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Background and Aims: Fail ing immune surveil lance in pancreatic ductal
adenocarcinoma (PDAC) is related to poor prognosis. PDAC is also characterized by its
substantial alterations to patients’ body composition. Therefore, we investigated
associations between the host systemic immune inflammation response and body
composition in patients with resected PDAC.

Methods: Patients who underwent a pancreatectomy for PDAC between 2004 and 2016
in two tertiary referral centers were included. Skeletal muscle mass quantity and muscle
attenuation, as well as subcutaneous and visceral adipose tissue at the time of diagnosis,
were determined by CT imaging measured transversely at the third lumbar vertebra level.
Baseline clinicopathological characteristics, laboratory values including the systemic
immune inflammation index (SIII), postoperative, and survival outcomes were collected.

Results: A total of 415 patients were included, and low skeletal muscle mass quantity
was found in 273 (65.7%) patients. Of the body composition indices, only low skeletal
muscle mass quantity was independently associated with a high (≥900) SIII (OR 7.37, 95%
CI 2.31-23.5, p=0.001). The SIII was independently associated with disease-free survival
(HR 1.86, 95% CI 1.12-3.04), and cancer-specific survival (HR 2.21, 95% CI 1.33-3.67).
None of the body composition indices were associated with survival outcomes.

Conclusion: This study showed a strong association between preoperative low skeletal
muscle mass quantity and elevated host systemic immune inflammation in patients with
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resected PDAC. Understanding how systemic inflammation may contribute to changes in
body composition or whether reversing these changes may affect the host systemic
immune inflammation response could expose new therapeutic possibilities for improving
patients’ survival outcomes.
Keywords: pancreatic ductal adenocarcinoma, systemic immune inflammation index, body composition, skeletal
muscle mass, survival
INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) remains highly lethal,
with mortality rates being overlapped by its incidence rates (1).
Only 10-15% of patients are amenable to curative intent resection
at the time of presentation. Even in this select group of patients,
the 5-year survival rate is a dismal 15-25% (2, 3). Improvement in
prognostic factors are needed to identify which patients have poor
outcomes after resection (4). The host systemic immune
inflammation response (5), and alterations of the body
composition (6) have received increasing attention in cancer
prognostic studies, however, their combined associations in
PDAC have not yet been considered.

Obstructive jaundice, gastric outlet or duodenal obstruction, and
exocrine pancreatic insufficiency are major causes for weight loss
and subsequent cachexia in PDAC. Cancer cachexia has the highest
incidence in PDAC patients (80%) (7), and remains a therapeutic
challenge in clinical practice (8). In general, cancer cachexia is a
multifactorial paraneoplastic phenomenon often characterized by
chronic inflammation, and involuntary weight loss, partly because
of muscle and adipose tissue loss (9, 10). Cancer cachexia is also
known to affect a complex network of inflammatory mediators,
such as tumor necrosis factor-alpha (TNF-a), interleukins (ILs) like
IL-6 and IL-1, and C-reactive protein (11–14). These mediators in
their turn can affect skeletal muscle through direct (receptor-
mediated) and indirect mechanisms (cytokine-induced
dysregulation of other organs and tissue systems) (15). In
addition, adipose tissue can contribute to carcinogenesis and
PDAC pathobiology, as this organ can alter the systemic release
of adipokines, growth factors, and multiple cytokines (16).

To our knowledge, no prior study has examined the
associations between body composition characteristics and the
host systemic immune inflammation response in PDAC patients.
Therefore, we assessed these associations in a large cohort of
patients with resected PDAC. In addition, we investigated
whether they affected, postoperative and survival outcomes.
MATERIAL AND METHODS

Patients
All patients after pancreatic resection for histologically proven
PDAC in two tertiary referral centers in the Netherlands
enocarcinoma; SIII, systemic immune
scle index; SMD, skeletal muscle
issue; VAT, visceral adipose tissue.
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[Erasmus MC University Medical Center (EMC), and Leiden
University Medical Center (LUMC)] between December 2004
and December 2016 were screened for eligibility. Treatment-
naïve patients of whom a contrast-enhanced pre-operative
abdominal computed tomography (CT) image with complete
visibility of the third lumbar vertebra was available were
considered eligible. Patients with ampullary, periampullary, or
non-pancreatic carcinoma were excluded. The study protocol
was approved by the Medical Ethical Committees of the
participating institutions, which waived informed consent
because of the retrospective nature of the study (MEC-
2018-1200).

Data Collection
Clinical, histopathological, and treatment-related data were
retrieved from the electronic medical records. Information
obtained from pathology reports included: tumor grade (well,
moderate, or poor), lymph nodes status, tumor location (head,
body, or tail), tumor stage (according to the AJCC 8th edition),
and margin status [radical (R0) vs non-radical (R1; ≤ 1mm)].
From the laboratory data, we collected baseline data on cancer
antigen (CA) 19-9 (kU/L), C-reactive protein (CRP, mg/L),
albumin levels (g/L), total serum bilirubin levels (mmol/L), and
calculated the systemic immune inflammation index [SIII,
platelet count x (absolute neutrophil count divided by absolute
lymphocyte count)]. The SIII, rather than the neutrophil-to-
lymphocyte ratio or the platelet-to-lymphocyte ratio, was chosen
as the representative of patients’ systemic immune response since
the SIII previously showed greater prognostication in PDAC (5).
The dichotomization of the laboratory data was determined as
previously explained (5). The presence of obstructive jaundice
was defined as serum bilirubin levels above 35 mmol/L (17).

CT Image Analysis for Body
Composition Indices
CT images that had initially been obtained for clinical staging
were used for quantifying body composition indices at the third
lumbar vertebra (L3), as this anatomical location is strongly
associated with whole-body volume (18). According to the
standard Hounsfield Unit (HU) range (19), cross-sectional
areas of skeletal muscle, skeletal muscle radiodensity (SMD)
(i.e. muscle attenuation), visceral adipose tissue (VAT), and
subcutaneous adipose tissue (SAT) were quantified using the
FatSeg software (20). Skeletal muscle tissue, including the psoas
muscles, paraspinal muscles (erector spinae and quadratus
lumborum), and abdominal wall muscles (transversus
abdominis, external and internal obliques, and rectus
February 2022 | Volume 12 | Article 827755
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abdominis) was manually selected and identified using HU
thresholds ranging from -29 to +150 units (Figure 1A) (18,
21). SMD was generated by the software as the mean radiation
attenuation value of the whole muscle area at the L3 level. SAT
was defined as tissue lying outside the border of the defined
muscle area with a radiodensity between -190 and -30 HU
(Figure 1B), and VAT as tissue lying inside the border of the
defined muscle area with the same radiodensity used for
SAT (Figure 1C).

Two investigators, who were blinded to patient characteristics
and outcomes, independently analyzed the CT images.
Interobserver agreement was assessed between these two
investigators (YP and LS) in a random sample of 50 cases.

Definitions for Body Composition Indices
Skeletal muscle mass quantity was normalized for height, which
resulted in the skeletal muscle index (SMI) (cm2/m2) = (skeletal
muscle cross-sectional area at L3/(height2).22 Low SMI was
defined as an SMI lower than 52.3 cm2/m2 for non-obese men
(BMI <30), and SMI lower than 38.6 cm2/m2 for non-obese
women, an SMI lower than 54.3 cm2/m2 for obese men (BMI ≥
30), and an SMI lower than 46.6 cm2/m2 for obese women. Low
SMD was defined as an SMD lower than 35.5 HU and lower than
32.5 HU for men and women, respectively (18, 22). VAT index
(VATI) and SAT index (SATI) were also normalized for height.
High VATI, and SATI were defined as above their median.

Statistical Analysis
Intergroup differences on continuous variables were compared
using the unpaired t-test unless the data were not normally
distributed (as assessed by the Kolmogorov-Smirnov’s test); in
these instances, the non-parametric Mann-Whitney U test was
used. Categorical data were compared using the c2-test. Univariate
and multivariable logistic regression analysis was used to
determine independent associations with body composition
characteristics. Odds ratios (ORs) with 95% CIs were calculated.

Interobserver agreement of the assessment for body
composition was analyzed using Cohen’s K coefficient. The
Frontiers in Oncology | www.frontiersin.org 3
Intra-class correlation coefficient (ICC) with 95% confidence
interval was calculated using a two-way mixed single measure
model with the absolute agreement, for the cross-sectional
skeletal muscle area. The ICCs and Cohen’s K coefficients were
interpreted using the cut-offs poor (0.00-0.49), fair to good (0.50-
0.74), and excellent (0.75-1.00) (23).

Cancer-specific survival and disease-free survival were
calculated from the date of surgery to the date of an event
(death from cancer or recurrence of cancer). In case of no event,
patients were censored at the date of the last follow-up. Follow-
up was conducted as patients received CT-scans and serum
CA19-9 examinations every six months during the first two
years after surgery and yearly thereafter, or when recurrence was
suspected. Patients who died from causes other than pancreatic
cancer were censored as of the day of their death, and patients
who had died from postoperative complications were excluded
from the survival analysis. Postoperative mortality was defined as
90-day in-hospital mortality.

Survival curves were estimated by the Kaplan-Meier method.
The log-rank test was used to evaluate differences between
survival and recurrence curves for different groups. For
multivariate survival analysis, Cox proportional-hazard
regression analysis was used. Patients with missing values for
the covariates of interest were automatically excluded from the
statistical analysis.

Postoperative outcomes were analyzed in a limited cohort
including patients who underwent a pancreatoduodenectomy
between 2012 and December 2017 in the EMC cohort. Herein,
the primary endpoint consisted of major complications defined
as ≥ 3a complications according to the Clavien-Dindo
Classification (i.e., requiring surgical, endoscopic or
radiological intervention under regional-, general- or local
anesthesia, life-threatening complications requiring intensive
care management, single organ- or multi-organ failure and
patients’ demise). The secondary endpoint was grade B/C
pancreatic fistula (POPF) (24) In this analysis, body
composition indicators were utilized as continuous variables
for the measurement of adipose and muscle tissue ratios, and
A B C

FIGURE 1 | Abdominal CT images at the third lumbar vertebrae used to quantify body composition variables. (A) Skeletal muscles (blue) (B) Subcutaneous adipose
tissue (yellow) (C) Visceral adipose tissue (yellow).
February 2022 | Volume 12 | Article 827755
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therefore postoperative outcomes were analyzed individually in
men and women.

All tests were two-sided and statistical significance was
inferred at a p-value of <0.05. All statistical analyses were
performed using SPSS version 24.0 (SPSS Inc, Chicago, Illinois,
USA), and R version 4.1.1.
RESULTS

Patient Characteristics
A total of 415 patients were included, of whom 53.3% were male.
Many of the patients presented with clinically marked obstructive
jaundice (57.3%) and most of them (91.6%) underwent
preoperative biliary drainage. Pancreatoduodenectomy was the
most performed surgical resection (83.4%). Fifty-seven (13.5%)
patients underwent a distal-, and 13 (3.1%) a total-
pancreatoduodenectomy. The median cancer-specific survival
was 18.5 months, and the median disease-free survival was 13.4
months. Twenty-four patients (5.8%) died from postoperative
complications. Any systemic (adjuvant-or palliative
chemotherapy) was administered in 243 (58.6%) patients.
Adjuvant systemic chemotherapy during the study period
consisted of 6 cycles of gemcitabine 1000mg. Majority of the
patients presented with recurrence at multiple sites; with liver and
lung metastases in over 75% of the patients with recurrences.
Palliative chemotherapy in case of tumor recurrence consisted of
FOLFIRINOX (leucovorin and fluorouracil plus irinotecan and
oxaliplatin) or Gemcitabine/Nab-Paclitaxel. Seventeen patients
died from causes other than pancreatic cancer (13 treatment-
related, 1 due to a cerebrovascular accident, 1 due to a myocardial
infarction, and two from an unknown cause), and were excluded
from survival analysis. Baseline clinicopathologic characteristics of
the included patients are shown in Table 1.

Skeletal Muscle and
Clinicopathological Characteristics
There was a clear agreement between the judgment of the two
observers regarding assessment for body composition on CT-
scan image analysis, K=0.88 (95% CI: 0.64-1.11, p<0.005). The
ICCs in these patients for the cross-sectional skeletal muscle area
were also excellent (0.996, 95% CI 0.964-0.999, p<0.001).

The prevalence of low SMI was 63.0% in males and 37.0% in
females (p<0.001). Low SMI was associated with older age, sex,
lower BMI, obstructive jaundice, high ASA-score, SMD, more
advanced T stage, positive lymph node status, R1 margin status,
high SIII, and CA19-9 ≥ 200 (Table 1). In multivariate analysis
(Supplementary Table 1), male gender, lower BMI, high SIII,
and low SMD were associated with low SMI.

The prevalence of low SMD was 41.7% in males and 45.5% in
females (p=0.415). In univariate analysis, (Supplementary
Table 2), low SMD was associated with older age, higher BMI,
high SIII, obstructive jaundice, tumor location, high ASA-score.
In multivariate analysis (Supplementary Table 1), low SMD was
associated with older age, high ASA-score, and low SMI.
Frontiers in Oncology | www.frontiersin.org 4
Adipose Tissue and
Clinicopathological Characteristics
Median VATI was 59.7 and 38.1 for men and women,
respectively. The prevalence of high VATI was 48.6% in males
and 49.7% in females (p=0.824). In univariate analysis
(Supplementary Table 2), high VATI was associated with
older age, higher BMI, low CRP, low T-stage, low ASA-score,
and CA19-9 <200). In multivariate analysis (Supplementary
Table 1), high VATI was associated with lower BMI, T2 T-
stage, and CA19-9 ≥ 200.

Regarding SATI, median SATI was 41.7 and 70.4 for men and
women, respectively. The prevalence of high SATI was 49.7% in
males and 50.3% in females (p=9.21). In univariate analysis
(Supplementary Table 2), high SATI was associated with
higher BMI. In multivariate analysis (Supplementary Table 1),
high SATI was associated with younger age, higher BMI, higher
serum albumin levels, and high SMD.

Survival Analysis
In univariate Cox regression analysis, high SIII, low albumin
levels, positive lymph node status, R1 margin status, higher T
stage, poor tumor differentiation, tumor location, high ASA-
score, and high CA19-9, were associated with shorter disease-
free survival (Table 2). In the multivariable Cox regression
analysis, alongside SIII, positive lymph node status, and higher
T stage were associated with shorter disease-free survival.
Despite the strong inverse association of the SIII with SMI,
SMI was not associated with disease-free survival (Figure 2A).
However, the SIII remained a strong predictor of disease-free
survival (Figure 2C).

In Cox regression univariate analysis high SIII, high CRP,
positive lymph node status, R1 margin status, higher T stage,
high tumor differentiation, high ASA-score, and high CA19-9
were associated with cancer-specific survival (Table 2). In
multivariate Cox regression analysis, high SIII, positive lymph
node status, and higher T stage were associated with cancer-
specific survival. Figures 2B, D, show respectively the
association of the SMI and SIII with cancer-specific survival.

Subsequent to the SMI and SMD, the adipose tissue indices
were also not associated with disease-free or cancer-specific
survival (Table 2).

Body Composition Indices, SIII, and
Postoperative Outcomes
The associations of the body composition indices with major
complications and POPF is shown in Supplementary Table 3.
Lower BMI, lower VATI, and lower TATI (sum of SATI and
VATI) were associated with major complications in male
patients. The ratio of the total visceral adipose tissue area and
the total muscle area, as well as the ratio of total adipose tissue
area with total muscle area, were also associated with major
complications in males. Furthermore, lower SMD, a higher ratio
of visceral adipose tissue area and the total muscle area, as well as
a higher ratio of total adipose tissue area and total muscle area
were associated with postoperative mortality in males.
February 2022 | Volume 12 | Article 827755
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TABLE 1 | The included patients' demographics and clinical characteristics were divided into low and high skeletal muscle index (SMI).

Variables (N=415)
N (%)

Skeletal muscle indexa P-value

Low (n=273) High (n=142)

Age at surgery, mean (SD), years 66.0 (9.90) 67.4 (9.30) 63.2 (10.4) <0.001
Sex <0.001
Male 222 (53.5) 172 (63.0) 50 (35.2)
Female 193 (46.5) 101 (37.0) 92 (64.8)

BMI, mean (SD) 25.0 (4.3) 24.3 (3.7) 26.5 (4.9) <0.001
Obstructive Jaundiceb 0.009
Yes 238 (57.3) 170 (62.3) 68 (47.9)
No 160 (38.6) 94 (34.4) 66 (46.5)
Unknown 17 (4.1) 9 (3.3) 8 (5.6)

ASA-classification score 0.016
1 53 (12.8) 29 (10.6) 24 (16.9)
2 256 (61.7) 163 (59.7) 93 (65.4)
3 80 (19.3) 62 (22.7) 18 (12.7)
4 4 (9.64) 4 (1.50) 0 (0.0)
Unknown 22 (5.3) 15 (5.5) 7 (4.9)

SMD <0.001
High 230 (55.4) 135 (49.5) 95 (66.9)
Low 177 (42.7) 133 (48.7) 44 (31.0)
Unknown 8 (1.93) 5 (1.83) 3 (2.11)

VATI 0.325
High 206 (49.6) 141 (51.6) 65 (45.8)
Low 199 (48.0) 127 (46.5) 72 (50.7)
Unknown 10 (1.20) 5 (1.83) 5 (3.52)

SATI 0.172
High 202 (48.7) 127 (46.5) 75 (52.8)
Low 202 (48.7) 140 (51.3) 62 (43.7)
Unknown 11 (2.65) 6 (2.20) 5 (3.52)

Tumor location 0.143
Head 353 (84.7) 239 (87.5) 114 (80.3)
Body 18 (4.34) 10 (3.7) 8 (5.6)
Tail 44 (11.0) 24 (8.8) 20 (14.1)

T-stagec 0.045
T1 90 (21.7) 51 (18.7) 39 (27.5)
T2 239 (57.6) 158 (57.9) 81 (57.0)
T3 86 (20.7) 64 (23.4) 22 (15.5)

Lymph node status 0.043
N0 120 (28.9) 69 (25.3) 51 (35.9)
N1 170 (41.0) 116 (42.5) 54 (38.0)
N2 123 (29.6) 86 (31.5) 37 (26.1)
Unknown 2 (0.48) 2 (0.73) 0 (0.0)

Tumor differentiation 0.097
Good 41 (9.91) 21 (7.7) 20 (14.1)
Moderate 203 (48.9) 138 (50.5) 65 (45.8)
Poor 157 (37.8) 107 (39.2) 50 (35.2)
Unknown 14 (3.37) 7 (2.56) 7 (4.93)

Margin status 0.011
R1 199 (48.0) 143 (52.4) 56 (39.4)
R0 215 (51.4) 129 (47.3) 86 (60.6)
Unknown 1 (0.24) 1 (0.37) 0 (0.0)

Postoperative mortality 24 (5.78) 19 (7.0) 5 (3.5) 0.155
Preoperative serum markers available
SIII <0.001
>900 119 (28.7) 96 (35.2) 23 (16.2)
<900 126 (30.4) 60 (22.0) 66 (46.5)
Unknown 170 (41.0) 117 (42.9) 53 (37.3)

CRP (mg/L) 0.382
>10 mg/L 111 (26.7) 76 (27.8) 35 (24.6)
<10 mg/L 191 (46.0) 120 (43.9) 71 (50.0)
Unknown 113 (27.2) 77 (28.2) 36 (25.4)

(Continued)
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In females, higher BMI, higher SATI, higher VATI, higher
TATI, but also the ratio of SAT and the total muscle area, and the
ratio of TAT and the total muscle area were associated with
postoperative mortality.

Regarding the SIII, no associations were found with major
compl icat ions , POPF, and postoperat ive morta l i ty
(Supplementary Table 4).
DISCUSSION

To our knowledge, this is the first study to assess the association
of body composition with the host systemic immune
inflammation response in patients with resectable PDAC. Most
patients had low skeletal muscle mass quantity (low SMI) at the
time of diagnosis, which was independently associated with an
elevated systemic immune inflammation response (high SIII).
However, no association between SMI and overall survival was
found, despite the relation between SIII and SMI. SMD and
adipose tissue indices were not associated with SIII and
survival outcomes.

Systemic inflammation and skeletal muscle mass have been well
studied in pancreatic cancer, however, mostly addressed separately
(5, 25–27). Our data showed a strong association between elevated
systemic inflammation and low skeletal muscle mass at the time of
diagnosis, which is in line with the limited prior literature showing
similar results in colorectal carcinoma (28), and esophageal
carcinoma (29). Tumor-induced inflammation has been found to
contribute to muscle depletion and dysregulation of skeletal muscle
physiology with pro-inflammatory cytokines such as interleukins
and TNF-a, as causative mediators (30–33). These cytokines can
affect muscle tissue through several direct mechanisms, which rely
mostly on the elevation of catabolic activity through the ubiquitin-
proteasomal system (15) and autophagy, impairment of
myogenesis, and inhibition of muscle protein synthesis (34).
Furthermore, the concentrations of these cytokines have also been
correlated with markers of systemic inflammation such as the
neutrophil-to-lymphocyte ratio (35), which subsequently have
been associated with activation of several catabolic pathways (36).
Frontiers in Oncology | www.frontiersin.org 6
To complete this vicious cycle, myokines secreted by the skeletal
muscle itself in response to inflammation have been implicated as
autocrine and endocrine mediators of cachexia, leading to further
elevation of the systemic immune inflammation response (37).
Given the observational nature of our study, we cannot state with
certainty whether a bidirectional relationship exists between low
skeletal muscle mass and the host’s systemic immune inflammation
response, or if they are simply concurrent conditions. However, our
data gives new insights into the importance of studying systemic
immune dysregulation, and changes in body composition in PDAC.

New targeted and personalized therapies are being investigated
on how these two conditions will change when inflammation
might be modified by for example anti-inflammatory drugs or
promoting muscle growth by resistance training and additional
supplements (15). The impact of muscle degradation by the host’s
systemic immune inflammation response has been accentuated by
recent trials using omega-3 fatty acid supplementations and non-
steroidal anti-inflammatory drugs in patients with end-stage
disease (38). Furthermore, evidence is building regarding the
advantages of neoadjuvant treatment for PDAC (39). Recent
studies have shown that muscle tissue increase during
neoadjuvant treatment was associated with resectability (40).
The SIII could therefore be a useful biomarker of response in
patients with PDAC receiving neoadjuvant therapy (41). Hence,
we highlight the importance of investigating alterations of the SIII,
and body composition indices during neoadjuvant treatment.

Despite the association shown in our results between low
skeletal muscle mass and elevated SIII, we did not observe an
association between low skeletal muscle mass and cancer-specific
or disease-free survival. Findings conflict with the few studies on
the prognostic value of low skeletal muscle mass for cancer-
specific or disease-free survival in PDAC patients, possibly due
to the small sample sizes and the heterogeneity of the included
patient groups in previous studies (42, 43). Furthermore, varying
definitions and assessment methods for sarcopenia and skeletal
muscle in cancer patients are used in the literature (44, 45). We
found the method proposed by Caan et al. (22) the most suitable
since it stratifies the skeletal muscle for both BMI and gender. It is
important to note that we have used a purely radiographic
TABLE 1 | Continued

Variables (N=415)
N (%)

Skeletal muscle indexa P-value

Low (n=273) High (n=142)

Albumin (g/L) 0.690
>35 252 (60.7) 168 (61.5) 84 (59.2)
<35 31 (7.50) 22 (8.1) 9 (6.34)
Unknown 132 (31.8) 83 (30.4) 49 (34.5)

CA19-9 (kU/L) 0.002
>200 115 (27.7) 89 (32.6) 26 (18.3)
<200 187 (45.0) 113 (41.4) 74 (52.1)
Unknown 113 (27.2) 71 (26.0) 42 (29.6)
February 2022 | Volume 12 | Article
SMI, skeletal muscle index; BMI, body mass index; T-stage, tumor stage; CA19-9, Cancer antigen 19-9; VATI, visceral adipose tissue index; SATI, subcutaneous adipose tissue index.
aA median time of 30 days elapsed between CT-assessment and time of surgery. In 3 patients, data regarding length and weight was missing, therefore no indices could be calculated.
bSerum bilirubin levels at the time of CT-assessment for skeletal muscle loss. Biliary drainage was attempted primarily with placement of an endoprosthesis by means of endoscopic
retrograde cholangiopancreatography.
cT-stage classification according to AJCC 8th edition.
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TABLE 2 | Univariate and multivariate Cox proportional hazard regression analysis of patients’ disease-free, and cancer-specific survival.

Cancer specific survival

Univariate analysis Multivariate analysis*

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

.00 (0.99-1.01) 0.595 1.00 (0.98-1.02) 0.825

.86 (0.69-1.07) 0.167 1.09 (0.70-1.69) 0.716

.01 (0.99-1.04) 0.298 1.07 (0.99-1.15) 0.052

.72 (1.28-2.31) <0.001 2.21 (1.33-3.67) 0.002

.38 (1.06-1.80) 0.017 1.12 (0.68-1.85) 0.646

.47 (0.98-2.22) 0.064 1.04 (0.49-2.21) 0.917

.19 (0.95-1.48) 0.126 0.70 (0.44-1.11) 0.131

.06 (1.60-2.65) <0.001 2.41 (1.44-4.04) 0.001

.59 (1.28-1.99) <0.001 1.33 (0.87-2.04) 0.193

.57 (1.18-2.08) 0.002 2.20 (1.14-3.94) 0.018

.66 (1.18-2.35) 0.004 1.24 (0.56-2.75) 0.599

.37 (0.94-2.01) 0.104 0.73 (0.37-1.46) 0.374

.72 (1.17-2.54) 0.006 0.92 (0.44-1.91) 0.822

891 (0.52-1.53) 0.674 0.95 (0.31-2.90) 0.933
.76 (0.54-1.09) 0.136 0.53 (0.12-2.42) 0.414
.38 (1.06-1.82) 0.019 1.42 (0.82-2.45) 0.208

.66 (1.27-2.16) <0.001 1.26 (0.81-1.97) 0.306

.15 (0.91-1.45) 0.238 1.14 (0.67-1.91) 0.633

.99 (0.79-1.24) 0.935 0.55 (0.34-1.91) 0.110

.90 (0.71-1.12) 0.340 1.34 (0.82-2.19) 0.247

.09 (0.87-1.36) 0.458 1.18 (0.70-2.00) 0.538
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Variables** Disease free survival

Univariate analysis Multivariate analysis*

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

Age (years) 1.00 (0.99-1.01) 0.901 0.99 (0.98-1.02) 0.840 1
Gender
Female vs. Male

0.83 (0.66-1.05) 0.116 1.01 (0.65-1.56) 0.976 0

BMI 1.01 (0.98-1.04) 0.480 1.04 (0.96-1.12) 0.335 1
SIII
> 900 vs. ≤ 900

1.62 (1.57-2.13) 0.004 1.86 (1.13-3.04) 0.014 1

CRP
>10 vs. ≤10

1.27 (0.97-1.66) 0.087 1.03 (0.64-1.66) 0.898 1

Albumin
<35 vs. ≥35

1.57 (1.02-2.41) 0.040 1.24 (0.57-2.72) 0.590 1

Obstructive jaundice 1.22 (0.97-1.53) 0.090 0.87 (0.54-1.40) 0.559 1
Lymph node status
N1 vs. N0

1.94 (1.49-2.53) <0.001 1.79 (1.10-2.90) 0.019 2

Margin status
R1 v.s R0

1.54 (1.22-1.93) <0.001 1.20 (0.77-1.87) 0.414 1

T-stage
T2 vs. T1 1.83 (1.36-2.46) <0.001 2.37 (1.29-4.34) 0.005 1
T3 vs. T1 1.57 (1.08-2.27) 0.017 1.34 (0.60-3.00) 0.475 1

Tumor differentiation
Moderate vs. Well differentiated 1.40 (0.91-2.14) 0.125 0.86 (0.41-1.82) 0.700 1
Poor vs. Well differentiated 1.89 (1.23-2.92) 0.004 1.16 (0.53-2.54) 0.710 1

Tumor location
Body vs. Head 0.97 (0.57-1.71) 0.0974 2.02 (0.71-5.76) 0.189 0
Tail vs. Head 0.66 (0.45-0.98) 0.040 0.25 (0.03-2.02) 0.194 0

ASA-classification
3-4 vs 12

1.32 (1.00-1.75) 0.048 1.53 (0.89-2.66) 0.128 1

CA19-9
≥200 vs <200

1.63 (1.24-2.14) <0.001 1.10 (0.69-1.73) 0.697 1

SMI
Low vs. High

1.10 (0.87-1.40) 0.154 0.96 (0.58-1.60) 0.884 1

SMD
Low vs. High

1.02 (0.80-1.28) 0.894 0.65 (0.41-1.03) 0.064 0

VATI
High vs. Low

0.87 (0.69-1.09) 0.220 0.96 (0.59-1.56) 0.868 0

SATI
High vs. Low

1.06 (0.84-1.34) 0.626 0.98 (0.57-1.69) 0.949 1

*Proportional hazards assumption checked for the MV models.
**A total of 148 patients had complete data for the MV analysis.
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definition of low skeletal muscle mass, not taking into account
the functional tests (strength or performance) that are included in
the current definition of sarcopenia (46). Nevertheless, the
measurement of skeletal muscle mass with cross-sectional
imaging is the best accessible for cancer patients. Prospective
studies incorporating preoperative muscle functional tests may
give better insight into the physical condition of pancreatic cancer
patients, and perhaps its concurrent therapeutic consequences.

Our study has some limitations, such as its retrospective nature,
which was inextricably linked to the lack of laboratory values. This is
due to the fact that not all patients had a differential blood count,
which is essential for determining the SIII. While we believe this is
the first and largest study to look into the association between
systemic inflammation and body composition in this particular
group of patients, more research is needed to confirm these findings,
especially at different stages of PDAC. Furthermore, despite their
association with disease-free survival and cancer-specific survival in
univariate analysis, resection margin status, and CA19-9 were found
not to be significant in the multivariate survival analysis. These
results are in line with our previous results analyzing a larger cohort
of patients with resected PDAC tumors (5). Nonetheless, our study
emphasizes the critical need for carefully controlled, randomized
trials to answer the relevance of for example the resection margin
status in PDAC, as contradictory results have been reported
previously (47, 48).
Frontiers in Oncology | www.frontiersin.org 8
Finally, we found interesting differences between males and
females regarding postoperative outcomes. Inmales, lower adipose
tissue seemed to be predictive for negative postoperative
outcomes, whereas in females, higher adipose tissue indices were
predictive for postoperative mortality. However, the ratio of
adipose tissue and muscle tissue was predictive for postoperative
death in both sexes. These results can be explained by the fact that
both adipose tissue and skeletal muscle exhibits sexual
dimorphism, function, and regeneration capacity, and in its
sensitivity for circulating inflammatory cytokines (49, 50).
Furthermore, as the muscle microenvironment and intrinsic
signaling are different for males and females, future research
should take into consideration gender differences for the
etiology of inflammation-induced cancer cachexia, and its
therapeutic possibilities (51).
CONCLUSIONS

Low skeletal muscle mass quantity at diagnosis is associated with
elevated host systemic immune-inflammatory response in PDAC
patients with resectable tumors. This finding can open new
therapeutic and prognostication possibilities, as the SIII, in
turn, was independently associated with disease-free and
cancer-specific survival.
A

B D

C

FIGURE 2 | (A) Disease-free survival of the total cohort. (B) Cancer-specific survival of the total cohort. (C) Disease-free survival of the total cohort. (D) Cancer-
specific survival of the total cohort.
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