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Abstract

Background: Small bowel adenocarcinoma is a rare cancer, and the role of adjuvant chemotherapy for localized disease is still
debated.

Methods: This retrospective multicenter study included all consecutive patients who underwent curative surgical resection for local-
ized small bowel adenocarcinoma between 1996 and 2019 from 3 French cohort studies. Prognostic and predictive factors of adjuvant
chemotherapy efficacy were analyzed for disease-free survival and overall survival. The inverse probability of treatment weighting
method was applied in the Cox regression model using the propensity score derived from multivariable logistic regression.

Results: A total of 354 patients were included: median age, 63.5 years; duodenum location, 53.5%; and tumor stage I, II, and III in 31
(8.7%), 144 (40.7%), and 179 (50.6%) patients, respectively. The adjuvant chemotherapy was administered in 0 (0%), 66 (48.5%), and 143
(80.3%) patients with stage I, I, and III, respectively (P <.0001). In the subgroup analysis by inverse probability of treatment weighting
method, a statistically significant disease-free survival and overall survival benefit in favor of adjuvant chemotherapy was observed
in high-risk stage II (T4 and/or <8 lymph nodes examined) and III (T4 and/or N2) but not for low-risk stage II (T3 and >8 lymph nodes
examined) and III (T1-3/N1) tumors (Pinteraction < -05). Furthermore, tumor location in jejunum and ileum was also a statistically sig-
nificant predictive factor of response to adjuvant chemotherapy in stage II and III tumors (Pinteraction < -05).

Conclusion: In localized small bowel adenocarcinoma, adjuvant chemotherapy seems to provide a statistically significant survival
benefit for high-risk stage II and III tumors and for jejunum and ileum tumor locations.
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Small bowel cancers are rare diseases, accounting for approxi-
mately 5% of all gastrointestinal cancers, with the predominance
of small bowel adenocarcinoma that has increased in incidence
across recent years (1). The incidence of small bowel adenocarci-
noma varies by geographic area, with rates that appear to be
higher in North America and Western Europe and lower in Asian
countries (1). Exploratory methods have been improved for these
difficult-to-diagnose tumors, but patients often have nonspecific
symptoms, which can therefore delay diagnosis (2). Most of these
primary tumors arise in the duodenum (55%-60%), followed by
jejunum (25%-30%) and ileum (15%) locations, and the median
age at diagnosis is approximately 60 years, with a male predomi-
nance (2). Predisposing diseases are found in approximately 20%-
30% including familial adenomatous polyposis, Lynch syndrome,
Peutz-Jeghers syndrome, Crohn disease, and celiac disease (3-5).
Studies based on prospective cohorts have shown that approxi-
mately 40% of patients have localized disease at diagnosis, and
their prognosis is worse on average than for other related malig-
nancies, including colon cancer at the same tumor stage (4-6). In
this context, adjuvant chemotherapy could be interesting to
eradicate the residual microscopic disease responsible for disease
recurrence and thus improve patient survival. According to the
American National Cancer Database, the use of adjuvant chemo-
therapy has increased from 24.2% in 1998 to 43.4% in 2011 (7),
and fluoropyrimidine with or without oxaliplatin are the most
common regimens based on efficacy of these drugs in advanced
small bowel adenocarcinoma and by analogy to the adjuvant
treatment of colon cancer (8).

However, given the rarity of small bowel adenocarcinoma and
the lack of randomized studies, there is no clear evidence of effi-
cacy regarding the adjuvant treatment after small bowel adeno-
carcinoma resection (4). Data from the literature are conflicting
presumably because of a lack of patient stratification for con-
founding factors and specification of treatment modalities in
most studies (4). The first data from retrospective studies have
found no benefit in adjuvant chemotherapy after curative surgi-
cal resections (9-15). More recently, another study based on the
American National Cancer Database revealed a decrease in the
risk of death in favor to adjuvant chemotherapy for patients with
stage III small bowel adenocarcinoma and a trend of improve-
ment in overall survival with adjuvant chemotherapy for those
with stage II T4 tumors (7). These data highlight the need to iden-
tify tumor factors of high-risk of recurrence to guide adjuvant
treatment as it is recommended for colon cancer. Therefore,
most recommendations for treatment of patients with localized
small bowel adenocarcinoma come from expert agreements or
from analogies to the management of colon cancer patients. The
French guidelines updated in 2022 recommend, with a low level
of evidence, adjuvant chemotherapy for stage III and stage II
with T4 tumor (16). For the National Comprehensive Cancer
Network guidelines updated in 2020, adjuvant chemotherapy
with fluoropyrimidine and oxaliplatin is recommended for stage
111, while for stage II, adjuvant chemotherapy with fluoropyrimi-
dine with or without oxaliplatin is recommended for those with
high-risk features of recurrence such as T4 and/or less than 8
lymph nodes examined (17). Furthermore, in stage III colon can-
cer, duration and regimen of adjuvant chemotherapy are being
guided by stratification of patients into low (T1-3 and N1) and
high (T4 and/or N2) risk groups based on the IDEA (International
Duration Evaluation of Adjuvant Chemotherapy) study (18).
However, this tumor stratification of low- and high-risk T and N
stage groups for adjuvant chemotherapy in localized small bowel
adenocarcinoma has never been evaluated.

In this study, we aim to evaluate the benefit of adjuvant che-
motherapy in small bowel adenocarcinoma in terms of disease-
free survival (DFS) and overall survival according to tumor stage
and high-risk features defined by T4 and/or less than 8 lymph
nodes examined for stage I and by T4 and/or N2 for stage III.

Methods

Study participants

This retrospective multicenter study included all consecutive
patients with histologically confirmed and resectable small
bowel adenocarcinoma treated between 1996 and 2019 with sur-
gery alone or followed by adjuvant chemotherapy based on fluo-
ropyrimidine with or without oxaliplatin planned for 6 months in
French centers. For each patient, adjuvant treatment and the
regimen of chemotherapy were decided in a multidisciplinary
tumor board. The study population included patients from 3
cohorts: AGEO-PHRC cohort between 1996 and 2008 studied by
Zaanan et al. and Aparicio et al. (19,20), ARCAD-NADEGE cohort
between 2009 and 2012 studied by Aparicio et al. (5), and AGEO-
COLOGREL cohort between 2013 and 2019 not published yet.
Patient files were retrieved from tumor registries of pathology
departments and information system medical programs in each
center, using the International Statistical Classification of
Diseases and Related Health Problems version 10 (ICD-10) inter-
national codes C17.0 (duodenum), C17.1 (jejunum), and C17.2
(ileum). Exclusion criteria were individuals aged younger than 18
years, residual tumor R1 or R2 status for the surgical resection of
localized small bowel adenocarcinoma, tumor stage O (carci-
noma in situ), adjuvant treatment based on drugs other than flu-
oropyrimidine with or without oxaliplatin or radiotherapy, and
death within 30days after surgery. This study was conducted in
accordance with the Declaration of Helsinki. The AGEO-PHRC
and ARCAD-NADEGE cohort studies were previously authorized
by the ethics committee Ile de France II No. ID-RCB: 2008-
A01058-47 (20,5), and the AGEO-COLOGREL cohort was more
recently approved (DR-2020-260 n° 920274).

Treatment and outcome

Data were collected on relevant demographic data, tumor char-
acteristics including the number of lymph nodes examined and
vascular emboli, lymphatic invasion, and perinervous invasion
(21) for stage II; predisposing disease or known genetic syndrome;
adjuvant chemotherapy regimens; local and distant disease
recurrences; and death. Routine follow-up was similar to colon
cancer consisting of physical examination, biological tests, and
computed tomography scan (or ultrasonography) every 3-6
months for at least 5 years. The data were updated in June 2021.

Statistical analysis

Baseline clinical and pathological variables were described in
overall population, according to stage and adjuvant chemother-
apy with median and range for continuous variables and fre-
quencies with percentages for qualitative variables. Differences
in baseline characteristics according to postoperative manage-
ment were assessed using Wilcoxon test for continuous variables
and the % test or Fisher exact test for categorical variables.

The primary endpoint was the association between adjuvant
chemotherapy and survival (DFS and overall survival) in stage II
and III small bowel adenocarcinoma separately. DFS was defined
as the time elapsed from diagnosis to the first recurrence or
death from any cause. Patients alive without relapse were cen-
sored at the date of last follow-up. Overall survival was defined
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as the time elapsed from diagnosis to death from any cause.
Patients alive were censored at the date of last follow-up.
Survivals and follow-up were estimated by Kaplan-Meier and
reverse Kaplan-Meier methods, respectively, and described with
median and 95% confidence interval (CI). Log-rank tests were
used to compare survivals curves.

Association between baseline characteristics and survivals
was estimated with univariable Cox proportional hazards regres-
sion models, and the hazard ratio (HR) with 95% confidence
interval was provided. Variables with a P value of .10 or less in
univariate analysis were eligible for the Cox multivariable regres-
sion model, which was constructed according to the Peduzzi rule
of 1 independent variable entered for 10 events. Correlation
between variables was assessed, and as variable of interest, adju-
vant chemotherapy was forced in the multivariable model.

A propensity score method was used to limit potential bias
because of confounding parameters unbalanced between
patients untreated or treated with adjuvant chemotherapy in
stage Il and III separately. Univariable logistic regression was first
used to model the probability of having adjuvant chemotherapy,
and then variables with a P value less than .15 were introduced
into multivariable model after correlation checking. The area
under the curve (AUC) and Hosmer-Lemeshow test statistic were
estimated. The inverse probability of treatment weighting
method was applied in the Cox regression model using the pro-
pensity score derived from multivariable logistic regression to
assess the association between adjuvant chemotherapy and sur-
vivals.

As a secondary endpoint, the association between adjuvant
chemotherapy and survival was analyzed in subgroups according
to relevant characteristics and risk groups. The forest plots with
Pinteraction Value and hazard ratio with 90% confidence interval
obtained with inverse probability of treatment weighting method
applied in the Cox regression model were provided. In this study,
high-risk features were defined by T4 and/or less than 8 lymph
nodes examined for stage II small bowel adenocarcinoma as rec-
ommended by National Comprehensive Cancer Network guide-
lines (17) and by T4 and/or N2 (>3 positive lymph nodes) for
stage III small bowel adenocarcinoma as it is dichotomized in
stage III colon cancer by IDEA consortium (18). Conversely, low-
risk tumors were defined by T3 and at least 8 lymph nodes exam-
ined for stage Il and by T1-3 and N1 (<3 positive lymph nodes) for
stage III small bowel adenocarcinoma.

A P value of less than .05 was considered statistically signifi-
cant. All statistical tests were 2-sided, and P values were not
adjusted for multiple testing because of the exploratory context
of the study. All analyses were performed using SAS software
version 9.3 (SAS Institute, Cary, NC, USA) and R software ver-
sion 4.1.

Results

Study population

Among the 413 patients who underwent a surgical resection for
localized small bowel adenocarcinoma from AGEO-PHRC (n=41),
ARCAD-NADEGE (n=202), and AGEO-COLOGREL (n=170)
cohorts, 59 were excluded because of tumor stage 0 (Tis), incom-
plete tumor resection (R1 or R2), adjuvant treatment based on
gemcitabine chemotherapy or radiotherapy, death within 30
postoperative days, or missing data regarding the tumor resec-
tion or adjuvant treatment (Figure 1, Flow Chart). Demographic
and clinical characteristics of the study population (n=2354) are
listed in Table 1 and stratified by the tumor stage I (n=31), stage
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II (n=144), and stage III (n=179). Duodenal location and predis-
posing disease were more frequent in earlier tumor stage. The
administration of adjuvant chemotherapy was more frequent in
stage III than in stage II tumor, while patients with stage I tumor
were exclusively treated with surgery alone (Table 1). As
expected, after a median follow-up of 5.2years (95% CI = 4.7 to
6.0 years), early tumor stage was associated with a longer DFS
and overall survival: the 5-year DFS rates were 78%, 61%, and
42%, and the 5-year overall survival rates were 88%, 76%, and
58%, for tumor stage I, II, and III, respectively (Supplementary
Figure 1, available online).

Survival according to adjuvant chemotherapy in
stage II

In stage II small bowel adenocarcinoma, 48.5% (66 of 136) of
patients were treated with adjuvant chemotherapy including the
FOLFOX (5-fluorouracil and oxaliplatin) or CAPOX (capecitabine
and oxaliplatin) regimens in 80.3% and fluoropyrimidine alone
(5-fluorouracil or capecitabine) in 19.7% (Table 1).

The characteristics of patients with stage II small bowel
adenocarcinoma according to the administration of adjuvant
chemotherapy are shown in Table 2. Patients treated with adju-
vant chemotherapy were statistically significantly more likely to
be younger and to have high-risk (T4 and/or <8 lymph nodes
examined) and vascular emboli, lymphatic invasion, and periner-
vous invasion-positive tumors (Table 2). In univariate and multi-
variate analysis, adjuvant chemotherapy was not statistically
significantly associated with an improvement in DFS or overall
survival, while the high-risk subgroup was associated with a stat-
istically significant worse overall survival and a trend for worse
DFS as compared with the low-risk subgroup (Table 3).

The propensity score was built with all relevant variables
unbalanced between patients with and without adjuvant chemo-
therapy. The multivariable logistic regression including age at
diagnosis and risk group to estimate the probability to receive
adjuvant chemotherapy exhibited an AUC equal to 0.76, which
means that the model succeeds to predict patients receiving
adjuvant chemotherapy in 76% of cases (Supplementary Table 1,
available online).

In inverse probability of treatment weighting method analysis,
adjuvant chemotherapy was associated with a statistically signif-
icant improvement of DFS (HR=0.67, 90% CI = 0.46 to 0.99;
P=.04) and a trend for an improvement of overall survival
(HR=0.65, 90% CI = 0.41 to 1.02; P=.06). In subgroup analysis, a
statistically significant differential effect on DFS was observed in
the low- and high-risk groups (Pinteraction =.04), with a higher
benefit from adjuvant chemotherapy observed in high-risk tumor
(HR=0.53, 90% CI = 0.35 to 0.79) as compared with low-risk
tumor (HR=1.25, 90% CI = 0.71 to 2.20) (Figure 2). The same
result was observed for overall survival (Pipteraction =-.05)
(Figure 2). Interestingly, the tumor location was also a predictive
marker of response to adjuvant chemotherapy with a statistically
significant Pipteraction Value (.02 for DFS and .04 for overall sur-
vival). Patients with jejunum and ileum tumor had a higher DFS
(HR=0.46, 90% CI = 0.29 to 0.74) and overall survival (HR =0.44,
90% CI = 0.26 to 0.74) benefit in favor of adjuvant chemotherapy
as compared with patients with duodenum location (DFS:
HR=0.98, 90% CI = 0.63 to 1.52; overall survival: HR=1.07, 90%
CI =0.61to 1.86) (Figure 2).
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Figure 1. Flow chart.

Survival according to adjuvant chemotherapy in
stage III

In stage III small bowel adenocarcinoma, 80.3% (143 of 178) of
patients were treated with adjuvant chemotherapy including the
FOLFOX or CAPOX regimens in 88.1% and fluoropyrimidine alone
(5-fluorouracil or capecitabine) in 11.9% (Table 1).

The characteristics of patients with stage III small bowel
adenocarcinoma according to the administration of adjuvant
chemotherapy are listed in Table 4. There was no statistically sig-
nificant difference apart from age with younger patients in adju-
vant chemotherapy group. In univariate and multivariate
analysis, adjuvant chemotherapy was not associated with a stat-
istically significant improvement in either DFS or overall sur-
vival, while high-risk subgroup (T4 and/or N2) was associated
with a statistically significant worse DFS and overall survival as
compared with low-risk subgroup (Table 5).

The propensity score was built with all relevant variables unbal-
anced between patients with and without adjuvant chemotherapy.
The multivariable logistic regression including age at diagnosis and
PN stage to estimate the probability to receive adjuvant chemother-
apy exhibited an AUC equal to 0.67, which means that the model
succeeds to predict patients receiving adjuvant chemotherapy in
67% of cases (Supplementary Table 2, available online).

In inverse probability of treatment weighting method analy-
sis, adjuvant chemotherapy was associated with a statistically
significant improvement for overall survival (HR=0.68, 90% CI
= 0.49 to 0.94; P=.02) but not for DFS (HR=0.93, 90% CI = 0.70
to 1.24; P=.61). In subgroup analysis, the benefit of adjuvant
chemotherapy on DFS was greater in the high-risk tumors
(HR=0.75, 90% CI = 0.57 to 0.98) and pT4 (HR=0.62, 90% CI =
0.44 to 0.86) as compared with low-risk tumors (HR=1.67, 90%
CI = 0.96 to 2.93) and pT1-T3 (HR=1.26, 90% CI = 0.88 to 1.80)
with a statistically significant Pinteraction Value (.05 for risk group
and .02 for pT stage) (Figure 3). The same result was observed
for overall survival with a statistically significant Pipteraction
value (.01 for risk group and <.01 for pT group) (Figure 3). As
observed for stage II small bowel adenocarcinoma, tumor loca-
tion was also a predictive marker of response to adjuvant che-
motherapy in stage III small bowel adenocarcinoma with a
statistically significant Pipteraction Value (<.01 for DFS and overall
survival). Patients with jejunum and ileum tumor had a higher
DFS (HR=0.38, 90% CI = 0.26 to 0.55) and overall survival
(HR=0.13, 90% CI = 0.08 to 0.21) benefit in favor to adjuvant
chemotherapy as compared with patients with duodenum loca-
tion (DFS: HR=1.39, 90% CI = 1.00 to 1.95; overall survival:
HR =1.44, 90% CI = 0.98 to 2.13) (Figure 3).
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Overall population

Characteristics (n=354)
Sex, No. (%)

Male 197 (55.65)

Female 157 (44.35)
Age at diagnosis, No. (%)

Younger than 75 y 294 (83.05)

Median age (range), y
Primary tumor location, No. (%)

63.49 (20.32-89.12)

Duodenum 189 (53.54)
Jejunum 98 (27.76)
lleum 66 (18.70)
Missing 1
Predisposing disease, No. (%)
No 244 (72.84)
Yes 91 (27.16)
Crohn disease 39 (11.64)
Lynch syndrome 42 (12.54)
Familial adenomatous polyposis, No. (%) 3(0.90)
Coeliac disease 7 (2.09)
Missing 19
Adjuvant chemotherapy, No. (%)
No 136 (39.42)
Yes 209 (60.58)
Missing 9
Adjuvant chemotherapy regimen, No. (%)
FOLFOX or CAPOX 179 (85.65)
LV5FU2 or CAPECITABINE 30 (14.35)

Stage I Stage Il Stage III
(n=31) (n=144) (n=179) P
.06
21 (67.74) 70 (48.61) 106 (59.22)
10 (32.26) 74 (51.39) 73 (40.78)
25 (80.65) 123 (85.42) 146 (81.56) .61
61.33 (41.16-86.97)  63.72 (20.32-87.55) 63 (24.25-89.12) .76
.006
24 (77.42) 62 (43.36) 103 (57.54)
4 (12.90) 50 (34.97) 44 (24.58)
3(9.68) 31 (21.68) 32 (17.88)
0 1 0
.046
18 (64.29) 90 (67.16) 136 (78.61)
10 (35.71) 44 (32.84) 37 (21.39)
3(10.71) 18 (13.43) 18 (10.40)
5(17.86) 19 (14.18) 18 (10.40)
1(3.57) 2 (1.49) 0(0)
1(3.57) 5(3.73) 1(0.58)
3 10 6
<.0001
31 (100.00) 70 (51.47) 35 (19.66)
0(0) 66 (48.53) 143 (80.34)
8 1
.02
0 (0) 53 (80.30) 126 (88.11)
0(0) 13 (19.70) 17 (11.89)

a

Discussion

To our knowledge, this is the first published report evaluating in
a large population the benefit of adjuvant chemotherapy of
patients with localized small bowel adenocarcinoma by identifi-
cation of low- and high-risk T and N stage groups, in terms of
DFS and overall survival. The question remains a subject of
debate because of the lack of clear demonstration of the benefit
of adjuvant treatment for this disease (4). Our large retrospective
study extending over a period of more than 20 years showed that
adjuvant chemotherapy was proposed for a majority of patients
with a stage III tumor (80.3%) and only for approximately half
(48.5%) of those with a stage II tumor. Interestingly, for stage III
patients, those who did not receive adjuvant chemotherapy were
older, whereas for stage II tumors, those who received chemo-
therapy not only were statistically significantly younger but also
had a more frequently high-risk tumor. Analysis of the clinical
and pathological features in stage II and III small bowel adeno-
carcinoma indicated that T and N stage were the most important
contributors to DFS and overall survival benefit from adjuvant
chemotherapy. This unbalanced distribution of poor prognostic
characteristics in the adjuvant chemotherapy group may explain
the lack of survival benefit in favor to adjuvant chemotherapy in
univariate analysis, thus underlining the interest of a propensity
score to limit these biases.

For stage II tumor, the subgroup analysis by inverse probabil-
ity of treatment weighting method model showed that patients
with high-risk tumors (pT4 or <8 lymph nodes examined)
seemed to benefit from adjuvant chemotherapy, whereas the
survival gain for low-risk patients was less or even nonexistent
(statistically significant Pinteraction tests). These results must be
put into perspective with previous data from retrospective or
meta-analysis and database studies that have not shown a sur-
vival benefit for patients treated with adjuvant chemotherapy,

CAPOX = capecitabine plus oxaliplatin; FOLFOX = 5-fluorouracil and oxaliplatin.

probably due to the lack of stratification on the clinicopathologic
factors (4). In the study of Ecker et al. (7) based in the American
National Cancer Database revealed a trend of improvement in
overall survival with adjuvant chemotherapy for those with stage
II T4 tumors. In our study, pT4 or less than 8 lymph nodes exam-
ined taken into account separately did not allow precise identifi-
cation of the subgroups of patients most sensitive to adjuvant
chemotherapy. The combination of these 2 factors, which is
observed in 61.1% of stage II small bowel adenocarcinoma, seems
to Dbetter select patients for adjuvant chemotherapy.
Furthermore, patients aged younger than 75years or with a
tumor diagnosed in occlusion or negative for vascular emboli,
lymphatic invasion, and perinervous invasion criteria seemed
also to benefit from adjuvant chemotherapy, but the Pijieraction
test was not statistically significant.

For stage III tumor, the subgroup analysis by inverse probabil-
ity of treatment weighting method showed that high-risk tumors
(pT4 and/or N2), as well as pT4 tumors considered separately,
seemed to benefit from adjuvant chemotherapy (statistically sig-
nificant Pipteraction t€sts), whereas the survival gain for patients at
low-risk (pT1-3/N1) or with a pT1-T3 tumor was less or even non-
existent. These data may explain the contradictory results of pre-
vious studies that did not consider these pathological
characteristics to assess the value of adjuvant chemotherapy for
stage III tumors. As for colon cancer, stratification on pT and pN
to distinguish low and high risk for stage III small bowel adeno-
carcinoma could help guide the choice of adjuvant treatment.

Interestingly, this study also showed that tumor location was
a predictive factor of response to adjuvant chemotherapy for
stage II and III small bowel adenocarcinoma. Indeed, patients
with tumors of the jejunum or ileum benefited from adjuvant
chemotherapy based on fluoropyrimidine alone or with oxalipla-
tin in terms of DFS and overall survival, whereas tumors of the
duodenum did not seem to respond to this treatment. In
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Table 2. Characteristics of patients with stage II small bowel adenocarcinoma with and without adjuvant chemotherapy

Stage II population
Characteristics (n=136)
Sex, No. (%)
Male 65 (47.79)
Female 71(52.21)
Age at diagnosis, No. (%)
Younger than 75y 116 (85.29)

Median age (minimum-maximum), y
Primary tumor location, No. (%)

63.79 (20.32-87.55)

Duodenum 61 (45.19)

Jejunum 46 (34.07)

Tleum 28 (20.74)

Missing 1

Predisposing disease, No. (%)

No 85 (66.93)

Yes 42 (33.07)
Crohn disease 16 (12.60)
Lynch syndrome 19 (14.96)
Familial adenomatous polyposis 2(1.57)
Coeliac disease 5(3.94)

Missing 9
Differentiation, No. (%)

Well and moderate 105 (88.24)

Low 14 (11.76)

Missing 17
Perforation, No. (%)

No 102 (95.33)

Yes 5 (4.67)
Occlusion, No. (%)

No 81 (75.00)

Yes 27 (25.00)
Vascular emboli, lymphatic invasion,

and perinervous invasion, No. (%)

No 59 (62.11)

Yes 36 (37.89)
pT, No. (%)

pT3 90 (66.18)

pT4 46 (33.82
Lymph nodes examined, No. (%)

<8 44 (36.67)

>8 76 (63.33)

Missing 1
Risk group, No. (%)

Low, T3 and >8 lymph nodes examined 49 (38.89)

High, T4 and/or <8 lymph nodes examined 77 (61.11)

Missing 10

No adjuvant chemotherapy

With adjuvant chemotherapy

(n=70) (n=66) P
.87
33 (47.14) 32 (48.48)
37 (52.86) 34 (51.52)
55 (78.57) 61 (92.42) .02
67.28 (29.28-87.55) 62.03 (20.32-78.93) 01
.35
35 (50.00) 26 (40.00)
20 (28.57) 26 (40.00)
15 (21.43) 13 (20.00)
0 1
75
44 (65.67) 41 (68.33)
23 (34.33) 19 (31.67)
5 (7.46) 11 (18.33)
14 (20.90) 5(8.33)
0(0) 2(3.33)
4(5.97) 1(1.67)
3 6
54 (88.52) 51 (87.93) .92
7 (11.48) 7 (12.07)
9 8
1.00
55 (94.83) 47 (95.92)
3(5.17) 2 (4.08)
31
42 (71.19) 39 (79.59)
17 (28.81) 10 (20.41)
.02
37 (72.55) 22 (50)
14 (27.45) 22 (50)
.002
55 (78.57) 35 (53.03)
15 (21.43 31 (46.97
.03
18 (27.69) 26 (47.27)
47 (72.31) 29 (52.73)
1 0
<.0001
38 (56.72) 11 (18.64)
29 (43.28) 48 (81.36)
3 7

accordance with these results, 2 recent meta-analysis of large
studies focusing on resectable duodenal small bowel adenocarci-
noma of any stage failed to show any survival benefit of adjuvant
chemotherapy (9,10). One hypothesis would be that duodenal
small bowel adenocarcinomas have more phenotypic and molec-
ular characteristics of pancreatic-biliary or gastric adenocarci-
noma, while jejunal and ileal small bowel adenocarcinomas are
more molecularly similar to colon cancer (22) and therefore may
cause greater sensitivity to fluoropyrimidine with or without oxa-
liplatin.

Our results should be interpreted with caution owing to the
retrospective nature of the study and the heterogeneity of our
real-life population treated in different centers and over a long
period of time. Findings for statistically significant survival bene-
fit for high-risk stage II and III tumors were not observed in the
population not adjusted for prognostic factors. However, analy-
ses were then based on individual data considering precise clini-
cal and pathological characteristics from this large series of
patients. This approach allowed us the production of a propen-
sity score to limit bias because of nonrandomized data and

unbalanced characteristics between patients with and without
adjuvant chemotherapy. These results need to be confirmed as
the conclusions reached from this study are based on data mod-
eling with the aim to eliminate any bias due to unbalanced con-
founding factors between the groups. Furthermore, translational
analyses are planned for these retrospective cohorts to assess
the prognostic and predictive value of molecular markers in the
response to adjuvant chemotherapy. In this context, microsatel-
lite instability, which is a molecular phenotype related to a defi-
cient DNA mismatch repair system, may play a major role to
guide adjuvant chemotherapy; In localized colon cancer, DNA
mismatch repair system and/or microsatellite instability may
predict resistance to 5-fluorouracil alone, while the addition of
oxaliplatin would restore the efficacy of adjuvant chemotherapy
(23).

In conclusion, adjuvant chemotherapy in resectable small
bowel adenocarcinoma remains debated in the absence of
randomized trials. Our study was able to highlight that adjuvant
chemotherapy provided a statistically significant survival benefit
in patients with high-risk stage II (T4 and/or <8 lymph nodes
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Table 3. Univariate and multivariate Cox models for disease-free survival and overall survival in the stage II population

Disease-free survival

Overall survival

Univariate Multivariate Univariate Multivariate
No. (events) HR 95% CI P? No. (events) HR 95% CI P* No. (events) HR 95% CI P? No. (events) HR 95% CI p®
Sex Male 65(24) 1 46 65(17) 1 39
Female 71(24) 0.81 0.46to1.43 71(15) 0.74 0.37t01.48
Age,y Younger than 75 116 (38) 1 07 107(37) 1 027 116(25 1 02 107(25) 1 14
75 and older 20(10) 1.91 0.95t03.85 19 (9) 1.53 0.72t0 3.27 20 (7) 2.76 1.16t06.58 19 (7) 2.01 0.79t05.13
Tumor location Duodenum 61 (20) 1 .90 61 (12) 1 .88
Jejunum 46 (19) 1.04 0,56t01.96 46 (13) 1.15 0.52t02.54
Tleum 28(8)  0.86 0.38t0 1.96 28(7) 1.25 0.49t03.19
Predisposing disease No disease 85 (35) 1 14 85 (21) 1 74
Disease 42 (12) 0.61 0.32t01.18 42 (11) 1.13 0.55t02.35
pT T3 90 (28) 1 .09° 90(18) 1 042
T4 46 (20) 1.66 0.93 t0 2.95 46 (14) 2.08 1.02t0 4.25
Lymph nodes examined <8 44 (20) 1 .07° 44 (16) 1 .09¢
>8 76 (22) 0.57 0.31t01.04 76 (15) 0.54 0.27t0 1.10
Risk group T3and N> 8 49 (13) 1 .04 49(13) 1 0.09  49(7) 1 .02 49 (7) 1 .005
T4orN<8 77 (33) 1.98 1.04t03.76 77 (33)  2.26 1.14t04.48 77 (25) 2.75 1.19t06.38 77 (25)  3.82 1.48t09.83
Differentiation Well and moderately 105 (35) 1 .25 105 (24) 1 0464
Low 14 (6)  1.66 0.70t03.95 14(6) 251 1.02t06.19
Vascular emboli, lymphatic No 59 (15) 1 44 59 (8) 1 .06°
invasion, and perinervous
invasion
Yes 36(12) 1.35 0.63t02.89 36 (11) 2.4 0.961t06.00
Occlusion No 81 (21) 1 .06° 81 (16) 1 .30
Yes 27 (12) 2.00 0.98t04.07 27 (8) 1.57 0.67 to 3.68
Perforation No 102 (31) 1 72 102 (23) 1 79
Yes 5(1) 0.7 0.10to5.13 5(1) 1.31 0.17t09.76
Adjuvant chemotherapy ~ No 70(28) 1 49 67(27) 1 21 70019 1 69  67(19) 1 23
Yes 66 (20) 0.82 0.46 to 1.45 59(19) 0.67 0.35t01.26 66 (13) 0.86 0.43t01.76 59(13) 0.62 0.28to 1.37

Variables with a P value of .10 or less in univariate analysis were eligible for the Cox multivariable regression model. CI = confidence interval; DFS = disease-free survival; HR = hazard ratio.

pT and lymph nodes examined were not included in the multivariate model because these variables are used to construct the high- and low-risk groups (nonindependent factors).

Multivariate analysis was not performed for these variables because of a relatively high rate of missing data (DFS, 21% for occlusion data; overall survival, 30% for vascular emboli, lymphatic invasion, and perinervous

invasion data).
d

independent variable for 10 events). As variable of interest, adjuvant chemotherapy was forced in the multivariable model.

This variable (differentiation) was not retained for the multivariate model because 3 variables were already selected (age, risk group, and adjuvant chemotherapy) of the 32 events observed (Peduzzi rule of 1
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A Disease free-survival in stage Il B Overall survival in stage Il
Subgroup No. of patients (events) HR  90%Cl PValue Subgroup No. of patients (events) HR  90%Cl P Value
Age .68 Age 19
Younger than 75 years 107 (37) — 067 0.47t00.94 Younger than 75 years 107 (25) m— 0.62 0.41t0 0.94
75 years and older 19 (9) —®— 113 04110312 75 years and older 19 (7) f———®—> 300 0921986
Occlusion .10 Occlusion .06
No 80 (16) - 089 05610 1.44 No 80 (16) = 0.89 05610 1.44
Yes 26 (8) — 027 01t00.74 Yes 26 (8) H— 027 0110074
Velipi -50 Velipi 15
No 58 (8) a— 043 0.21t00.88 No 58 (8) H— 043 02110088
Yes 36 (11) [ — 126 06910231 Yes 36 (11) - 126 0.69t02.31
Tumor location .02 Tumor location 04
Duodenum 57 (20) - 098 063101.52 Duodenum 57 (12) ——d 1.07 061t01.86
jejunum/lleum 69 (26) e 046 0.291t0 0.74 jejunum/lieum 69 (20) Hm— 044 02610 0.74
pT 91 pT 80
T3 80 (26) [ = 068 04510 1.03 3 80 (18) = 066 0.4101.09
T4 46 (20) i 064 03810 1.06 T4 46 (14) H— 0.59 0.33101.08
Lymph nodes examined A2 Lymph nodes examined 70
<8 44.(20) o 041 02410073 <8 44 (16) - 0.57 031101.07
>8 76 (22) - 0.74 04810 1.13 28 76 (15) i 0.65 0.39to 1.07
Risk group .04 Risk group -05
Low 49 (13) —a— 125 071t02.2 Low 49 (7) - 1.33 0.63t02.84
High 77.(33) Hm 053 0.35100.79 High 77.(25) _ e _ os oxwom
— —T—
0 05 1 15 2 25 3 0 05 1 15 2 25 3 35
<--In favor of adjuvant chemotherapy — —In favor of no adjuvant chemotherapy—> <~In favor of adjuvant chemotherapy — ~In favor of no adjuvant chemotherapy—>

Figure 2. Forest plot for disease-free survival (A) and overall survival (B) in stage II population by the inverse probability of treatment weighting
method. High-risk group: pT4 or less than 8 lymph nodes examined; low-risk group: pT3 and 8 or more lymph nodes examined; lower confidence
interval and upper confidence interval: 90%. The inverse probability of treatment weighting method was applied in the Cox regression model using the
propensity score derived from multivariable logistic regression to assess the association between adjuvant chemotherapy and survival. Two variables
were not tested in this model because of the very unbalanced distribution: perforation (yes vs no: 5 vs 102) and differentiation (low vs well or moderate:
14 vs 102). CI = confidence interval; HR = hazard ratio; VELIPI = vascular emboli, lymphatic invasion, and perinervous invasion.

Table 4. Characteristics of patients with stage III small bowel adenocarcinoma with and without adjuvant chemotherapy

Stage III population

No adjuvant chemotherapy

With adjuvant chemotherapy

Characteristics (n=178) (n=35) (n=143) P
Sex, No. (%) 48
Male 106 (59.55) 19 (54.29) 87 (60.84)
Female 72 (40.45) 16 (45.71) 56 (39.16)
Age at diagnosis, No. (%)
Younger than 75y 145 (81.46) 18 (51.43) 127 (88.81) <.0001
Median age (range), y 63 (24.25-89.12) 72.42 (24.25-89.12) 62.69 (30.89-88.50)
Primary tumor location, No. (%) .35
Duodenum 103 (57.87) 24 (68.57) 79 (55.24)
Jejunum 43 (24.16) 6 (17.14) 37 (25.87)
Tleum 32 (17.98) 5 (14.29) 27 (18.88)
Predisposing disease, No. (%) 43
No 135 (78.49) 25 (73.53) 110 (79.71)
Yes 37 (21.51) 9 (26.47) 28 (20.29)
Crohn disease 18 (10.47) 3(8.82) 15 (10.87)
Lynch syndrome 18 (10.47) 6 (17.65) 12 (8.70)
Coeliac disease 1(0.58) 0(0) 1(0.72)
Missing 6 1 5
pT, No. (%) 44
T1-T2 12 (3.39) 4(11.43) 8 (5.63)
T3 80 (45.20) 14 (40.00) 66 (46.48)
T4 85 (48.02) 17 (48.57) 68 (47.89)
Missing 1 0 1
PN, No. (%) 14
1 95 (57.23) 22 (68.75) 73 (54.48)
2 71(42.77) 10 (31.25) 61 (45.52)
Missing 12 3 9
Risk group, No. (%) .85
T1-3and N1 55 (31.98) 11 (33.33) 44 (31.65)
T4 and/or N2 117 (68.02) 22 (66.67) 95 (68.35)
Missing 6 2 4
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Table 5. Univariate and multivariate Cox models for disease-free survival and overall survival in the stage III population®

Disease-free survival Overall survival
Univariate Multivariate™© Univariate Multivariate
No. (events) HR 95% CI P  No. (events) HR 95% CI P  No. (events) HR 95% CI P  No. (events) HR 95% CI P

Sex Male 106 (57) 1 .89 106 (39) 1 77

Female 72(39) 097 0.65to1.46 72(31) 1.07 067to1.72
Age,y Younger than 75 145 (76) 1 .10 145 (53) 1 <.01  142(53) 1 .06

75 and older 33(20) 1.51 0.92to2.49 33(17) 224 1.29t03.90 30 (15) 1.82 0.97to3.44
Tumor location ~ Duodenum 103 (52) 1 .33 103 (38) 1 .30

Jejunum 43(22) 0.99 0.60to1.64 43(15) 0.86 0.47t01.56

lleum 32(22) 143 0.87t02.36 32(17) 1.44 0.81to2.55
Predisposing No 135 (74) 1 .33 135 (53) 1 .39

disease

Yes 37(20) 0.78 0.48t01.28 37(15) 0.78 0.44t01.38
pTP T1-T3 92 (42) 1 .001 92 (31) 1 .02

T4 85(54) 197 1.31t02.95 85(39) 1.76 1.09t02.82
PN N1 95 (38) 1 <.01 95 (25) 1 <.01

N2 71(51) 2.35 1.54t03.58 71(39) 240 1.45t03.96
Risk group T1-3and N1 55 (19) 1 <.01 55 (19) 1 <.01 55 (44) 1 <.01 55 (43) 1 <.01

T4 and/or N2 117(75)  2.74 1.65to4.54 117 (75)  2.76 1.66to4.57 117 (95) 2.60 1.42to4.77 117 (55)  2.56 1.40t04.70
Adjuvant No 35 (20) 1 .30 33(18) 1 .37 35 (18) 1 .06 33 (16) 1 46

chemotherapy
Yes 143 (76) 0.77 0.47to1.26 139 (76) 0.79 0.47to1.32 143 (52)  0.59 0.35to01.02 139(52) 0.79 0.43to1.47

@ Variables with a P value of .10 or less in univariate analysis were eligible for the Cox multivariable regression model. CI = confidence interval; DFS = disease-free survival; HR = hazard ratio.

pT and lymph nodes examined were not included in the multivariate model because these variables are used to construct the high- and low-risk groups (nonindependent factors).

€ Asvariable of interest, adjuvant chemotherapy was forced in the multivariable model.

€202 JoquisnoN €1 uo 3senb Aq 067982 ./790PENd/S/./a10nE/So10uljWod dno-olwapese)/:sdpy WO papEojUMOQ

‘Te1s ueueey 'y

6



10 | JNCI Cancer Spectrum, 2023, Vol. 7, No. 5

A Disease free-survival in stage Ill
Subgroup No. of patients (events) MR 90%Cl P Value
Age 28
Younger than 75 years 137 (72) I—H 1.03 0.79t0 1.35
75 years and older 20 (17) - 072 0410129
Tumor location <.01
Duodenum 98 (49) —a— 139 1101.95
Jejunum/lleum 68 (40) - 038 02610055
oT 02
T3 87 (40) H-=— 126 0881018
T4 78 (49) L3 062 04410086
PN 42
N1 95 (38) 109 07410162
N2 71 (51) 085 06210116
Risk group .05
T1-3 and N1 55 (19) 167 09610293
T4 andlor N2 110 (70) 0.75 05710098
T T T T T T 1
0 0.5 1 15 2 25 35
<—In favor of adjuvant chemotherapy — —In favor of no adjuvant chemotherapy-—>

B Overall survival in stage Ill

Subgroup No. of patients (events) HR  90%Cl P Value

Age A7

Younger than 75 years 137 (50) i 3! 065 048100.88

75 years and older 29 (14) |—.-—| 081 041t01.6

Tumor location <.01

Duodenum 98 (36) —.—+ 144 09810213

Jejunum/lieum 68 (28) ] 013 0.081t00.21

pT <.01

T3 87 (29) - 119 0791018

4 78 (35) ] 0.35 02410051

pN 53

Nt 95 (25) - 080 05t013

N2 71 (39) M 0.67 0.481t00.93

Risk group .01

T1-3 and N1 55 (13) |——I—| 158 08to03.11

T4 andlor N2 110 (51) (L3l 052 0391t00.71
— T 1

0 05 1 15 2 25
<—In favor of adjuvant chemotherapy — —In favor of no adjuvant chemotherapy-—>

Figure 3. Forest plot for disease-free survival (A) and overall survival (B) in stage III population by the inverse probability of treatment weighting
method. High-risk group: pT4 and/or N2; low-risk group: pT1-3/N1; lower confidence interval and upper confidence interval: 90%. The inverse
probability of treatment weighting method was applied in the Cox regression model using the propensity score derived from multivariable logistic
regression to assess the association between adjuvant chemotherapy and survival. CI = confidence interval; HR = hazard ratio.

examined) and III (T4 and/or N2) tumors. The primary tumor
location was also identified as a predictive factor of response to
adjuvant chemotherapy by showing a statistically significant
gain in survival restricted to patients with jejunum and ileum
tumors. These results deserve to be confirmed by a randomized
trial such as the BALLAD trial (NCT02502370) that is currently
ongoing.
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