFS of R1 patients with and without adjuvant

treatment. RFS, recurrence free survival.

in patients who received postoperative radiation compared
to those who did not (21).

Others have compared postoperative chemoradiation
with chemotherapy alone. In a large study using the
National Cancer Database, Rhome et al. found that
concurrent chemoradiation was associated with a higher OS
compared to chemotherapy alone in gastric R1 patients (22).
Similarly, Zhou et 4l. found a trend toward benefit of
chemoradiation compared to chemotherapy in a cohort
of 114 patients, although this did not reach statistical

© Journal of Gastrointestinal Oncology. All rights reserved.

significance (23). In both of these studies, there was no
direct comparison to outcomes to patients who did not
receive any adjuvant therapy. Contrary to these studies,
Markar er al. found that postoperative chemotherapy
improved OS compared to no treatment, but the addition
of radiation did not provide further survival benefit (10).
Finally, others such as Gertler er 4/. did not find a
survival benefit for R1 patients who underwent additive
postoperative therapy (24). Our study also did not find
significant improvement in RFS or OS with adjuvant
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Univariable Multivariable
Adjuvant treatment modality
HR (95% ClI) P value Global P value HR (95% Cl) P value Global P value
No adjuvant treatment Reference 0.76 Reference 0.26
Chemotherapy 1.37 (0.67-2.82) 0.39 0.80 (0.37-1.75) 0.58
Chemoradiation 0.93 (0.48-1.83) 0.84 0.46 (0.22-1) 0.049
Adjuvant treatment 1.09 (0.61-1.95) 0.76 0.59 (0.31-1.12) 0.11
RFS, recurrence free survival; HR, hazard ratio; Cl, confidence interval.
A KM-curve for OS B KM-curve for OS
1.00 1.00
> - juvi b
= 0.75 - ggearggj ant = 0.75 = No adjuvant
8 — CRT 8 =+ Adjuvant
Qo == Radiation o
g 0.50 g 0.50
[e} . .
§ P=0.804 (Log-rank) § P=0.909 (Log-rank)
> >
@ 025 3 025
0.00 : 0.00
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time (months) Time (months)
No adjuvant 33 17 12 9 4 1 0O 0 O 0 O No adjuvant 33 17 12 9 4 1 0O 0 O 0 O
Chemo 14 11 7 4 2 2 0 0 0 0 0 Adjuvant 36 29 14 6 4 3 1 1 1 1 0
CRT 20 17 7 2 2 1 1 1 1 1 0 Numbers at risk
Radiation 2 1 0 0 0 0 0 0 0 0 0

Numbers at risk

Figure 3 OS for R1 patients. (A) OS for R1 patients by adjuvant treatment modality; (B) OS of R1 patients with and without adjuvant

treatment. OS, overall survival.

Table 5 Univariable and multivariable analyses for OS

Univariable Multivariable
Adjuvant treatment modality
HR (95% Cl) Pvalue  Global P value HR (95% Cl) P value Global P value
No adjuvant treatment Reference 0.89 Reference 0.83
Chemotherapy 0.79 (0.32-1.95) 0.6 0.68 (0.26-1.73) 0.42
Chemoradiation 1.15 (0.53-2.49) 0.73 1.05 (0.47-2.39) 0.9
Adjuvant treatment 0.96 (0.48-1.92) 0.91 0.85 (0.41-1.76) 0.66

OS, overall survival; HR, hazard ratio; Cl, confidence interval.

treatment in patients with an R1 resection, regardless of
modality of therapy.

These varying findings and recommendations from the
literature emphasize the need for further studies into the
behavior of R1 patients to better risk stratify and select for
patients who may benefit from adjuvant treatment. Those

© Journal of Gastrointestinal Oncology. All rights reserved.

who advocate for postoperative chemoradiation after an
R1 resection intuitively aim to prevent locoregional disease
recurrence; however, in our patient population, the main
failure pattern was distant recurrence. At the time of first
diagnosis of disease recurrence, 84% of our patients had
distant or mixed recurrence while only 16% had an isolated
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Figure 4 Survival analysis for esophageal R1 patient subset. (A) RFS for esophageal R1 patients with and without adjuvant treatment; (B)

OS for esophageal R1 patients with and without adjuvant treatment. RFS, recurrence free survival; OS, overall survival.
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Figure 5 Survival analysis for gastric R1 patient subset. (A) RFS for gastric R1 patients with and without adjuvant treatment; (B) OS for

gastric R1 patients with and without adjuvant treatment. RFS, recurrence free survival; OS, overall survival.

locoregional recurrence. Gertler et a/. found a similar
pattern, with 88% of patients in their cohort experiencing
distant metastatic disease at the first-time disease
recurrence. These recurrence patterns suggest that R1
resections occur in patients with aggressive biology, some of
whom may even have undetected metastatic disease at the
time of surgery. In these cases, postoperative locoregional
therapy with radiation would not be expected to provide
a survival benefit. As such, patients being considered for
adjuvant radiotherapy (RT) should be carefully selected,
given the high rate of systemic relapse.

Despite the poor prognosis associated with R1 status, our
patient cohort did have a few patients who were long term
survivors. More studies are needed to better characterize

© Journal of Gastrointestinal Oncology. All rights reserved.

clinicopathologic factors associated with different patterns
of recurrence in order to identify patients with good
prognosis despite a positive margin, and to aid in decision-
making around adjuvant treatment.

We acknowledge the limitations of our study including
the retrospective and observational design and selection bias
of the included patients. One surprising finding was that the
majority of patients did not receive neoadjuvant treatment.
Of these, half had gastric cancer and it is possible that in
some of these cases, the surgeon performed upfront surgery
with the intention of referring for adjuvant chemoradiation
with the MacDonald protocol. Other limitations include the
variation in adjuvant chemotherapy and radiation regimens,
the limited sample size in a single-center cohort, differences
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in stage, and other unadjusted confounders which
prevents us from making definitive recommendations.
Notwithstanding these limitations, our data highlight an
important knowledge gap, a significant predilection for
distant rather than local recurrence in R1 disease, and the
need for prospective studies to clarify the optimal adjuvant
strategy.

Conclusions

Most patients with positive margins after resection for
gastric and esophageal cancers had advanced pathologic
features and poor prognosis. We did not find benefit in
RFS or OS with adjuvant treatment. Most patients with
recurrent disease had distant recurrences, suggesting that
patients being considered for adjuvant locoregional therapy
should be carefully evaluated. Further studies are required
to determine factors to select patients with good prognosis
despite R1 resection, or those who may benefit from
adjuvant treatment.
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