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ABSTRACT

Objective Small bowel adenocarcinoma (SBA) is a rare
malignancy with limited evidence regarding outcomes
after curative resection of localised disease. We aimed

to evaluate presentation and prognostic factors affecting
overall survival (0S), relapse-free survival (RFS) and
recurrence of SBA.

Methods Consecutive patients with completely resected
localised SBA (1979-2019) were retrospectively reviewed
for presentation, patient and tumour characteristics,
perioperative treatment, recurrence, outcomes, and
prognostic factors.

Results Among 257 total patients, median age was 58
years. Primary location was in the duodenum, jejunum
and ileum in 52%, 29%, and 19% of patients, respectively.
Median 0S was 57.5 months and median follow-up

was 40 months. In multivariate analysis, lymph node
involvement, lymphovascular invasion, histologic grade
and race were independent predictors of RFS, while race,
stage and histologic grade were independent predictors
of 0S. No significant difference in 0S or RFS was seen
when evaluating the role of perioperative treatment.
Median time to diagnosis from first medical evaluation
was 31 days and did not change over time. Overall
recurrence rate was 56%. Recurrence rate was higher

in ileal (77%), than duodenal (54%) and jejunal (65%)
SBA (p=0.01). Recurrence presented most commonly as
distant metastasis (71%). Proficient mismatch repair was
associated with decreased risk of locoregional recurrence
(LR) but increased risk of distant recurrence (DR) when
compared with deficient mismatch repair (AIMMR) in
univariate analysis.

Conclusions Despite advances in diagnostic modalities,
this study did not show any improvement in earlier
diagnosis of SBA over the course of the past three
decades. The predominant pattern of disease recurrence
was distant across all SBA locations, but dMMR status
demonstrated a robust predilection for LR as opposed to
DR. Perioperative treatment did not improve outcomes;
however, a lower stage disease was seen in patients
that received neoadjuvant therapy, suggesting further
exploration of this approach.

INTRODUCTION

Primary adenocarcinoma of the small bowel
is a rare malignancy that challenges physi-
cians in both diagnosis and treatment. The
incidence of all small bowel cancers in the
USA has been increasing over time, with an
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Key questions

What is already known about this subject?

» Primary adenocarcinoma of the small bowel is a rare
malignancy that challenges physicians in diagnosis
and treatment.

» Surgical resection is the only potentially cu-
rative treatment for patients with small bowel
adenocarcinoma.

» Delayed diagnosis is common usually due to non-
specific signs and symptoms associated with diffi-
culty in performing small bowel examination.

What does this study add?

» Added refinement of prognostic data beyond large
national databases such as the Surveillance,
Epidemiology, and End Results Programme and the
National Cancer Data Base.

» Novel information regarding recurrence patterns
across small bowel subsites.

» Updated information regarding delays in diagnosis
for this rare cancer.

» The importance of mismatch repair with regard to
the type of recurrence is also explored.

How might this impact on clinical practice?

» This study demonstrates the importance of detailed
pathological assessment, including perineural inva-
sion, lymphovascular invasion and mismatch repair
testing, along with other routinely assessed histo-
logical factors. This study suggests the need for
further improvement of diagnostic testing within the
small bowel, and exploration of the use of neoadju-
vant therapy in this disease type.

estimated 10590 new cases in 2019, of which
adenocarcinoma histology occurs in approxi-
mately 30%." *

Historically, a significant delay from onset
of symptoms to diagnosis has been described
for small bowel adenocarcinoma (SBA),
related to the vague and non-specific symp-
toms and the challenges of evaluating the
small intestine.” * The impact of recent
advances in enteroscopy, capsule endoscopy
and cross-sectional imaging techniques on
diagnosis are not known.
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Prognostic factors have been established via retrospec-
tive evaluation of large population databases such as the
Surveillance, Epidemiology, and End Results (SEER)
Programme and the National Cancer Data Base (NCDB)
and retrospective datasets generally examining all stages
of disease.”™" For localised SBA, the American Joint
Committee on Cancer (AJCC) staging (eighth edition)
stages patients based on T stage and N stage.'? In lymph
node, sampling has been shown to impact overall survival,
likely related to incomplete clearance of occult nodal
disease in lymph node negative patients.”® In addition,
primary site appears to be prognostic with duodenal
adenocarcinomas having been reported to have a worse
outcome.”? "

The impact of additional relevant clinicopathological
factors such as predisposing factors of inflammatory
bowel disease, Lynch syndrome or coeliac disease has
been investigated in limited small retrospective series.'*™"”
Arecent report of 66 stage II SBA patients from the Small
Bowel Italian Consortium found both deficient mismatch
repair (AMMR) and coeliac disease to be predictors of
improved cancerspecific survival.'”” In addition, the
impact of two common factors used in localised colorectal
cancer, lymphovascular invasion and perineural invasion
has not been well studied in SBA. Within this context, the
aim of this study was to report the outcomes and prog-
nostic factors for relapse and overall survival of one of the
largest single-institution cohorts for resected SBA.

METHODS

Patient selection

This is a retrospective single-institution cohort study that
analysed patients who underwent macroscopically and
microscopically margin negative resected (R1/R0) stages
I-IITI SBA between March 1978 and August 2019 who were
seen at the University of Texas MD Anderson Cancer
Center (UTMDACC).

In total, 675 patients with SBA were identified, and 257
met inclusion criteria. Reasons for exclusion included
stage IV disease (309 patients), unresectable primary (52
patients), periampullary/ampullary primary (37 patients),
R2 resection (10 patients), missing stage (6 patients) and
unknown small bowel primary site (4 patients).

The data extracted included patient demographics,
inflammatory bowel disease, coeliac disease, primary
tumour site, tumour morphology and histologic grade,
lymphovascular and perineural invasion, tumour stage,
lymph node metastasis, margin status, dAMMR as determined
by either standard immunohistochemical staining or PCR
for determination of microsatellite instability status, treat-
ment, recurrence and survival. Tumour stage was defined
according to AJCC Cancer Staging Manual, eighth edition.
As pretreatment staging for neoadjuvant treated patients
was highly variable and inconsistent, pathological staging
was used for preoperatively treated patients. Predefined
categories for total number of lymph nodes (TLNs) assessed
were established as <7 lymph nodes and 27 lymph nodes

for stage II patients.* In a predefined exploratory analysis
of lymph node ratio, stage III patients were subclassified as
N1 (1-2 lymph nodes) into N1 >10% positive lymph nodes
(PLNs), N1 <10% PLNs and N2 (23 lymph nodes) into
N2 >30% PLNs and N2 <30% PLNs. Treatment modalities
were defined as neoadjuvant if the patient received systemic
chemotherapy, chemoradiation or both, before resection
(regardless of the type of therapy after resection), and adju-
vant therapy if systemic chemotherapy or chemoradiation
was given after resection. Patients who received both neoad-
juvant and adjuvant treatment were included only in the
neoadjuvant group. This research was conducted under a
UTMDACC’s institutional review board approved protocol.

Statistical analysis

Relapse-free survival (RFS) and overall survival (OS)
were defined as the time from surgical resection or initial
tissue diagnosis, whichever was earlier, until disease
relapse or death. Patients lost to follow-up were censored
at the time of last known disease status. Patient demo-
graphic and clinical characteristics were summarised by
their frequency (%) across the three anatomic tumour
locations. We compared these frequencies using the non-
parametric Fisher’s exact test. When data were missing in
a category, we excluded those subjects with missing data
and did not perform any imputation.

The Kaplan-Meier method was used to visualise and
estimate survival curves for time-to-event outcomes,
including OS and RFS. The log-rank test was used to
compare survival times between groups. Cox proportional
hazards regression models were applied to assess the asso-
ciation between patient characteristics and time-to-event
outcomes while controlling for covariates. We also calcu-
lated restricted mean survival times to summarise survival
outcomes in a non-parametric manner. P values less than
0.05 were considered statistically significant.

We used a backward elimination technique to build
multivariate models for RFS and OS. In this procedure,
we first performed univariate regression of clinical factors
one at a time against the outcome. The factors that
showed univariate associations at p<0.1 were passed to a
second stage for multivariate modelling. In the second
stage, we placed all variables in the model and remove the
least significant factors until only factors with p<0.05 were
left in the model. The same backward elimination tech-
nique was used in logistic regression to build models for
locoregional recurrence and distant recurrence. Analyses
were performed in GraphPad Prism V.8.0.0 and R V.3.5.1.

RESULTS

Clinicopathologic characteristics

Baseline characteristics of these patients are listed in
table 1. Median age was 58 years (range=21-84 years)
with 52% of patients having a duodenal primary. The
median number of TLNs assessed was 11 (range=0-
55), and was significantly different between the three
subsites (duodenum=15 TLNs, jejunum=8 TLNs and
ileum=11 TLNs, p<0.01). This may reflect the high rate of
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Total (N=257) Duodenum (N=133) Jejunum (N=74) (N=50) P value

Gender, number (%)

Race, number (%)

Histologic grade, number (%)

T stage, number (%)

Pathologic stage, number (%)

Margin status, number (%)

Perineural invasion, number (%)

Lymphovascular invasion,
number (%)

IBD," number (%)

Coeliac disease, number (%)

Mismatch repair status, number
(%)
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Table 1 Continued
lleum
Total (N=257) Duodenum (N=133) Jejunum (N=74) (N=50) P value
Perioperative treatment, number
(%)
Adjuvant 137 (53) 59 (44) 45 (61) 33 (66) 0.01
Neoadjuvant+adjuvant 22 (9) 18 (14) 3 (4) 1)
No perioperative treatment 76 (29) 45 (34) 20 (27) 11 (22)
Unknown 22 (9) 11 (8) 6 (8) 5(10)
Radiation therapy, number (%)
No 199 (77) 90 (68) 65 (88) 44 (88) <0.001
Yes 36 (14) 32 (24) (4) 1(2)
Unknown 22 (9) 11 (8) 6 (8) 5(10)

dMMR, deficient mismatch repair; IBD, inflammatory bowel disease; pMMR, proficient mismatch repair.

pancreaticoduodenectomies, 65%, for duodenal prima-
ries. Median TLNs assessed increased over time with
resections before 2008 demonstrating 9.5 TLNs (median)
and resections after 2007 demonstrating 14 TLNs, p=0.01.
Among the patients with stage II disease, TLNs assessed
were <7 in 46% and 27 in 54%.

Prognostic factors

Median follow-up was 40 months (range: 2-392 months),
and median OS was 57.5months. Both OS and RFS
differed by stage and number of assessed lymph nodes
(figure 1A,B). The 5-year Kaplan-Meier estimates for OS
of patients with pathologic stage I, IT and III were 79%,
58% and 38%, respectively (p<0.001) (online supple-
mental figure 1A,B), and their RFS were 80%, 40% and
26%, respectively (p<0.001). RFS and OS differed when
stratified by TLNs assessed for stage II disease, <7 TLNs
assessed versus 27 TLNs (RFS=31months vs 203 months,
respectively, p=0.02; OS=61 months vs 132 months,
p=0.38). There was no significant difference of OS
between primary tumour subsites (figure 1C); however,
ileal tumours had decreased RFS when compared with
duodenal tumours (figure 1D). For duodenal adenocar-
cinomas, the comparison of pancreaticoduodenectomy
versus segmental resection demonstrated an improved
RFS (39 months vs 13 months, p<0.01) but no difference
in OS (74months vs 46 months, p=0.28), respectively.

We considered seven possible covariates in building a
multivariate model for RFS. Lymph node involvement
(stage III disease), lymphovascular invasion, histologic
grade and race were independent predictors of RFS. We
also considered a different set of 10 covariates in building
a multivariate model for OS (table 2). Race, stage and
histological grade were independent predictors of OS.
Instead of lymphovascular invasion, perineural invasion
was the fourth factor included in the OS model.

Lymphovascular invasion and perineural invasion were
both statistically significant in univariate analysis for both
RFS and OS but showed a very high degree of correla-
tion with each other, p<0.001, with nearly all tumours

demonstrating perineural invasion also having lympho-
vascular invasion (55 out of 57) (online supplemental
figure 2A-D). However, when evaluating stage II patients
only, neither perineural nor lymphovascular invasion
were statistically correlated with RFS or OS (online
supplemental figure 2E-H). Mismatch repair status was
known in only 103 patients (40%) and was not included
in multivariate modelling; however, in univariate analysis,
proficient mismatch repair (pMMR) was associated with
decreased OS (HR=3.39; 95% CI: 1.56-7.37; p=0.002) and
RFS (HR=2.36; 95% CI: 1.3-4.3; p=0.005) when compared
with dMMR (figure 1E,F). When stratified by stages I and
II (HR=3.49; p=0.05) and stage III (HR=3.69, p=0.01),
dMMR compared with pMMR remained prognostic for
OS and for stage III (HR=2.4, p=0.04) RFS but not stages
I'and II (HR=2.14, p=0.09) RFS.

Given the known importance of the number of lymph
nodesaccessed in stage Il disease, we evaluated predefined
lymph node ratios in stage III disease with N1 stratified
by <10% PLNs and 210% PLNs, and N2 stratified by
<30% PLNs and 230% PLNs (online supplemental figure
3A,B). For N1 disease, the median RFS was 85.3 months
for N1 <10% PLNs versus 14.4months for N1 >10% PLNs
(p=0.03) and median OS was 135.1 months for N1 <10%
PLNs versus 28.5 months for N1 210% PLNs (p=0.04). No
significant difference was seen when comparing RFS and
OS in the two subgroups of N2 disease (N2 <30% PLNs vs
N2 >30% PLNs, p>0.05).

Neoadjuvant and adjuvant treatment

The role of perioperative therapy was evaluated in 235
patients, of whom 9% (n=22) received neoadjuvant treat-
ment (+adjuvant), 58% (n=137) received adjuvant treat-
ment and 32% (n=76) underwent surgery alone (online
supplemental tables 1,2). We found no significant differ-
ence in OS nor RFS between these three groups (online
supplemental figure 4A,B). When comparing patholog-
ical staging between neoadjuvant-treated and adjuvant-
treated patients, there was numerically lower stage
disease in patients receiving neoadjuvant therapy with
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Figure 1

Kaplan-Meier estimates of 10-year OS and 10-year RFS according to pathological stage (A and B), primary

tumour location (C and D) and mismatch repair status (E and F). dMMR=deficient mismatch repair; OS: overall survival;
pMMR=proficient mismatch repair; RFS: relapse-free survival; TLNs=total number of lymph nodes.

T3/T4 disease in 86% compared with 94% (p=0.18) and
N2 disease in 18% compared with 29% (p=0.44), respec-
tively. When comparing all neoadjuvant-treated patients
with stage III adjuvant-treated patients, similar RFS and
OS are seen (online supplemental figure 5A,B). Radia-
tion therapy was administered to 33 patients (14%) of
235 patients and in univariate analysis was associated with
improved RFS (HR=0.58; 95% CI: 0.35-0.96; p=0.04).
The association of radiation therapy with OS was not
statistically significant (HR=0.58; CI: 0.33-1.03; p=0.06).

Diagnostic testing and time to diagnosis

The data about the specific procedure used for diag-
nosis were available in 197 patients. Tissue diagnosis was
made by endoscopy in 38%, surgery in 35%, radiographic
imaging in 21% and capsule endoscopy in 6%. The data
on the approximate time from initial medical evaluation
to diagnosis were present in 115 patients; the median
time to diagnosis was 31 days (range=1-390). The time to
diagnosis did not change over time (figure 2A).

Recurrence pattern
At the time of analysis, a total of 145 patients (56%)
developed recurrence: 7% in stage I, 59% in stage II

and 71% in stage III (p<0.001). Recurrence differed by
small bowel subsite with more recurrences seen in ileal
(77%), compared with jejunal (65%) and duodenal
(54%, p=0.01) SBA (figure 1D). Among patients who
recurred, median time to recurrence was 14.7 months
for stage II (range=2-119 months) and 10.8months
(range=1-80 months) for stage III (p<0.001), and
11.8months (range=1-119 months), 11.5months
(range=1-70 months) and 14.4months (range=1-66
months) for duodenal, jejunal and ileal SBA, respec-
tively (p=0.6).

Information on recurrence location was available in 142
patients (figure 2B). Recurrence as distant metastases was
identified in 101 patients (71%), isolated locoregional
recurrence (LR) was detected in 23 patients (16%) and
LR occurred synchronously with distant recurrence (DR)
in 18 patients (13%). Among patients who recurred,
median time to DR, LR and LR with DR was 11 months
(range=1-119 months), 15 months (range=6-47 months)
and 1lmonths (range=4-57 months), respectively
(p=0.16). A higher rate of peritoneal recurrence was seen
for jejunal and ileal primaries compared with duodenal
primaries (figure 2C).
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Predictors of LR and DR are listed in online supple-
mental table 3. In univariate analysis, MMR status was
strongly associated with recurrence pattern with pMMR
demonstrating a reduced risk of LR (OR=0.12, 95% CI:
0.03-0.5, p=0.004) but an increased risk of DR (OR=5.72,
95% CI: 1.42-22.98, p=0.01).

DISCUSSION

In this large retrospective cohort study over four decades,
we summarise the prognostic factors associated with
resected localised SBA. Interestingly, we find that despite
advances in diagnostic modalities, the time to diagnosis
from first medical evaluation has remained unchanged
over time. The primary recurrence pattern was DR with
peritoneal recurrence more common for jejunal and ileal
primarysites. Neoadjuvant therapy was used in 9% of cases.
Although comparisons did not reach statistical signifi-
cance, the similar outcomes to adjuvantly treated stage III
patients suggest that further exploration of neoadjuvant
therapy in patients with SBA should continue.

Multivariate analysis suggests that lymph node involve-
ment, poor histological differentiation, non-black race,
perineural invasion (OS only) and lymphovascular inva-
sion (RFS only) are independent predictors for poor
survival in SBA. The importance of both perineural and
lymphovascular invasion has not been well delineated in
prior literature and strongly demonstrate the importance
of detailed pathological assessment in these patients.
In contrast to other reports, the improved outcome for
black race has not been seen and the significance of this
finding in this report given the small sample size is uncer-
tain. Though only tested in 40% of SBA in this report,
dMMR status was correlated with improvements in both
RFS and OS, and demonstrate a robust predilection for
LR as opposed to DR. This locoregional predilection for
dMMR cancers has been previously seen in colorectal
cancer and likely reflects the unique biology of dMMR
cancers.'® In addition, in univariate analysis, the predis-
posing condition of inflammatory bowel disease (IBD)
was associated with worse RFS and OS.

The effect that the anatomic location of the SBA primary
site has on patient outcome has been controversial.”™"
Although many studies have identified a duodenal loca-
tion as a negative predictor of survival, this has often been
ascribed to a lower percentage of those patients under-
going cancer-directed surgery.'”" Other results suggest
that the impact of small bowel anatomic site on outcome
decreases as the number of TLNs assessed increases.” We
did not identify prognostic value of the primary anatomic
site in multivariate models for OS or RFS."' * Interest-
ingly, however, median RFS was lower for ileal primaries
in comparison to duodenal primaries (16.5months vs
32.9months, p=0.01), which may reflect the high rate,
30%, of IBD in the ileal subsite. In addition, we found
a high rate of TLNs in duodenal primaries, which may
reflect the high rate of pancreaticoduodenectomies
performed (65% of duodenal surgeries in this dataset).
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The AJCC guidelines (eighth edition) states that the
minimum number of regional lymph nodes needed
for accurate staging and effective treatment of SBA is
6, although different studies have argued in favour of
revising this threshold to a higher one.'**** In patients
with SBA, low number of assessed lymph nodes and high
lymph-node ratio (LNR) (>50%—75%) have been associ-
ated with decreased survival.” "' * Within this report, we
found >7TLNs assessed to be associated with improved
RFS but not OS, which may reflect the small size, N=115,
of our stage II population. In addition, the low 5-year
OS of 58% for stage II patients may reflect the high rate
of inadequate lymph node sampling with 46% of stage
II patients having <7 TLNs assessed. Though limited by
small numbers with regard to substratification of stage
III patients, we explored a pre-planned assessment of per
cent lymph node involvement in N1 and N2 diseases. This
analysis demonstrated a statistical difference between
N1 <10% PLNs vs N1 >10% for OS (135.1 months vs
28.5months, respectively, p=0.04) and RFS (85.3 months
vs 14.4months, respectively, p=0.03), but not for stage III
N2 disease (<30% PLNs vs 230 PLNs). Though prelimi-
nary, this suggests that for patients with low lymph node
involvement, the LNR is an important factor that should
be incorporated into prognostication.

Diagnosing localised SBA has been challenging
because of the anatomic location and non-specific
symptoms. Similar to what has been reported in other
studies, most of the diagnoses in our patient sample
were made by endoscopy (38%; n=74) and by surgery
(35%; n=69). Accurate preoperative diagnosis has been
reported only in 30%-72% of cases."! ** %" Overall,
the median time from first medical evaluation to diag-
nosis in our cohort was 31 days. This is similar to other
recent studies.” " This is in contrast to older investiga-
tions which demonstrated much longer time to diagnosis
of 6-8 months.”* Though diagnostic methods for small
bowel tumours have evolved substantially with improved
cross-sectional imaging and endoscopic approaches such
as capsule endoscopy, the current study did not identify
any trend towards earlier diagnosis over the course of
the three decades (1993-2009). Though the reasons for
this are not known, it may reflect the fundamental chal-
lenges with non-specific symptoms and suggests a need
for greater disease awareness.

Prior retrospective investigations have identified mixed
results with regards to the benefit of adjuvant treatment
for SBA, though its use has been increasing.’ Most have
not found significant survival benefit with the use of

adjuvant therapy%_go; and in those who have found a
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benefit, it has been limited to patients with high risk of
relapse (eg, stage III disease).” ™" Neither adjuvant nor
neoadjuvant therapy were associated with OS or RFS,
which may reflect the limitations of both sample size and
selection bias towards providing such therapy to patients
at higher risk of recurrence. However, it is interesting
to note that we did find similar outcomes for stage III
adjuvant-treated and neoadjuvant-treated patients and
a suggestion of pathological downstaging with neoadju-
vant therapy. Though the use of neoadjuvant therapy is
often limited in SBA, as the diagnosis if often made at the
time of surgery, this data does support further explora-
tion of the use of neoadjuvant therapy in this disease type.
At present, the ongoing randomised phase III BALLAD
study (NCT04257461) is evaluating the role of adjuvant
chemotherapy in SBA.

Potential study limitations include its retrospec-
tive design and inherent selection biases. However,
the single-institution dataset allowed for more gran-
ular data collection that would be impossible in a
national dataset. Furthermore, given the limited size
of subgroup analyses, these findings should be consid-
ered exploratory.

In conclusion, this report demonstrates the need
for continued focus on diagnostic awareness to help
improve the time to diagnosis for patients with SBA,
the distant recurrence predilection, the importance
for thorough pathological analysis and the impor-
tance of mismatch repair testing. Though the role or
perioperative therapy remains uncertain, this report
suggests that continued exploration of neoadjuvant
approaches are warranted.
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