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Background: Pancreatic ductal adenocarcinoma (PDAC) has a 5-year survival rate of less than 10%. Treatment with
curative intent surgery still poses high rates of overall postoperative morbidity (68.7%) and mortality (5.4%). It is
therefore essential to identify preoperative factors influencing early postoperative outcomes to provide better insight for
improved patient selection and care.

Methods: Sixty patients diagnosed with PDAC who had undergone surgical resection at Groote Schuur Hospital, Cape
Town, between 2016 and 2023 were included. The patient cohort was divided into two groups, postoperative survival
<90 days vs > 90 days. The groups were compared regarding demographic and preoperative assessment tools using ASA,
ECOG and Codman scores, baseline clinical and imaging data, preoperative treatment and surgical related parameters.
Results: Significant differences were found in patients, with patients presenting with pancreatic duct dilation (p < 0.05),
tumour location in the pancreatic head (p < 0.05), elevated gamma-glutamyl transferase (GGT) (p <0.01) and carbohydrate
antigen 19-9 (CA19-9) (p <0.05). Using regression analysis, GGT serum levels > 500 U/L were correlated with mortality
<90 days, while pancreatic duct dilatation and CA19-9 levels > 200 U/L were associated with survival > 90 days.
Conclusions: The results of this study present important insights regarding risk factors influencing postoperative mortality
and offer a potential roadmap for optimising preoperative care and judicious patient selection before pancreatic surgery.
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Introduction

Pancreatic cancer has become a global health burden,
currently ranking as seventh most common cause of
cancer deaths worldwide for both sexes and accounting
for almost as many deaths as cases.! A four- to five-fold
higher occurrence is observed in countries with high human
development indexes (HDI), most likely due to higher
alcohol consumption, diabetes and obesity.! Pancreatic ductal
adenocarcinoma (PDAC) constitutes roughly 85% of all
pancreatic cancers, and the majority of patients with PDAC
present with an advanced stage disease with 75—-80% being
unresectable.'? This results in a poor a median survival and
a 5-year survival rate of 10%.2 Despite advances in surgical
techniques and better perioperative care, the complication
rates are still reported as high as 73%, and the 90-days
mortality rates as ranging between 5.1% in very high HDI
countries and 9.8% in low-middle HDI countries, with an
overall 90-days mortality rate of 5.4%.34

Neoadjuvant therapy, increasing age, higher comorbidity
score, lower income, case volume, and extensive surgery
are known predictors of 90-days mortality.>¢ Postoperative
pancreatic fistula (POPF), delayed gastric emptying (DGE),
post-pancreatectomy haemorrhaging (PPH) and surgical
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site-infections (SSIs) significantly impact patient outcomes
including hospital stay, readmission rates and mortality.*
Early recognition and management of these complications,
particularly POPF and PPH, preferably before they become
clinically relevant, is key to reducing perioperative mortality.
Failure to rescue (FTR) patients with major complications
resulting in mortality is regarded as a quality indicator, with
the focus shifting from the complications per se to the actual
optimal management of complications.’

Various risk scores have been designed to identify patients
at higher risk for postoperative complications and mortality.
Some used in pancreatic surgery have been designed for
patients undergoing major surgery in general, such as the
age adjusted Charlson Comorbidity Index (a-CCI) which
has shown a strong association between higher a-CCI scores
and an increased 30-day morbidity and mortality in patients
undergoing surgery for pancreatic cancer and the Codman
score which has been validated in several disciplines to
accurately predict risk-adjusted outcomes.®!? Others were
specifically designed for pancreatic surgery, such as the
Preoperative Pancreatic Resection (PREPARE) score, based
on physiological and procedure related risk factors, the
Whipple-ABACUS score, based on systemic factors such as
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comorbidities, steroids and signs of systemic inflammatory
response syndrome (SIRS) and the Early Mortality
Risk Score (EMRS) which includes four variables and
comorbidities.!''* Common elements used in these scores
include age, comorbidities, tumour-related characteristics,
such as size, grading, lymph node involvement and albumin-
levels. Decisions based on these scores regarding surgical
treatment may range from exclusion of high-risk patients
from surgery to initiating other (neo)adjuvant therapies to
improve the physical constitution preoperatively or pursue
other treatment alternatives. However, most scores still
require large-scale multicentre validation.

The aim of this study was to identify preoperative factors
associated with 90-day postoperative mortality following
pancreatic resection for PDAC with the goal of improving
patient selection and identifying potential high-risk patients
who could benefit from enhanced preoperative optimisation.

Materials and methods

Study setting, design and patient cohort

We performed a retrospective analysis of patients aged 18
and above, who underwent open pancreatic resection for
histologically verified PDAC at the Hepato-pancreato-
biliary (HPB) surgery service at Groote Schuur between
January 2015 and January 2023. Patients for inclusion
were identified from the University of Cape Town (UCT)
Pancreatic Cancer Registry Study which is managed in
the Electronic Data Capture (REDCap) data management
platform hosted at the university.!4

Demographic and baseline clinical parameters, laboratory
test results, preoperative imaging as well as preoperative
interventions and types of surgical procedures were analysed
and compared in patients who died < or > than 90 days after
the index operation, as tabulated in Tables I-IV.

Definitions

The American Society of Anaesthesiologists (ASA) physical
status score was used to quantify patients’ preoperative

Table I: Demographic and clinical characteristics of patients with survival <90 days compared to > 90 days

Survival < 90 days Survival > 90 days p-value
(n=11) (n=49)
Age (means) 60.3 60 0.225
Gender Female 5 (45.5%) 29 (59.2%) 0.406
Male 6 (54.5%) 20 (40.8%)
Mean survival (days) Total 47.09 669.44 -
0-30 days 4
30-60 days 2
60-90 days 5
BMI (kg/m2) Total 26.07 (19-36) 25.8 (18-41) 0.414
<185 0 (0%) 2 (4.1%)
18.5-24.9 5(54.5%) 13 (26.5%)
>25 4 (45.5%) 16 (32.7%)
Codman score 2 8(72.7%) 28 (57.1%) 0.440
3 3(27.3%) 16 (32.7%)
4 - 1 (2.0%)
5 - 1(2.0%)
ECOG performance status scale 0 1(9.1%) 1 (2.0%) 0.517
1 9 (81.8%) 43 (87.8%)
2 1(9.1%) 5(10.2%)
3 0 (0%) 0 (0%)
4 0 (0%) 0 (0%)
ASA score I-1I 10 (90.9%) 45 (91.8%) 0.243
11 1(9.1%) 1 (2.0%)
V-V 0 (0%) 0 (0%)
Neoadjuvant chemotherapy Yes 0 (0%) 4 (8.2%) 0.547
No 11 (100%) 45 (91.8%)
Surgical technique PPPD 7 (63.6%) 42 (85.7%) 0.170
Classic PD 1(9.1%) 1 (2.0%)
LP 1(9.1%) 3(6.1%)
TP 2 (18.2%) 3(6.1%)

BMI - Body mass index, ECOG — Eastern Cooperative Oncology Group, ASA — American Society of Anaesthesiologists, PPPD — pylorus preserving pancreatoduodenectomy,

PD — pancreatoduodenectomy, LP — left pancreatectomy, TP — total pancreatectomy
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medical comorbidities. The level of functioning of patients
was assessed according to the Eastern Cooperative
Oncology Group (ECOG) performance scale. Codman
score was calculated for further prediction of the operative
risk.!® The pancreatic duct was considered dilated if the
duct measured greater than 3 mm in the pancreatic head
and/or 2 mm in the body or tail in diameter. Postoperative
pancreatic fistula, DGE and PPH were graded according to
ISGPS definitions. !>

Statistical analysis

The Pearson’s chi-square test was used for analysis of non-
parametric categorical variables. Mann-Whitney U test
was used for comparison between continuous variables. To
assess the effects of these independent variables on 90 days
survival, Cox Proportional Hazards Survival Analysis was
conducted. In all statistical analyses, a two-tailed p-value <
0.05 was considered statistically significant. For statistical
analyses, SPSS Statistics (Version 29.0) for Macintosh (IBM
Corp, Armonk, NY) was used.

Results

A total of 152 patients have undergone pancreatic resection
during the study period, 60 of whom were operated on for
PDAC and included in the study. The 90-day mortality
was 11/60 patients (18.3%). The median age was 60.1
years (41-77 years) and 34 (56.7%) were female (Table I).
The mean preoperative BMI was 26.07 kg/m?. Fifty-two
(86.6%) patients had an ECOG score of 1, while six (10%)
patients were scored as 2 (3.4%) and only two as 0 (0%).
Two (3.3%) patients were classified as ASA IV or higher.
Thirty-eight (63.3%) patients were classified as Codman 2,

Table II: Comorbidities and symptoms upon presentation

20 (33.3%) as Codman 3 and one (3.4%) each as Codman
4 and 5. Neoadjuvant chemotherapy was administered in 17
(28.3%) patients. Of the total cohort, 49 (82%) underwent
a pylorus-preserving (PP) pancreatoduodenectomy (PD),
five (8.1%) a total pancreatectomy (TP), four (6.6%) a left
pancreatectomy and 2 (3.3%) a classic PD. No significant
differences were found for sex, age, BMI (< 18.5 kg/m?,
18.5-24.9 kg/m?, > 25 kg/m?), the ECOG, Codman and ASA
scoring systems, neoadjuvant chemotherapy or surgical
techniques used between the patient cohort who survived
<90 days compared to those who survived > 90 days.

HIV status was known in all patients. Only one patient
with a preoperative positive HIV status was present in the
whole cohort and included in the < 90 days mortality group
(Table II). Although positive HIV status was predictive for
90-days mortality the result must be interpreted with caution.
The HIV prevalence in the study population was 2% which
was lower than a national HIV prevalence of around 13%
in South Africa.’® There were otherwise no statistically
significant differences in the presence of comorbidities
between the two groups.

Significantly higher serum levels of gamma-glutamyl
transpeptidase (GGT) (p < 0.01) and lower levels of
carbohydrate antigen 19-9 (CA19-9) (p < 0.05) were present
in the < 90 days mortality group (Table III). There were
otherwise no differences in the blood tests results between
the two groups. As shown in Table 1V, significantly more
patients in the > 90 days group had pancreatic duct dilation
(» < 0,05) or pancreatic head tumours (p < 0.05). Vascular
involvement, both arterial and venous, did not differ
significantly between the two groups.

Survival < 90 days Survival > 90 days p-value
(n=11) (n=49)

Symptoms on presentation

Jaundice Yes 9 (81.8%) 41 (83.7%) 0.881
No 2 (18.2%) 8 (16.3%)

Pain Yes 7 (63.6%) 19 (38.8%) 0.133
No 4 (36.4%) 30 (61.2%)

Pruritus Yes 7 (63.6%) 19 (38.8%) 0.882
No 4 (36.4%) 30 (61.2%)

Weight loss Yes 5 (45.5%) 33 (67.3%) 0.421
No 6 (54.5%) 16 (32.7%)

Comorbidities

Diabetes mellitus Yes 6 (54.5%) 12 (24.5%) 0.163
No 5 (45.5%) 37 (75.5%)

Hypertension Yes 6 (54.5%) 18 (36.7%) 0.591
No 5 (45.5%) 31 (63.3%)

COAD Yes 0 (0%) 3(6.1%) 0.400
No 11 (100%) 46 (93.9%)

IHD Yes 2 (18.2%) 3(6.1%) 0.191
No 9 (81.8%) 46 (93.9%)

HIV Yes 1(9.1%) 0 (0%) <0.05
No 10 (90.9%) 49 (100%)

Chronic pancreatitis Yes 0 (0%) 0 (0%) -
No 11 (100%) 49 (100%)
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Table I1I: Preoperative blood test results (median values, (min-max)

Survival < 90 days Survival > 90 days p-value
(n=11) (n=49)

White cell count (x10%L) 7.22 (6-13) 8.59 (5-37) 0.197
Haemoglobin (g/dL) 12.6 (10-16) 12.1 (8-15) 0.216
Platelet count (x10°/L) 302 (154-482) 304.5 (154-563) 0.606
INR 1.16 (1-2) 1.09 (1-3) 0.379
Sodium (mmol/L) 136 (125-144) 137 (120-146) 0.823
Potassium (mmol/L) 4.1 (4-5) 4.1 (3-5) 0.820
Urea (mmol/L) 3.8(3-7) 4.35(2-13) 0.634
Creatinine (umol/L) 69 (36-90) 58 (6-118) 0.180
Albumin (g/L) 42 (23-46) 37 (21-49) 0.131
Total bilirubin (umol/L) 156 (7-367) 160 (3-723) 0.823
Conjugated bilirubin (umol/L) 144 (1-356) 117 (1-669) 0.680
ALT (U/L) 319 (32-651) 154 (6-868) 0.134
AST (U/L) 180 (63-416) 105 (12-631) 0.147
ALP (U/L) 658 (40-1591) 470 (73-1912) 0.414
GGT (U/L) 1892 (23-3647) 289 (23-2858) <0.01
CA19-9 (U/L) 146 (13-396) 339.5 (7-1159584) <0.05
CEA (U/L) 8 (5-12) 7(2-23) 0.253

INR - international normalised ratio, ALT — alanine transferase, AST — aspartate transferase, ALP — alkaline phosphatase, GGT — gamma-glutamyl transferase, CA19-9—
carbohydrate antigen 19-9, CEA — chorio-embryonic antigen

Table IV: Preoperative imaging findings

Survival < 90 days Survival > 90 days p-value
(n=11) (n=49)
Intrahepatic biliary dilation Yes 7 (63.6%) 31 (63.3%) 0.982
No 4 (36.4%) 18 (36.7%)
Extrahepatic biliary dilation Yes 9 (81.8%) 33 (67.3%) 0.344
No 2 (18.2%) 16 (32.7%)
Pancreatic duct dilation Yes 4 (36.4%) 34 (69.4%) <0.05
No 7 (63.6%) 15 (30.6%)
Pathological lymph nodes Yes 3(27.3%) 6 (12.2%) 0.207
No 8 (72.7%) 43 (87.8%)
Tumour location Pancreatic head 2 (18.8%) 26 (53.1%) <0.05
Uncinate process 2 (18.8%) 11 (22.4%) 0.756
Body/tail 4 (36.4%) 4 (8.1%) 0.327
Arterial involvement Yes 2 (18.2%) 2 (4.1%) 0.092
No 8(72.7%) 47 (95.9%)
Venous involvement Yes 4 (36.4%) 10 (20.4%) 0.243
No 6 (54.5%) 39 (79.6%)

There were no differences in the proportion of patients in the
two groups that had undergone preoperative biliary drainage
— via endoscopic retrograde cholangiopancreatography
(ERCP) or percutaneous transhepatic cholangiography
(PTC) — between the two groups, 5 (45.5%) and 35 (71.4%)
in the groups that survived < and > 90 days respectively
(p=0.163).

Using Cox proportional hazard for regression analysis
to assess predictive factors for 90 days mortality, elevated
serum GGT levels > 500 U/L (HR 8.036, CI 95%: 1.028—
62.839, p < 0.05) predicted survival < 90 days, whereas
CA19-9 levels > 200 U/L (HR 0.170, CI 95%: 0.035-0.822,
p <0.05) and pancreatic duct dilatation (HR 0.291, CI 95%:
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0.085-0.994, p < 0.05) predicted survival > 90 days, as
shown in Table V.

Discussion

The 18.3% 90-day mortality observed in this study is higher
than reports from high HDI countries, but in keeping with
mortality reported from low HDI countries.>®

The predictive value of elevated GGT levels for survival
< 90 days is in line with previous reports that high levels
were an independent risk factor for worse outcomes in
patients with PDAC and the development of malignancies,
including PDAC. Elevated GGT levels (> 48 U/L) was
significantly associated with a lower overall survival (OS)
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Table V: Cox proportional hazard analysis

Hazard ratio 95% CI p-value
GGT (U/L)
23-500 1
> 500 8.036 1.028-62.830 <0.05
CA19-9 (U/L)
7-200 1
>200 0.170 0.035-0.822 <0.05
Pancreatic duct
dilatation
No 1
Yes 0.291 0.085-0.994 <0.05
Tumour location
Body/tail 1
Uncinate process 1.479 0.209-10.498 0.696
Head 0.000 - 0.992

in patients with metastatic PDAC.!° Elevated GGT levels
are linked to environmental and endogen toxins, resulting
in nitrosative and oxidative cell stress.? Furthermore,
elevated GGT levels may also be indicative of underlying
biliary obstruction or liver dysfunction, both of which
are common in patients with pancreatic head tumours.
Preoperative biliary stenting of obstructing pancreatic head
tumour is associated with an increased risk of postoperative
complications in patients following PD and has generally
been reserved for patients with cholangitis, malnutrition,
very high bilirubin levels and those requiring neoadjuvant
therapy.?'?2 Higher levels in preoperatively stented patients
may be indicative of suboptimal drainage due to stent
dysfunction, which results in higher levels of bacterial
overgrowth, often of resistant organisms.?® Interestingly, in
our study preoperative interventional biliary drainage was
not an independent predictor of survival < 90 days.

High preoperative CA19-9 levels have been shown to be
a reliable predictor for poor local control following surgery,
and shorter OS and disease-free survival (DFS).>* As the
focus of this article was on predictors of 90-day mortality,
the impact of CA19-9 levels on long-term survival was not
assessed. In our cohort, values differed significantly between
the two groups with almost a 10-fold increase of the median
CA19-9 serum level for patients in the survival group > 90
days, compared to an only 4-fold increase in the survival
< 90 days group and were associated with a lower risk of
90-days mortality based on the regression analysis. This can
be explained by the fact that CA19-9 is not only a tumour
marker for PDAC, but it can also induce severe pancreatitis
and promote pancreatic fibrosis, which in its turn reduces
clinically relevant POPF, thus less mortality.?> Another
explanation might be that in our cohort the proportion of
vascular involvement was relatively higher in the < 90 days
survival group (yet not statistically significant), which might
have increased the risk of postoperative morbidity and thus
mortality.

In our study, pancreatic duct dilation was associated with
a lower risk of 90-day mortality which may be related to
lower rates of POPF which is a major risk factor for PPH.
Technically the pancreatic anastomosis is easier to perform
on a dilated duct if a duct-to-mucosa anastomotic technique
is pursued, and sutures hold better in hard fibrotic pancreatic
parenchyma which is often associated with pancreatic duct
dilatation. The protective effect that a dilated pancreatic duct
has on significant leaks from the pancreatic anastomosis in
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patients undergoing PD is well documented.?® Furthermore,
pancreatic duct obstruction often leads to atrophy and
fibrosis of the pancreas.?® The lower volumes of pancreatic
secretions from an atrophic pancreas may also contribute to
lower leak rates. In a nationwide Dutch study POPF and PPH
were found to have the most significant impact, contributing
to 25.7% and 32.8% of in-hospital mortality, respectively.?’

Several reports in the literature have shown higher 90-
days mortality rates ranging from 0-16% for PD compared
to 0-8.7% for left pancreatic resections.>*?%? This is in
contrast to our data which showed that tumour location in
the pancreatic head was significantly associated with a > 90-
days survival. This difference, however, was not significant
in regression analysis.

The results of our study are particularly relevant in
the context of resource-limited settings, which are often
encountered in low HDI countries. As earlier described,
the discrepancies in 90-days mortality rates, mainly
depending in differences in FTR, between high HDI and
low HDI regions, highlight the critical need for context-
specific strategies to optimise postoperative care. In low
HDI settings, where access to advanced radiological and
interventional procedures may be limited, early identification
of patients at risk of mortality is crucial. The findings of this
study suggest that patients with certain risk factors can be
identified preoperatively and prioritised for more intensive
postoperative monitoring and prioritisation for intensive
care.

There are several limitations to our study that should be
considered when interpreting the results. First, the sample
size was relatively small, which may have limited the
statistical power to detect significant differences between
groups. The retrospective nature of the study also introduces
the potential for selection bias, even though we attempted
to minimise this by including all eligible patients who
underwent pancreatic resection for PDAC during the study
period. While this study focused on baseline characteristics
such as age, sex, BMI, widely used scoring systems for
physical performance, preoperative blood tests, radiological
imaging, in-depth assessment of physical and nutritional
status have not been objects of investigation. Adding these
parameters may give additional important information
for more accurate risk assessment as has been shown in a
recent Japanese study that identified older age, increased
preoperative fat mass and decreased walking speed as
predictive variables for postoperative complications in
pancreatic surgery.’

Conclusion

In our study, preoperative high GGT serum levels,
specifically > 500 U/L, were correlated with mortality < 90
days, while pancreatic duct dilatation and CA19-9 levels
> 200 U/L were associated with survival > 90 days. This
retrospective analysis of 60 patients provides important
insights into factors influencing postoperative outcomes
and offer a potential roadmap for judicious patient selection,
optimising perioperative care and resource allocation in
pancreatic surgery. Future studies with larger cohorts are
necessary to validate our findings and further explore the
relationships between preoperative factors and outcomes.
Finally, there is a need to explore the development of
context-specific, resource-sensitive algorithms for the
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management of patients undergoing pancreatic resection in
low HDI countries.
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