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ABSTRACT

Introduction. Liver steatosis (LS) has been increasingly

described in preoperative imaging of patients undergoing

pancreaticoduodenectomy (PD). The aim of this study was

to assess the impact of preoperative LS on complications

after PD and identify possible contributors to LS devel-

opment in this specific cohort.

Methods. Pancreatic head adenocarcinoma (PDAC)

patients scheduled for PD, with preoperative CT-imaging

available were included in the study. LS was defined as

mean liver density lower than 45 Hounsfield units. Patients

showing preoperative LS were matched for patient age,

gender, BMI, ASA score, neoadjuvant treatment, and

vascular and multivisceral resections, based on propensity

scores in a 1:2 ratio to patients with no LS. The primary

outcome was postoperative complication severity at 90

days as measured by the comprehensive complication

index (CCI)

Results. Overall, 247 patients were included in the study.

Forty-three (17%) patients presented with LS at preopera-

tive CT-scan. After matching, the LS group included 37

patients, whereas the non-LS group had 74 patients. LS

patients had a higher mean (SD) CCI, 29.7 (24.5) versus

19.5 (22.5), p = 0.035, and a longer length of hospital stay,

median [IQR] 12 [8–26] versus 8 [7–13] days, p = 0.006

compared with non-LS patients. On multivariate analysis,

variables independently associated with CCI were: LS

(16% increase, p = 0.048), male sex (19% increase, p =

0.030), ASA score C 3 (26% increase, p = 0.002), fistula

risk score (FRS) (28% increase for each point of FRS, p =

0.001) and vascular resection (20% increase, p = 0.019).

Conclusion. Preliminary evidence suggests that preoper-

ative LS assessed by CT-scan influences complication

severity in patients undergoing PD for PDAC.

Pancreaticoduodenectomy (PD) is the surgical treatment

of choice for pancreatic head adenocarcinoma (PDAC). PD

is a challenging procedure that still carries a considerable

risk of severe postoperative morbidity, mostly related to the

occurrence of postoperative pancreatic fistulas (POPF).1,2

Several authors have proposed preoperative risk stratifica-

tion models mostly focusing on patient comorbidities and

physical function.3,4

Obesity, defined as an increased body mass index

(BMI), represents a well-known risk factor for post-pan-

createctomy complications including surgical site

infections (SSIs) and POPF.5 In fact, the recently updated

fistula risk score (FRS), namely the alternative-FRS (a-

FRS), added increased BMI as a poor prognostic index.6

The association of obesity with postoperative morbidity is

multifactorial, owing to: obesity-related comorbidities such

as diabetes and cardiovascular disease,7 increased tissue

trauma and blood loss during surgical dissection, and other

postoperative factors including gastrointestinal hormone

and endocrine dysregulation.
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Liver steatosis (LS) is a common finding associated with

obesity and the metabolic syndrome, and its incidence is

rising in surgical oncology patients, also due to an

increased use of preoperative multi-drug chemotherapy.8

There is convincing evidence showing that LS carries a

higher risk of postoperative morbidity following hepatic

resection,9,10 but this has been rarely studied in the context

of pancreatic surgery.

During the last decade, preoperative computed tomog-

raphy (CT) imaging has proven useful in predicting the

occurrence of postoperative morbidity after PD; non dila-

ted pancreatic duct, increased pancreatic parenchymal fat,

and high intra-abdominal visceral adiposity have all been

identified as preoperative radiological markers of POPF

susceptibility.11–16 X-ray attenuation can also unveil the

presence of LS, but only a single study described correla-

tions between liver steatosis and short-term outcomes after

PD.17 The aim of the present study was to determine the

extent to which preoperative CT-assessed LS impacts on

the overall complication burden following PD, and also

identify factors contributing to LS development in this

specific cohort.

PATIENTS AND METHODS

Study Design

This single-center retrospective cohort study was con-

ducted following the Strengthening for the Reporting of

Observational Studies in Epidemiology Statement

(STROBE) guidelines18 and in accordance with the Dec-

laration of Helsinki. A formal ethical committee approval

was waived due to the retrospective nature of the study,

according to our institutional policy.

All adult patients (i.e., C 18 years) who underwent PD

for PDAC with curative intent at San Raffaele Hospital in

Milan, Italy, from January 2016 to December 2020, were

screened for inclusion in the study. Inclusion criteria were

age, diagnosis of suspected PDAC of the pancreatic head,

CT scan performed within 30 days before index surgery

available for radiological review, and absence of distant

metastasis at preoperative imaging. Exclusion criteria

included intraoperative evidence of metastatic or locally

unresectable disease, and surgery performed other than PD.

Radiological Workup

Preoperative imaging was retrieved from the digital

storage system and provided for radiological review. All CT

examinations were performed on 64-row multidetector CT

scanners (scanner 1: SOMATOM Definition Flash Dual

Source CT, Siemens Healthcare; scanner 2: BRILLIANCE,

Philips medical system). CT protocol included administra-

tion of intravenous non-ionic iodine contrast medium

[Iopromide, Ultravist 370 mg iodine/ml (Bayer HealthCare),

120 ml at a rate of 4 ml/s] and consisted of a multiphase

acquisition (unenhanced, arterial and portal venous axial

scans of the abdomen). In patients who underwent multiple

preoperative CT scans within 30 days before index surgery,

the most recent examination was used for review. CT scans

were systematically reviewed by two independent senior

radiologists to assess the presence of eventual LS by sam-

pling three standardized regions of interest (liver segments

V, VI, and VIII, respectively) (Fig. 1) on unenhanced scans.

LS was defined as mean liver density lower than 45

Hounsfield units according to previous research.19

Surgical Procedure and Perioperative Care

All procedures were carried out by experienced sur-

geons with a high volume in pancreatic surgery.20

Indications for surgery were discussed and approved for

every patient in a PDAC dedicated multidisciplinary tumor

board. The standard approach for PD was a pylorus-pre-

serving procedure with standard lymphadenectomy. A two-

layer, end-to-side, duct-to-mucosa, pancreatico-jejunal

anastomosis, a single-layer interrupted suture end-to-side

hepatico-jejunostomy, and a single-layer interrupted suture

end-to-side duodeno-jejunostomy were carried out on the

same jejunal loop. Two drains were usually placed, in

proximity of the biliary and the pancreatic anastomoses.

All patients were treated according to an enhanced recov-

ery after surgery pathway as described in previous

publications.21,22 An early drain removal (within POD 3)

policy was followed according to drain fluid amylase value.

Outcome Measures

The primary outcome was 90-day postoperative com-

plication severity measured by the comprehensive

complication index (CCI),23 which is a validated measure

based on the Dindo-Clavien classification,24 that considers

both complication number and severity, generating a single

score ranging from 0 (no complications) to 100 (death).

Secondary outcomes included specific postoperative com-

plications at 90 days after surgery and length of hospital

stay (LOS).

Postoperative pancreatic fistula (POPF),25 delayed gas-

tric emptying (DGE)26 and post-pancreatectomy

hemorrhage (PPH)27 were defined and graded according to

International Study Group of Pancreatic Surgery (ISGPS)

classification. In particular, grades B and C POPF were

considered as clinically relevant (CR-POPF). Surgical site

infections (SSIs) were classified as superficial incisional,
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deep incisional, or organ–space according to the definition

by the Center for Disease Control and Prevention.28

Clinical data were collected from the Division of Pan-

creatic Surgery prospectively maintained registry, which

was queried for demographic data, perioperative informa-

tion, and complications. For patients who underwent

neoadjuvant treatment, chemotherapy regimen data were

also collected.

Statistical Analysis

Continuous variables are presented as medians and

interquartile range (IQR) and were compared using a

Mann-Whitney U test. Categorical variables are reported as

frequencies and percentages and were compared by Pear-

son chi-square test.

To mitigate the possible effect of confounding variables

affecting the onset of LS and postoperative complications,

a 2:1 propensity score matching was performed. Nearest-

neighbor modality was adopted for matching, with a

calliper of 0.05. Matching criteria included age, gender,

BMI, ASA score, neoadjuvant treatment, and vascular and

multivisceral resections. Multivariate linear regression

analysis for log-transformed CCI was performed in the

matched cohort, to assess the independent association of

perioperative factors on postoperative complications.

A subgroup analysis including patients treated by

neoadjuvant chemotherapy, whose CT scan imaging before

starting chemotherapy was available in the institutional

radiological storage system, was conducted to elucidate the

effect of neoadjuvant chemotherapy on preoperative LS.

Both pre-chemotherapy and preoperative CT-scan imaging

underwent radiological processing to assess the presence of

LS following the same methodology previously described.

Radiologists were blinded to the type of neoadjuvant reg-

imen and preoperative LS status.

A p-value \ 0.05 was considered to be statistically

significant. All the analyses were conducted using SPSS

version 25 (SPSS, Inc., Chicago, Il).

(a) (b)

(c) (d)

FIG. 1 Axial unenhanced CT scans of the same patient with

pancreatic adenocarcinoma before (a) and after (b, c and d) 3 months

of neoadjuvant mFOLFIRINOX, demonstrating a dramatic change in

the liver fat content, with appearance of severe steatosis (mean

Hounsfield units: 8.1 vs baseline value of 58.8). Liver steatosis was

assessed by sampling Hounsfield units of the regions of interest on

liver segments VII (c) and segments V and VI (d), as indicated by the

red dashed circles
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RESULTS

Figure 2 shows the study flow chart. Overall, 523 patients

underwent PD for PDAC between January 2016 and December

2019. Of these, 247 patients with available imaging performed

within 30 days before the index surgery were included in the

study, and CT-scans underwent radiological review. Clinical

characteristics of patients included and excluded from the study

are summarized in Supplementary Table 1.

In the complete study cohort, 43 (17.4%) patients pre-

sented with LS at preoperative CT scan imaging while 204

patients (82.6%) did not show LS (Table 1). Compared

with no LS patients, those with LS showed increased BMI

(BMI C 25 kg/m2 58.1% of patients with LS versus 33.8%

in those without LS; p = 0.003) and treatment with

neoadjuvant chemotherapy, with an LS incidence of 69.8%

(n = 30) in the neoadjuvant group versus 30.2% (n = 13) in

the upfront surgery group (p = 0.001). No significant

between-group difference was found for pancreatic stump

characteristics or intraoperative blood loss.

The multivariate analysis for preoperative predictors of

LS is reported in Supplementary Table 2. In the final model,

only BMI C 25 kg/m2 (OR 2.794, 95%CI 1.33–5.87, p =

0.007) and previous treatment with neoadjuvant

chemotherapy (OR 3.092, 95%CI 1.40–6.82, p= 0.005) were

independent risk factors for preoperative radiological LS.

A log-rank analysis was performed in order to analyze

the impact of preoperative LS on oncological outcomes

(Supplementary Fig. 1). Median disease-free survival

(DFS) was 20 months for patients without preoperative LS

compared with 14 months of those with preoperative LS

(p = 0.147).

Propensity Score Matching

After matching, the LS group included 37 patients while

the non-steatosis group included 74 patients. Variables

included in the propensity model included age, gender,

BMI, ASA score, neoadjuvant treatment, and vascular and

multivisceral resections. Absolute standardized differences

in means before and after PSM and R-graphs for absolute

standardized balance of different covariates before and

after matching are reported in Supplementary Figs. 2 and 3.

After matching, the two cohorts were homogeneous, as

shown in Table 1.

FIG. 2 Flow diagram

illustrating patient selection in

the study
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Table 2 shows outcomes for LS and non-LS patients in

the matched cohort. Patients with preoperative LS had a

longer LOS [median 12 (8–26) vs. 8 (7–13), p = 0.006] and

a higher mean CCI (29.7 ± 24.9 vs. 19.5 ± 22.5, p = 0.035)

TABLE 1 Patient characteristics in the entire cohort and in the matched cohort according to the occurrence of preoperative radiological liver

steatosis

Preoperative radiological liver steatosis

Unmatched cohort Matched cohort

No Yes p-

value

No Yes p-

valuen = 204 n = 43 n = 74 n = 37

Age, median [IQR] 69 [62–75] 66 [60–73] 0.205 66 [60–72] 66 [59–73] 0.724

Age C 70 years 86 (42.2%) 13 (30.2%) 0.147 26 (35.1%) 12 (32.4%) 0.777

Gender 0.532 0.419

Male 115 (56.4%) 22 (51.2%) 38 (51.4%) 22 (59.5%)

Female 89 (43.6%) 21 (48.8%) 36 (48.6%) 15 (40.5%)

BMI (kg/m2), mean (SD) 24.07 (±3.34) 25.99 (±3.07) 0.001 24.55 (±3.63) 25.77 (±3.22) 0.086

BMI C 25 69 (33.8%) 25 (58.1%) 0.003 35 (47.3%) 19 (51.4%) 0.687

ASA score C 3 84 (41.2%) 13 (30.2%) 0.182 26 (35.1%) 12 (32.4%) 0.777

Diabetes 56 (27.5%) 6 (14.0%) 0.064 21 (28.4%) 5 (13.5%) 0.081

Hypertension 115 (56.5%) 24 (55.8%) 0.946 39 (52.75) 20 (54.1%) 0.893

CAD 15 (7.45) 4 (9.3%) 0.663 4 (5.4%) 3 (8.1%) 0.581

mCharlson Comorbidity Index46 0.047 0.273

0–2 49 (24.3%) 18 (42.9%) 19 (26.4%) 15 (41.7%)

3–4 84 (41.6%) 14 (33.3%) 33 (45.8%) 13 (36.1%)

C5 69 (34.2%) 10 (23.8%) 20 (27.8%) 8 (22.2%)

Preoperative hemoglobin (g/l), mean (SD) 12.66 (±1.49) 12.38 (±1.51) 0.270 12.75 (±1.51) 12.42 (±1.59) 0.298

Preoperative albumin (g/l), median [IQR] 39.35

[36.42–41.65]

38.50

[35.50–41.00]

0.259 39.39

[36.40–41.22]

38.40

[33.70–41.70]

0.232

Preoperative biliary drain 134 (65.7%) 34 (79.1%) 0.087 56 (75.7%) 31 (83.8%) 0.328

Child-Pugh score47 0.880 0.275

A 164 (80.4%) 35 (81.4%) 64 (86.5%) 29 (78.4%)

B 40 (19.6%) 8 (18.6%) 10 (13.5%) 8 (21.6%)

C 0 0 0 0

Neoadjuvant chemotherapy 84 (41.2%) 30 (69.8%) 0.001 45 (60.8%) 24 (64.9%) 0.678

PAXG or Gemcitabine ? Nab-Paclitaxel 46 (22.5%) 15 (34.9%) 0.654 23 (31.1%) 10 (27.0%) 0.454

mFOLFIRINOX or GEMOX 38 (18.6%) 15 (34.9%) 22 (29.7%) 14 (37.8%)

Vascular resection 34 (16.7%) 9 (20.9%) 0.503 16 (21.6%) 8 (21.6%) 1.000

Multivisceral resection 6 (2.9%) 1 (2.3%) 0.825 4 (5.4%) 1 (2.7%) 0.518

Intraoperative IV fluids (ml/kg/h), median

[IQR]

9.22

[7.33–11.29]

7.98 [6.47–10.19] 0.010 9.73 [7.11–12.20] 8.25 [6.42–10.32] 0.018

Intraoperative blood loss (ml), median

[IQR]

300 [200–400] 350 [250–500] 0.109 300 [200–400] 400 [250–500] 0.394

Pancreatic texture 0.369 0.724

Firm 129 (63.5%) 23 (56.1%) 47 (63.5%) 21 (60.0%)

Soft 74 (36.5%) 18 (43.9%) 27 (36.5%) 14 (40.0%)

Wirsung duct diameter 0.145 0.306

B 3 mm 72 (35.6%) 20 (47.6%) 27 (37.0%) 17 (47.2%)

[ 3 mm 130 (64.4%) 22 (52.4%) 46 (63.0%) 19 (52.8%)

Data are number of patients (%), otherwise specified

BMI body mass index, ASA American society of Anesthesiology, CAD coronary artery disease, mFOLFIRINOX folic acid ? 5-fluorouracil ?

irinotecan ? oxaliplatin, GEMOX gemcitabine ? oxaliplatin, PAXG cisplatin ? nab-paclitaxel ? capecitabine ? gemcitabine
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compared with the non-LS group. A higher rate of CR-

POPF was observed in LS patients compared with those

without LS (32.4% vs 18.9%); despite this trend, the result

did not reach statistical significance (p = 0.113). Moreover,

PPH and DGE occurred more frequently in LS patients

(13.5% vs. 4.1%, p = 0.069 and 29.7% vs. 10.8%, p =

0.013, respectively). Conversely, no difference was

observed in SSI (35.1% in LS group vs. 28.4% in non-LS

group, p = 0.467) and overall infectious complications

(43% in LS patients vs. 39.2% in non-LS ones, p = 0.682).

Regression Analysis for CCI

On univariate linear regression analysis for factors

associated with CCI at 90 days after surgery (Table 3), only

male gender, a low preoperative physical status (ASA[2),

vascular resection, FRS, and LS were retained in the final

model. These results were confirmed with multivariate

analysis. In particular, preoperative LS was as an

independent risk factor, resulting in a 16% (95% CI

0.02–1.17, p = 0.048) increase in CCI, together with male

gender (18.9% increase, 95% CI 0.06–1.20, p = 0.030),

ASA score C 3 (26.2% increase, 95% CI 0.33–1.50, p =

0.002), FRS (28.3% increase for each point of FRS, 95%

CI 0.09–0.38, p = 0.001) and vascular resection (20%

increase, 95% CI 0.14–1.50, p = 0.002).

Subgroup Analysis in Neoadjuvant Chemotherapy

Patients

A subgroup analysis was performed in 47 patients

treated by neoadjuvant chemotherapy (Table 4). In this

cohort, only 5 patients (10.6%) presented with radiological

LS before initiation of chemotherapy, while 18 patients

(38.3%) showed radiological LS at the end of chemother-

apy, before surgery (p = 0.042). In patients who underwent

neoadjuvant chemotherapy, no factor was found to be

associated with the development of LS. In particular, the

TABLE 2 Postoperative outcomes stratified for presence of preoperative radiological liver steatosis after propensity score matching

Preoperative radiological liver steatosis

Overall No Yes p-value

n = 111 n = 74 n = 37

Comprehensive complication index,23 mean (± SD) 21.18 ± 23.74 19.54 ± 22.54 29.70 ± 24.95 0.035

Overall morbidity 74 (66.7%) 46 (62.2%) 28 (75.7%) 0.155

Minor complications 44 (39.6%) 30 (40.5%) 14 (37.8%) 0.784

Dindo-Clavien Grade I24 9 (8.1%) 7 (9.5%) 2 (5.4%)

Dindo-Clavien Grade II24 35 (31.5%) 23 (31.1%) 12 (32.4%)

Major complications 30 (27.0%) 16 (21.6%) 14 (37.8%) 0.070

Dindo-Clavien Grade IIIa24 19 (17.1%) 12 (16.2%) 7 (18.9%)

Dindo-Clavien Grade IIIb24 5 (4.5%) 1 (1.4%) 4 (10.8%)

Dindo-Clavien Grade IV24 4 (3.6%) 1 (1.4%) 5 (13.5%)

Dindo-Clavien Grade V24—mortality 2 (1.8%) 2 (2.7%) 0 0.313

Clinically relevant pancreatic fistula25 26 (23.4%) 14 (18.9%) 12 (32.4%) 0.113

Grade B 20 (18.0%) 11 (14.9%) 9 (24.3%)

Grade C 6 (5.4%) 3 (4.1%) 3 (8.1%)

Post-pancreatectomy haemorrhage27 8 (7.2%) 3 (4.1%) 5 (13.5%) 0.069

Grade B 6 (5.4%) 2 (2.7%) 4 (10.8%)

Grade C 2 (1.8%) 1 (1.4%) 1 (2.7%)

Delayed gastric emptying26 19 (17.1%) 8 (10.8%) 11 (29.7%) 0.013

Grade B 3 (2.7%) 1 (1.4%) 2 (5.4%)

Grade C 6 (5.4%) 4 (5.4%) 2 (5.4%)

Surgical site infections28 34 (30.6%) 21 (28.4%) 13 (35.1%) 0.467

Superficial incisional 17 (15.3%) 11 (14.9%) 6 (16.2%)

Deep incisional/organ site 31 (27.9%) 18 (24.3%) 13 (35.1%)

Infectious complications 45 (40.5%) 29 (39.2%) 16 (43%) 0.682

Length of stay (days), median (IQR) 10 [7–17] 8 [7–13] 12 [8–26] 0.006

Data are number of patients (%), otherwise specified
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rate of LS was not significantly different between patients

treated with a chemotherapy regimen including oxaliplatin

and/or irinotecan and those who were not (p = 0.435).

Among 18 patients with LS, 12 (66.7%) were overweight

(BMI[25 kg/m2) versus 12 out of 29 (41.4%) patients in

the non-LS group (p = 0.092).

DISCUSSION

The present study performed in a consecutive cohort of

PDAC patients with a high prevalence of preoperative

neoadjuvant chemotherapy showed that liver steatosis,

assessed by preoperative CT-scan, affects about 17% of

patients scheduled for PD. The preoperative assessment of

LS was particularly relevant since these patients

TABLE 3 Linear regression analysis for factors associated with 90-day comprehensive complication index

Univariate analysis Multivariate analysis

Beta coefficienta 95%CI p-value Beta coefficienta 95%CI p-value

Age C 70 years - 0.002 - 0.68–0.66 0.981

Male gender 0.236 0.17–1.41 0.013 0.189 0.06–1.20 0.030

BMI C 25 kg/m2 0.088 - 0.34–0.93 0.360

Diabetes 0.066 - 0.49–1.01 0.494

Preoperative biliary drainage 0.110 - 0.32–1.22 0.251

ASA score C 3 0.261 0.27–1.57 0.006 0.262 0.33–1.50 0.002

Neoadjuvant chemotherapy - 0.030 - 0.76–0.55 0.758

Vascular resection 0.210 0.10–1.61 0.027 0.200 0.14–1.50 0.019

Multivisceral resection - 0.024 - 1.72–1.34 0.806

Radiological liver steatosis 0.179 0.03–1.30 0.040 0.160 0.02–1.17 0.048

FRSb 0.336 0.13–0.43 \0.001 0.283 0.09–0.38 0.001

BMI body mass index, ASA American society of Anesthesiology, FRS fistula risk score
aBeta coefficient should be interpreted as percentage variation in comprehensive complication index
bFRS is expressed as a continuous variable

TABLE 4 Factors influencing

liver steatosis in 47 patients who

underwent neoadjuvant

chemotherapy and whose pre-

treatment imaging was available

and adequate for radiological

review

Preoperative radiological liver steatosis

Overall No Yes p-value

n = 47 n = 29 n = 18

Liver steatosis before chemotherapy 5 (10.6%) 1 (3.4%) 4 (22.2%) 0.042

Age C 70 years 10 (21.3%) 8 (27.6%) 2 (11.1%) 0.180

Gender 0.836

Male 27 (57.4%) 17 (58.6%) 10 (55.6%)

Female 20 (42.6%) 12 (41.4%) 8 (44.4%)

BMI C 25 kg/m2 24 (51.1%) 12 (41.4%) 12 (66.7%) 0.092

ASA score C 3 14 (29.8%) 8 (27.6%) 6 (33.3%) 0.675

Diabetes 8 (17.0%) 6 (20.7%) 2 (11.1%) 0.396

Preoperative biliary drain 38 (80.9%) 22 (75.9%) 16 (88.9%) 0.270

Neoadjuvant chemotherapy regimen 0.435

mFOLFIRINOX or GEMOX 19 (40.4%) 13 (44.8%) 6 (33.3%)

PAXG or gemcitabine ? nab-paclitaxel 28 (59.6%) 16 (55.2%) 12 (66.7%)

Chemotherapy duration 0.435

Up to 4 months 19 (40.4%) 13 (44.8%) 6 (33.3%)

More than 4 months 28 (59.6%) 16 (55.2%) 12 (66.7%)

Data are number of patients (%)

BMI body mass index, ASA American society of Anesthesiology, mFOLFIRINOX folic acid ? 5-fluo-

rouracil ? irinotecan ? oxaliplatin; GEMOX: gemcitabine ? oxaliplatin; paxg: cisplatin ? nab-paclitaxel

? capecitabine ? gemcitabine
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experienced an increased rate of major complications

including PPH and DGE, resulting in a higher complication

burden as measured by CCI. Notably, obesity and neoad-

juvant chemotherapy were the only patient factors

significantly associated with LS.

The most common form of LS is non-alcoholic fatty

liver disease (NAFLD), the hepatic manifestation of the

metabolic syndrome, with an estimated global prevalence

of 25%,29 which is expected to further increase during the

next decade. In cancer patients, LS is not only related to

obesity and other metabolic risk factors, but can also occur

as a feature of chemotherapy drug-induced liver injury.30

The pathological mechanisms underlying the development

of hepatotoxicity from cytotoxic drugs have been exten-

sively studied. The pattern of chemotherapy-induced liver

injury appears to be specific to the type of drugs used, as

shown in a meta-analysis on chemotherapy-associated liver

injury in patients with colorectal liver metastases.31

Specifically, 5-FU, taxol, and irinotecan are involved in the

development of chemotherapy-associated steatohepatitis, a

pattern similar to NAFLD.32 Platinum-based regimens

instead lead to another form of liver damage, mainly

caused by sinusoid injury and venous congestion. This

issue has several implications for PDAC neoadjuvant

treatments, as they are commonly based on different

combinations of the above-mentioned antineoplastic drugs.

In the present series, neoadjuvant chemotherapy was one

of the most important risk factors for developing LS at

preoperative imaging. Overall, more than a quarter of

patients (27%) treated with neoadjuvant chemotherapy

presented with LS at the time of surgery, while less than

10% of patients scheduled for upfront surgery had LS. In a

subgroup analysis of patients treated with neoadjuvant

chemotherapy, our data revealed that most of them (70%)

had no evidence of LS before chemotherapy, indicating

that it developed during treatment. In a recent series, Flick

and colleagues included 139 patients who underwent

neoadjuvant treatment for PDAC and found a similar

incidence of LS in their cohort (31%).17 It should be noted

that most patients were treated with mFOLFIRINOX with a

median of 2 months of chemotherapy, whereas in our study

all patients received a long course chemotherapy (i.e., at

least 4 months) and only half of them received mFOL-

FIRINOX or a platinum-based regimen. Interestingly, in

our series we did not find a specific drug combination with

increased likelihood of LS onset compared with others.

The impact of LS on postoperative complications has

been investigated mainly in the setting of liver surgery. In a

2014–2018 ACS NSQIP database analysis on about 3000

patients receiving a major hepatic resection, Fagenson et al.

found that fatty liver disease and metabolic syndrome

increased the risk of severe morbidity, organ space SSIs,

and pulmonary complications.10 This can be partially

attributable to a more difficult intraoperative management

of fatty liver parenchyma, which leads to increased blood

loss and the need for perioperative blood transfusions.33

Additionally, it is very likely that LS patients also carry

more comorbidities that are associated with higher post-

operative morbidity.

In the present study, LS had a significant impact on

postoperative outcomes, increasing complications severity

as measured by CCI and LOS. The difference in CCI between

the matched cohorts exceeded 10 points, which is considered

to be clinically significant because it reflects the differential

burden of at least one grade 1 complication in the Clavien-

Dindo classification.23 Our results are partially consistent

with a recent retrospective study by Flick et al., which found

that LS resulted in a longer LOS after PD, but it did not

significantly affect morbidity or mortality.17 In our series, LS

was also associated with specific pancreatic surgery com-

plications. In the matched cohort, although not statistically

significant, patients with LS showed an almost twofold

POPF rate compared with the non-LS group. It has been

repeatedly shown that a soft, ‘‘fatty’’ pancreas is a risk factor

for POPF development;34,35 whether any association

between pancreatic texture and radiological liver steatosis

exists remains debatable. Our results confirmed that soft

pancreatic texture and small duct diameter (included in the

FRS) are associated with increased CCI but we did not find a

higher prevalence of soft texture pancreas among patients

with radiological hepatic steatosis.36 Nonetheless, as LS is a

highly specific macroscopic hallmark of subtle metabolic

syndrome and sub-clinical systemic inflammation,37,38

which is believed to represent a major contributor to mor-

bidity following PD, we can hypothesize that it may explain

our finding of increased POPF occurrence in LS patients.

In our matched cohort analysis, PPH had a threefold

incidence in patients with LS compared with non-hepatic

steatosis patients. As most bleeding events after PD are

related to POPF, it is very likely that a higher PPH rate in

the LS group can be linked to more clinically relevant

POPF in the LS group. Despite controlling for BMI, it is

also likely that more patients in the LS group presented

with increased visceral fat which is associated with an

increased abdominal tissue fragility, also resulting from the

presence of subtle inflammation. Additionally, Taipale and

colleagues39 hypothesized that accumulated fatty acids and

large droplets of triglycerides in liver cells trigger an

inflammatory response that might result in coagulation

imbalances (due to monocyte and platelet interactions).

The significant association found between LS and postop-

erative DGE may represent the result of a generally more

complicated postoperative course rather than a complica-

tion-specific association. Interestingly, despite what was
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previously reported in liver and colorectal surgery,40 LS

was not associated with increased infectious complications

after PD.

Taken together, our postoperative outcome data high-

light the higher burden of complications affecting patients

with LS compared with non-LS patients, and suggest that

LS could represent a potential target for prehabilitation

strategies prior to PD. Hepatic steatosis clearance, through

a hypo-caloric, hyper-proteic diet, to promote liver

shrinkage, has become standard practice before bariatric

surgery.41 Living liver donors can also be managed pre-

operatively with a calorie-controlled diet, exercise, or

drugs to improve hepatic parenchymal quality. However,

conditioning cancer patients, who may have developed LS

as a result of chemotherapy toxicity appears more chal-

lenging because of time restraints (i.e., risk of tumor

progression while waiting for surgery) and few therapeutic

options besides lifestyle and dietary interventions.42

Molecules such as liraglutide, pioglitazone, and x-3 fatty

acids have all been proposed for treating steatosis, but they

require at least 4 months to obtain significant results.43 In a

recent bi-institutional, surgeon-blinded, randomized

prospective trial involving 60 overweight patients (BMI C

25 kg/m2) undergoing liver resection for cancer, a preop-

erative 1-week hypocaloric low-fat diet (800 kcal/day; 20 g

fat, 70 g protein) reduced intraoperative blood loss by

almost half and the liver was deemed easier to mobilize

and manipulate by operating surgeons.44 These outcomes

appear less relevant for pancreatic surgery, as the liver is

not the target organ for surgical dissection, and intraoper-

ative blood loss appears unrelated to LS. However, a

multimodal prehabilitation including physical and nutri-

tional interventions may prove beneficial not only in

decreasing LS preoperatively, but also in improving patient

functional capacity and reducing systemic inflammation,

which can have significant implications on the individual

risk for postoperative complications.45

An exploratory analysis of our data suggests a possible

association between LS and cancer survival outcomes. LS

could potentially impact on tumor recurrence for many

reasons. First, poor surgical outcomes and the higher rate

of complications in LS patients could lead to a prolonged

recovery, which could prevent or delay the delivery of

adjuvant treatments. Second, LS could lead to lower tol-

erability to chemotherapy regimens used in adjuvant

settings or in case of disease recurrence. Finally, the sup-

posed pro-inflammatory status may be correlated with

increased liver steatosis and visceral obesity, which is a

potential risk factor for tumor recurrence. Further studies

focused on this research hypothesis are needed.

The present study has several limitations, the main being

its retrospective nature and the limited sample size, mostly

secondary to a significant amount of missing preoperative

CT scan imaging. However, the characteristics of included

and excluded patients were similar. Moreover, no data

were available regarding dose-reduction during

chemotherapy or time from the end of treatment to surgery,

which could have given extra information on the impact of

neoadjuvant chemotherapy on the development of LS.

Another potential limitation was the use of CT scan

imaging to assess LS. CT is the gold standard imaging for

PDAC staging and re-staging, but the standard for liver

parenchymal composition is liver biopsy, which can pro-

vide both qualitative and quantitative analysis of liver

parenchymal composition; however, it is an invasive pro-

cedure that cannot be considered as a possible screening

exam. Conversely, CT-scan represents a safe, non-invasive

tool for assessing LS before PD for PDAC. The high

reproducibility of the technique and the adoption of

propensity score matching to eliminate possible con-

founding factors on outcomes are among the strengths of

this study.

CONCLUSIONS

In this retrospective single institution study, our results

suggest that preoperative liver steatosis assessed by CT

scan image analysis increases postoperative complication

severity in patients undergoing pancreaticoduodenectomy

for PDAC. The increasing indication for neoadjuvant

chemotherapy in localized pancreatic cancer and the risk of

developing chemotherapy related liver injury warrants the

need for further larger prospective studies to confirm our

results and investigate possible prehabilitation strategies to

mitigate LS impact on postoperative outcomes.
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