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Abstract

Aim: This study aimed to evaluate the usefulness of the serum creatinine/cystatin C
(Cr/CysC) ratio as a prognostic factor after pancreatic surgery in patients with pan-
creatic cancer.

Methods: We retrospectively analyzed the data of 88 patients with pancreatic ductal
carcinoma who underwent pancreatic surgery from January 2017 to December 2020.
CysC measured from frozen serum samples and circulating Cr levels were used to cal-
culate the Cr/CysC ratio. The cutoff value of the Cr/CysC ratio was determined using
receiver operating characteristic curves. Cox proportional hazards model analysis and
survival curves were applied to identify the prognostic factors.

Results: The optimal cutoff value of the Cr/CysC ratio for predicting mortality after
surgery was 1.05. This study included 20 (22.7%) and 68 (77.3%) patients with high
and low Cr/CysC ratios, respectively. The low Cr/CysC ratio was significantly associ-
ated with female sex (p = 0.020) and higher levels of C-reactive protein (p = 0.020).
The postoperative length of stay was significantly longer in patients with low Cr/CysC
rates (p = 0.044). Patients with low Cr/CysC ratio showed poorer prognosis in relapse-
free survival (hazard ratio [HR] = 3.33; 95% confidence interval [Cl]: 1.54-4.20;
p =0.002) and overall survival (HR = 2.52, 95% Cl: 1.04-6.10, p = 0.041), respectively,
which were significantly worse than in those with high Cr/CysC ratios (p = 0.003 and
0.049, respectively).

Conclusion: The Cr/CysC ratio could be a useful screening tool for predicting the prog-

nosis of patients with pancreatic ductal carcinoma undergoing pancreatic surgery.
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1 | INTRODUCTION

Pancreatic cancer is one of the most lethal malignancies with a low 5-
year relative survival rate of only 11%.! Surgical resection is the only
potentially curative treatment option for patients with pancreatic can-
cer. Postoperative recurrence rates are high and most patients fail to
achieve long-term survival despite advances in surgical procedures.?
Thus, appropriate and quantitative evaluation is required to select
candidates for surgical resection and identify patients at high risk of
recurrence.

Sarcopenia, which is a loss of skeletal muscle mass and
strength, was identified as a poor prognostic predictor in pa-
tients with pancreatic cancer undergoing pancreatic surgery.3
Moreover, our previously published study revealed that preoper-
ative skeletal muscle loss and octogenarian status predicted the
failure of S-1 adjuvant chemotherapy completion in patients with
pancreatic cancer undergoing pancreatic surgery,4 The currently
revised international consensus suggests low muscle strength,
which was identified using grip strength and chair stand test, as
the primary parameter of sarcopenia.’ The European Working
Group on Sarcopenia in Older People (EWGSOP2) algorithm
recommended the next step of muscle quantity or quality eval-
uation as bioelectrical impedance analysis (BIA), dual-energy X-
ray absorptiometry, magnetic resonance imaging, or computed
tomography (CT) for sarcopenia diagnosis.® Moreover, the se-
verity of sarcopenia is identified by physical performance mea-
sures, such as gait speed. These diagnostic methods are costly,
time-consuming, and not widely available in clinical practice.
Therefore, simple and noninvasively obtained biomarkers are
needed to diagnose sarcopenia and predict the prognosis of pa-
tients with pancreatic cancer.

Serum creatinine (Cr) is the most common clinical marker of
the glomerular filtration rate (GFR) and renal function.® In gen-
eral, serum Cr is affected by skeletal muscle mass because it is an
endogenous product of muscle catabolism. Therefore, the serum
Cr level has been used as a useful approximation of muscle mass.”
Meanwhile, cystatin C (CysC) is a small protein derived from all
nucleated cells and is reabsorbed and completely catabolized at
the proximal tubule. Moreover, its production is less affected by
muscle mass. Thus, CysC is considered a more reliable marker of
renal function than serum Cr.2 Recently, several reports revealed
that the Cre/CysC ratio, calculated as the serum Cr divided by the
serum CysC, was a biomarker for low skeletal muscle mass and
sarcopenia in different populations, including patients with type 2
diabetes,’ non-dialysis chronic kidney disease,'® and the eIderIy.11
A most recent study revealed the serum Cr/CysC ratio as a surro-
gate marker and prognostic indicator in patients with esophageal
and gastric cancer.'?>!3 However, the value of the Cr/CysC ratio in
patients with pancreatic cancer was not reported. Therefore, this
study aimed to investigate the association between the Cr/CysC
ratio and the prognosis in patients with pancreatic cancer after

pancreatic surgery.
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2 | METHODS

2.1 | Study design and participants

This study retrospectively analyzed 88 patients with pancre-
atic ductal carcinoma (PDAC) who underwent pancreatic resec-
tion from January 2017 to December 2020 in the Department of
Hepatobiliary and Pancreatic Surgery at Gunma University Hospital.
The study was approved by the Ethics Committee of the study hos-
pital (HS2019-306) and met the institutional guidelines and the
Declaration of Helsinki. We excluded patients with intraductal pap-

illary mucinous carcinoma.

2.2 | Treatment and data collection
Demographic and clinical characteristics and treatment-related de-
tails of all patients were collected from the medical records. Surgical
procedures were performed according to institutional policies and
institutional cancer board recommendations. Postoperative com-
plications in 30days were recorded and scored according to the
Clavien-Dindo classification.* Resected tumors were classified ac-
cording to the TNM Classification of Malignant Tumors of the Union
for International Cancer Control (8th version).

Relapse-free survival (RFS) is the period from the date of surgery
until the date of documented disease progression or all-cause death.
Overall survival (OS) is the period from the date of surgery to the

date of all-cause death.

2.3 | Laboratory measurements

Frozen serum samples collected on the morning of surgery were
used to measure CysC. Serum CysC levels were quantified using
latex agglutination turbidimetric immunoassay (N-assay LA CysC
NITTOBO; Nitto Boseki Co., Ltd.) at the central laboratory of Gunma
University Hospital. Circulating Cr levels were measured by routine
blood tests on the day before surgery. Differences in sample collec-
tion timings were within 24h. According to the literature, the Cr/
CysC ratio was calculated as follows: Cr/CysC ratio = {(serum Cr (mg/
dL))/serum CysC (mg/L)}x 100.

2.4 | Skeletal muscle mass and
strength assessment

The area of skeletal muscle mass at the inferior aspect of the third
lumbar vertebra (L3) was measured using CT images obtained within
30days preoperatively. A trained investigator blinded to all anthro-
pometric and surgical characteristics identified and measured the
skeletal muscle area using a dedicated processing system, the vol-
ume analyzer SYNAPSE VINCENT (Fujifilm Medical, Tokyo, Japan),
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to minimize measurement bias. The cross-sectional area (cm2) of the
skeletal muscle in the L3 region was measured by rough manual out-
lining on CT images, and the total cross-sectional area of the seg-
mented tissue was automatically calculated. Muscle areas computed
from each image were normalized as follows: Skeletal muscle mass
index (SMI) = cross-sectional areas of the skeletal muscle mass in the
L3 region/height2 (cm?/m?). The cutoff values for the SMI (cm?/m?)
were 42cm?/m? for males and 38cm?/m? for females, as proposed
by the Japan Society of Hepatology.15

Muscle strength was identified using hand grip strength. The
cutoff values for hand grip strength were 28 kg for males and 18kg
for females, according to the Asian Working Group for Sarcopenia.t®
Sarcopenia was defined as low muscle strength (<28kg for males
and <18kg for females), plus low SMI (<42 cm?/m? for males and

<38cm?/m? for females).

2.5 | Evaluation of inflammatory and
nutritional factors

We evaluated prognostic indicators based on inflammatory and nu-
tritional factors, including neutrophil-to-lymphocyte ratio (NLR) and
prognostic nutritional index (PNI). PNI was calculated as 10 x serum

albumin (g/dL)+0.005 x total lymphocyte count (/mm?3).Y”

2.6 | Follow-up

All patients were examined every 3 months by tumor marker and CT
scan for recurrence after discharge. Recurrent PDAC was treated by
chemotherapy, radiotherapy, or heavy ion radiotherapy depending

on the recurrence situation.

2.7 | Statistical analysis

Categorical variables were assessed using the chi-square test or
Fisher's exact test, as appropriate. Survival curves were estimated
using the Kaplan-Meier method, and the log-rank test was used to
analyze the differences between the curves. Cox proportional hazards
model analysis was performed in univariate and multivariate analyses
of prognostic factors. All statistical analyses were performed using the
JMP Pro 14 statistical software (SAS Institute, Cary, NC, USA). A p-

value of <0.05 was considered statistically significant.

3 | RESULTS

3.1 | Clinical characteristics of patients in the two
groups classified by the Cr/CysC ratio

The receiver operating characteristic curve (ROC) was plotted to de-
termine the optimum serum Cr/CysC ratio for predicting mortality
after surgery in patients with PDAC. The best cutoff value of the

Cr/CysC ratio for mortality was 1.05 (area under the curve = 0.54)
(Figure 3). Based on the cutoff value, the sensitivity, specificity, posi-
tive predictive value, and negative predictive value were determined
to be 85.4%, 30.0%, 51,5%, and 70.0%, respectively.

A comparison of clinicopathological characteristics of patients
with high (>1.05) and low Cr/CysC ratios (£1.05) is summarized in
Table 1. Of the 88 patients, 20 (22.7%) and 68 (77.3%) patients had
high and low Cr/CysC ratios. Compared to high Cr/CysC, low Cr/
CysC was significantly associated with female sex (p = 0.020) and
higher C-reactive protein (CRP) levels (p = 0.020). The postoperative
length of stay was significantly longer in patients with low Cr/CysC
ratios (p = 0.044), but without a significant difference in Clavien-
Dindo grade 23 of postoperative complications or completion of S-1

adjuvant chemotherapy.

3.2 | Prognostic factors associated with
RFS and OS

Univariate and multivariate analyses were performed to analyze fac-
tors considered for RFS in all patients (Table 2). Univariate analy-
sis revealed CA19-9 >37U/mL, Span-1 >30U/mL, low Cr/CysC
ratio, postoperative complications (Clavien-Dindo grade 21), lymph
node metastasis, R1 resection, and S-1 adjuvant chemotherapy for
<6 months as significant factors for reduced RFS. Multivariate anal-
ysis revealed low Cr/CysC ratio (Hazard ratio [HR] = 3.33; 95% con-
fidence interval [Cl]: 1.54-4.20; p = 0.002), lymph node metastasis,
R1 resection, and S-1 adjuvant therapy for <6 months as independ-
ent prognostic indicators of poor RFS.

Univariate and multivariate analyses of factors for OS of all
patients are shown in Table 3. Univariate analysis revealed age of
280years, low Cr/CysC ratio, and S-1 adjuvant chemotherapy for
<6 months as significant factors for reduced OS. Multivariate analysis
revealed low Cr/CysC ratio and S-1 adjuvant therapy for <6 months
as independent prognostic indicators of poor OS (HR = 2.52; 95% Cl:
1.04-6.10; p = 0.041 and HR = 4.23; 95% Cl, 1.96-9.11; p<0.001,

respectively).

3.3 | Association between Cr/CysC
ratio and prognosis

The prognostic significance of the Cr/CysC ratio is shown in
Figure 1. The median follow-up period was 24.9 months (range,
4.5-66.7 months) in this study. Patients with low Cr/CysC ratios had
significantly worse RFS (p = 0.003; Figure 1A) and OS (p = 0.049;
Figure 1B) than those with high Cr/CysC ratios.

3.4 | Correlation between Cr/CysC
ratio and sarcopenia

We investigated the association between the Cr/CysC ratio
and sarcopenia. Sarcopenia was defined as low muscle strength
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TABLE 1 Comparison of the clinicopathological factors between the two groups classified by the Cr/CysC ratio.

Cr/CysC ratio

Variables Low (n = 68) High (n = 20) p-value
Age (years) 71 (46-85) 75 (42-88) 0.113
Male 26 (38.2%) 14 (70.0%) 0.020*
ASA-PS score 23 10 (14.7%) 7 (35.0%) 0.057
Body mass index (kg/m?) 21.1(15.9-33.0) 21.0(17.4-33.6) 0.992
Skeletal muscle area in the L3 region (cm?)

Male 10110 (5560-15287) 11072 (8498-15657) 0.183

Female 7194 (4953-11792) 7380 (6265-9566) 0.632
Skeletal muscle mass index (cm?/m?)

Male 40.2 (22.3-57.5) 40.7 (34.5-58.9) 0.238

Female 32.2(21.4-50.7) 30.9 (25.7-41.4) 0.837
Hand grip strength (kg)

Male 32.5(20.3-48.8) 35.9 (31.1-41.6) 0.279

Female 21.2(11.3-30.1) 21.2 (18.8-25.8) 0.906
Resectability 0.501

Resectable 58 (85.3%) 19 (95%)

Borderline 9 (13.2%) 1 (5%)

Unresectable 1(1.5%) 0

Preoperative chemotherapy 14 (20.6%) 1(5.0%) 0.174

nab-Paclitaxel+Gemcitabine 7 (10.3%) 1(5.0%)

Gemcitabine+S-1 7 (10.3%) 0
Parameters

Albumin (g/dL) 3.7(2.7-4.5) 3.9 (3.4-4.4) 0.092

Hemoglobin (g/dL) 11.8 (6.9-15.3) 12.2 (8.6-14.8) 0.282

Lymphocytes (/pL) 1320 (550-2740) 1285 (670-2520) 0.728

CRP (mg/dI) 0.10(0.01-4.47) 0.05 (0.01-1016) 0.020*

Zn (pg/dL) 81 (55-105) 71 (61-107) 0.634

CA19-9 (U/mL) 58 (2-22472) 68 (2-1292) 0.650

DUPAN-2 (U/mL) 122 (25-16000) 109 (25-1933) 0.652

Span-1 (U/mL) 40.3(10.0-5114.7) 39.7 (10.0-1245.0) 0.562

Cystatin C (mg/L) 0.83(0.50-1.75) 0.72(0.56-0.98) 0.016*

Creatinine (mg/dL) 0.64 (0.40-1.29) 0.88(0.62-1.14) <0.001*

NLR 2.27 (0.70-11.83) 2.03(0.95-9.00) 0.414

PNI 45.1(32.2-52.4) 46.5(39.2-56.5) 0.315
Tumor-related factors

Tumor size (cm) 3.3(1.3-12.5) 3.1(0-16.2) 0.676

Lymph node metastasis (+) 41 (30.3%) 11 (55.0%) 0.797
Operative procedures

Pancteatoduodenectomy 45 (66.2%) 11 (55.0%) 0.431

Operative time (min) 459 (188-776) 411 (236-667) 0.171

Blood loss (ml) 315 (23-2964) 255 (10-2720) 0.527

Postoperative hospitalization (days) 25 (10-82) 16 (11-81) 0.044*

R1 resection 12 (17.7%) 4(20.0%) 0.753

Complications (Clavien-Dindo grade 23) 21 (30.9%) 5(25.0%) 0.782

Adjuvant S-1 completion 30 (44.1%) 11 (55.0%) 0.450

Note: Data are expressed as median (interquartile range), or number of patient (%). *p value <0.05.

Abbreviations: ASA-PS, American Society of Anesthesiologists physical status; Cr, creatinine; CysC, cystatin C; CRP, C-reactive protein;

NLR, neutrophil-to-lymphocyte ratio; PNI, prognostic nutritional index; Zn, Zinc.
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TABLE 2 Univariate and multivariate analyses of variables for RFS in patients with PDAC.

Variables

Age 280years

Female

PNI <45

NLR 23

CA19-9 >37 (U/mL)

DUPAN-2 >150 (U/mL)

Span-1 >30 (U/mL)

Low hand grip strength

Low skeletal muscle mass index

Low Cr/Cys ratio

Complications (Clavien-Dindo grade 23)
Complications (Clavien-Dindo grade >1)
Tumor size 230mm

Lymph node metastasis (+)

R1 resection

S-1 adjuvant therapy <6 months

TSUKAGOSHI ET AL.

Univariate analysis

Hazard ratio

1.65
1.23
1.28
1.18
1.71
1.50
2.04
1.09
0.96
3.13
1.22
191
1.61
2.04
1.93
2.77

95% Cl

0.91-3.00
0.74-2.04
0.77-2.11
0.68-2.05
1.01-2.90
0.91-2.47
1.21-3.44
0.55-2.16
0.54-1.71
1.52-6.46
0.70-2.12
1.14-3.19
0.95-2.72
1.18-3.52
1.07-3.47
1.65-4.67

p
0.102
0.419
0.343
0.557
0.047*
0.115
0.008*
0.813
0.884
0.002*
0.485
0.014*
0.078
0.010*
0.029*
<0.001*

Multivariate analysis

Hazard ratio

1.17

1.76

3.55

1.17

1.75

2.35
3.45

95% Cl

0.50-2.74

0.80-3.91

1.60-7.87

0.65-1.13

0.98-3.13

1.24-4.43
1.99-5.98

0.722

0.162

0.002*

0.601

0.057

0.009*
<0.001*

Abbreviations: Cl, confidence interval; Cr, creatinine; CysC, cystatin C; NLR, neutrophil-to-lymphocyte ratio; PDAC, pancreatic ductal carcinoma;
PNI, prognostic nutritional index; RFS, relapse-free survival.

*p value <0.05.

TABLE 3 Univariate and multivariate analyses of variables for OS in patients with PDAC.

Variables

Age 280years

Female

PNI <45

NLR >3

CA19-9 >37 (U/mL)

DUPAN-2 >150 (U/mL)

Span-1>30 (U/mL)

Low hand grip strength

Low skeletal muscle mass index

Low Cr/Cys ratio

Complications (Clavien-Dindo grade 23)
Complications (Clavien-Dindo grade 21)
Tumor size 230mm

Lymph node metastasis (+)

R1 resection

S-1 adjuvant therapy <6 months

*p value <0.05.

Univariate analysis

Hazard ratio

2.25
1.22
1.07
0.81
1.18
1.58
1.37
1.75
1.45
2.51
0.81
1.75
1.8

191
1.61
4.21

95% Cl

1.12-4.54
0.65-2.28
0.57-2.00
0.39-1.66
0.61-2.25
0.82-2.83
0.72-2.61
0.75-4.10
0.68-3.10
1.05-6.01
0.38-1.71
0:93-8:31
0.92-3.53
0.99-8.70
0.78-3.30
2.04-8.66

p
0.023*
0.534
0.832
0.559
0.627
0.178
0.334
0.195
0.331
0.038*
0.574
0.085
0.087
0.054
0.196
<0.001*

Multivariate analysis

Hazard ratio

0.99

2.52

4.23

95% Cl
0.47-2.09

1.04-6.10

1.96-9.11

14
0.974

0.041*

<0.001*

Abbreviations: Cl, confidence interval; Cr, creatinine; CysC, cystatin C; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PDAC, pancreatic
ductal carcinoma; PNI, prognostic nutritional index.
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FIGURE 1 Kaplan-Meier curves for relapse-free survival (A) and overall survival (B). Patients with low Cr/CysC ratios had significantly
worse relapse-free survival (p = 0.003) and overall survival (p = 0.049) rates than those with high Cr/CysC ratios. Abbreviations: Cr,

creatinine; CysC, cystatin C.
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FIGURE 2 Correlation between the Cr/CysC ratio and sarcopenia.
Cr/CysC ratio was significantly lower in patients with sarcopenia
(p = 0.028). Abbreviations: Cr, creatinine; CysC, cystatin C.

identified by hand grip strength, plus low SMI measured using CT.
The Cr/CysC ratio was significantly lower in patients with sarcopenia
(p = 0.028) (Figure 2).

4 | DISCUSSION

The present study revealed an association between the Cr/CysC
ratio and postoperative prognosis in patients with PDAC. The low
Cr/CysC ratio was an independent prognostic indicator of poor
RFS and OS after pancreatic surgery. These findings suggest that
the preoperative Cr/CysC ratio could be a novel and uncomplicated
screening tool for predicting the postoperative prognosis of patients
with PDAC.

Sarcopenia was identified as a prognostic indicator for survival in
patients with cancer and a predictor of postoperative complications;
thus, it is a major clinical target in cancer treatment. Several tech-
niques and parameters are used to diagnose sarcopenia. In clinical
practice, SMI at the L3 level with CT remains the most commonly
used technique, because CT is routinely performed for diagnosis,

1.0+
0.9
0.8
0.7
0.6
0.5

0.4

Sensitivity

0.3

AUC =0.54

0.2
0.1

0.0
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

1 - Specificity

FIGURE 3 Receiver operating characteristic curve for the
analysis of the serum Cr/CysC ratio for predicting postoperative
mortality in patients with pancreatic ductal carcinoma. The

best cutoff value of the Cr/CysC ratio for mortality was 1.05

(AUC = 0.54). Based on the cutoff value, the sensitivity, specificity,
positive predictive value, and negative predictive value were
85.4%, 30.0%, 51.5%, and 70.0%, respectively. Abbreviations: AUC,
area under the curve; Cr, creatinine; CysC, cystatin C.

treatment evaluation, and follow-up in cancer treatment.'® Our
previous study used L3 SMI to define skeletal muscle loss, which
revealed inadequate preoperative nutritional support and rehabil-
itation therapy as an independent risk factor for pancreatic fistula
after PD in patients with skeletal muscle loss.%” In contrast to its high
availability, the use of CT scans for monitoring body composition
evaluation remains limited because of its high cost and radiation ex-
posure. EWGSOP2 focused on low muscle strength as a key charac-
teristic of sarcopenia.’ Measurement of handgrip strength is a simple
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and non-invasive marker of muscle strength and has the predictive
potential regarding postoperative complications and prognosis.?°
Recently, the serum Cr/CysC ratio has been proposed to esti-
mate muscle mass. A correlation between the Cr/CysC ratio and
different muscle mass evaluation parameters was found in healthy

individuals,?! critically ill patients,?? and patients with cancer.!%:2324

Ulmann et al.?*

reported relatively good correlations between the
Cr/CysC ratio and L3-CT scan in patients with cancer, as well as bet-
ter efficacy of the Cr/CysC ratio than that of BIA. Moreover, Tang
et al.?> demonstrated a positive correlation between the Cr/CysC
ratio and muscle mass by CT scan and handgrip strength in patients
with advanced non-small cell lung cancer (NSCLC). These reports
have demonstrated that Cr/CysC ratio could be convenient and easy
to use for muscle mass estimation in patients with cancer. Although
CysCis a simple and reproducible biomarker, the application of CysC
examination in medical insurance coverage remain a future concern.

Serum Cr and CysC are two compounds freely filtered by the kid-
ney and were widely applied for renal function evaluation. CysC is
produced by all nucleated cells at a constant rate, freely filtrated by
the glomeruli, and completely catabolized in the proximal tubules.?
Serum CysC was superior to serum creatinine as a marker of GFR.
Conversely, Cr levels may alter because its generation is not sim-
ply a product of muscle mass, but is influenced by muscle function,
muscle composition, activity, diet, and health status.? In our study,
the SMI and hand grip strength were not significantly correlated
with the Cr/CysC ratio, although the Cr/CysC ratio was significantly
lower in patients with sarcopenia. Fu et al.?’ revealed that the Cr/
CysC ratio showed a relatively weak correlation with skeletal muscle
mass (r = 0.299), indicating an imperfect correlation. SMI and hand-
grip strength were not prognostic indicators of poor RFS and OS in
the present study. Jung et al.2% reported that the Cr/CysC ratio could
also be an indicator of inflammatory status in addition to its correla-
tion with muscle mass. Another possible explanation could be that
CysC may reflect tumor burden. Therefore, this study suggested the
association between the Cr/CysC ratio and muscle strength, nutri-
tional status, and disease-associated general condition in addition to
skeletal muscle mass.

The ability of the Cr/CysC ratio to predict patient outcomes was

investigated. Kashani et al.??

reported that Cr/CysC ratio was inde-
pendently predictive of both hospital and 90-day mortality among
patients in the intensive care unit. Gao et al.?? revealed that the Cr/
CysC ratio could effectively predict postoperative complications in
patients with gastric cancer postoperatively. Zheng et al.!* reported
a higher incidence of postoperative complications and poorer long-
term survival in patients with esophageal cancer with low Cr/CysC
ratios. In a recent study, the Cr/CysC ratio revealed a significant as-
sociation with mortality and hospitalization in patients with cancer
regardless of age, sex, or cancer type.?® Moreover, the present study
revealed the low Cr/CysC ratio as an independent prognostic indi-
cator of poor RFS and OS in patients with PDAC postoperatively.
Furthermore, the hazard ratio of Cr/CysC ratio was higher in RFS
than in lymph node metastasis and R1 resection. This result indi-
cated that patient factors such as Cr/CysC were more important for

the prognosis of patients with postoperative PDAC than tumor fac-
tors, such as lymph node metastasis, and surgery-related factors,
such as R1 resection. These findings suggest that Cr/CysC ratio is a
prognostic factor among patients with several cancers.

In recent years, several other factors based on serum Cr and
CysC were reported. The association of eGFR based on CysC and
hand grip strength was reported in older adults.?%3° Additionally,
previous reports showed that serum CrxCysC-based eGFR had a
good correlation with low muscle mass or sarcopenia in patients
with cancer.?>%’ Congruently, our previous study showed that high
Crx CysC-based eGFR was significantly associated with low skeletal
muscle mass and worse OS and RFS in patients undergoing hepatic
resection for hepatocellular carcinoma.’! A study by Tang et al.?®
demonstrated that the serum Cr/CysC ratio and serum Crx CysC-
based GFR were positively correlated with muscle mass and hand-
grip strength in patients with advanced NSCLC. Additionally, the
study revealed that the Cr/CysC ratio may outperform Crx CysC-
based GFR in terms of predicting OS in patients with NSCLC. Further
verification is required to determine the more reliable indicator.

The present study has several limitations. First, this single-center
retrospective observational study has a small sample size, which
would have limited the generalizability of the results. Therefore,
larger prospective studies are warranted to confirm and update
the study conclusions. Second, we did not assess the physical per-
formance (e.g., gait speed), which is one of the preferred criteria to
determine the stage of sarcopenia. Third, the study has a selection
bias; pancreatic surgery is often avoided in elderly patients because
of high morbidity and mortality rates. Fourth, the timing of Cr and
CysC measurements was not exactly simultaneous. Finally, the cut-
off value of the Cr/CysC ratio was assessed using the area under
the ROC curve (AUC-ROC), but the AUC-ROC was nearly equal to
0.5. This cutoff value had high sensitivity and high negative predic-
tive value for mortality after surgery from PDAC, which means that
patients with high Cr/CysC ratio are excluded from mortality risk.
Conversely, patients with low Cr/CysC ratio are at risk and require
further scrutiny. We sought the significance of the Cr/CysC ratio as
a simple initial screening tool for predicting prognosis and assisting
in subsequent treatment and intervention in patients with PDAC.
However, the present study demonstrated the correlation between
the Cr/CycS ratio and sarcopenia and the significance of the Cr/CysC
ratio in prognostic value in patients with PDAC undergoing pancre-
atic surgery.

In conclusion, the Cr/CysC ratio evaluation could be an easy, ob-
jective, and replicable assessment tool and is a useful prognostic fac-
tor for RFS and OS in patients with PDAC. Hence, the Cr/CysC ratio
might be the next gold standard for predicting cancer prognosis.
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