
https://doi.org/10.1177/11795549221091207

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Clinical Medicine Insights: Oncology
Volume 16: 1–10
© The Author(s) 2022
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11795549221091207

Introduction
Small bowel tumors are relatively rare malignant neoplasms 
that account for only 3% (approximately) of all newly identified 
gastrointestinal tumors and approximately 0.6% of all malig-
nancies each year.1(p9) According to previous reports, the inci-
dence of small intestinal tumors rose to an average annual rate 
of 2.3% over the past 20 years.2(p64) It is estimated that there 
will be 11 390 new cases and approximately 2100 deaths from 
these tumors by 2021.3

The main histological subtypes of small intestinal tumors 
are adenocarcinoma, neuroendocrine tumor, gastrointestinal 
stromal tumor, lymphoma, sarcoma, and melanoma.4 In recent 
years, the incidence of neuroendocrine tumors has increased 
compared with that of small bowel adenocarcinoma (SBA). 
SBA has become the second most common histological sub-
type, accounting for 30% to 40% of small bowel cancers.4 The 

small intestine is divided into duodenum, jejunum, and ileum. 
The most common primary site of SBA is the duodenal papilla 
(papilla of Vater), where the junction of the bile duct and pan-
creatic duct enters the duodenum.5(p303)

Surgical resection and local lymph node dissection are effec-
tive treatments for SBAs.6(p15),7(p1117) If radical surgery is per-
formed at an early stage of the disease, it may improve long-term 
survival, but early surgical treatment is often difficult for patients 
with SBA. The unique anatomical structure and nonspecific 
symptoms of the small intestine limit the likelihood of early 
diagnosis of small bowel cancer; thus, patients with SBA are 
often diagnosed at an advanced stage. Surgery combined with 
chemotherapy may help improve the survival rate; however, the 
effect of the treatment remains controversial.8-10 Considering 
the low incidence of the disease in the population, limited clini-
cal data, and lack of prospective studies, there is no consensus 
regarding the most effective treatment strategy. Therefore, the 
prognosis of patients with SBA is poor, and the 5-year overall 
survival (OS) rate after surgery is very low. Previous studies have 
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shown that the 5-year survival rate is 14% to 35%, and the 
median survival time is 15.9 to 36 months.2(p66),4,11(p1)

Many prognostic markers for patients with SBA are evalu-
ated in previous studies. Histopathological features, such as 
positive surgical margins, vascular infiltration, lymph node 
metastasis rate, T4 tumor staging, and distant metastasis, were 
independent predictors of survival.12(p218),13(p5),14 Other studies 
have also shown that age, tumor location, tumor size, and high 
CEA levels in the blood may be related to prognosis.15,16 
Peripheral blood cell counts are associated with the survival of 
patients with malignant solid tumors, such as colon and gas-
tric cancers,17,18(p342) but there is insufficient information on 
SBA.

Due to the low incidence of SBA in the general population 
and the lack of clinical data, previous studies were mainly ret-
rospective in nature and were conducted in single tertiary care 
centers. The dates of these studies make them prone to a selec-
tion bias. Additionally, research on small intestinal adenocarci-
noma is concentrated in the West and Japan and is less 
concentrated in China. In this study, we collected data from a 
multicenter cohort of patients with SBA in Anhui, China. We 
aimed to retrospectively evaluate the clinicopathological fea-
tures of SBA patients undergoing surgical treatment to identify 
important prognostic factors.

Method
Participants

This was a multicenter retrospective cohort study of 300 
patients diagnosed with SBA at the following three hospitals 
from January 2003 to July 2020: the First Affiliated Hospital of 
Anhui Medical University, the Second Affiliated Hospital of 
Anhui Medical University, and Anhui Provincial Hospital.

Data collection

Study data were obtained from patients with small intestinal 
adenocarcinomas confirmed by biopsy specimens or mass 
resection. The exclusion criteria were as follows: (1) suspected 
invasive tumor of the pancreas; (2) small intestinal metastasis 
from cancer of other organs; and (3) no surgery. The following 
clinicopathological parameters were collected: sex, age, site of 
primary tumor, type of operation, symptoms at diagnosis, 
tumor node metastases (TNM) stage, lymph node metastasis, 
nerve invasion, vascular invasion, preoperative blood examina-
tion data (carcinoembryonic antigen [CEA], carbohydratean-
tigen 19-9 [CA19-9], alpha fetoprotein [AFP], hemoglobin 
[Hb], neutrophil-to-lymphocyte ratio [NLR], lymphocyte/
monocyte ratio [LMR], platelet/lymphocyte ratio [PLR], 
albumin [Alb], and prealbumin [PA]), and treatment. The 
TNM stage was determined according to the American Joint 
Committee on Cancer standards (AJCC, 8th edition). 
Follow-up information was obtained through telephone inter-
views and outpatient follow-up.

Statistical analyses

All continuous variables are reported as median (range), and 
all categorical variables are summarized as frequencies (per-
centages). The optimal cutoff values for NLR, LMR, PLR, 
and Hb were determined using a receiver operator character-
istic (ROC) curve and Youden’s index on the binary outcome 
of death/survival at the last known follow-up. OS time, 
defined as the period between surgery and death (or last fol-
low-up), was the dependent variable. OS was estimated using 
the Kaplan–Meier method, and differences between groups 
were evaluated using the log-rank test. Single-variable and 
multivariate predictors of OS were determined using the Cox 
proportional hazards model. The Cox proportional hazard 
model with backward stepwise selection was used to identify 
the factors independently associated with survival time. We 
adjusted for confounding factors, such as age (25-45, 46-55, 
56-65, 66-75, and ⩾76 years) and sex (male and female). Risk 
ratios and 95% confidence intervals (CIs) were calculated. All 
tests were two-sided, and a P value less than 0.05 was consid-
ered statistically significant. SPSS (26.0) was used for statisti-
cal analysis.

Results
Patient characteristics

Overall, from the three institutions, 300 patients, 122 women 
(40.7%), and 178 men (59.3%) with SBA were included. The 
patient characteristics are summarized in Table 1. The median 
age was 58.5 years (range, 26-90 years). Small bowel lesions 
were located on the duodenal papilla in 156 patients (52.0%), 
in the duodenum in 60 patients (20%), and in the jejunum–
ileum in 84 patients (28%).

At the time of diagnosis, 283 (94.3%) patients were symp-
tomatic. Intestinal bleeding-related symptoms were defined as 
melena and anemia secondary to tumor hemorrhage. The clini-
cal presentations included jaundice in 95 patients, abdominal 
pain and distension in 173 patients, bleeding-related symp-
toms in 12 patients, and other symptoms in 31 patients. Among 
the patients with papilla of Vater adenocarcinoma (PVA), 147 
(94.2%) were asymptomatic at diagnosis. In contrast, 58 
patients (96.7%) with duodenal adenocarcinoma (DA) and 78 
patients (92.9%) with jejunoileal adenocarcinoma were symp-
tomatic at diagnosis. Jaundice is the primary symptom of 
patients with PVA, whereas it is abdominal pain for those with 
duodenal and jejunoileal adenocarcinomas.

All patients underwent surgical treatment, and the majority 
(n = 245; 81.6%) underwent surgery. In total, 300 patients were 
treated surgically, of whom the majority underwent pancreati-
coduodenectomy (n = 208; 69.3%), whereas 77 underwent 
small bowel segmental resection (25.7%). Resection of the 
small intestine complicated by viscera was performed in 12 
patients (4%) and 3 patients (1.0%) patients underwent pallia-
tive surgery. DA is mostly treated by pancreaticoduodenectomy, 
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Table 1.  Patient characteristics.

All (n = 300) Duodenal papilla (n = 156) Duodenum Jejunum–ileum (n = 84)

  (n = 60)

Gender, n (%)  

  Female 122 (40.7) 60 (38.5) 23 (38.3) 39 (46.4)

  Male 178 (59.3) 96 (61.5) 37 (61.7) 45 (53.6)

Age, median (range) 58.5 (26-90) 60 (30-80) 54 (37-81) 58.5 (26-90)

Symptom at diagnosis, n (%)

  Symptomatic 283 (94.3) 147 (94.2) 58 (96.7) 78 (92.9)

    Jaundicea 95 81 14 -

    Abdominal pain and distensiona 173 75 38 60

    Bleeding-related 12 2 5 5

    Others 31 12 6 13

  Asymptomatic 17 (5.7) 9 (5.8) 2 (3.3) 6 (7.1)

Diabetes  

  Yes 17 (5.7) 12 (7.7) 3 (5.0) 2 (2.4)

  No 283 (94.3) 144 (92.3) 57 (95.0) 82 (97.6)

Hypertension  

  Yes 34 (11.3) 20 (12.8) 5 (8.3) 9 (10.7)

  No 266 (88.7) 136 (87.2) 55 (91.7) 75 (89.3)

T stage, n (%)  

  Tis/1 7 (2.3) 7 (4.5) - -

  2 43 (14.3) 35 (22.7) 8 (13.3) -

  3 198 (66.0) 112 (72.7) 30 (50.0) 56 (66.7)

  4 46 (15.3) - 21 (35.0) 25 (29.8)

  Missing 6 (2.0) 2 (1.3) 1 (1.7) 3 (3.6)

N stage, n (%)  

  0 188 (62.7) 112 (71.8) 39 (65.0) 37 (44.0)

  1 62 (20.7) 30 (19.2) 14 (23.3) 18 (21.4)

  2 43 (14.3) 13 (8.3) 5 (8.3) 25 (29.8)

  Missing 7 (2.3) 1 (0.6) 2 (3.3) 4 (4.8)

M stage, n (%)  

  0 284 (94.7) 156 (100) 55 (91.7) 73 (86.9)

  1 16 (5.3) - 5 (8.3) 11 (13.1)

  Missing - - - -

TNM stage, n (%)  

  Stage 0/I 43 (14.3) 34 (21.8) 9 (15.0) -

  Stage II 140 (46.7) 77 (49.4) 29 (48.3) 34 (40.5)

  Stage III 96 (32.0) 43 (27.6) 17 (28.3) 36 (42.9)

  Stage IV 16 (5.3) - 5 (8.3) 11 (13.1)

  Missing 5 (1.7) 2 (1.3) - 3 (3.6)

 (Continued)
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Figure 1.  Kaplan–Meier curves of OS by TNM. Median OS for all Stage I disease was 159 months, Stage II disease 70 months, Stage III disease 

34 months, and Stage IV disease was 8 months.

All (n = 300) Duodenal papilla (n = 156) Duodenum Jejunum–ileum (n = 84)

  (n = 60)

Tumor size group (cm)  

  <4 205 (68.3) 130 (83.3) 31 (51.7) 44 (52.4)

  ⩾4 85 (28.4) 24 (15.4) 26 (43.3) 35 (41.7)

  Miss 10 (3.3) 2 (1.3) 3 (5.0) 5 (6.0)

Type of surgery, n (%)  

  Pancreaticoduodenectomy 208 (69.3) 156 (100) 52 (86.7) 0 (0)

  Small bowel segmental resection 77 (25.7) 0 (0) 4 (6.7) 73 (86.9)

 � Resection of small bowel 
complicated with viscera

12 (4.0) 0 (0) 3 (5.0) 9 (10.7)

  Palliative surgery 3 (1.0) 0 (0) 1 (1.6) 2 (2.4)

Abbreviation: TNM, tumor node metastases.
aThere is some overlapping.

Table 1.  (Continued)

while jejunal and ileal adenocarcinomas are mostly treated by 
partial resection of the small intestine.

Based on the clinical tumor, node, and metastasis classifica-
tion, the number of duodenal papilla adenocarcinoma patients 
in stages 0/I, II, and III was 34 (21.8%), 77 (49.4%), and 43 
(27.6%), respectively. The number of DA patients in stages 0/I, 
II, III, and IV was 9 (15.0%), 29 (48.3%), 17 (28.3%), and 5 
(8.3%), respectively. The number of jejunoileal adenocarcino-
mas in patients in Stages II, III, and IV was 34 (40.5%), 36 
(42.9%), and 11 (13.1%), respectively. Non-ampullary small 
intestinal adenocarcinoma metastasized to a distant location, 
while duodenal papillary adenocarcinoma did not.

OS and prognostic factors

The median OS for the entire cohort was 32.5 (range, 
0-213) months, with a 1-year OS rate of 78.0%. In total, 161 
patients were followed-up until death, and 139 patients sur-
vived the entire follow-up period. Figure 1 shows the comple-
ment of the Kaplan–Meier curves for TNM staging. The 
median OS for all stage 0/I disease was 159 months, Stage II 
disease was 70 months, Stage III disease was 32 months, and 
Stage IV disease was 8 months. The 1-year survival rates for 
stages 0/I, II, III, and IV disease were 90.9%, 82.6%, 75.6%, 
and 33.3%, respectively. As tumor stage advanced, the survival 
rate progressively decreased. Figure 2 shows the complement of 
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Figure 2.  Kaplan–Meier curves of OS by tumor site. Median OS for adenocarcinoma was 93 months, duodenum adenocarcinoma 50 months, and 

jejunum–ileum adenocarcinoma was 37 months.

the Kaplan–Meier curves restricted to Stages I to III tumors 
only for the primary tumor site. The 1-year survival rates for 
duodenal papillary, duodenal, and jejunoileal adenocarcinomas 
were 83.3, 75, and 68.4%, respectively.

Table 2 shows prognostic factors in the primary tumor site 
(duodenum and jejunum–ileum) determined using single-var-
iable analysis. In DA, distant metastasis, Stage IV disease, and 
nerve invasion were prognostic factors for OS. In jejunoileal 
adenocarcinoma, T4, lymph node positivity, distant metastasis, 
Stage IV, advanced age, and LMR (⩽2.31) were prognostic 
factors. Although not significant, CEA (⩾5 ng/mL) was asso-
ciated with a poor prognosis in patients with jejunoileal adeno-
carcinoma. Multivariate analyses were conducted to identify 
independent prognostic factors for OS; the results of these 
analyses are shown in Table 3. Multivariate analysis showed 
that advanced age (hazard ratio [HR]: 7.33; 95% CI: 2.54-
21.18; P = .00), high CEA (⩾5 ng/mL) (HR: 2.04; 95% CI: 
1.19-3.49; P = .01), high AFP (⩾10 ng/mL) (HR: 2.28; 95% 
CI: 1.04-4.97; P = .04), low PA (⩽180 mg/L) (HR: 1.69; 95% 
CI: 1.00-2.87; P = .05), and advanced TNM stage (HR: 18.98; 
95% CI: 4.84-74.37; P = .00) were independent prognostic fac-
tors for OS.

Single-variable and multivariate analyses were performed to 
determine the independent prognostic factors for OS in duo-
denal papilla adenocarcinoma; the results of these analyses are 
shown in Table 4. TNM Stage III, nerve invasion, and CA19-9 
(⩾34 U/mL) were associated with poor prognosis of duodenal 
papilla adenocarcinoma. Although not significant, NLR 
(⩾4.51) and PA (⩽180 mg/mL) were associated with a poor 
prognosis in duodenal papilla adenocarcinoma. Multivariate 
analysis showed that nerve invasion (HR: 3.12; 95% CI: 1.34-
7.28; P = .01), low PLR (⩽117.58) (HR: 2.57; 95% CI: 1.27-
5.21; P = .01), TNM Stage III (HR: 3.12; 95% CI: 1.34-7.28; 

P = .00), and high CA19-9 (⩾34 U/mL) (HR: 2.03; 95% CI: 
1.23-3.34; P = .01) were independent prognostic factors for OS.

Discussion
In this detailed examination of 300 patients with SBA, we used 
single-variable and multivariate analyses to identify independ-
ent prognostic factors for small intestinal adenocarcinoma and 
made some new discoveries.

The most common tumor site in primary SBA was the 
ampullary papilla, and 59.3% of the patients were male. This 
finding is similar to the results of previous studies.5(p301),19(p257)

Most patients with SBA are diagnosed after the appearance 
of symptoms; they are often in the stage of cancer progression 
by the time they are diagnosed. We found that the presence of 
symptomatic disease at diagnosis does not affect the prognosis 
of patients with SBA, although symptoms could guide early-
stage diagnosis. Some studies reported that patients with jeju-
noileal adenocarcinoma are more likely to have a high disease 
stage than those with DA.16,20(p1609) We found that the most 
common postoperative TNM stage of the PVA and DA 
patients was Stage II, while it was Stage III for patients with 
jejunoileal adenocarcinoma. The number of patients with Stage 
IV jejunoileal adenocarcinoma was much more than those with 
Stage IV PVA and DA. This could be due to the early clinical 
manifestations and tumor-related symptoms. The early diag-
nosis of PVA is owing to early biliary obstruction and subse-
quent persistent jaundice. Jejunoileal adenocarcinoma is easily 
confused with other digestive diseases due to abdominal pain, 
bleeding, and other nonspecific clinical manifestations, which 
delay the diagnosis. Gastroscopy is widely used in China to 
detect stomach lesions and to visualize the third part of the 
intestinal tract. This may also be a reason for the early diagno-
sis of DAs.
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Table 2.  Single-variable analysis for OS in primary site of tumor (duodenum, jejunum–ileum).

Duodenal, n = 60 Jejunum–ileum, n = 84

  HR (95% CI) P value HR (95% CI) P value

Gender  

  Female Reference .14 Reference .65

  Male 0.59 (0.30-1.18) 1.14 (0.66-1.95)  

Age (years)

  25-45 Reference .88 Reference .09

  46-55 1.08 (0.39-2.99) .88 2.502 (0.91-6.90) .08

  56-65 0.80 (0.25-2.56) .70 2.791 (1.02-7.63) .05

  66-75 1.26 (0.40-3.99) .70 2.868 (0.97-8.46) .06

  ⩾76 0.55 (0.06-4.70) .58 5.351 (1.67-17.15) .01

Symptoms  

  No Reference .14 Reference .79

  Yes 4.78 (0.60-37.97) 0.90 (0.42-1.95)  

T stage  

  Tis/1/2 Reference .53 - -

  3 1.74 (0.51-5.91) .38 Reference .03

  4 2.06 (0.58-7.25) .26 1.88 (1.06-3.32)  

N stage  

  0 Reference .34 Reference .03

  1 0.97 (0.43-2.18) .94 0.89 (0.41-1.93) .77

  2 2.22 (0.74-6.68) .15 2.10 (1.11-3.96) .02

M stage  

  No Reference .04 Reference <.01

  Yes 3.14 (1.07-9.21) 4.69 (2.33-9.46)  

TNM stage

  Stage 0/I Reference .15 - -

  Stage II 1.96 (0.58-6.70) .28 Reference <.01

  Stage III 1.87 (0.51-6.82) .34 1.36 (0.72-2.58) .35

  Stage IV 5.58 (1.21-25.64) .03 5.99 (2.70-13.32) .00

Nerve invasion

  No Reference .02 Reference .72

  Yes 2.69 (1.14-6.33) 0.86 (0.39-1.93)  

Vascular invasion

  No Reference .09 Reference .24

  Yes 1.91 (0.90-4.04) 1.63 (0.72-3.68)  

 (Continued)
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Duodenal, n = 60 Jejunum–ileum, n = 84

  HR (95% CI) P value HR (95% CI) P value

Tumor size group (cm)

  <4 Reference .36 Reference .25

  ⩾4 0.72 (0.35-1.47) 0.71 (0.39-1.28)  

NLR  

  <4.51 Reference .51 Reference .62

  ⩾4.51 1.28 (0.61-2.70) 1.15 (0.66-2.02)  

LMR  

  <2.32 Reference .81 Reference .04

  ⩾2.32 0.916 (0.452-1.858) 0.544 (0.303-0.977)  

PLR  

  <117.58 Reference .23 Reference .85

  ⩾117.58 0.57 (0.23-1.42) 0.94 (0.50-1.78)  

CEA (ng/mL)

  <5 Reference .27 Reference .07

  ⩾5 1.55 (0.72-3.32) 1.74 (0.96-3.15)  

CA19-9 (U/mL)

  <34 Reference .23 Reference .16

  ⩾34 1.51 (0.77-2.94) 1.52 (0.85-2.70)  

AFP (ng/mL)

  <10 Reference .20 Reference .95

  ⩾10 1.90 (0.72-5.01) 0.97 (0.38-2.46)  

Alb (g/L)

  ⩽35 Reference .95 Reference .74

  >35 0.97 (0.40-2.35) 0.91 (0.53-1.58)  

PA (mg/L)

  ⩽180 Reference .29 Reference .12

  >180 0.69 (0.34-1.39) 0.64 (0.37-1.12)  

Anemia  

  No Reference .13 Reference .49

  Yes 0.60 (0.30-1.17) 1.21 (0.70-2.10)  

Chemotherapy

  No Reference .47 Reference .70

  Yes 1.34 (0.61-2.93) 1.21 (0.52-2.85) .65

Abbreviations: CEA, carcinoembryonic antigen; AFP, alpha fetoprotein; CI, confidence interval; HR, hazard ratio; LMR, lymphocyte/monocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; PA, prealbumin; PLR, platelet and lymphocyte ratio; TNM, tumor node metastases.

Table 2.  (Continued)
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Table 3.  Multivariate analysis for OS in non-ampullary SBA.

HR 95% confidence interval P value

Gender (male) 1.05 0.65-1.70 .83

Age (25-45 years) Reference Reference .01

Age (46-55 years) 2.80 1.23-6.39 .01

Age (56-65 years) 3.94 1.61-9.64 .00

Age (66-75 years) 3.00 1.23-7.32 .02

Age (⩾76 years) 7.33 2.54-21.18 .00

TNM (Stage I) Reference Reference .00

TNM (Stage II) 3.93 1.09-14.16 .04

TNM (Stage III) 4.21 1.20-14.78 .03

TNM (Stage IV) 18.98 4.84-74.37 .00

CEA (⩾5 ng/mL) 2.04 1.19-3.49 .01

AFP (⩾10 ng/mL) 2.28 1.04-4.97 .04

PA (⩽180 mg/L) 1.69 1.00-2.87 .05

NLR (⩾4.51) 1.67 0.99-2.82 .06

Anemia (yes) 0.62 0.38-1.02 .06

Abbreviations: CEA, carcinoembryonic antigen; AFP, alpha fetoprotein; NLR, neutrophil-to-lymphocyte ratio; PA, prealbumin; TNM, tumor node metastases.
Age (25-45, 46-55, 56-65, 66-75, and ⩾76 years) and gender (male and female) were adjusted.

Table 4.  Single-variable and multivariate analysis for OS in duodenal papilla adenocarcinoma.

Single-variable analysis for OS Multivariate analysis for OS

  HR (95% CI) P value HR (95% CI) P value

Gender (male) 0.80 (0.50-1.28) .36 0.90 (0.55-1.47) .67

Age (25-45 years) Reference .39 Reference .15

Age (46-55 years) 2.20 (0.92-5.22) .08 2.17 (0.90-5.26) .09

Age (56-65 years) 1.47 (0.63-3.42) .38 0.99 (0.41-2.42) .99

Age (66-75 years) 1.98 (0.83-4.73) .12 1.43 (0.58-3.54) .43

Age (⩾76 years) 1.69 (0.35-8.24) .52 2.07 (0.41-10.56) .38

Symptoms (Yes) 0.53 (0.19-1.47) .22  

TNM (Stage I) Reference .01 Reference .01

TNM (Stage II) 1.45 (0.75-2.82) .27 1.78 (0.87-3.64) .11

TNM (Stage III) 2.71 (1.36-5.39) <.01 3.21 (1.52-6.77) .00

Nerve invasion (Yes) 3.19 (1.49-6.84) <.01 3.12 (1.34-7.28) .01

Vascular invasion (Yes) 1.56 (0.80-3.06) .20  

Tumor size group (⩾4 cm) 1.24 (0. 67-2.31) .50  

NLR (⩾4.51) 1.63 (1.00-2.66) .05  

LMR (<2.32) 1.41 (0.88-2.26) .15  

 (Continued)
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Single-variable analysis for OS Multivariate analysis for OS

  HR (95% CI) P value HR (95% CI) P value

PLR (<117.58) 1.86 (0.95-3.64) .07 2.57 (1.27-5.21) .01

CEA (⩾5 ng/mL) 1.44 (0.88-2.36) .15  

CA19-9 (⩾34 U/mL) 1.87 (1.16-3.02) .01 2.03 (1.23-3.34) .01

AFP (⩾10 ng/mL) 1.80 (0.89-3.64) .10  

Alb (⩽35 g/L) 1.04 (0.61-1.76) .90  

PA (⩽180 mg/L) 1.59 (1.00-2.53) .05 1.41 (0.85-2.33) .19

Anemia (yes) 0.91 (0.57-1.45) .69  

Chemotherapy (yes) 1.42 (0.79-2.55) .25  

Abbreviations: CEA, carcinoembryonic antigen; AFP, alpha fetoprotein; CI, confidence interval; HR, hazard ratio; LMR, lymphocyte/monocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; PA, prealbumin; PLR, platelet and lymphocyte ratio; TNM, tumor node metastases.
Age (25-45, 46-55, 56-65, 66-75, and ⩾76 years old) and gender (male and female) were adjusted.

Table 4.  (Continued)

Previous studies showed that old age, tumor markers (high 
CEA and high CA19-9), tumor stage, pancreatic-positive 
removal edge, lymphatic metastasis positivity rate, distant 
metastasis, lymph vascular invasion, and the primary part of the 
duodenum were poor prognostic factors in patients with small 
intestinal adenocarcinoma.20(p1608),21(p397),22 In this study, when 
analyzed separately, the duodenal papilla, non-ampullary duo-
dena, and jejunum–ileum adenocarcinoma cohorts were associ-
ated with different clinical and pathological variables. By 
adjusted analysis, we determined that the prognostic factors 
independently correlated with PVA were nerve invasion, Stage 
III disease, low PLR, and high CA19-9. The independent 
prognostic factors for non-ampullary SBA included advanced 
age, advanced TNM stage, high CEA, high AFP, and low PA. 
Our analysis also showed that other variables, such as sex, 
tumor size, and chemotherapy, may not independently play a 
major role in prognosis.

The effect of the primary tumor location on survival is con-
troversial. Several studies reported that the primary tumor 
location is not an important prognostic factor for small intesti-
nal adenocarcinomas.21(p397),23(p800) Koo et al24(p3) reported that 
DA patients had shorter survival time and worse prognosis 
than patients with jejunoileal adenocarcinoma. Two large pop-
ulation-based cohort studies showed that DA is an independ-
ent prognostic factor of SBA.19(p257),21(p397) In this study, the 
median survival time of patients with jejunoileal adenocarci-
noma was shorter than that of patients with DA and PVA, 
which may be influenced by patients with Stage IV adenocar-
cinoma. We rectified this and found that the primary tumor 
site in patients with Stages I to III SBA was not a significant 
prognostic factor. Previous studies also reported that Stage III 
DAs tend to worsen.20(p1609)

Systemic inflammation based on host–tumor interactions is 
currently considered a hallmark of cancer and is closely associ-
ated with the development and metastasis of various 
malignancies.25(p584),26(e493) Neutrophils inhibit the host 
response to cancer and promote tumor proliferation.27 Tumor-
associated macrophages (TAMs) derived from monocytes are 
involved in cancer progression.28 Simultaneously, the decrease 
in lymphocytes is closely related to the poor prognosis of the 
tumor. Therefore, patients with tumors may show high NLR 
and LMR. Previous studies verified that the combination of 
NLR, PLR, LMR, and other inflammatory markers is an 
important prognostic factor for different cancers.29,30,31(p49) We 
found that a low LMR was an independent prognostic factor 
for jejunoileal adenocarcinoma, and high NLR and low PLR 
were associated with a poor prognosis of PVA.

This study has several limitations. First, this was a retro-
spective study; thus, there may be some confounding factors in 
the data. Second, our patients were from the Anhui Province; 
therefore, the influence of regional factors may affect the gen-
eralizability of our findings. Finally, this study had limitations 
inherent to all observational studies. For instance, the lack of 
patient comorbidities, low power, and other potential con-
founders might have influenced the results of several studies. 
Selection bias could exist because of insufficient follow-up 
time for some patients.

Conclusion
We found that TNM Stage III, nerve invasion, low PLR, and 
high CA19-9 were independent prognostic factors for PVA. 
The independent prognostic factors for non-ampullary SBA 
included advanced age, advanced TNM stage, high CEA, high 
AFP, and low PA levels.
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