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Creatinine—cystatin C ratio and mortality in cancer
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Abstract

Background Muscle wasting is prevalent in cancer patients, and early recognition of this phenomenon is important for
risk stratification. Recent studies have suggested that the creatinine—cystatin C ratio may correlate with muscle mass in
several patient populations. The association between creatinine—cystatin C ratio and survival was assessed in cancer
patients.

Methods A total of 3060 patients who were evaluated for serum creatinine and cystatin C levels at the time of cancer
diagnosis were included. The primary outcome was 6-month mortality. The 1-year mortality, and length of intensive
care unit (ICU) and hospital stay were also evaluated.

Results The mean age was 61.6 = 13.5 years, and 1409 patients (46.0%) were female. The median creatinine and
cystatin C levels were 0.9 (interquartile range [IQR], 0.6-1.3) mg/dL and 1.0 (IQR, 0.8-1.5) mg/L, respectively, with
a creatinine—cystatin C ratio range of 0.12-12.54. In the Cox proportional hazards analysis, an increase in the
creatinine—cystatin C ratio was associated with a significant decrease in the 6-month mortality (per 1
creatinine—cystatin C ratio, hazard ratio [HR] 0.35; 95% confidence interval [CI], 0.28-0.44). When stratified into
quartiles, the risk of 6-month mortality was significantly lower in the highest quartile (HR 0.30; 95% CI, 0.24-0.37)
than in the lowest quartile. Analysis of 1-year mortality outcomes revealed similar findings. These associations were
independent of confounding factors. The highest quartile was also associated with shorter lengths of ICU and hospital
stay (both P < 0.001).

Conclusions The creatinine—cystatin C ratio at the time of cancer diagnosis significantly associates with survival and
hospitalization in cancer patients.
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Introduction chemotherapy toxicity and post-operative complications,

leading to physical impairment, poor quality of life, and

Muscle wasting is a common condition among patients with
cancer.”™ Although its prevalence differs with cancer type
and different measurement tools of muscle mass, muscle
wasting has been reported in 89% of patients with pancreatic
cancer and in 79% of patients with respiratory tract cancer.>®
Low muscle mass in cancer patients increases the risk of

decreased survival.”® Consequently, loss of muscle mass in
cancer patients has recently been recognized as a potential
treatment target, and early recognition of this phenomenon
is considered important for risk stratification and
intervention.'®? The evaluation of muscle mass requires
lean muscle mass quantification using computed tomography
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(CT) or dual X-ray absorptiometry. However, these methods
are time-consuming, costly, and not readily available.

Serum creatinine and cystatin C are commonly used kidney
function estimation markers. Given that creatinine is mainly
released from muscle tissue, serum creatinine level is mainly
influenced by skeletal muscle mass. Cystatin C, on the other
hand, is produced by all nucleated cells. As serum levels of
creatinine depend more on muscle mass than do cystatin C
levels, the relative serum concentration of creatinine to
cystatin C, defined as the creatinine—cystatin C ratio, has
been suggested to correlate with muscle mass in several
patient populations, such as critically ill patients and patients
with neurodegenerative diseases.”>™° In addition, a recent
evaluation of 182 cancer patients revealed that the
creatinine—cystatin C ratio is strongly associated with CT-
assessed muscle mass.*® Nonetheless, the prognostic value
of the creatinine—cystatin C ratio in patients diagnosed with
malignant diseases has not been evaluated.

In this study, the association between creatinine—cystatin C
ratio and patient survival was assessed in patients diagnosed
with cancer. This was done by retrospective evaluation of
electronic medical records from two tertiary medical centres.

Methods
Patient selection

Patients who were evaluated for serum creatinine and
cystatin C at the time of cancer diagnosis at the Severance
Hospital and Gangnam Severance Hospital of the Yonsei Uni-
versity Health System (YUHS) between July 2005 and July
2019 were initially screened. Those who met the following
criteria were excluded: (1) age < 18 years, (2) end-stage kid-
ney disease, and (3) follow-up duration < 1 month. A total of
3060 patients were included in the final analysis (Figure 1).
The present study was conducted in accordance with the
Declaration of Helsinki and was approved by the Institutional
Review Board of YUHS (4-2021-0225). Need for informed
consent was waived owing to the retrospective study design.

Data collection and measurements

Demographic and laboratory data were retrieved from elec-
tronic medical records. The time of cancer diagnosis was con-
sidered baseline. Baseline demographic and anthropometric
data included age, sex, blood pressure, height, weight, the
type of cancer diagnosed, cancer stage, and past medical
history. Body mass index was calculated as the body weight
divided by the height squared (kg/m?). Laboratory evalua-
tions preformed within a 1-month window period from
cancer diagnosis were considered baseline. When multiple
laboratory test results were available, the results closest to
the date of cancer diagnosis were used. Laboratory data
included complete blood cell counts, serum blood urea nitro-
gen, creatinine, cystatin C, serum albumin, serum sodium,
and total bilirubin levels, and prothrombin time. Serum creat-
inine level was measured using the Jaffe assay, and cystatin C
levels were measured by immunonephelometry with
calibration against the reference. The estimated glomerular
filtration rate (eGFR) was calculated using the Chronic Kidney
Disease Epidemiology Collaboration creatinine equation.’
The ratio of creatinine (mg/dL) to cystatin C (mg/L) was calcu-
lated from values measured concomitantly at baseline. The
Charlson comorbidity index (CCl) was calculated using
medical data recorded at the time of cancer diagnosis.
Comorbidities were defined using diagnosis codes from the
International Statistical Classification of Diseases and Related
Health Problems, 10th revision. Acute kidney injury (AKI) was
diagnosed using the AKI Network (AKIN) criteria.”® AKI was
defined as either an absolute increase of 0.3 mg/dL or a
50% increase in serum creatinine level compared with the
lowest creatinine level within 3 months before cancer diagno-
sis. Performance status was evaluated using the Eastern
Cooperative Oncology Group (ECOG) scale.®

Clinical outcomes

Patients were followed up until their last visit at YUHS or
death. The primary outcome was 6-month mortality. The
1-year mortality, and the length of intensive care unit (ICU)

(N = 3,384)

Cancer patients with baseline creatinine-cystatin C ratio
at the time of cancer diagnosis between July 2005 and July 2019

Exclusion (N = 324)

1) Younger than 18 years (N = 76)

2) End-stage renal disease (N = 46)

3) Follow-up duration of less than one month (N = 202)

Final analysis (N = 3,060) |

Figure 1 Flow diagram of the study.
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and hospital stay were also evaluated. Survival data were
collected from electronic medical records of in-hospital and
outpatient clinics. Survival time was defined as the time
interval between cancer diagnosis and either the last visit at
YUHS or death. Patients who were lost to follow-up were
treated as censored in the survival analysis.

Statistical analyses

Continuous variables are expressed as means * standard de-
viations or as medians and interquartile ranges (IQRs), and
categorical variables are expressed as numbers and percent-
ages. The normality of data distribution was analysed using
the Shapiro—Wilk test. P for trend was calculated using linear
regression for normally distributed continuous variables, and
the Mann—-Kendall trend test for non-normally distributed
continuous variables. The y? test for trend was used for trend
analyses of categorical variables.

Cumulative survival probabilities were estimated using
Kaplan—Meier analysis and log-rank tests. Cox proportional
hazards models were developed to determine the relation-
ship between the creatinine—cystatin C ratio and mortality,
and data were expressed as hazard ratios (HRs) with 95%
confidence intervals (Cls). Variables that showed statistical
significance in the univariate analysis were included in three
models. Model 1 was not adjusted for any covariates. Model
2 included baseline age, sex, AKI, cancer type, cancer stage
(IV vs. I-111), cancer treatment modality, CCl, and ECOG score.
Model 3 was further adjusted for systolic blood pressure and
relevant laboratory parameters. The creatinine—cystatin C ra-
tio was assessed in two forms: as a continuous variable and in
categorical quartile groups. The relationship between serum
creatinine alone and patient outcomes was also assessed.

In order to minimize the chances of age being a bias factor,
additional evaluations were made after 1:1 propensity score
matching the patients of the lowest and highest
creatinine—cystatin C ratio quartiles for age. The propensity
score was determined using logistic regression with the
greedy nearest neighbour matching technique without re-
placement. A calliper of 0.2 times the standard deviation
was used. Furthermore, to lower the chances of chemother-
apy administration being a bias factor, subgroup analyses
were performed regarding chemotherapy administration in
patients with gastrointestinal malignancies.

Sensitivity analyses were performed to confirm the find-
ings of the primary analysis. The association between
creatinine—cystatin C ratio and 6-month and 1-year survival
was assessed in patients with an eGFR of <60 mL/min/
1.73 m”. Evaluations were also performed separately in
patients with haematologic and non-haematologic malignan-
cies. Considering that sex differences could account for differ-
ences in the creatinine—cystatin C ratio, assessments were
also done in patients with gynaecologic malignancies and in

patients with prostate or testicular cancer. Malignancies of
the vulva, cervix, endometrium, uterus, fallopian tube, and
the ovaries were considered as gynaecologic origin. Separate
evaluations were also done in patients with available ECOG
scores.

To assess whether the addition of the creatinine—cystatin C
ratio to conventional parameters improves patient outcome
prediction, the C-statistics of the creatinine—cystatin C ratio
was further evaluated. Net reclassification improvement
(NRI) and integrated discrimination improvement (IDI) indices
were also evaluated to determine reclassification and dis-
crimination. Bootstrap estimation was performed to calculate
95% Cls of the NRI.

The MICE (multivariate imputation by chained equations)
method of multiple multivariate imputations in STATA was
used for missing data imputation implying the missing at
random assumptions (Supporting Information, Table S1). Five
complete data sets were created to account for missing
values, and to achieve maximum accuracy, each set with
missing values was suitably imputed in the multivariable
Cox regression analyses. The estimates of the variables were
averaged to give a single mean estimate, with standard errors
adjusted according to Rubin’s rules. Statistical significance
was defined as P < 0.05.

Data were analysed using STATA Version 15 (STATA Corp.,
College Station, TX, USA) and R language (Version 4.0.3;
R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics

The baseline characteristics of patients are presented in
Table 1. The mean age was 61.6 + 13.5 years and 1409
patients (46.0%) were females. The most common type of
cancer was gastrointestinal (30.3%), followed by genitouri-
nary (19.2%), gynaecologic (13.2%), lung (13.0%), and
haematologic (10.0%). AKI was present in 849 (27.7%) pa-
tients. The median baseline creatinine and cystatin C values
for all cancer patients at baseline were 0.9 (IQR, 0.6-1.3)
mg/dL and 1.0 (IQR, 0.8-1.5) mg/L, respectively, with a
creatinine—cystatin C ratio range of 0.12-12.54. When the pa-
tients were categorized into quartiles according to baseline
creatinine—cystatin C ratio (Q1, Q2, Q3, and Q4; Table 1),
the mean age, proportion of females, ECOG score, and CCI
score decreased with an increasing creatinine—cystatin C ratio
(P < 0.001). In addition, there was a decrease in the propor-
tion of patients with gastrointestinal cancer and stage IV can-
cer, whereas an increase was observed in the proportion of
patients with genitourinary cancers, stage I-lll cancer, and
in patients treated with chemotherapy (P < 0.001), with an
increasing creatinine—cystatin C ratio. Regarding laboratory
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Table 1 Baseline characteristics according to creatinine—cystatin C ratio quartiles
Quartiles of creatinine—cystatin C ratio P for
Variables Total (n = 3060) Q1 (n = 765) Q2 (n = 765) Q3 (n = 765) Q4 (n = 765) trend
Creatinine—cystatin C ratio 0.82 (0.12-12.54) 0.52 (0.12-0.63) 0.72 (0.63-0.82) 0.92 (0.82-1.05) 1.31 (1.05-12.54)
Demographic and anthropometric data
Age, years 61.6 = 13.5 64.7 + 13.3 62.6 = 13.5 60.9 = 13.3 58.3 = 13.1 <0.001
Female, % 1409 (46.0) 459 (60.0) 384 (50.2) 317 (41.4) 249 (32.5) <0.001
Mean arterial pressure, mmHg 88.8 = 14.1 87.6 = 13.8 88.3 = 13.8 89.1 = 14.1 90.1 = 14.7 <0.001
Body mass index, kg/m? 23.6 = 10.0 22.8 +10.6 24.2 +15.0 23.7 £ 6.9 239 =33 <0.001
ECOG score 09+1.0 1.0+1.0 09 +1.0 09 +1.0 0.8+ 1.0 <0.001
Cancer type
Haematologic 305 (10.0) 85 (11.1) 74 (9.7) 67 (8.8) 79 (10.3) 0.50
Gastrointestinal 927 (30.3) 300 (39.2) 249 (32.5) 227 (29.7) 151 (19.7) <0.001
Lung 399 (13.0) 96 (12.5) 118 (15.4) 99 (12.9) 86 (11.2) 0.24
Breast 113 (3.7) 48 (6.3) 30 (3.9) 17 (2.2) 18 (2.4) <0.001
Genitourinary 588 (19.2) 84 (11.0) 84 (11.0) 158 (20.7) 262 (34.2) <0.001
Gynaecologic 405 (13.2) 73 (9.5) 118 (15.4) 116 (15.2) 98 (12.8) 0.08
Neurologic 48 (1.6) 9(1.2) 17 (2.2) 9(1.2) 13(1.7) 0.80
Thyroid 60 (2.0) 20 (2.6) 20 (2.6) 9(1.2) 11 (1.4) 0.03
Head and neck 45 (1.5) 13(1.7) 9(1.2) 13 (1.7) 10 (1.3) 0.74
Other 170 (5.6) 37 (4.8) 46 (6.0) 50 (6.5) 37 (4.8) 0.89
Cancer stage®
Stage I-lI 1421 (51.6) 242 (35.6) 315 (45.6) 391 (56.0) 473 (69.0) <0.001
Stage IV 1334 (48.4) 438 (64.4) 376 (54.4) 307 (44.0) 213 (31.0) <0.001
Cancer treatment
Surgery 896 (29.3) 90 (11.8) 137 (17.9) 208 (27.2) 304 (39.7) <0.001
Chemotherapy 739 (24.2) 155 (20.3) 235 (30.7) 250 (32.7) 256 (33.5) <0.001
Radiotherapy 164 (5.4) 19 (2.5) 41 (5.4) 51 (6.7) 53 (6.9) <0.001
Comorbidities
Charlson comorbidity index 56 =33 6.5 = 3.2 59=+33 54 +33 45+ 3.0 <0.001
Hypertension 1225 (40.0) 310 (40.5) 295 (38.6) 311 (40.7) 309 (40.4) 0.94
Diabetes mellitus 539 (17.6) 139 (18.2) 135 (17.6) 141 (18.4) 124 (16.2) 0.19
Acute kidney injury 849 (27.7) 156 (20.4) 143 (18.7) 173 (22.6) 377 (49.3) <0.001
Laboratory parameters
Haemoglobin, g/dL 11.1 %22 105+ 1.9 109 = 2.1 113 %22 11523 <0.001
White blood cell, x 10%/ulL 10.1 = 10.9 10.7 = 8.5 10.0 = 10.2 9.0 + 6.5 10.6 = 15.9 0.44
Platelet count, x 10%/ulL 240 + 132 227 + 157 252 + 135 244 + 118 238 = 114 <0.001
BUN, mg/dL 23.3 +19.8 23.8 = 18.2 214 +16.7 21.8 +17.6 26.0 = 25.1 0.44
Creatinine, mg/dL 0.9 (0.6-1.3) 0.6 (0.4-0.9) 0.8 (0.6-1.0) 0.9 (0.7-1.3) 1.3(1.0-2.2) <0.001
Cystatin C, mg/L 1.0 (0.8-1.5) 1.2 (0.9-1.7) 1.1 (0.8-1.4) 0.9 (0.8-1.4) 0.9 (0.7-1.3) <0.001
eGFR, mL/min/1.73 m? 77.6 = 33.1 94.3 + 30.3 84.0 £ 27.6 76.7 = 30.3 55.6 = 31.1 <0.001
Albumin, g/dL 3.3+0.7 3.0+ 0.6 3.3+0.7 3.5+0.7 3.5+0.7 <0.001
Serum sodium, mmol/L 137 £ 6 136 £ 6 137 £ 6 137 £ 6 138 £5 <0.001
Total bilirubin, mg/dL 0.6 (0.4-1.0) 0.7 (0.4-1.5) 0.5 (0.4-0.9) 0.6 (0.4-0.9) 0.6 (0.4-0.8) <0.001
Prothrombin time, INR 1.2 +0.4 1.2 +0.3 1.2 +04 1.1+04 1.1+04 <0.001

Note: All continuous variables are expressed as mean and standard deviation. All categorical variables are expressed as number and per-
centage. The median values of creatinine, cystatin C, and total bilirubin are shown with interquartile ranges in parentheses. The median
values of creatinine—cystatin C ratio for each quartile are shown with the range in parentheses.

Abbreviations: BUN, blood urea nitrogen; ECOG, Eastern Cooperative Oncology Group; eGFR, estimated glomerular filtration rate; INR,
international normalized ratio.

°Cancer staging was excluded in patients with haematologic cancers.

parameters, serum haemoglobin and serum albumin levels
increased (P < 0.001), while eGFR and serum cystatin C levels
decreased in the higher creatinine—cystatin C ratio quartiles
(P < 0.001).

Patient outcomes

A total of 793 (25.9%) and 907 (29.6%) patients died within
6 months and 1 year after cancer diagnosis, respectively.
The length of ICU and hospital stay within the first 6 months
of cancer diagnosis was 5.3 + 13.0 days and 29.8 + 31.6 days,

respectively. Trends towards lower 6-month and 1-year
mortality and shorter length of ICU and hospital stay in the
higher creatinine—cystatin C ratio quartiles were significant
(all P < 0.01; Table 2).

Association between creatinine—cystatin C ratio
and patient outcomes

The Kaplan—Meier plots revealed that cumulative 6-month
and 1-year survival probabilities were significantly lower for
patients in Q1, the lowest creatinine—cystatin C ratio group,
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Table 2 Patient outcomes according to creatinine—cystatin C ratio quartiles

Quartiles of creatinine—cystatin C ratio

Total P for
Variables (n=3060) Q1(n=765 Q2(n =765 Q3(n =765 Q4 (n=765) trend
6-month mortality, n (%) 793 (25.9) 327 (42.7) 206 (26.9) 140 (18.3) 120 (15.7) <0.001
1-year mortality, n (%) 907 (29.6) 352 (46.0) 235 (30.7) 174 (22.7) 146 (19.1) <0.001
Cumulative length of ICU stay®, days 53+ 13.0 8.3 +19.3 3.5+57 4375 42 111 0.002
Cumulative length of hospital stay®, days  29.8 + 31.6  37.4 + 36.1 27.6 += 28.1 28.0 = 29.0 26.1 £31.3 <0.001

Note: All continuous variables are expressed as mean and standard deviation. All categorical variables are expressed as number and

percentage.
Abbreviation: ICU, intensive care unit.

‘Cumulative lengths of ICU and hospital stays within 6 months after cancer diagnosis. Evaluation was done among patients who survived

beyond 6 months of cancer diagnosis.
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Figure 2 Cumulative survival probability within (A) 6 months and (B) 1 year of cancer diagnosis according to creatinine—cystatin C ratio quartiles.
Kaplan—Meier curves of 6-month and 1-year survival stratified to creatinine—cystatin C ratio quartiles.

compared with those of patients in other quartiles (P < 0.001
by log-rank test). Cumulative 6-month and 1-year survival
probabilities for each quartile sequentially improved in quar-
tiles with increasing creatinine—cystatin C ratios (Figure 2).
When the relationship between creatinine—cystatin C ratio
and mortality was further assessed using multivariate Cox
proportional hazards regression analyses, HR for 6-month
and 1-year mortality was 0.35 (95% Cl, 0.28-0.44) and 0.39
(95% Cl, 0.32-0.48) per 1 increase in creatinine—cystatin C
ratio, respectively (Table 3). When the creatinine—cystatin C
ratio was assessed as a categorical variable, HRs for
6-month and 1-year mortality were significantly lower in
groups with higher creatinine—cystatin C ratios than those
in Q1. The HRs for the quartiles decreased successively with
increasing creatinine—cystatin C ratio in the quartiles. For
Q4, the HR for 6-month and 1-year mortality was 0.30 (95%
Cl, 0.24-0.37) and 0.33 (95% Cl, 0.27-0.40) when compared
with Q1, respectively. This observed association between
creatinine—cystatin C ratio and mortality was maintained
even after significant adjustments for potential confounding
factors.

To account for age as a potential confounding factor, age
was matched by 1:1 propensity score matching of the lowest

and highest creatinine—cystatin C ratio quartile groups, yield-
ing 622 patients in each group (Table S2). Similar to the re-
sults of the primary analysis, 6-month and 1-year mortality
rates were lower, and ICU and hospital stays were shorter
in Q4 than Q1 (all P < 0.05; Table S3). In the Cox proportional
hazards models, HR for 6-month and 1-year mortality was
0.43 (95% Cl, 0.34-0.54) and 0.47 (95% Cl, 0.38-0.58) per 1
increase in creatinine—cystatin C ratio, respectively. This
relationship was maintained after confounding factor adjust-
ments (Table S4).

Association between creatinine and patient
outcomes

When the relationship between creatinine and mortality was
assessed, HR for 6-month and 1-year mortality was 1.08 (95%
Cl, 1.05-1.13) and 1.08 (95% Cl, 1.04-1.12) per 1 increase in
serum creatinine, respectively. However, no significant
associations were found in the fully adjusted model (6-month
mortality: HR 0.99, 95% ClI 0.94-1.05; 1-year mortality: HR
0.99, 95% Cl 0.94-1.04) (Table S5).
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Table 3 Hazard ratios and 95% confidence intervals for 6-month and 1-year mortality based on creatinine—cystatin C ratio quartiles

Model 1 Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P
6-month mortality
Creatinine—cystatin C ratio (per 1 increase) 0.35(0.28-0.44) <0.001 0.42 (0.33-0.53) <0.001 0.61(0.49-0.75) <0.001
Q1 Reference Reference Reference
Q2 0.55 (0.46-0.66) <0.001 0.59 (0.50-0.71) <0.001 0.71(0.59-0.85) <0.001
Q3 0.35(0.29-0.43) <0.001 0.40(0.32-0.49) <0.001 0.52(0.42-0.65) <0.001
Q4 0.30(0.24-0.37) <0.001 0.34(0.27-0.43) <0.001 0.50(0.40-0.64) <0.001
1-year mortality
Creatinine—cystatin C ratio (per 1 increase) 0.39 (0.32-0.48) <0.001 0.46 (0.37-0.58) <0.001 0.63 (0.52-0.76) <0.001
Q1 Reference Reference Reference
Q2 0.58 (0.49-0.68) <0.001 0.62 (0.52-0.74) <0.001 0.72 (0.61-0.86) <0.001
Q3 0.40 (0.33-0.48) <0.001 0.45(0.38-0.55) <0.001 0.57 (0.47-0.70) <0.001
Q4 0.33 (0.27-0.40) <0.001 0.38(0.31-0.47) <0.001 0.54 (0.43-0.67) <0.001

Note: Model 1: Unadjusted model. Model 2: Adjusted for age, sex, acute kidney injury, cancer type, cancer stage (IV vs. I-ll), cancer treat-
ment, Charlson comorbidity index, and Eastern Cooperative Oncology Group score. Model 3: Model 2, with additional adjustments for
systolic blood pressure, haemoglobin, white blood cell count, serum albumin, and prothrombin time.

Abbreviations: Cl, confidence interval; HR, hazard ratio.

Sensitivity analysis

To confirm that the associations between creatinine—cystatin
C ratio and survival were valid regardless of underlying
kidney disease, the relationships were re-evaluated among
patients with an eGFR < 60 mL/min/1.73 m?. The HR per 1
increase in the value of creatinine—cystatin C ratio was 0.47
(95% ClI, 0.37-0.60) and 0.49 (95% CI, 0.39-0.61) for the
6-month and 1-year mortality, respectively. The HRs for mor-
tality decreased successively in the higher creatinine—cystatin
C ratio quartiles. For Q4, the HR for 6-month and 1-year mor-
tality was 0.25 (95% ClI, 0.18-0.36) and 0.26 (95% ClI,
0.19-0.36) when compared with Q1, respectively. These
associations were maintained even after adjusting for
confounding factors (Table S6). The Kaplan—Meier plots
revealed that 6-month and 1-year cumulative survival proba-
bilities were significantly lower for patients in Q1 than for
those in other quartiles (P < 0.001 by log-rank test). The
6-month and 1-year cumulative survival probabilities for each
quartile increased sequentially with an increase in the
creatinine—cystatin C ratio (Figure S1).

Additional analyses performed in patients with
haematologic malignancies revealed similar findings. The HR
per 1 increase in creatinine—cystatin C ratio was 0.54 (95%
Cl, 0.32-0.93) and 0.66 (95% Cl, 0.44-1.00) for 6-month
and 1-year mortality, respectively. The HR for 6-month and
1-year mortality for Q4 was 0.45 (95% Cl, 0.24-0.84) and
0.54 (95% Cl, 0.32-0.94), respectively, when compared with
Q1 (Table S7). The Kaplan—Meier plots revealed similar find-
ings, with both the 6-month (P = 0.01 by log-rank test) and
1-year (P = 0.03 by log-rank test) survival probabilities being
the lowest in Q1 (Figure S2). Analyses of patients with
non-haematologic malignancies also revealed comparable
results (Table S8 and Figure S3). When Kaplan—Meier analy-
ses were done in patients with gynaecologic malignancies
(Figure S4) and in patients with prostate or testicular cancer

(Figure S5), the risk of 6-month and 1-year mortality was
consistently lower in patients allocated to Q1 than other
quartiles (all P < 0.001 by log-rank test).

Analysis made in 2036 (66.5%) patients with available
ECOG scores also revealed similar findings. The adjusted HR
per 1 increase in creatinine—cystatin C ratio was each 0.71
(95% Cl, 0.55-0.90) and 0.74 (95% Cl, 0.60-0.91) for
6-month and 1-year mortality, respectively (Table S9).

Subgroup analysis

In order to assess the effect of chemotherapy on the relation-
ship between creatinine—cystatin C ratio and outcome, sub-
group analyses were performed regarding chemotherapy ad-
ministration in patients with gastrointestinal cancer. Similar
to the results of the main analysis, the risk of 1-year mortality
significantly decreased with increases in the creatinine—
cystatin C ratio in gastrointestinal cancer patients. When fur-
ther subgroup analyses were made regarding whether che-
motherapy had been administered, no significant
interaction was found between chemotherapy treatment his-
tory and creatinine—cystatin C ratio (P for interaction = 0.96;
Table S10).

Creatinine—cystatin C ratio and mortality risk
reclassification and discrimination

The C-statistics of the creatinine—cystatin C ratio was 0.642
(95% ClI, 0.618-0.660) and 0.628 (95% Cl, 0.606—0.650)
for 6-month and 1-year mortality, respectively. In compari-
son, the C-statistics of creatinine alone for 6-month and
1-year mortality was 0.530 (95% Cl, 0.503-560) and 0.526
(95% CI, 0.501-0.551), respectively. The addition of the
creatinine—cystatin C ratio to conventional parameters
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significantly improved the predictive performance. The
6-month mortality NRI was 0.214 (95% Cl, 0.107-0.255),
0.160 (95% Cl, 0.064-0.207), and 0.157 (95% Cl,
0.031-0.216) for haemoglobin, serum albumin, and the ECOG
score, respectively. In addition, the 6-month mortality IDI for
haemoglobin, serum albumin, and the ECOG score was 0.030
(95% Cl, 0.007-0.050), 0.014 (95% Cl, 0.004-0.027), and
0.024 (95% Cl, 0.006—-0.039), respectively (Table S11).

Discussion

In this study, creatinine—cystatin C ratio measured at the time
of cancer diagnosis was associated with both 6-month and
1-year survival, as well as lengths of ICU and hospital stays.
The HRs for 6-month and 1-year mortality decreased gradu-
ally with increasing creatinine—cystatin C ratio values. In addi-
tion, ICU and hospital stay durations were shorter in those in
the higher creatinine—cystatin C ratio groups. The highest
creatinine—cystatin C ratio quartile exhibited approximately
30% lower risk of both 6-month and 1-year mortality, when
compared with the lowest quartile. This association was
maintained even after adjusting for potential confounding
factors, including demographic factors, comorbidities, cancer
type, stage, treatment modality, performance status, and
clinically relevant laboratory parameters.

Creatinine—cystatin C ratio, measured at the time of cancer
diagnosis, was clearly associated with cancer patient out-
comes. An increase of 1 unit in the creatinine—cystatin C ratio
value was related to a 65% decrease in risk of 6-month mor-
tality. This association between creatinine—cystatin C ratio
and outcome has been previously noticed in several other pa-
tient groups. In AKI patients undergoing kidney replacement
therapy and cardiac surgery patients, the creatinine—cystatin
C ratio effectively predicted mortality.?>?* In addition,
creatinine—cystatin C ratio was a significant predictor of hos-
pitalization among patients with chronic obstructive pulmo-
nary disease?? and an independent predictor of functional
outcomes in neurocritically ill patients.?® The findings of this
study show that the outcome predictive quality of
creatinine—cystatin C ratio found in these patient populations
could also be applicable to patients with cancer. In cancer pa-
tients, prognosis is usually determined by cancer-specific fac-
tors such as cancer type, stage, grade, and genetic traits.
However, general features that affect overall health, such as
performance and nutritional status, are also factors that sig-
nificantly affect outcomes in patients with cancer.?**> While
considerable advances have been made regarding prognosis
stratification using cancer-specific factors, practical and effec-
tive tools for assessing general health among cancer patients
are lacking. In this study, the creatinine—cystatin C ratio
showed a clear association with mortality as well as hospital
duration regardless of age, sex, cancer type, stage, applied

treatment modalities, and performance status. Collectively,
creatinine—cystatin C ratio may be considered as a universally
applicable, easy to obtain, and efficient prognosis assessment
method in patients with cancer.

On the other hand, creatinine—cystatin C ratio, in addition
to being a prognosis predictive indicator, may also be a surro-
gate reflecting treatment-related toxicity. The observed de-
creases in cumulative lengths of ICU and hospital stays with
increases in creatinine—cystatin C ratio could also be suggest-
ing a close connection between creatinine—cystatin C ratio
and frailty. Patients with sarcopenia, as indicated by low
serum creatinine levels, are candidates of miscalculations in
chemotherapy doses. They are prone to receiving higher
doses of chemotherapeutic agents than needed due to
kidney function overestimation.?® Such increases in risk of
chemotherapy-related toxicities could have partly contrib-
uted to the poorer survival in patients with lower
creatinine—cystatin C ratios. Future prospective investigations
would be needed to further determine the cause—effect
relationship of the creatinine—cystatin C ratio and outcomes.

Serum creatinine and cystatin C are widely used laboratory
values for determining kidney function. Typically, with kidney
function impairment, the amount of creatinine and cystatin C
cleared through the kidney decreases, increasing their serum
levels. However, under kidney injury conditions, creatinine
and cystatin C also exhibit variable clearance kinetics, subse-
quently causing their levels to vary. This variability in serum
levels of patients with decreased kidney function could affect
the relationship between creatinine—cystatin C ratio and out-
come in patients.?” Nonetheless, the creatinine—cystatin C ra-
tio and mortality association was significant even after
adjusting for underlying AKI, suggesting that the relationship
with prognosis is independent of kidney injury status. More-
over, in a sensitivity analysis of cancer patients with
eGFR < 60 mL/min/1.73 m?, mortality risk gradually reduced
in patients with increased creatinine—cystatin C ratio. These
findings support the possibility that creatinine—cystatin C
ratio could be considered, irrespective of kidney function
status, when assessing prognosis of cancer patients.

One of the possible explanations for the relationship be-
tween creatinine—cystatin C ratio and prognosis in patients
with cancer is that the creatinine—cystatin C ratio represents
muscle mass,** which is a well-known risk factor affecting
outcomes in various patient populations. Survival rates have
been reported to be low in chronic lung disease patients
and patients receiving intensive care with reduced muscle
mass.?>%%8 A recent study showing that creatinine—cystatin
C ratio correlated significantly with CT and bioelectrical im-
pedance analysis assessed muscle mass in 44 patients with
cancer further supports this hypothesis.?® In addition to its
correlation with muscle mass, serum creatinine levels are
low in individuals with high white blood cell counts,*® and in-
creased cystatin C levels have been observed in chronic in-
flammatory states.3*3? Therefore, creatinine—cystatin C ratio
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could also be a representation of inflammatory status. Given
that cancer cell-driven inflammatory cytokines promote
neoplastic spread and metastasis,>® the creatinine—cystatin
C ratio and prognosis relationship may be mediated through
inflammation. Another possible explanation for the
creatinine—cystatin C ratio and outcome association could
be related to the fact that cystatin C may reflect tumour
burden.®*3¢ High levels of cystatin C were found in tissue
samples from colon cancer®* and breast cancer,®® whereas
low levels of cystatin C were expressed in benign tissues.®’
The elevated cystatin C expression in these cancers regulates
cathepsin B, a lysosomal cysteine protease, which promotes
cancer invasion and basement membrane destruction.®®

This study has several limitations. First, due to the retro-
spective nature of the study, the independent association be-
tween creatinine—cystatin C ratio and survival should be
interpreted with caution. Differences in treatment modalities
applied to the patients could have introduced effects that
were unaccounted for. Second, nutritional and inflammatory
status were not considered. Given that cancer patients are
often in a state of malnutrition and serum creatinine levels
could be affected by nutritional status, further evaluations
on nutritional and inflammatory state-related factors
such as weight loss and serum C-reactive protein levels
could help better understand the association between
creatinine—cystatin C ratio and outcomes in patients with
cancer. Finally, most participants in this study were Asian.
Given that serum creatinine concentrations may vary across
different ethnicities,®® further validation of the prognostic
significance of the creatinine—cystatin C ratio in patients with
cancer belonging to other ethnicities would be needed.

In conclusion, the creatinine—cystatin C ratio at the time of
cancer diagnosis was significantly associated with survival
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