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Abstract

Background Malnutrition is associated with poor survival in pancreatic cancer patients. Nutritional scores show great
heterogeneity diagnosing malnutrition. The aim of this study was to find the score best suitable to identify patients with
malnutrition related to worse survival after surgery for pancreatic ductal adenocarcinoma (PDAC). This study
represents a follow-up study to the prospective NURIMAS Pancreas trial that evaluated short term impact of nutritional
score results after surgery.
Methods Risk of malnutrition was evaluated preoperatively using 12 nutritional assessment scores. Patients were
followed-up prospectively for at least 3 years. Patients at risk for malnutrition were compared with those not at risk
according to each score using Kaplan–Meier survival statistics.
Results A total of 116 patients receiving a PDAC resection in curative intent were included. Malnutrition according to
the Subjective Global Assessment score (SGA), the Short Nutritional Assessment Questionnaire (SNAQ), and the
INSYST2 score was associated with worse overall survival (SGA: at-risk: 392 days; not at-risk: 942 days; P = 0.001;
SNAQ: at-risk: 508 days; not at-risk: 971 days; P = 0.027; INSYST2: at-risk: 538 days; not at risk: 1068; P = 0.049).
In the multivariate analysis, SGA (hazard ratio of death 2.16, 95% confidence interval 1.34–3.47, P = 0.002) was
associated with worse overall survival.
Conclusions Malnutrition as defined by the Subjective Global Assessment is independently associated with worse
survival in resected PDAC patients. The SGA should be used to stratify PDAC patients in clinical studies. Severely
malnourished patients according to the SGA profit from intensified nutritional therapy should be evaluated in a
randomized controlled trial.
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Background

Pancreatic ductal adenocarcinoma (PDAC) is one of the
deadliest malignancies, and surgical resection—usually within

multimodal treatment strategies—still represents the only po-
tential cure. Malnutrition and cachexia are characteristic for
PDAC and affect the course of the disease and its prognosis,
particularly after curative resection.1–3 A variety of different
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nutritional assessment scores are available to clinicians. How-
ever, comprehensive validation of these tools is still lacking for
many diseases, including PDAC. The prospective Nutritional
Risk in Major Abdominal Surgery (NURIMAS) Pancreas study4

was conducted to identify the scores with the best predictive
performance with regards to major surgical complications.
Two major conclusions were drawn from the initial study:
first, the 12 scores defined the malnourished population
drastically different. For example, the Nutritional Risk Index
identified about 1% of the population ‘at risk’, while the Nutri-
tional Risk Classification identified about 80% of the popula-
tion ‘at risk’. Second, none of the included scores defined
malnourished patients that were prone to more major compli-
cations. However, the NURIMAS Pancreas trial did not assess
long-term oncological outcomes.

The aim of this study was to investigate 12 available
nutritional assessment scores for potential associations with
overall survival (OS) and recurrence-free survival (RFS) after
resection for PDAC.

Methods

This study is a long-term follow up of the prospective
NURIMAS pancreas study (registration number in the German
Clinical Trials Registry: DRKS00006340).4 The study and the
follow-up amendment were approved by the ethics commit-
tee of the medical faculty at Heidelberg University (S-170/
2014). The study protocol was published before publication
of the initial manuscript.5

Patient selection

Consecutive patients scheduled for pancreatic surgery at the
Department of General, Visceral and Transplantation Surgery,
University of Heidelberg, Germany, were screened for eligibil-
ity. Inclusion criteria were informed written consent, age be-
tween 18 and 90 years, and no history of previous pancreatic
resection. In this long-term analysis of the NURIMAS Pan-
creas study, only those patients with histologically confirmed
PDAC were included.

Nutritional assessment scores

Nutritional parameters were assessed within 36 h before sur-
gery. The following nutritional scoring indices were included:
Nutritional Risk Index (NRI)6; Nutritional Risk Screening Score
(NRS)7 and Nutritional Risk Screening Score 2002 (NRS 2002)8;
Subjective Global Assessment (SGA)9; Malnutrition Universal
Screening Tool (MUST)10; Mini Nutritional Assessment
(MNA) and Mini Nutritional Assessment Short Form,11 Short
Nutritional Assessment Questionnaire (SNAQ)12; Imperial

Nutritional Screening System 1 and Imperial Nutritional
Screening System 2 (INSYST)13; European Society for Clinical
Nutrition and Metabolism.14 Information on the items in-
cluded in each nutritional assessment score is given in Table
S1. For scores with more than two modes, only those assigned
to the highest-risk class were defined as being ‘at risk for mal-
nutrition’ while all other categories were classified as ‘not at
risk for malnutrition’.

Outcome assessment

For the assessment of long-term outcomes, an additional
study visit was performed 3 years after index operation. Pa-
tients and/or their general practitioners were contacted for
survival status. OS and RFS were assessed. For OS, death
due to any cause after the index operation was considered.
For RFS, recurrence was defined as any radiological recur-
rence, local, or distant.

Statistical analysis

Overall survival and RFS were calculated from the time of sur-
gery. Kaplan–Meier survival analysis was performed to com-
pare OS and RFS. Hazard ratio (HR) of death was computed
for each score (3 year survival). Cox proportional hazard ratio
was used for multivariate assessment. Risk scores that were
significantly associated with OS in univariate analysis were
separately assessed in a cox model. Other preoperative risk
factors were included in the model such as age, neoadjuvant
chemotherapy and American Society of Anesthesiologists
performance status. No postoperative risk factors, for exam-
ple, adjuvant chemotherapy, were included in the model.
For multivariate analysis missing information was imputed
by the Fisher’s optimum scoring method.15 Continuous vari-
ables were dichotomized for the regression model. Statistical
analysis was performed using the open source software R
(V3.3) and the hmisc and survminer packages.

Results

Patients characteristics

From August 2014 to July 2015, 369 patients were recruited
in the NURIMAS Pancreas study. All patients were screened
for their final histopathologic diagnosis. Those patients with
PDAC (n = 153) were further screened. In 116 patients, a re-
section was completed, whereas in 37 patients, surgery was
aborted due to advanced disease. All 116 patients with com-
pleted resection were followed up until at least 3 years after
resection, and no censoring was required. Patient flow is
depicted in Figure 1. Median age was 67 years, 62 patients
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(53.4%) were female patients. Baseline characteristics of
included patients are displayed in Table 1.

Nutritional risk scores and overall survival after
resection for pancreatic ductal adenocarcinoma

Kaplan–Meier survival analysis was performed for all avail-
able scores. Risk groups were defined according to score
results. Nutritional Risk Classification16 was excluded from
further analysis, because all patients were classified as ‘at
risk’ per definition of the score.

The following results focus on the 116 patients that were
successfully resected. Malnutrition according to the SGA
score, the Short Nutritional Assessment Questionnaire
(SNAQ) and the INSYST2 was associated with shorter median
OS compared with the group with a normal nutritional status
as defined by the respective scores (SGA: at risk for malnutri-
tion: 392 days [95% confidence interval (CI) 295–745 days];
not at risk for malnutrition: 942 days (95% CI 694–NA days);
P = 0.001; Figure 2A; SNAQ: at risk for malnutrition: 508 days
(95% CI 392–818 days); not at risk for malnutrition: 971 days
(95% CI 694–NA days); P = 0.027; Figure 2B; INSYST2: at risk:
538 days (95% CI 404–882 days); not at risk: 1068 days (95%
CI 612–NA days); (P = 0.049). Malnutrition as defined by SGA
and SNAQ scores was additionally associated with an ele-
vated HR of death within a 3 year time interval (SGA: HR
2.17, CI 1.37–3.47; P < 0.001; SNAQ: HR 1.68, CI 1.06–2.73;
P = 0.03) in univariate analysis. The INSYST2 had no signifi-
cantly elevated HR of death in this analysis (HR 1.65, CI
0.998–2.73; P = 0.05). None of the other included scores
significantly correlated with OS (Table 2).

Recurrence-free survival in relation to nutritional
status

Recurrence-free survival was significantly shorter in patients
at risk according to the SGA compared with normal
nutritional status [at risk for malnutrition: 258 days (95% CI
208–1021 days); not at risk for malnutrition: 637 days (95%

Figure 1 Patient flow.

Table 1 Patient baseline data

Patients characteristics

n 116
Age (years)a 65.05 (11.01)
Gender (female)b 62 (53.4)
Weight loss (kg)a 5.49 (5.26)
ASA statusb

1 3 (2.6)
2 66 (56.9)
3 47 (40.5)

AJCC2

IA 3 (2.7)
IB 2 (1.8)
IIA 16 (14.2)
IIB 71 (62.8)
III 3 (2.7)
IV 18 (15.9)

Diabetes mellitusb

None 87 (75.0)
NIDDM 13 (11.2)
IDDM 16 (13.8)

Duration of surgery (min)a 301.01 (104.42)
Blood loss (mL)a 687.47 (764.93)

AJCC, American Joint Committee of Cancer 7th edition; ASA,
American Society of Anesthesiologists; IDDM, insulin-dependent di-
abetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus.
aPresented as mean (standard deviation in brackets).
bPresented as total number (% in brackets).
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CI 402–1095 days); P = 0.043; Figure 3]. All other
scores showed no significant association with RFS (data not
shown).

Hazard ratio of recurrence within a 3 year interval after
surgery was elevated in patients with malnutrition according
to SGA (HR 1.82, CI 1.01–3.28, P = 0.04). None of the other
scores predicted RFS (data not shown).

Multivariate analysis

In a multivariate cox model including age, American Society
of Anesthesiologists performance status, neoadjuvant che-
motherapy, and AJCC stage as factors, malnutrition according
to the SGA score was associated with an elevated HR of death
(2.22, 95% CI 1.37–3.6, P = 0.001; Figure 4). Neoadjuvant

Figure 2 Kaplan–Meier overall survival curves for SGA (A), SNAQ (B), and INSYST2 (C). INSYST2, Imperial Nutritional Screening System 2; OS, overall
survival; SGA, Subjective Global Assessment; SNAQ, Short Nutritional Assessment Questionnaire.
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chemotherapy was associated with an increased HR of death
(HR 1.84; 95% CI 1.03–3.3; P = 0.039). SNAQ and INSYST2
scores were not significantly associated with an elevated HR
in this model (data not shown).

Discussion

Cachexia and malnutrition are characteristic for PDAC and are
associated with a poor prognosis.1 In order to define and
quantify malnutrition a plethora of scores has been devel-
oped over the past decades. However, prospective validation
by means of relevant outcomes is still lacking for pancreatic

surgery. Nutritional scores in the context of abdominal sur-
gery have special requirements. Scores that automatically
put patients at risk of malnutrition when they receive surgery
and/or have cancer will not provide valuable information and
overestimate the number at risk substantially. On the other
hand, scores that underestimate malnutrition are of no value
either. A meaningful score therefore needs to discriminate,
ideally, while being derived out of easily accessible
information.

The initial NURIMAS Pancreas study has established that a
high variance among nutritional scores exists and that none
of the tested scores reliably predicts major surgical
complications.4 In the present follow-up study, the SGA score
predicts long-term survival after surgery for PDAC. These

Table 2 Detailed results of overall survival according for each nutritional assessment score

Score
At risk for malnutrition

(out of 116)
OS not at risk for
malnutrition (days)

OS at risk for
malnutrition (days)

HR of
death 95% CI

Logrank,
P value

Nutritional Risk Index (NRI) 25 (22 %) 756 414 1.34 0.78–2.31 0.3
Nutritional Risk Screening
Score (NRS)

102 (88%) 466 755 0.67 0.35–1.33 0.3

Nutritional Risk Screening
Score 2002 (NRS2002)

90 (78%) 852 593 1.45 0.81–2.59 0.2

Subjective Global Assessment
(SGA)

43 (37%) 942 392 2.17 1.37–3.47 <0.001

Malnutrition Universal
Screening Tool (MUST)

63 (54%) 779 576 1.36 0.85–2.21 0.2

Mini Nutritional Assessment
(MNA)

80 (69%) 769 694 1.03 0.62–1.72 0.9

Mini Nutritional Assessment
Short Form (MNASF)

107 (92%) 398 756 0.53 0.25–1.11 0.09

Short Nutritional Assessment
Questionnaire (SNAQ)

60 (52%) 971 508 1.70 1.00–2.73 0.03

Imperial Nutritional Screening
System 1 (INSYST1)

100 (86%) 694 736 0.94 0.48–1.83 0.8

Imperial Nutritional Screening
System 2 (INSYST2)

71 (61%) 1068 538 1.65 0.99–2.73 0.05

ESPEN malnutrition criteria
(ESPEN)

37 (32%) 779 497 1.37 0.85–2.21 0.2

Figure 3 Kaplan–Meier recurrence-free survival curve for SGA. RFS, recurrence-free survival; SGA, Subjective Global Assessment.
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results indicate that the SGA score might represent a valid
tool to identify a population with elevated risk of relapse
and death after PDAC resection. The definitive causal rela-
tionship between elevated SGA score and reduced survival
can only be speculated on at this point: the NURIMAS Pan-
creas study showed no elevated complications (including
in-hospital death) in patients classified as malnourished by
SGA score. This indicates that ‘at-risk for malnutrition’ pa-
tients might be more susceptible for early metastasis or early
local recurrence due to a malnourished and potentially im-
munocompromised state. Alternatively, the malnourished
state assessed pre-surgery might reflect a higher subclinical
tumour burden at baseline. This is in line with the finding
of the multivariate analysis, which showed an elevated HR
of death in patients receiving neoadjuvant chemotherapy—
probably due to a more advanced stage of the disease as
assessed by pre-operative cross-sectional imaging and CA
19-9 levels. Another intriguing option is that patients with
an at-risk status according to the SGA score are less
likely to receive adjuvant chemotherapy and therefore have
a limited survival: adjuvant chemotherapy is routinely
recommended after resection of PDAC and is significantly as-
sociated with an improved survival.17,18 Reduced clinical con-
dition and nutritional state might prevent patients from
receiving chemotherapy, hence worsening their prognosis.19

Only per-operative items were included in our multivariate
analysis to reduce the risk of bias; hence, the relationship be-
tween SGA result and completion of adjuvant chemotherapy

needs to be addressed in additional studies. However, the
SGA score might represent a tool to identify these malnour-
ished patients in an early stage and offer an opportunity to
intervene. Frequent nutritional monitoring and therapy with
the goal of an adequate caloric intake could be an option to
improve access to chemotherapy and ultimately prolong
survival. Further prospective studies are urgently needed to
elucidate the association between reduced SGA score and
worse survival found here and to investigate the potential
of SGA guided nutritional interventions.

Interestingly, the SGA score includes only items derived
from patient history and clinical examination: weight loss, nu-
tritional intake, gastrointestinal symptoms, fatigue, metabolic
requirement and assessment of oedemas and muscle/fat
loss. It does not require laboratory parameters or data from
cross sectional imaging.

New tools for nutritional assessment are continuously
developed and validated. It is especially important to ac-
knowledge that the SGA score has a patient generated mod-
ification. This interesting tool might be even more convenient
in the context of pre-operative assessment; however, the
score was not included in the original list of scoring systems
evaluated in this study. Further prospective studies should
be conducted to assess this important variation of the SGA
score in the context of pancreatic cancer.

While being a prospective study, including a high number of
patients recruited within a relatively short time period, it has
some limitations: the study was conducted in a single

Figure 4 Multivariate analysis of overall survival. Hazard ratio of death. Age: 65 years age was used as a cut-off for young/old. AJCC, American Joint
Committee of Cancer 7th edition; ASA, American Society of Anesthesiologists; NeoadjuvantCx, neoadjuvant chemotherapy (1 = yes, 0 = no); SGA, Sub-
jective Global Assessment.
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high-volume centre, resulting in potential selection bias.
While a multivariate analysis was conducted, it is possible that
unknown confounders were missed. As discussed in the limi-
tations of the original NURIMAS Pancreas publication,4

sample-size calculation was based on an assumed prevalence
of malnutrition of 70%. Only some scores reached a preva-
lence of 70%, rendering the others susceptible to potential
type B error, falsely classifying malnourished patients as not
malnourished.

The present study focuses on pre-operative nutritional as-
sessment, which only represents one aspect of perioperative
nutrition of cancer patients. Post-operative assessment is
another important pillar and should be assessed in further tri-
als. We propose structured evaluation of total perioperative
nutritional monitoring in cancer patients in large prospective
trials.

Previous studies investigating the impact of nutritional
status on the outcome of pancreatic surgery were either
small-sized, retrospective and/or selectively investigated
one score only. NURIMAS Pancreas was designed and
conducted to comprehensively assess eligible scores/indices
in a sufficiently numbered, prospective study.20–23 One key
finding of the initial NURIMAS Pancreas study was that
short-term surgical complications are not more frequent in
patients that were classified as malnourished by any of the
included scores. Therefore, an at-risk status for malnutrition
should not result in a major delay of resection. The present
study demonstrates that long-term outcomes differ in at-risk
for malnutrition and not-at-risk for malnutrition populations
according to the SGA score. This emphasizes the need for
long-term follow up of at-risk patients, while the notion of
the initial study still holds true.

In summary, nutrition status determined by SGA score is
associated with survival after surgery for PDAC. It might aid
in the stratification of PDAC patients receiving surgery.

Further studies are needed to test potential therapeutic
consequences.
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