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Purpose: The aim of this study was to investigate the effect of preoperative and
postoperative malnutrition on postoperative short- and long-term outcomes for
ampullary carcinoma after pancreatoduodenectomy (PD).

Methods: Data were collected retrospectively from 511 patients with ampullary
carcinoma who underwent PD between June 2012 and June 2019. Nutritional status
before and at 3, 6, and 12 months after operation was assessed by the scored Patient-
Generated Subjective Global Assessment (PG-SGA). The patients were classified into
well-nourished, moderately malnourished, and severely malnourished group according to
the PG-SGA score. Propensity score matching (PSM) was performed to adjust baseline
characteristics between preoperative group A (well-nourished and moderately
malnourished group) and group B (severely malnourished group). After PSM,
clinicopathological variables and postoperative complications were compared between
the two groups. Univariate and multivariate Cox analysis was also conducted to
investigate the prognostic factors of overall survival of patients with ampullary
carcinoma who underwent PD.

Results: Preoperatively, 122 (23.9%) patients were classified into well-nourished group,
189 (37.0%) into moderately malnourished group, and 200 (39.1%) into severely
malnourished group. After PSM analysis, the incidence of overall postoperative
complications was higher in group B than that in group A (50.5% vs. 32.5%, p < 0.001).
Multivariate Cox proportional hazards regression model showed that severe malnutrition
(PG-SGA score >9 scores) before operation [hazard ratio (HR) = 1.508; 95% CI, 1.103–
2.061; p = 0.01] and at 6 months (HR = 4.148; 95% CI, 2.523–6.820; p < 0.001) and
12 months (HR = 5.272; 95% CI, 3.630–7.656; p < 0.001) after operation was an
independent prognostic factor of patients who underwent PD for ampullary carcinoma.
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Conclusions: Severe malnutrition before and at 6 and 12 months after operation
significantly affects the long-term survival of patients with ampullary carcinoma who
underwent PD. Additionally, the preoperative malnutrition was closely related to
postoperative complications.
Keywords: pancreatoduodenectomy, postoperative outcomes, malnutrition, Patient-Generated Subjective Global
Assessment, ampullary carcinoma
INTRODUCTION

Ampullary carcinoma is a relatively rare malignant tumor,
associated with a more favorable prognosis than adenocarcinomas
of the adjacent pancreatic duct, common bile duct, or duodenum
(1). Pancreatoduodenectomy (PD) was widely considered a safe,
potentially curative surgical treatment method for ampullary
neoplasm (2–4). As reported previously, many factors affect the
postoperative outcomes of ampullary carcinoma after PD,
including surgical technique factors (5, 6) and host- and
disease-related risk factors (7, 8), such as advanced age,
comorbidities, jaundice, advanced tumor stage, and adjuvant
chemotherapy (9, 10).

Malnutrition was a common problem in patients with
malignant tumor and closely related to the immunosuppression
and inflammatory activity (11–14), also considered as an
important risk factor of postoperative outcomes (7, 13, 15).
Numerous studies have revealed that preoperative malnutrition
increased the incidence of postoperative complications and
affected the long-term survival of patients (13, 15, 16). However,
the studies examining whether postoperative malnutrition affects
the long-term survival of patients who underwent PD for
ampullary carcinoma were lacking. The scored Patient-
Generated Subjective Global Assessment (PG-SGA) proposed by
Ottery (17), as a noninvasive nutrition measurement tool for
oncology patients, was a modification of the Subjective Global
Assessment (SGA) (18). The preoperative scored PG-SGA has
been validated in colectomy and hepatectomy in many countries
(19–21); however, the correlation of postoperative malnutrition
assessed by the scored PG-SGA and postoperative outcomes in
patients of ampullary carcinoma following PD is still unknown.

The aim of this study was to investigate the effect of
preoperative and postoperative malnutrition on postoperative
outcomes for ampullary carcinoma after PD.
MATERIALS AND METHODS

Patients
Patients who underwent PD for ampullary carcinoma at the
Tongji Medical Hospital of Tongji Medical College of Huazhong
University of Science and Technology, between June 2012 and
June 2019, were retrospectively identified. Individuals with
incomplete clinical data, neoadjuvant treatment, nutritional
interventions before admission, and combined with other
organ resections (such as hepatectomy or colectomy) were
excluded from this study (Figure 1). After discharge, adjuvant
2

chemotherapy was administered to all patients unless the patient
was lost to follow-up or for other reasons. Regimens utilized for
ampullary cancer were typically either S1-based or gemcitabine
(Gem)-based. Patients were followed up every 3 months for the
first 2 years and then every 6 months for a total of 5 years. The
enrolled patients were followed until death or June 30, 2021,
whichever came first. All patients provided written informed
consent to participate in the study, and the study was approved
by the Ethics Committee of the local hospital (no.
TJ-IRB20190418).

Nutritional Assessment
The nutritional status of the patients in this study was evaluated
by the scored Patient-Generated Subjective Global Assessment
(PG-SGA) technique (17), performed by an experienced
physician within the initial 24 h of hospitalization and at 3, 6,
and 12 months after operation. The scored PG-SGA comprises a
patient-generated and a professional component. The scored
PG-SGA incorporates a numerical score called the PG-SGA
score. The components of the patient generated can be
completed by the patient using a check box format, which
includes weight change with a score of 0–5 points, food intake
with a score of 0–4 points, nutrition effect symptoms with a score
of 0–23 points, and activities and functions effected by nutrition
with a score of 0–3 points. The professional component was
completed by a physician, nurse, or dietitian, which includes
disease and age with a score of 0–6 points, the metabolic stress
state with a score of 0–9 points, loss of subcutaneous fat with a
score of 0–3 points, muscle wasting with a score of 0–3 points,
and edema and ascites with a score of 0–3 points. A higher PG-
SGA score indicates an increased risk for malnutrition. Patients
were divided into three groups according to the PG-SGA score:
well-nourished group (with a PG-SGA scores of 0–3 points),
moderately malnourished group (with a PG-SGA scores of 4–8
points), and severely malnourished group (with a PG-SGA scores
≥9 points). Then, the well-nourished and moderately
malnourished patients were classified into group A; the
severely malnourished patients were classified into group B.

Data Collection
Baseline characteristics were age, sex, body mass index (BMI),
comorbidities, American Society of Anesthesiologists (ASA)
class, serum albumin, carbohydrate antigen 19-9 (CA19-9),
carbohydrate antigen 125 (CA125), and total bilirubin.
Pathological diagnoses were T stage, tumor grade, lymph node
metastasis, vascular invasion, perineural invasion, surgical
margin, perineural invasion, and TNM stage according to the
November 2021 | Volume 11 | Article 748341
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8th edition of the Cancer Staging Manual of the American Joint
Commission on Cancer. The baseline preoperative data was
evaluated within 24 h after admission. Intraoperative
parameters were operative time and estimated blood loss.

Definition of Postoperative Outcomes
Major postoperative complications were defined as grade III or
higher in the Clavien–Dindo classification (22). For pancreatic
fistula, the diagnosis of postoperative pancreatic fistula (POPF)
was determined according to the definitions provided by the
International Study Group of Pancreatic Surgery (ISGPS) (23).
Delayed gastric emptying (DGE) (24), biliary leak (25), and
postoperative hemorrhage (PPH) (26) were defined by the
definition of the International Study Group of Pancreatic
Surgery. Overall survival (OS) was calculated from date of
surgery to the date of all-cause death.

Surgical Procedure
A standard pancreatoduodenectomy was performed by RQ and
FZ. For organs resection, the Kocher maneuver was initially
performed. The distal stomach was then removed on the left
Frontiers in Oncology | www.frontiersin.org 3
side of the pylorus, and a tunnel was dissected posterior to the
pancreatic neck and anterior to the superior mesenteric vein
(SMV) and portal vein. Then, the pancreas was transected, the
jejunum was transected approximately 15 cm from the ligament of
Treitz, cholecystectomy was performed, and the common hepatic
duct was transected at the level of the cystic duct. For digestive
tract reconstruction, we performed pancreaticojejunostomy by the
imbedding pancreaticojejunostomy method, as reported
previously (27). Pancreatogastrostomies were performed by
embedding the pancreatic remnant into the stomach. An end-
to-side hepaticojejunostomy was performed 15 cm away
from the pancreaticojejunostomy, an ante colic side-to-side
gastroenterostomy was performed with the staple technique,
and 2 layers of running 3–0 Vicryl sutures were used to
close the gastric stump, 40 cm away from hepaticojejunostomy.
Finally, two drains were routinely placed in the area of the
pancreatojejunostomy and hepaticojejunostomy, respectively.

Statistical Methods
Continuous variables were expressed as medians and interquartile
ranges (IQRs) and were compared using Mann–Whitney U and
FIGURE 1 | Flow diagram of before surgery and at 3, 6, and 12 months after pancreatoduodenectomy.
November 2021 | Volume 11 | Article 748341
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Kruskal–Wallis tests. Some variables were dichotomized using
median values or normal values. Categorical variables were
expressed as frequencies and percentages, and differences in
variables between the groups were compared using Pearson’s
chi square or Fisher’s exact tests. Survival was estimated with the
Kaplan–Meier method and log-rank tests. Cox proportional-
hazard regression analysis was used for univariate and
multivariate analysis. Variables with p < 0.1 on the univariate
analysis were included in the multivariate analysis. For all tests,
differences with p < 0.05 were considered statistically significant.
Statistical analysis was performed using the Statistical Package for
Social Sciences (SPSS) version 22.0 (IBM Corp., Armonk,
NY, USA).

In an attempt to reduce selection bias of baseline characteristics
inherent in preoperative group A (well-nourished and moderately
malnourished group) and group B (severely malnourished
group), the propensity score matched (PSM) analysis [including
age, carbohydrate antigen 19-9 (CA19-9), carbohydrate antigen
125 (CA125), T stage, lymph node metastasis, TNM stage,
and adjuvant therapy] was performed between the two
groups using the one-to-one nearest neighbor method in R
Studio version 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria).
RESULTS

Patients’ Characteristics
In this study, a total of 511 patients were included in data set
before operation. Of the 511 patients, the median age was 58
years (IQR, 49–66 years), namely, 298 (58.3%) male subjects; the
median BMI was 21.5 kg/m2 (IQR, 19.9–23.5 kg/m2). The
conclusive stages of the 511 patients who underwent resection
according to the AJCC classification were stage I in 195 (38.2%)
cases, stage II in 136 (26.6%) cases, and stage III in 180 (35.2%)
cases; 218 (42.7%) patients underwent adjuvant chemotherapy.
Before operation, 122 (23.9%) patients were classified into well-
nourished group, 189 (37.0%) into moderately malnourished
group, and 200 (39.1%) into severely malnourished group; the
median preoperative PG-SGA score was 8 scores (IQR, 4–11
scores). Furthermore, the patients reduced to 487 patients at 3
months, 474 patients at 6 months, and 439 patients at 12 months
after PD (Figure 1), and the median PG-SGA scores were 5, 4,
and 3 scores at 3, 6, and 12 months after PD, respectively. The
clinicopathological characteristics of the patients included in this
study are summarized in Table 1 and Figure 2.

Comparisons of Clinicopathological
Characteristics Between Groups
To control for the effects of confounding factors, propensity
score matched analysis was performed to balance the
clinicopathological variables between preoperative group A
(well-nourished and moderately malnourished group) and
group B (severely malnourished group). Before PSM analysis,
patients in group B were significantly older (p = 0.021), with a
higher total bilirubin (p < 0.001), CA19-9 (p < 0.001), and CA125
level (p = 0.001) and more advanced TNM stage (p = 0.002) and
Frontiers in Oncology | www.frontiersin.org 4
T stage (p = 0.048), and fewer patients received chemotherapy
(p = 0.015) than those in group A. After PSM analysis, the
baseline characteristics between preoperative groups A and B
were adjusted. The results of the analysis of the associations
between preoperative nutritional status and clinicopathological
characteristics are shown in Table 2.

Postoperative Short-Term Outcomes
In total, 187 patients (36.6%) developed postoperative
complications, 98 cases (19.2%) had Clavien–Dindo grade ≥III
postoperative complications, namely, pancreatic fistula (n = 92,
18.0%), postoperative bleeding (n = 46, 9.0%), delayed gastric
emptying (n = 101, 19.8%), intra-abdominal abscess (n = 46,
9.0%), and bile leakage (n = 9, 1.8%). The median postoperative
hospital stay was 21 days (IQR, 16–27 days), and 20 patients
(3.9%) died after surgery. After PSM analysis, a higher rate of
postoperative complications (50.5% vs. 32.5%, p < 0.001),
Clavien–Dindo grade ≥III postoperative complications (28.0%
TABLE 1 | Clinicopathological characteristics of 511 patients who underwent
pancreatoduodenectomy for ampullary carcinoma.

Factors Values

Age, years 58 (49–66)
Sex (male) 298 (58.3)
Body mass index, kg/m2 21.5 (19.9–23.5)
ASA class
I 75 (14.7)
II 371 (72.6)
III 65 (12.7)

Comorbidities 124 (24.3)
Total bilirubin, mmol/L 73.5 (18.6–163.9)
Albumin, mg/dl 3.7 (3.3–3.9)
CA19-9, U/ml 68 (18–220)
CA125, U/ml 14.1 (9.7–22.5)
Estimated blood loss, ml 200 (100–350)
Operative time, minutes 275 (205–335)
T stage
T1/T2 268 (52.4)
T3/T4 243 (47.6)

Lymph node metastasis, positive 164 (32.1)
Vascular invasion, positive 37 (7.2)
Perineural invasion 51 (10.0)
Tumor grade
Well or moderately 414 (81.0)
Poorly 97 (19.0)

Positive resection margin 24 (4.7)
TNM stage
I 195 (38.2)
II 136 (26.6)
III 180 (35.2)

Adjuvant therapy 218 (42.7)
Preoperative PG-SGA score 8 (4–11)
0–3 122 (23.9)
4–8 189 (37.0)
>9 200 (39.1)

PG-SGA score after operation
3 months 5 (3–6)
6 months 4 (3–6)
12 months 3 (2–9)
November 2021 | Volume 1
Categorical variables were expressed as n (%); continuous variables are expressed as
medians and interquartile ranges (IQR).
ASA, American Society of Anesthesiologists; CA19-9, carbohydrate antigen 19-9; CA125,
carbohydrate antigen 125; PG-SGA, Patient-Generated Subjective Global Assessment.
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vs. 16.0%, p = 0.004), and delayed gastric emptying (p = 0.005)
were more common in group B than in group A. The results of
the analysis of the associations between the preoperative
nutritional status and postoperative complications are shown
in Table 3.
Frontiers in Oncology | www.frontiersin.org 5
Overall Survival Analysis According to
the Preoperative and Postoperative
Nutritional Status
Figure 3A presents the Kaplan–Meier survival curves according
to nutritional status before operation. The median overall
FIGURE 2 | Changes in patients number in PG-SGA groups over time from before to 3, 6, and 12 months after pancreatoduodenectomy. A total of 122, 155, 199,
and 245 patients were classified into well-nourished group (0–3 scores) before surgery and at 3, 6, and 12 months after operation, respectively; 189, 265, 207, and
78 patients were classified into moderately malnourished group (4–8 scores) before surgery and at 3, 6, and 12 months after operation, respectively; and 200, 67,
68, 116 patients were classified into severely malnourished group (>9 scores) before surgery and at 3, 6, and 12 months after operation, respectively.
TABLE 2 | The relationships between preoperative nutritional status and clinicopathological characteristics in 511 patients underwent pancreatoduodenectomy for
ampullary carcinoma after PSM.

Variables Before PSM After PSM

Well-nourished/moderately
malnourished

Severely
malnourished

p-
value

Well-nourished/moderately
malnourished

Severely
malnourished

p-
value

N = 311 N = 200 N = 200 N = 200

Age, years 57 (50–64) 59 (52–65) 0.021 59 (51–64) 59 (52–65) 0.455
Sex (male) 181 (58.2) 117 (58.5) 0.946 118 (59.0) 117 (58.5) 0.919
Body mass index, kg/m2 21.7 (19.9–23.8) 21.8 (19.6–23.4) 0.263 21.7 (19.9–23.7) 21.8 (19.6–23.4) 0.399
ASA class
I/II 274 (88.1) 172 (86.0) 0.486 173 (86.5) 172 (86.0) 0.885
III 37 (11.9) 28 (14.0) 27 (13.5) 28 (14.0)

Comorbidities 75 (24.1) 49 (24.5) 0.921 47 (23.5) 49 (24.5) 0.815
Total bilirubin, mmol/L 35.7 (14.0–92.9) 164.7 (82.9–241.0) <0.001 34.8 (14.5–94.3) 164.7 (82.9–241.0) 0.001
CA19-9, U/ml 48.3 (15.8–149.3) 99.6 (32.4–576.8) <0.001 78.1 (28.3–249.5) 99.6 (32.4–576.8) 0.114
CA125, U/ml 13.4 (9.1–20.0) 16.0 (10.5–25.3) 0.001 14.4 (9.0–19.0) 16.0 (10.5–25.3) 0.09
T stage
T1/T2 174 (55.9) 94 (47.0) 0.048 100 (50.0) 94 (47.0) 0.548
T3/T4 137 (44.1) 106 (53.0) 100 (50.0) 106 (53.0)

Lymph node metastasis,
positive

87 (28.0) 77 (38.5) 0.013 71 (35.5) 77 (38.5) 0.534

Vascular invasion 18 (5.8) 19 (9.5) 0.114 12 (6.0) 19 (9.5) 0.191
Perineural invasion 27 (8.7) 24 (12.0) 0.222 25 (12.5) 24 (12.0) 0.879
Tumor grade
Well/moderately 258 (83.0) 156 (78.0) 0.163 166 (83.0) 156 (78.0) 0.207
Poorly 53 (17.0) 44 (22.0) 34 (17.0) 44 (22.0)

Positive resection margin 11 (3.5) 13 (6.5) 0.122 9 (4.5) 13 (6.5) 0.380
TNM stage
I/II 218 (70.1) 113 (56.5) 0.002 124 (62.0) 113 (56.5) 0.263
III 93 (29.9) 87 (43.5) 76 (38.0) 7 (43.5)

Adjuvant therapy 146 (46.9) 72 (36.0) 0.015 74 (37.0) 72 (36.0) 0.835
November 2021
 | Volume 11 | Article
Categorical variables were expressed as n (%); continuous variables are expressed as medians and interquartile ranges (IQR).
PSM, propensity score matching; ASA, American Society of Anesthesiologists; CA19-9, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125.
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survival time was 87.4 months in well-nourished group, 54.1
months in moderately malnourished group, and 24.3 months in
severely malnourished group. Regarding overall survival, there
was a significant survival difference between the three groups
(p < 0.001). Figures 3B–D) presents the Kaplan–Meier survival
curves according to nutritional status at 3, 6, and 12 months after
operation, showing significant survival difference between the
three groups. The results of univariate and multivariate Cox
proportional hazards regression model showed that the
preoperative PG-SGA score >9 scores was an independent
prognostic factor in patients who underwent PD for ampullary
carcinoma [hazard ratio (HR) = 1.623; 95% CI, 1.217–2.165;
p < 0.001]. The results of univariate and multivariate Cox
proportional hazards regression models for prognostic factors
for OS are shown in Table 4.

Univariate and Multivariate Cox Analysis of
Prognostic Factors for Overall Survival
After PSM analysis, the results of univariate and multivariate
Cox proportional hazards regression model showed severe
malnutrition (PG-SGA score >9 scores) before operation
(HR = 1.508; 95% CI, 1.103–2.061; p = 0.01) and at 6 months
(HR = 4.148; 95% CI, 2.523–6.820; p < 0.001) and 12
months (HR = 5.272; 95% CI, 3.630–7.656; p < 0.001) after
operation were independent prognostic factors in patients who
underwent PD for ampullary carcinoma. Additionally, the
positive perineural invasion (p = 0.001), poorly tumor grade
(p < 0.001), positive resection margins (p = 0.001), TNM stage III
(p = 0.008), and adjuvant therapy (p = 0.035) also were the
independent prognostic factors of OS. The results of univariate
Frontiers in Oncology | www.frontiersin.org 6
and multivariate Cox proportional hazards regression model for
prognostic factors for OS are shown in Table 4.
DISCUSSION

In recent years, the prognostic factors of postoperative outcome
after PD have been extensively studied. The postoperative
outcomes of patients with malignant tumors after curative
surgery were associated with the tumor characteristics, surgical
factors, and host-related factors (2–4). Among them,
preoperative malnutrition was also an important risk factor of
postoperative outcomes for malignant tumor after radical
surgery (7, 13). Preoperative malnutrition in patients who
underwent PD was often caused by the decrease in oral food
intake, absorption disorder, and gastrointestinal obstruction.
Patients who underwent PD frequently experience impaired
digestive function that can affect long-term nutritional status.
The consequences of preoperative and postoperative
malnutrition on postoperative outcomes include increased
incidence of complications, prolonged hospital day, and poor
survivals. However, the studies examining whether postoperative
malnutrition affects the long-term survival of patients who
underwent PD for ampullary carcinoma were lacking.

In our study, the incidence of postoperative complications
was more higher in severely malnourished group than in
well-nourished or moderately malnourished group. The
multivariate Cox proportional hazards regression analysis
showed that severe malnutrition (PG-SGA score > 9 scores)
before operation and at 6 and 12 months after operation were
TABLE 3 | The relationships between preoperative nutritional status and postoperative short outcomes in 511 patients who underwent pancreatoduodenectomy for
ampullary carcinoma after PSM.

Variables Total Before PSM After PSM

Well-nourished/moderately
malnourished

Severely
malnourished

p-
value

Well-nourished/moderately
malnourished

Severely
malnourished

p-
value

N = 511 N = 311 N = 200 N = 200 N = 200

Overall postoperative
complications

187 (36.6) 86 (27.7) 101 (50.5) <0.001 65 (32.5) 101 (50.5) <0.001

Postoperative
complications (CD≥IIIa)

98 (19.2) 42 (13.5) 56 (28.0) <0.001 32 (16.0) 56 (28.0) 0.004

Pancreatic fistula
Grade A 61 (11.9) 35 (11.3) 26 (13.0) 0.005 25 (12.5) 26 (13.0) 0.06
Grade B 27 (5.3) 8 (2.6) 19 (9.5) 6 (3.0) 19 (9.5)
Grade C 4 (0.8) 2 (0.6) 2 (1.0) 2 (1.0) 2 (1.0)

Bile leakage 9 (1.8) 5 (1.6) 4 (2.0) 0.742 5 (2.5) 4 (2.0) 0.736
Postoperative
hemorrhage

46 (9.0) 18 (5.8) 28 (14.0) 0.002 15 (7.5) 28 (14.0) 0.053

Delayed gastric emptying
Grade A 77 (15.1) 30 (9.6) 47 (23.5) <0.001 23 (11.5) 47 (23.5) 0.006
Grade B 18 (3.5) 9 (2.9) 9 (4.5) 8 (4.0) 9 (4.5)
Grade C 6 (1.2) 2 (0.6) 4 (2.0) 1 (0.5) 4 (2.0)

Intra-abdominal abscess 46 (9.0) 25 (8.0) 21 (10.5) 0.343 18 (9.0) 21 (10.5) 0.613
Mortality 20 (3.9) 7 (2.3) 13 (6.5) 0.016 7 (3.5) 13 (6.5) 0.169
Postoperative hospital
stay, days

21 (16–27) 20 (15–27) 22 (18–27) 0.047 20 (15–27) 22 (18–27) 0.149
November 2021 | V
olume 11 | Article
Categorical variables were expressed as n (%); continuous variables are expressed as medians and interquartile ranges (IQR).
PSM, propensity score matching; CD, Clavien–Dindo classification.
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independent prognostic factors in patients who underwent PD
for ampullary carcinoma.

As previously reported (11, 28), malnutrition was common in
hospitalized patients with malignant tumor. Song et al. (11)
analyzed the nutritional status of 23,904 patients with 16
common malignant tumors; 13,826 participants (57.88%) were
moderately or severely malnourished. Similarly, most of the
patients with ampullary carcinoma had varying degrees of
malnutrition before and after operation in our study. Before
operation, 122 (23.9%) patients were classified into well-
nourished group, 189 (37.0%) into moderately malnourished
group, and 200 (39.1%) into severely malnourished group.
Additionally, many patients still suffer from malnutrition after
operation; the median PG-SGA scores were 5, 4, and 3 scores at
3, 6, and 12 months after PD, respectively.

The nutritional status of hospitalized patients could be
assessed by various methods, included objective anthropometric
measurements, and subjective measurements based on the clinical
history and physical examination (29–31). Among the
aforementioned, the PG-SGA was the widely recommended
method for the assessment of nutritional status of the tumor
Frontiers in Oncology | www.frontiersin.org 7
patients (17, 19, 32). The scored PG-SGA consists of a
quantitative score and a qualitative global assessment, which
was more sensitive to a subtle changes in nutritional status than
the SGA. The higher the PG-SGA score is, the greater the risk of
malnutrition is. Many previous studies have demonstrated that
the scored PG-SGA was an effective and reliable tool for nutrition
evaluation. Additionally, the NRS-2002 was also the preferred
subjective screening tool for nutritional risk. According to the
previous study, the PG-SGA scale is simple and accurate and may
be the most suitable method for evaluating the nutritional status
of malignant tumor patients and was more sensitive to the
nutritional status in the general population of cancer patients
compared with the NRS-2002.

Malnourished patients with malignant tumor often coexists
with systemic inflammatory response and immunosuppression
(14, 33). As previously reported (34, 35), the malignant tumors
incite a systemic inflammatory response, which often triggers the
release of inflammatory cytokines and chemokines, such as
tumor necrosis factor and IL-1 and IL-6. Meanwhile, the
systemic inflammatory response induced profound catabolic
effects on host metabolism, for instance, which caused the
A B

C D

FIGURE 3 | Overall survival curves for patients in the well-nourished group, moderately malnourished group, and severely malnourished group before and at 3, 6,
and 12 months after pancreatoduodenectomy. (A–D) Significant overall survival difference were observed among the three groups (p < 0.001).
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depletion of skeletal muscle and visceral function proteins. In
addition, neutrophilia and lymphocytopenia were commonly
involved in cancer-related inflammation (36–38). Patients with
immunosuppression and inflammatory response have poor
tolerance to operation, recover slowly after surgery, and more
susceptible to postoperative complications. Previous reports have
found a relationship between preoperative malnutrition and
poor short-term outcome and long-term survival, which were
consistent with our results. In our cohort, we found that the
incidence of postoperative complications in malnourished group
was significant higher than that in the well-nourished group, and
the preoperative malnutrition was the independent risk factor of
overall survival.

To date, the relationship between postoperative long-term
nutritional status and survival remains unknown. Previous
studies reported that malnutrition after gastrectomy
significantly and adversely affects overall survival; nutritional
interventions to lessen the impact of postoperative malnutrition
can offer hope for prolonged survival. However, they could not
completely adjust for the negative survival impact of patient
backgrounds in the malnutrition group and excluded patients
with gastric cancer recurrence. In our study, to control for the
effects of confounding factors, propensity score matched analysis
was performed to balance the clinicopathological variables
between preoperative group A (well-nourished and moderately
malnourished group) and group B (severely malnourished
group). After PSM analysis, we revealed relationships between
poor survival and malnutrition before and at 6 and 12 months
after PD. The PG-SGA score >9 scores before operation and at 6
and 12 months after operation were independent prognostic
Frontiers in Oncology | www.frontiersin.org 8
factors in patients who underwent PD for ampullary carcinoma.
However, the PG-SGA score >9 scores at 3 months after
operation was not the independent prognostic factor in
our study.

In addition, as previously reported, the loss of skeletal muscle
(SM) and visceral functional proteins was considered as the
important indication of nutritional status (31, 39). The SM
and visceral functional protein depletion leads to changes in
intra- and extracellular electrolyte regulations and reduction
in the metabolically active tissue and often coexists with
immunosuppression, which were the important mechanisms
for increased postoperative complications and poor survival
after PD. de Oliveira Pereira et al. (39) quantitatively calculated
the body composition using computed tomography and assessed
the nutritional status of hospitalized patients, and they found that
the PG-SGA was closely correlated with the skeletal muscle index.
Meanwhile, compared with the weight loss and BMI, the scored
PG-SGA was a more sensitive and precise method to assess
nutritional status of patients with malignant tumor. Laky et al.
(31) showed that BMI and percentage of weight loss were not able
to effectively detect malnutrition of patients with malignant
tumor because they could be masked by edema and
dehydration. Similarly, Wigmore et al. (40) found that the
median BMI of 20 pancreatic cancer patients at diagnosis was
20.7 (range, 19.5–23.6) kg/m2 despite a median weight loss of 14.2
(range, 10–20%) in the previous 6 months.

Besides, malnourished cancer patients were often
accompanied by vitamin and microelement deficiency due to
decreased oral food intake and impaired absorption. The
deficiency of vitamin and microelement was closely related to
TABLE 4 | Univariate and multivariate Cox proportional hazard regression analysis of prognostic factors for OS in patients who underwent pancreatoduodenectomy for
ampullary carcinoma after PSM.

Factors No. Patients Univariate analysis Multivariate analysis

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

Age (>65 years vs. ≤65 years) 80/320 1.474 (1.098–1.978) 0.01

Sex (male vs. female) 235/165 0.928 (0.720–1.196) 0.564

Comorbidities (+ vs. −) 96/304 1.010 (0.754–1.353) 0.948

BMI (>25 kg/m2 vs. ≤25 kg/m2) 47/353 1.013 (0.683–1.501) 0.950

ASA class (III vs. I or II) 55/345 1.387 (0.981–1.961) 0.064

T stage (T3/T4 vs. T1/T2) 206/194 1.831 (1.418–2.365) <0.001
Lymph node metastasis (+ vs. −) 148/252 2.054 (1.595–2.647) <0.001

Vascular invasion (+ vs. −) 31/369 1.903 (1.238–2.926) 0.003

Perineural invasion (+ vs. −) 49/351 1.857 (1.299–2.655) 0.001 1.958 (1.307–2.934) 0.001

Tumor grade (poorly vs. moderately or well) 78/322 3.115 (2.316–4.190) <0.001 2.280 (1.568–3.314) <0.001

Resection margins (+ vs. −) 22/378 3.163 (1.985–5.042) <0.001 2.768 (1.504–5.093) 0.001

TNM stage (III vs. I or II) 163/237 2.290 (1.776–2.954) <0.001 1.575 (1.123–2.209) 0.008

Adjuvant therapy (+ vs. −) 146/254 0.588 (0.449–0.769) <0.001 0.712 (0.520–0.976) 0.035

PG-SGA score

Before operation (>9 vs. <9 scores) 200/200 1.840 (1.429–2.369) <0.001 1.508 (1.103–2.061) 0.01

At 3 months after operation (>9 vs. <9 scores) 67/420 2.996 (2.146–4.183) <0.001

At 6 months after operation (>9 vs. <9 scores) 68/406 13.754 (9.449–19.995) <0.001 4.148 (2.523–6.820) <0.001

At 12 months after operation (>9 vs. <9 scores) 116/323 8.680 (6.314–11.931) <0.001 5.272 (3.630–7.656) <0.001
November 202
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OS, overall survival; PSM, propensity score matching; BMI, body mass index; ASA, American Society of Anesthesiologists; PG-SGA, Patient-Generated Subjective Global Assessment.
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symptoms such as nausea and vomiting and indigestion, which
maybe the reason that the incidence of postoperative DGE after
PD was more higher in malnourished group than in well-
nourished group in our study. Regrettably, the incomplete data
of vitamin and microelement test results makes it impossible to
analyze its effect on postoperative DGE in this study.

These findings implied that nutritional status was associated
with the postoperative outcomes of patients after PD. Therefore,
preoperative and postoperative adequate nutritional support
including oral or intravenous nutritional supplementation were
considered important treatment means to improve the
postoperative outcome of patients underwent PD. A
retrospective multicenter study suggested that nutritional
support before surgery might lead to better surgical outcome of
resectable pancreatic cancer patients (41). Similarly, Adiamah
and his colleagues found that preoperative immune modulating
nutrition (IMN) had the significant impact on infectious
complications and a tendency to shorten length of stay;
preoperative IMN should be encouraged as a routine practice
in patients undergoing surgery for gastrointestinal cancer (21).

This study has some limitations. First, it was retrospective and
single-centered; thus, susceptible to the inherent problems of
such design features, subject selection bias was unavoidable. In
the future, prospective studies with larger sample sizes, and
external validation of our findings in other populations,
are essential.
CONCLUSION

Our study suggested that patients with ampullary carcinoma had
varying degrees of malnutrition before and after operation.
Malnutrition before and at 6 and 12 months after PD
significantly affects the long-term survival of patients.
Additionally, the preoperative malnutrition was related to
Frontiers in Oncology | www.frontiersin.org 9
postoperative complications after PD. Nutritional interventions
to lessen the impact of postoperative malnutrition might offer
hope for prolonged survival.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary materials. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

All patients provided written informed consent to participate in
the study, and the study was approved by the Ethics Committee
of the local hospital (no. TJ-IRB20190418).
AUTHOR CONTRIBUTIONS

Conception and design: JJ, RQ, and GX. Administrative support:
RQ and MW. Provision of study materials or patients: JJ and RQ.
Collection and assembly of data: JJ, GX, and XW. Data analysis
and interpretation: JJ. Manuscript writing: all authors. All authors
contributed to the article and approved the submitted version.
FUNDING

This study was supported by grants from the National Natural
Science Foundation of China (Nos. 81772950 and 81874205). This
study was also supported by a grant from the National Natural
Science Foundation of China Youth Fund (No. 81902499).
REFERENCES
1. Al Abbas AI, Falvello V, Zenati M, Mani A, Hogg ME, Zeh HJ 3rd, et al.

Impact of Adjuvant Chemotherapy Regimen on Survival Outcomes in
Immunohistochemical Subtypes of Ampullary Carcinoma. J Surg Oncol
(2019). doi: 10.1002/jso.25808

2. Adam MA, Choudhury K, Dinan MA, Reed SD, Scheri RP, Blazer DG 3rd,
et al. Minimally Invasive Versus Open Pancreaticoduodenectomy for Cancer:
Practice Patterns and Short-Term Outcomes Among 7061 Patients. Ann Surg
(2015) 262(2):372–7. doi: 10.1097/SLA.0000000000001055

3. Wang M, Peng B, Liu J, Yin X, Tan Z, Liu R, et al. Practice Patterns and
Perioperative Outcomes of Laparoscopic Pancreaticoduodenectomy in China:
A Retrospective Multicenter Analysis of 1029 Patients. Ann Surg (2019) 273
(1):145–53. doi: 10.1097/SLA.0000000000003190

4. de Rooij T, van Hilst J, Topal B, Bosscha K, Brinkman DJ, Gerhards MF, et al.
Outcomes of a Multicenter Training Program in Laparoscopic
Pancreatoduodenectomy (LAELAPS-2). Ann Surg (2019) 269(2):344–50.
doi: 10.1097/SLA.0000000000002563

5. Busquets J, Martin S, Fabregat J, Secanella L, Pelaez N, Ramos E. Randomized
Trial of Two Types of Gastrojejunostomy After Pancreatoduodenectomy and
Risk of Delayed Gastric Emptying (PAUDA Trial). Br J Surg (2019) 106
(1):46–54. doi: 10.1002/bjs.11023
6. Kawaida H, Kono H, Hosomura N, Amemiya H, Itakura J, Fujii H, et al.
Surgical Techniques and Postoperative Management to Prevent Postoperative
Pancreatic Fistula After Pancreatic Surgery. World J Gastroenterol (2019) 25
(28):3722–37. doi: 10.3748/wjg.v25.i28.3722

7. Nakajima H, Yokoyama Y, Inoue T, Nagaya M, Mizuno Y, Kadono I, et al.
Clinical Benefit of Preoperative Exercise and Nutritional Therapy for Patients
Undergoing Hepato-Pancreato-Biliary Surgeries for Malignancy. Ann Surg
Oncol (2019) 26(1):264–72. doi: 10.1245/s10434-018-6943-2

8. Chang EH, Sugiyama G, Smith MC, Nealon WH, Gross DJ, Apterbach G,
et al. Obesity and Surgical Complications of Pancreaticoduodenectomy: An
Observation Study Utilizing ACS NSQIP. Am J Surg (2019) 220(1):135–9.
doi: 10.1016/j.amjsurg.2019.10.030

9. Pratt WB, Callery MP, Vollmer CMJr. Risk Prediction for Development of
Pancreatic Fistula Using the ISGPF Classification Scheme. World J Surg
(2008) 32(3):419–28. doi: 10.1007/s00268-007-9388-5

10. McMillan MT, Allegrini V, Asbun HJ, Ball CG, Bassi C, Beane JD, et al.
Incorporation of Procedure-Specific Risk Into the ACS-NSQIP Surgical Risk
Calculator Improves the Prediction of Morbidity and Mortality After
Pancreatoduodenectomy. Ann Surg (2017) 265(5):978–86. doi: 10.1097/
SLA.0000000000001796

11. Song C, Cao J, Zhang F,Wang C, Guo Z, Lin Y, et al. Nutritional Risk Assessment
by Scored Patient-Generated Subjective Global Assessment Associated With
November 2021 | Volume 11 | Article 748341

https://doi.org/10.1002/jso.25808
https://doi.org/10.1097/SLA.0000000000001055
https://doi.org/10.1097/SLA.0000000000003190
https://doi.org/10.1097/SLA.0000000000002563
https://doi.org/10.1002/bjs.11023
https://doi.org/10.3748/wjg.v25.i28.3722
https://doi.org/10.1245/s10434-018-6943-2
https://doi.org/10.1016/j.amjsurg.2019.10.030
https://doi.org/10.1007/s00268-007-9388-5
https://doi.org/10.1097/SLA.0000000000001796
https://doi.org/10.1097/SLA.0000000000001796
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jin et al. Malnutrition on Outcomes for AC
Demographic Characteristics in 23,904 Common Malignant Tumors Patients.
Nutr Cancer (2019) 71(1):50–60. doi: 10.1080/01635581.2019.1566478

12. Bauer J, Capra S, Ferguson M. Use of the Scored Patient-Generated Subjective
Global Assessment (PG-SGA) as a Nutrition Assessment Tool in Patients
With Cancer. Eur J Clin Nutr (2002) 56(8):779–85. doi: 10.1038/sj.ejcn.
1601412

13. Kim E, Kang JS, HanY, KimH, KwonW, Kim JR, et al. Influence of Preoperative
Nutritional Status on Clinical Outcomes After Pancreatoduodenectomy. Hpb
(2018) 20(11):1051–61. doi: 10.1016/j.hpb.2018.05.004

14. Ahmad J, Grimes N, Farid S, Morris-Stiff G. Inflammatory Response Related
Scoring Systems in Assessing the Prognosis of Patients With Pancreatic
Ductal Adenocarcinoma: A Systematic Review. Hepatobiliary Pancreatic Dis
Int (2014) 13(5):474–81. doi: 10.1016/S1499-3872(14)60284-8

15. Fujiya K, Kawamura T, Omae K, Makuuchi R, Irino T, Tokunaga M, et al.
Impact of Malnutrition After Gastrectomy for Gastric Cancer on Long-Term
Survival. Ann Surg Oncol (2018) 25(4):974–83. doi: 10.1245/s10434-018-6342-8

16. Sugimachi K, Iguchi T, Mano Y, Nishijima T, Nakanoko T, Uehara H, et al.
The Impact of Immunonutritional and Physical Status on Surgical Outcome
After Pancreaticoduodenectomy in Elderly Patients. Anticancer Res (2019) 39
(11):6347–53. doi: 10.21873/anticanres.13846

17. Ottery FD. Definition of Standardized Nutritional Assessment and
Interventional Pathways in Oncology. Nutr (Burbank Los Angeles County
Calif) (1996) 12(1 Suppl):S15–9. doi: 10.1016/0899-9007(95)00067-4

18. Detsky AS, McLaughlin JR, Baker JP, Johnston N, Whittaker S, Mendelson
RA, et al. What Is Subjective Global Assessment of Nutritional Status? 1987.
Classical Article. Nutricion Hospitalaria (2008) 23(4):400–7.

19. Erickson N, Storck LJ, Kolm A, Norman K, Fey T, Schiffler V, et al. Tri-
Country Translation, Cultural Adaptation, and Validity Confirmation of the
Scored Patient-Generated Subjective Global Assessment. Support Care Cancer
(2019) 27(9):3499–507. doi: 10.1007/s00520-019-4637-3

20. Huang TH, Hsieh CC, Kuo LM, Chang CC, Chen CH, Chi CC, et al.
Malnutrition Associated With an Increased Risk of Postoperative
Complications Following Hepatectomy in Patients With Hepatocellular
Carcinoma. HPB (Oxford) (2019) 21(9):1150–5. doi: 10.1016/j.hpb.2019.01.003

21. Adiamah A, Skorepa P, Weimann A, Lobo DN. The Impact of Preoperative
Immune Modulating Nutrition on Outcomes in Patients Undergoing Surgery
for Gastrointestinal Cancer: A Systematic Review and Meta-Analysis. Ann
Surg (2019) 270(2):247–56. doi: 10.1097/SLA.0000000000003256

22. DeOliveira ML, Winter JM, Schafer M, Cunningham SC, Cameron JL, Yeo CJ,
et al. Assessment of Complications After Pancreatic Surgery: A Novel Grading
System Applied to 633 Patients Undergoing Pancreaticoduodenectomy. Ann
Surg (2006) 244(6):931–7; discussion 7-9. doi: 10.1097/01.sla.0000246856.
03918.9a

23. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al.
The 2016 Update of the International Study Group (ISGPS) Definition and
Grading of Postoperative Pancreatic Fistula: 11 Years After. Surgery (2017)
161(3):584–91. doi: 10.1016/j.surg.2016.11.014

24. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al.
Delayed Gastric Emptying (DGE) After Pancreatic Surgery: A Suggested
Definition by the International Study Group of Pancreatic Surgery (ISGPS).
Surgery (2007) 142(5):761–8. doi: 10.1016/j.surg.2007.05.005

25. Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R, Capussotti L, et al. Bile
Leakage After Hepatobiliary and Pancreatic Surgery: A Definition and
Grading of Severity by the International Study Group of Liver Surgery.
Surgery (2011) 149(5):680–8. doi: 10.1016/j.surg.2010.12.002

26. Grutzmann R, Ruckert F, Hippe-Davies N, Distler M, Saeger HD. Evaluation
of the International Study Group of Pancreatic Surgery Definition of Post-
Pancreatectomy Hemorrhage in a High-Volume Center. Surgery (2012) 151
(4):612–20. doi: 10.1016/j.surg.2011.09.039

27. Wang M, Xu S, Zhang H, Peng S, Zhu F, Qin R. Imbedding
Pancreaticojejunostomy Used in Pure Laparoscopic Pancreaticoduodenectomy
for Nondilated Pancreatic Duct. Surg Endoscopy (2017) 31(4):1986–92.
doi: 10.1007/s00464-016-4805-1

28. Gianotti L, Besselink MG, Sandini M, Hackert T, Conlon K, Gerritsen A, et al.
Nutritional Support and Therapy in Pancreatic Surgery: A Position Paper of
the International Study Group on Pancreatic Surgery (ISGPS). Surgery (2018)
164(5):1035–48. doi: 10.1016/j.surg.2018.05.040
Frontiers in Oncology | www.frontiersin.org 10
29. Tah PC, Kee CC, Majid HA. Validity and Reliability of a Nutrition Screening
Tool in Identifying Malnutrition Among Hospitalized Adult Patients. Nutr
Clin Pract (2019) 35(5):942–50. doi: 10.1002/ncp.10416

30. Hipskind P, Rath M, JeVenn A, Galang M, Nawaya A, Smith E, et al.
Correlation of New Criteria for Malnutrition Assessment in Hospitalized
Patients: AND-ASPEN Versus SGA. J Am Coll Nutr (2019) 39(6):518–27. doi:
10.1080/07315724.2019.1699476

31. Laky B, Janda M, Cleghorn G, Obermair A. Comparison of Different
Nutritional Assessments and Body-Composition Measurements in
Detecting Malnutrition Among Gynecologic Cancer Patients. Am J Clin
Nutr (2008) 87(6):1678–85. doi: 10.1093/ajcn/87.6.1678

32. Roop C, Piscitelli M, Lynch MP. Assessing the Nutritional Status of Patients
With Sarcoma by Using the Scored Patient-Generated Subjective Global
Assessment. Clin J Oncol Nurs (2010) 14(3):375–7. doi: 10.1188/10.CJON.
375-377

33. Song GM, Tian X, Liang H, Yi LJ, Zhou JG, Zeng Z, et al. Role of Enteral
Immunonutrition in Patients Undergoing Surgery for Gastric Cancer: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials.
Med (Baltimore) (2015) 94(31):e1311. doi: 10.1097/MD.0000000000001311

34. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-Related Inflammation.
Nature (2008) 454(7203):436–44. doi: 10.1038/nature07205

35. Bunt SK, Yang L, Sinha P, Clements VK, Leips J, Ostrand-Rosenberg S. Reduced
Inflammation in the Tumor Microenvironment Delays the Accumulation of
Myeloid-Derived Suppressor Cells and Limits Tumor Progression. Cancer Res
(2007) 67(20):10019–26. doi: 10.1158/0008-5472.CAN-07-2354

36. Stotz M, Gerger A, Eisner F, Szkandera J, Loibner H, Ress AL, et al. Increased
Neutrophil-Lymphocyte Ratio Is a Poor Prognostic Factor in Patients With
Primary Operable and Inoperable Pancreatic Cancer. Br J Cancer (2013) 109
(2):416–21. doi: 10.1038/bjc.2013.332

37. Ray-Coquard I, Cropet C, Van Glabbeke M, Sebban C, Le Cesne A, Judson I,
et al. Lymphopenia as a Prognostic Factor for Overall Survival in Advanced
Carcinomas, Sarcomas, and Lymphomas. Cancer Res (2009) 69(13):5383–91.
doi: 10.1158/0008-5472.CAN-08-3845

38. Liang W, Ferrara N. The Complex Role of Neutrophils in Tumor
Angiogenesis and Metastasis. Cancer Immunol Res (2016) 4(2):83–91.
doi: 10.1158/2326-6066.CIR-15-0313

39. de Oliveira Pereira F, Pereira Mota A, Azevedo Aredes M, Villaca Chaves G,
Ramos Cardoso IC. Association Between Scored Patient-Generated Subjective
Global Assessment and Skeletal Muscle Determined by Computed
Tomography in Patients With Cervical Cancer. Nutr Cancer (2020) 72
(4):595–601. doi: 10.1080/01635581.2019.1645866

40. Wigmore SJ, Plester CE, Richardson RA, Fearon KC. Changes in Nutritional
Status Associated With Unresectable Pancreatic Cancer. Br J Cancer (1997) 75
(1):106–9. doi: 10.1038/bjc.1997.17

41. Aziz MH, Sideras K, Aziz NA, Mauff K, Haen R, Roos D, et al. The Systemic-
Immune-Inflammation Index Independently Predicts Survival and
Recurrence in Resectable Pancreatic Cancer and Its Prognostic Value
Depends on Bilirubin Levels: A Retrospective Multicenter Cohort Study.
Ann Surg (2019) 270(1):139–46. doi: 10.1097/SLA.0000000000002660
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Jin, Xiong,Wang, Peng, Zhu,Wang and Qin. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
November 2021 | Volume 11 | Article 748341

https://doi.org/10.1080/01635581.2019.1566478
https://doi.org/10.1038/sj.ejcn.1601412
https://doi.org/10.1038/sj.ejcn.1601412
https://doi.org/10.1016/j.hpb.2018.05.004
https://doi.org/10.1016/S1499-3872(14)60284-8
https://doi.org/10.1245/s10434-018-6342-8
https://doi.org/10.21873/anticanres.13846
https://doi.org/10.1016/0899-9007(95)00067-4
https://doi.org/10.1007/s00520-019-4637-3
https://doi.org/10.1016/j.hpb.2019.01.003
https://doi.org/10.1097/SLA.0000000000003256
https://doi.org/10.1097/01.sla.0000246856.03918.9a
https://doi.org/10.1097/01.sla.0000246856.03918.9a
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.surg.2007.05.005
https://doi.org/10.1016/j.surg.2010.12.002
https://doi.org/10.1016/j.surg.2011.09.039
https://doi.org/10.1007/s00464-016-4805-1
https://doi.org/10.1016/j.surg.2018.05.040
https://doi.org/10.1002/ncp.10416
https://doi.org/10.1080/07315724.2019.1699476
https://doi.org/10.1093/ajcn/87.6.1678
https://doi.org/10.1188/10.CJON.375-377
https://doi.org/10.1188/10.CJON.375-377
https://doi.org/10.1097/MD.0000000000001311
https://doi.org/10.1038/nature07205
https://doi.org/10.1158/0008-5472.CAN-07-2354
https://doi.org/10.1038/bjc.2013.332
https://doi.org/10.1158/0008-5472.CAN-08-3845
https://doi.org/10.1158/2326-6066.CIR-15-0313
https://doi.org/10.1080/01635581.2019.1645866
https://doi.org/10.1038/bjc.1997.17
https://doi.org/10.1097/SLA.0000000000002660
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Impact of Preoperative and Postoperative Malnutrition on Outcomes for Ampullary Carcinoma After Pancreaticoduodenectomy
	Introduction
	Materials and Methods
	Patients
	Nutritional Assessment
	Data Collection
	Definition of Postoperative Outcomes
	Surgical Procedure
	Statistical Methods

	Results
	Patients’ Characteristics
	Comparisons of Clinicopathological Characteristics Between Groups
	Postoperative Short-Term Outcomes
	Overall Survival Analysis According to the Preoperative and Postoperative Nutritional Status
	Univariate and Multivariate Cox Analysis of Prognostic Factors for Overall Survival

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


