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ABSTRACT

Introduction: The CRP/Albumin Ratio (CAR) which has been
shown to be closely related to the results in septic patients
has been found to be also associated with postoperative and
long-term outcomes in patients with malignant diagnosis.
Although the prognostic value of CAR in many gastrointestinal
cancers has been determined, studies on pancreatic cancer
are limited.

CAR on
curative

Aim: To evaluate the predictive value of
serious postoperative ~ complications  after
pancreaticoduodenectomy for pancreatic cancer.

Materials and Methods: One hundred eighty seven patients
that underwent curative resection for pancreatic cancer
between January 2010 and January 2020 were included in the
study. The optimal cut-off level of the CAR was calculated as

INTRODUCTION

Although the frequency of pancreatic cancer is lower than gastric
and colon cancers, it is a type of cancer that is diagnosed late due
to its insidious course and the symptoms are mild and continues to
remain low and have high curability [1]. Despite the improvement in
medical treatments and increasing success in surgical results, five
year survival rates do not exceed 35% [2,3]. It has been determined
that many patients and tumour-related prognostic factors are
closely related to postoperative and long-term results [4]. While the
effects of tumour size, local invasion degree of the tumour, lymph
node involvement rate, and tumour relationship conditions such as
vascular or neural invasion on the results are well known, in recent
studies it has been proven that systemic inflammatory response as a
patient-related factor plays an important role in tumour progression
and postoperative results [4,5].

Systemic inflammatory response, which can be demonstrated by
parameters such as the Neutrophil to Lymphocyte Ratio (NLR) and
modified Glasgow Pognostic Score (MGPS) has been reported to be
a potent predictor of postoperative outcomes and cancer-specific
survival [6,7]. The mGPS is determined by serum C-Reactive Protein
(CRP) and albumin levels and has been shown to have prognostic
significance in septic and cancer patients [8,9]. In addition, the
CAR, a new inflammation-based score, which has been shown
to be closely related to the results in many studies conducted in
septic patients, has also been associated with postoperative and
long-term outcomes in patients with malignant diagnosis [8,9].
Although the prognostic value of CAR in patients with various
gastrointestinal cancers has been studied, studies on pancreatic

0.22. Patients were divided into two groups as below and above
this value. Clinicopathological and postoperative variables were
compared between the groups.

Results: In univariate and multivariate analysis, modified Glasgow
Prognostic Score (MGPS) (OR: 3.67. %95 Cl: 2.31~5.82. p=0.028),
CAR (OR: 8.02 %95 Cl: 3.45~21.62. p>0.001), lymph node
status (OR: 1.54. %95 CI: 0.41~3.39. p=0.042) and TNM stage
(OR: 3.92. %95 Cl: 1.56~10.08. p= 0.005) were found to be
independent risk factors for serious postoperative complications.

Conclusion: Based on these data, CAR, which can be easily
measured from preoperative biochemical results in each
patient, may be an independent and significant predictor of
postoperative serious complications and poor outcomes after
pancreaticoduodenectomy in patients with pancreatic cancer.

Keywords: Gastrointestinal cancers, Inflammation, Surgery

cancer patients are limited [10,11]. In this study, the relationship
between preoperative CAR and severe postoperative complications
has been investigated retrospectively in patients undergoing curative
pancreaticoduodenectomy for pancreatic cancer.

MATERIALS AND METHODS

Patient Selection and Data Collection

Between January 2010 and January 2020, 187 patients who
underwent curative pancreaticoduodenectomy for pancreatic
cancer were retrospectively analysed. The patients with missing
electronic file records, having metastatic disease at the time of
diagnosis, severe cholangitis attack in preoperative period, having
immune or any systemic disease in which inflammatory processes
were intense and those that were on antibiotic treatment were
excluded from the study. Permission for the use of patient data
was obtained from the Administiration of Ankara University Cebeci
Hospital {15255985-622.03(774.99)-E.31084}.

Preoperative haemogram and biochemistry values were recorded.
The level of systemic inflammatory response in each patient was
determined by mGPS and CAR values obtained using preoperative
serum CRP and albumin levels. The mGPS was calculated on the
basis of known blood CRP and albumin levels [9]. The albumin
values were divided into two groups =35 g/L and <35 g/L. Then,
CRP values were divided into two groups as >10 mg and <10 mg.
Patients with normal aloumin (=35 g/L) and patients with normal
CRP level (<10 mg/L) were considered as mGPS 0, patients with
normal albumin and high CRP levels (>10 mg) were considered as
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mGPS 1 and patients with low albumin (<35 g/L) and high CRP level
(>10 mg/L) were considered as mGPS 2. The CAR was obtained
by dividing the serum CRP level (mg/L) by the serum albumin level
(9/L). The optimal cut-off level of the CAR was calculated as 0.22
(AUC: 0.852+0.08. %95 ClI: 0.779~0.924. p=0.001) with 81%
sensitivity and 78% specificity in Receiver Operating Curve (ROC)
analysis and patients were divided into two groups as below and
above of this level.

Atotal of 187 patients data were recorded including age, gender, BMI,
ASA score, comorbid diseases, weight loss percentage, T stage,
lymph node status, TNM stage, intraoperative blood transfusion
requirement, duration of operation, Clavien-Dindo grade 3 or higher
postoperative complications, pancreatic fistula, mGPS, CAR,
length of hospital stay, length of stay in intensive care unit and
mortality rate. The pathology specimens of the patients diagnosed
with pancreatic cancer were retrospectively analysed through the
hospital database. Tumour and lymph node status of patients were
determined according to AJCC, Pancreas Cancer Staging 8" Edition
[12]. Postoperative complications were determined based on the
Modified Clavien Dindo Classification and the presence of grade
3 or higher complications were evaluated [13]. Pancreatic fistulas
were categorised using the International Pancreatic Fistula Study
definitions [14]. The relationship between CAR and postoperative
serious complication rates were investigated [Table/Fig-1].

Potentially Study Candidates

Patients with pancreatic
adenccarcinoma

(n=276)
Excluded Patients (n=65)
¢ Metastatic disease at
diagnosis (n=28)
— +  Preoperative severe

cholanjitis (n=18)
+  Immune disease (n=5)
s  Preopenative
infectious diseaseand
antimicrobial usage
(n=14)

y
Potentially Eligible Patients

(n=211)

Excluded Patients(n=24)

Missing electronic file
records (n=24)

—_— .

9
Finally Eligable Patients

(n=187)

l

Low CAR

High CAR

(n=119)

STATISTICAL ANALYSIS

Numerical data were expressed as mean+Standard Deviation (SD).
X2 test, Student T-test, Mann-Whitney U-test were used for the
relationship between numerical and categorical data. The optimal
cut-off level of CAR was determined by ROC analysis. Binary logistic
regression analysis was used to determine the factors affecting
postoperative complications. All p-values less than 0.05 were
considered statistically significant. These analyses were performed
using IBM SPSS statistical version 23.0.

RESULTS

The clinicopathological data is summarised in [Table/Fig-2] as
mean+SD, range or ratio [12]. The mean age of 187 patients

(n=068)
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CAR:High CAR:Low
(>0.22) (<0.22)
Variable Total (n=187) (n=68) (n=119) p-value
Age (years) 60.17+7.7 60.24+7.37 60+8.03 0.932
Gender (male) 119 (63.6) 41 (60.3) 78 (65.5) 0.287
BMI (kg/m?) 26.57+4.16 26.96+4.57 26.35+3.9 0.337
ASA score
1 17.(9.1) 5(7.4) 12 (10.1)
2 79 (42.2) 22 (32.4) 57 (47.9) 0.055
3 91 (48.7) 41(60.3) 50 (42)
Comorbidity
DM 55 (29.4) 22 (32.4) 33 (27.7) 0.510
HT 87 (46.5) 37 (54.4) 50 (42) 0.069
COLD 26 (13.9) 12 (17.6) 14 (11.8) 0.279
Weight loss (%) 3.96+5.13 6.59+6.01 2.46+3.83 >0.001
T stage
T 6(3.2) 0(0) 6 (5)
T2 45 (24.1) 11 (16.2) 34 (28.6)
0.002
T3 115 (61.5) 43 (63.2) 72 (60.5)
T4 21 (11.2) 14 (20.6) 7(5.9)
Lymph node status
NO 102 (54.5) 21 (30.9) 81 (68.1)
N1 67 (35.8) 35 (51.5) 32 (26.9) >0.001
N2 18(9.6) 12 (17.6) 6 (5)
TNM stage*
Stage 1 32 (17.1) 3(4.4) 29 (24.4)
Stage 2 120 (64.2) 42 (61.8) 78 (65.5) >0.001
Stage 3 35 (18.7) 23 (33.8) 12 (10.1)
mGPS
0 133 (71.1) 14 (20.6) 119 (100)
1 14 (7.5) 14 (20.6) 0(0) >0.001
2 40 (21.4) 40 (58.8) 0(0)

[Table/Fig-2]: Relationship between clinicopathological variables and high and low
CAR groups.
Numerical values are given as meanzstandard error. CRP: C-reactive protein, BMI: Body mass

index, ASA: American society of anesthesiologists, DM: Diabetes mellitus, HT: Hypertension,
COLD: Chronic obstructive lung disease, TNM: Tumour node metastasis, mGPS: Modified
glasgov prognostic score, *TNM stage was determined according to AJCC Pancreatic Cancer
Staging 8th Edition [12]; p-value <0.05 was considered statistically significant

included in the study was 60.17+7 years and 119 (63.6%) patients
were male. Preoperative high CAR (>0.22) was seen in 68 (36.4%)
patients. There was no significant difference between the groups
in terms of age, sex, comorbid diseases and BMI. Although not
statistically significant, ASA 3 patients had a higher number in the
group of high CAR (p=0.055). There was a significant difference
between the groups in terms of weight loss percentage, T stage,
lymph node status, TNM stage and mGPS score. The relationship
between postoperative outcomes and high and low CAR groups are
summarised in [Table/Fig-3] [14]. There was no significant difference
between the groups in terms of operation time, intraoperative blood
transfusion, length of hospital stay and pancreatic fistula rates.
The length of stay in the intensive care unit was significantly higher
in the high CAR group than the other group (p=0.022). Similarly,
Clavien-Dindo grade 3 and serious complications and mortality
rates were significantly higher in high CAR group compared to the
other group.

Univariate and multivariate analysis results of risk factors that
may affect postoperative serious complications are summarised
in [Table/Fig-4]. In univariate analysis; mGPS, CRP/Albumin ratio,
lymph node status and TNM stage were found statistically
significant. When these data were included in the multivariate
analysis, high mGPS (OR: 3.67. 95% CI: 2.31~5.82. p=0.028),
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CAR: High CAR: Low

Total (>0.22) (>0.22)
Variable (n=187) (n=68) (n=119) p-value
Operation time (min) | 189.81+60.34 | 182.21+54.89 | 194.16+63.05 | 0.193
Intraoperative
blood transfusion 18 (9.6) 5(7.4) 13 (10.9) 0.300
requirement
(number of patients)
Hospital stay (day) 9.41+5.98 10.91+8.34 8.55+3.85 0.098
ICU stay (day) 2.48+3.61 3.28+5.09 2.03+2.30 0.022
In-hospital mortality 7(3.7) 3(4.4) 4(3.3) 0.452
Postoperative
complications (CD 42 (22.5) 34 (50) 8(6.7) <0.001
grade 3 and above)
Pancreatic fistula®
Grade A 22 (11.8) 12 (17.6) 10 (8.4)
Grade B 12 (6.4) 7(10.3) 5(4.2) 0.510
Grade C 2(1.1) 0(0) 2(1.7)

[Table/Fig-3]: Relation between postoperative outcomes and high and low CAR
groups.

Numerical values are given as mean=standard error. CRP: C-reactive protein, ICU: Intensive care unit,
CD: Clavien-Dindo. *Pancreatic fistulas were categorised using the definitions of the International
Pancreatic Fistula Working Group [14]; p-value <0.05 was considered statistically significant

Univariate analysis Multivariate analysis

OR Adjusted OR p-
Variable (%95 CI) p-value (%95 CI) value
mGPS 10.75(4.82~23.97) | >0.001 | 3.67(2.31~5.82) | 0.028
CAR 13.87(5.86~32.81) | >0.001 | 8.02(3.45~21.62) | <0.001
Lymph node status 3.54(1.70~7.39) 0.008 1.54(0.41~3.39) | 0.042
TNM stage 4.08(1.85~8.97) 0.023 | 3.92(1.56~10.08) | 0.005

[Table/Fig-4]: Univariate and multivariate analysis of risk factors associated with
severe postoperative complications.

OR: Odds ratio, mGPS: Modified glasgow prognostic score, CRP: C-reactive protein, TNM: Tumour-
node-metastasis; p-value <0.05 was considered statistically significant

high CAR (OR: 8.02. 95% Cl: 3.45~21.62. p<0.001), lymph
node status (OR: 1.54. 95% CI: 0.41~3.39. p=0.042) and TNM
stage (OR: 3.92. 95% Cl: 1.56~10.08. p=0.005) were found as
independent risk factors for severe postoperative complications.

DISCUSSION

Pancreatic cancer is a type of cancer that can be diagnosed late due
to its nonspecific symptoms and insidious course and its outcomes
are quite bad. Despite the improvement and experience in surgical
and medical treatments, mortality rates remain high [2]. Most of
patients have inoperable disease at the time of diagnosis and only
20% of cases have a chance of curative resection. Pancreatic cancer
continues to be the most challenging type of cancer in practice,
with its surgical procedures and operational outcomes.

Tumour-related prognostic conditions such as tumour size, local
invasion, lymph node status, perineural or vascular invasion and
surgical margin have been reported to be closely associated with
postoperative outcomes and survival in patients with pancreatic
cancer [4]. It is known that tumour-related conditions, as well
as patient-related conditions, have an effect on postoperative
outcomes. Nutritional factors and various comorbid conditions
can be counted as patient-related factors. In addition, many recent
studies have shown that systemic inflammatory response is closely
associated with poor outcomes. Systemic inflammatory response,
which can be demonstrated by parameters such as the mGPS
or NLR has been reported to be an important predictor of many
gastrointestinal cancer-specific survival [6,7].

In the present study, high mGPS, high CAR, advanced TNM stage
and the degree of lymph node involvement were found to be
independent risk factors for serious postoperative complications
in patients with pancreatic cancer undergoing curative resection
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and these results show that there is a close relationship between
systemic inflammatory response and postoperative and short-
term results.

The CAR, which was defined for the first time in septic patients, has
been found to be a potent indicator of the inflammatory process.
Miyamoto T et al., have found in a study of cancer and noncancer
patients that CAR is an independent factor on the prediction of
postoperative short-term survival results [15]. Similar results have
been achieved in many gastrointestinal cancer types. In a study
reported by Ishizuka M et al., significant relationship between CAR
and survival has been found in colorectal cancer patients [16]. In
another study reported by Ge X et al., CAR has been found to be an
independent risk factor for postoperative complications [17]. Mao
M et al., have shown that CAR, NLR and the combination of these
two are associated with survival in gastric cancer patients [18]. In
the present study, it has been found that CAR is an independent risk
factor for severe postoperative complications in patients undergoing
curative pancreaticoduodenectomy for pancreatic cancer. A
retrospective study of 142 pancreatic cancer patients by Arima K et
al., found that postoperative CAR is associated with postoperative
complications and poor survival [19]. However, only preoperative
values were used in this study since surgical stress alone could
affect postoperative CRP and albumin levels.

It is known that systemic inflammatory response plays a vital role
in the progression of any cancer type. The CRP produced from
liver is an acute-phase reactant in the inflammatory process that is
up-regulated by pro-inflammatory cytokines, especially the Tumour
Necrosis Factor (TNF). Extensive secretion of pro-inflammatory
cytokines to peritumoural area can lead to inflammation that
potentiates tumoural angiogenesis [20]. In angiogenesis, it is known
that Vascular Endothelial Growth Factor (VEGF) is the most potent
pro-angiogenic factor and it is secreted by tumoural cells like normal
body cells but more. Many studies have found that angiogenesis
is closely associated with growth, local invasion or metastasis of
tumour cells as well as patient prognosis and VEGF level increases
in presence of high serum CRP level [21,22]. In the lights of this
information, it is considered that there is a relationship between
tumour size, local invasion or distant spread and CRP levels.
Similarly, in the index study, patients with advanced TNM stage
were more frequent in the group with high CAR than the other.

Hypoalbuminemia is frequently seen in patients with more advanced
disease and is generally considered as a potent indicator of
malnutrition and cachexia. Many studies have reported that poor
nutritional status has negative effect on patient survival [23-25]. As
the albumin level decreases, CAR increases and high CAR may be
related to the nutritional or septic status of the patient. Preoperative
nutritional support is recommended to improve perioperative
outcomes of patient with pancreatic cancer [26]. Further research
to evaluate the relationship between immunonutrition and this
inflammatory-based prognostic score is important to improve
management of patients with pancreatic cancer.

Limitation(s)

Since, it was a retrospective study conducted from a single centre,
possible selection bias and low sample size that may limit the
applicability of these findings to other populations are the most
important limitations of present study. These findings need to be
supported by multicentre prospective studies in the future. Despite
these limitations, we believe that our results are valuable to help
improve understanding the role of systemic inflammatory response
on postoperative outcomes in patients with pancreatic cancer.

CONCLUSION(S)

Preoperative high CAR has been found to be an independent
risk factor for severe postoperative complications after curative
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pancreaticoduodenectomy  for

pancreatic cancer. By using

preoperative CAR that can be easily measured by routine biochemical
examination, risk stratification may be performed between the
patients; essential nutritional support may be provided to required
patient and also necessary precautions may be taken against
potential complications and deaths in patients with high risk.
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