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Abstract

Background Accurate glomerular filtration rate (GFR)
evaluation is significant for drug dosing of carboplatin,
anticancer drug excreted mainly from kidney. Serum cys-
tatin-C (sCys-C) is a GFR marker with little affected by
body muscle mass volume. And GFR equations based on
serum creatinine (eGFRcreat) and sCys-C (eGFRcys) were
developed; however, accuracy of eGFRcys has not been
elucidated fully among patients with cancer. Therefore, we
analyzed the performance of GFR equations among pa-
tients with cancer whose GFR values were measured by
inulin clearance (Cin).

Methods Study design was a cross-sectional study. Sub-
jects were 41 patients with cancer whose GFR values were
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measured by Cin for drug dosing studies of carboplatin or
S-1 in Nagoya University Hospital from 2007 to 2010 and
29 non-cancer patients. Correlation with Cin and slope of
regression line were evaluated in eGFRcreat and eGFRcys.
Single and multiple regression analyses were analyzed to
identify associating factors with eGFRcreat/Cin or eGFR-
cys/Cin.

Results  Age, body weight, body mass index (BMI) and
sCr were different between cancer patients and non-cancer
patients, but sCys-C and Cin were consistent in 2 groups.
The slope of the regression line for Cin vs. eGFRcys with
zero intercept in cancer patients was 1.10 (95 % CI:
1.02-1.17), which was significantly different from 1.0. In
multiple regression analysis revealed that BMI and urinary
creatinine excretion were significantly associated with
eGFRcreat/Cin, and cancer was only associating factor
with eGFRcys/Cin.

Conclusion eGFRcys should not be used for evaluation of
renal function in patients with cancer because it underes-
timates GFR.

Keywords Cancer - Cystatin C - Creatinine - GFR
equation - Japanese

Introduction

Carboplatin is an anticancer drug used to treat many types
of solid cancer. Since carboplatin is mainly eliminated
from the kidneys, the administrated dosage of carboplatin
is adjusted based on renal function, not by body surface
area. The Calvert formula is widely used for carboplatin
dosing [1], glomerular filtration rate (GFR) is required to
achieve the target area under the plasma drug concentra-
tion—time curve (AUC) for each patient.
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Calvert formula: Carboplatin dose (mg)
= target AUC (mg/mL x min) x [GFR(mL/min) + 25].

Acute kidney injury (AKI) and bone marrow suppression
are major side effects of carboplatin. Thrombocytopenia is
reported to be strongly associated with AUC [2]. Therefore,
accurate renal function evaluation is essential to determine
carboplatin dosing to improve its efficacy and safety.

Renal function is evaluated by GFR. Inulin clearance
(Cin) is the gold standard for measuring GFR. However,
Cin is cumbersome and inconvenient as a routine mea-
surement. Thus, in clinical practice, renal function is usu-
ally evaluated as estimated GFR (eGFR) using a GFR
equation. In general, a GFR equation based on serum
creatinine (sCr) is used, but it has been rarely validated
among patients with cancer.

Since sCr is a marker for renal function and body muscle
mass volume, a GFR equation based on sCr theoretically
overestimates GFR in subjects with low muscle mass [3]. It
is well known that patients with cancer lose muscle mass
volume as the disease advances, so there is serious concern
whether a GFR equation based on sCr is applicable for
patients with cancer, especially those who have low body
muscle mass volume.

Serum Cystatin C (sCys-C) has been highlighted as a
GFR marker with little affected by body muscle mass
volume. Recently, calibration of sCys-C to the standard-
ized value of ERM-DA472/IFCC has been completed [4].
Several GFR equations based on sCys-C and combina-
tions of sCr and sCys-C were developed, including the
chronic kidney disease epidemiology collaboration
(CKD-EPI), Japanese and Grubb’s GFR equations [5-7].
The kidney disease: improving global outcomes (KDIGO)
guideline recommends methods based upon sCys-C or
direct measurement of GFR in patients with CKD for
administration of drugs with narrow therapeutic or toxic
range [8]. On the other hand, several lines of evidences
reveal that the sCys-C level is elevated in patients with
cancer, for example malignant melanoma [9] and col-
orectal cancer [10]. But the clinical significance of the
effect of cancer on sCys-C among patients who need ac-
curate renal function evaluation for carboplatin dosing has
rarely been analyzed. Very recently, Chew-Harris JS
demonstrated better accuracy in sCr and sCys-C-based
CKD-EPI equation among patients with cancer [11], but
there is no previous study to validate these GFR equations
among Japanese patients with cancer. Since the CKD-EPI
equation was not accurate for Japanese, it is mandatory to
evaluate the clinical value of Japanese GFR equations in
Japanese patients with cancer [12].

Since our group measured Cin in patients with cancer
for drug dosing studies of carboplatin [13] and S-1 [14],
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and sCys-C values were measured, the accuracy of Ja-
panese GFR equations based on sCr and sCys-C was in-
vestigated in this study.

Materials and methods
Study population and design

Study design was a cross-sectional study. Study subjects
were 41 consecutive patients with cancer from 2007 to
2010, all of whose GFR values were measured by Cin for
chemotherapy dosing of carboplatin or S-1 at Nagoya
University hospital. Among 41 cancer patients in this
study, 24 and 12 patients were previously reported in
pharmacokinetic studies of carboplatin [13] and S-1 [14],
respectively. As a non-cancer patient, 29 consecutive pa-
tients without cancer were included, whose Cin was mea-
sured using exactly the same method. Patients with CKD
G5, Cin under 15 mL/min/1.73 m? were excluded from the
study. Out of 29 non-cancer patients, 16 patients were renal
transplant donor candidates, and 13 were CKD with the
following causative diseases; 3 IgA nephropathy, 3 diabetic
nephropathy, 2 membranoproliferative glomerulonephritis,
1 anti-neutrophil cytoplasmic antibody (ANCA) associated
glomerulonephritis, 1 renal transplant recipient, 1 chronic
glomerulonephritis, 1 membranous nephropathy, and 1
obese-related nephropathy. Among 29 non-cancer patients,
25 patients could be followed up for more than 2 years, and
none of them was diagnosed any kinds of cancer. One
patient died of cardiovascular event. And remaining 3 pa-
tients were transferred to different clinic within 2 years;
however, there was no one who was diagnosed cancer
diseases before transfer.

sCr and sCys-C measurement

sCr was measured using the IDMS (isotope dilution mass
spectrometry) traceable enzymatic method at Nagoya
University Hospital. sCys-C was measured using a col-
loidal gold immunoassay (Nescoat GC Cystatin C; Alfresa
Pharma, Osaka, Japan) and calibrated to the standardized
value to ERM-DA472/IFCC.

Cin and creatinine renal clearance

Cin and creatinine clearance (Ccr) were measured simul-
taneously in 70 participants. The method for measuring Cin
and Ccr was described in the previous study [15]. In brief,
Cin and Ccr were calculated from serum and urine con-
centrations and urine flow rate. Inulin (1 %) was admin-
istered by means of a continuous intravenous infusion for
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2 h under overnight fasting and hydrated conditions. Dur-
ing the inulin infusion, serum samples were collected 4
times at O (blank), 45, 75, and 105 min for creatinine and
inulin, and urine samples were collected between 30 and
60, 60 and 90, and 90 and 120 min for inulin and creatinine
after completely emptying the bladder at 30 min from the
start of the inulin infusion. Inulin samples were assayed by
means of an enzymatic method using a kit (Diacolor Inulin;
Toyobo Co, Osaka, Japan). The mean value of 3 mea-
surements was used for the Cin and Ccr study.

Calculation of eGFR based on sCr or sCys-C

eGFR was calculated using the Japanese GFR equations
based on sCr (eGFRcreat) and sCys-C (eGFRcys) [12, 15].

eGFRcreat (mL/min/1.73m?)
= 194 x sCr 9% x Age %7 (x0.739 if female)

eGFRcys (mL/min/1.73m2)
= [104 x sCys-C~ 101 % 0.996"%°(x0.929 if female)] — 8

Statistical analysis

Difference between cancer patients and non-cancer patients
was evaluated using an independent ¢ test. Values of
P < 0.05 were considered statistically significant. Statisti-
cal analysis was performed using SPSS version 22 (SPSS,
Inc., Chicago, IL, USA).

This study was approved by the Ethics Committee of
Nagoya University Hospital, Nagoya and written informed
consents were obtained in all patients.

Results

Clinical characteristics of the study population are shown
in Table 1. The cancer patients were significantly older
than non-cancer patients (P < 0.01). Body weight and
body mass index (BMI) in the cancer patients were sig-
nificantly lower than the non-cancer patients (P < 0.01).
There was no significant difference in gender, albumin, and
urinary creatinine excretion. Although sCr was sig-
nificantly higher in patients without cancer, no significant
difference was shown in Cin, sCys-C, eGFRcreat, and
eGFRcys between cancer patients and non-cancer patients
(Table 1).

Figure 1 shows the relationship between Cin and esti-
mations of GFR and Ccr. Correlation coefficients between
eGFRcreat and Cin were 0.85 and 0.90 in cancer patients
and non-cancer patients. Correlation coefficients between
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Table 1 Characteristics of the subjects
Cancer Non-cancer P

Number 41 29
Gender (M/F) 26/15 23/6 0.15
Age (years) 66.0 +73 5544+ 138 <0.01*
Height (cm) 161.8 £ 7.2 163.7+7.7 0.30
Weight (kg) 55.1 £ 10.1 664 £+ 158 <0.01*
BMI (kg/m?) 21.0 £29 247447 <0.01%*
Creatinine (mg/dL) 0.8 +£0.2 1.2+ 1.0 <0.01*
Cystatin C (mg/L) 1.1 £0.3 14+ 0.8 0.05
albumin (g/dL) 354+08 3.7 +0.7 0.06
Ucre (mg/day/kg) 191 +43 17.74+41 0.19
Cin (mL/min/1.73 m?) 763 £ 264 66.6 + 357 0.20
eGFRcreat (mL/min/1.73 m?) 77.9 &+ 18.7 66.7 &+ 32.7 0.07
eGFRcys (mL/min/1.73 m?) 69.5 £ 18.6 69.1 +32.1 0.95
eGFRcreat/Cin 1.1 £0.3 1.1£04 0.84
eGFRcys/Cin 1.0 £ 0.3 1.1 £0.2 0.05*
Cancer type

Lung 25

Head and neck 15

Cervical 1

Data were expressed mean + SD

BMI body mass index, Ucre urinary creatinine excretion, Cin inulin
clearance, eGFRcreat estimated GFR based on serum creatinine,
eGFRcys estimated GFR based on serum Cystatin C

* P <0.05

eGFRcys and Cin were 0.74 and 0.93 in cancer patients and
non-cancer patients. Ccr overestimated Cin in all patients.
Cecr correlated significantly with Cin at correlation coeffi-
cients 0.81 and 0.94 in patients with and without cancer,
respectively. But bias between Ccr and Cin varied in each
patient (Fig. 1c).

The slope of the regression line for Cin vs. eGFRcys
with zero intercept in cancer patients was 1.10 (95 % CI:
1.02-1.17), which was significantly different from 1.0
(Table 2).

Factors affecting eGFRcreat/Cin and eGFRcys/Cin were
analyzed using single and multiple regression analyses
with eGFRcreat/Cin and eGFRcys/Cin as dependent vari-
ables, and BMI, albumin, cancer, urinary excretion of
creatinine and gender as independent variables in total
subjects (N = 70). Single regression analysis showed BMI,
albumin, and urinary creatinine excretion were significant
factors associated with eGFRcreat/Cin, but no factor was
statistically significant in eGFRcys/Cin (Tables 3, 4).
Multiple regression analysis showed that low urinary
creatinine excretion and low BMI are associated with high
level of eGFRcreat/Cin (Table 3). And only cancer was
independently and negatively associated with eGFRcys/Cin
(P = 0.02) (Table 4).
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Fig. 1 Relationship between Cin and eGFRcreat (a), eGFRcys
(b) and Cecr (c). Solid lines show the line of identity. Dashed lines
represent 30 % difference of identity. Patients with cancer were
plotted by closed circle, non-cancer patients were plotted by open
circle

Discussion

In this study, we measured GFR by Cin, sCr, and sCys-C
among 41 Japanese patients with cancer and 29 non-cancer
patients. And we demonstrated that eGFRcys underesti-
mated Cin and that is only cancer was associated with
eGFRcys/Cin.

There were several strong points in this study. First, renal
function was evaluated by Cin via the same protocol to
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Table 2 Slopes of the regression lines of eGFRcreat and eGFRcys in
cancer and non-cancer patients

Cancer (N = 41) Non-cancer (N = 29)

Slope (95 % CI)
eGFRcreat
eGFRcys

0.99 (0.93—1.05)
1.10 (1.02—1.17)

1.00 (0.92—1.08)
0.98 (0.91—-1.04)

Data of slope were slopes of the regression lines with zero intercepts
(95 % CI)

eGFRcreat estimated GFR based on serum creatinine, eGFRcys es-
timated GFR based on serum Cystatin C

develop Japanese GFR equations [15]. Second, factors in-
fluencing the difference between Cin and eGFR were ana-
lyzed among 70 patients with or without cancer in both
eGFRcreat and eGFRcys. Third, all patients with cancer
were included in this study, whose GFR values were mea-
sured by Cin for drug dosing studies analyses using car-
boplatin or S-1 [13, 14]. And all patients without cancer and
with GFR >15 mL/min/1.73 m” by Cin measurement using
the same protocol were eligible as non-cancer patients.
Our results were consistent with the previous study.
Funakoshi Y and colleagues measured Cin in 45 Japanese
patients with cancer and with eGFR >50 mL/min/1.73 m>.
Cin values were compared with eGFRcreat by the Japanese
GFR equation, Cockcroft-Gault Formula (CGF), 24 h-Cer,
modification of diet in renal disease (MDRD) equation and
CKD-EPI equations, and it was demonstrated that
eGFRcreat correlated most accurately with Cin [16].
However, the previous study did not analyze in sCys-C nor
associating factors. In the present study, eGFRcreat and
eGFRcys were analyzed in slope with Cin in comparison to
non-cancer patients, and significant associations were
demonstrated between BMI, albumin or urinary creatinine
excretion and eGFRcreat/Cin, and between cancer and
eGFRcys/Cin. These results were in substantial agreement
with many other studies [5-7, 15, 17]. Moreover, there was
no limitation on eGFR in this study, so 3 patients (7.3 %)
with eGFR <50 mL/min/1.73 m? and 6 patients (14.6 %)
with Cin <50 mL/min/1.73 m*> were included. In Fu-
nakoshi’s paper, Cin was measured among patients with
cancer who were scheduled to receive cisplatin. Patients
with low GFR were not eligible due to nephrotoxicity of
cisplatin. Our study was the first study to analyze GFR
equations in comparison to Cin among Japanese patients
with cancer and with GFR <50 mL/min/1.73 m?. Howev-
er, the number of patients was insufficient to validate GFR
equations, and no patient in CKD G5 categories was in-
cluded. Therefore, 8 patients whose GFR values were
<15 mL/min/1.73 m* were excluded from non-cancer pa-
tients in the present study. The accuracy of GFR equations
among patients with cancer and low GFR should be
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Table 3 Simple and multiple Single regression Multiple regression
regression analyses of factors
affecting eGFRcreat/Cin B P B P
BMI (kg*/m) —0.26 0.03* —0.03 0.01°%*
Albumin (g/dL) —0.24 0.04* —0.12 0.06
Cancer 0.03 0.80 —0.09 0.30
Ucre (mg/day/kg body weight) —-0.41 <0.01%* —0.04 <0.01*
Gender —0.09 0.45 0.15 0.09

eGFRcreat estimated GFR based on serum creatinine, Cin inulin clearance, f§ standardized regression
coefficient, BMI body mass index, Ucre urinary creatinine excretion

* P <0.05

Table 4 Simple and multiple
regression analyses of factors
affecting eGFRcys/Cin

Single regression Multiple regression

B I B P
BMI (kg*/m) —0.08 0.50 —0.02 0.08
Albumin (g/dL) 0.03 0.82 <0.01 1.00
Cancer —0.23 0.05 —0.30 0.02*
Ucre (mg/day/kg body weight) —-0.22 0.06 —0.21 0.12
Gender —0.13 0.29 0.04 0.72

eGFRcys estimated GFR based on serum Cystatin C, Cin inulin clearance, f§ standardized regression
coefficient, BMI body mass index, Ucre urinary creatinine excretion

* P <0.05

analyzed in another study with a large sample size in-
cluding various GFR categories.

In the present study, eGFRcys underestimated Cin
among patients with cancer, and cancer was the only sig-
nificant factor to affect eGFRcys/Cin in multivariate ana-
lysis, suggesting elevation of sCys-C value due to cancer.
A similar result was reported in the paper by Nakai K et al
[18], which concluded that sCys-C was not a reliable
marker of GFR in patients with cancer, probably in relation
to its nature as a cystein protease inhibitor. In that study, 82
patients with cancer were evaluated for renal function by
24 h-Ccr and reciprocal sCys-C, namely 1/sCys-C. The
correlation coefficient between 24 h-Ccr and 1/sCys-C was
significantly lower in patients with cancer than in 206 pa-
tients with various degree of renal function, which sug-
gested elevation of sCys-C value in patients with cancer.
Several lines of evidences demonstrated that sCys-C level
was elevated in patients with cancer [9, 10, 19, 20], how-
ever, the mechanism and degree of sCys-C elevation in
association with cancer were not evident. Further study is
required on sCys-C and cancer. On the contrary, Chew-
Harris JS and colleagues reported better accuracy in sCr
and sCys-C-based CKD-EPI equation among non-cancer
patients [11]. In their paper, between estimated Ccr by
CGF and CKD-EPI equation based on sCr and sCys-C
significant difference was observed; however, superiority
among CKD-EPI equations based on sCr, sCys-C, or
combination of sCr and sCys-C was not evident. Ccr

theoretically is higher than GFR, which was reconfirmed in
our study. Although adjustment formula for Ccr to GFR
was reported [15], bias between Ccr and GFR varied in
each patient. More accurate evaluation of GFR like Cin
should be considered in patients for drug dosing of car-
boplatin [8].

Overestimation in eGFRcreat due to decreased body
muscle mass volume in patients with cancer was not shown
in this study. There were significant differences in age,
body weight, BMI, sCr, and albumin among the patients,
but Cin and urinary creatinine excretion were similar be-
tween cancer patients and non-cancer patients, suggesting
preserved body muscle mass volume even in patients with
cancer. Since study subjects were patients with cancer who
were scheduled to receive carboplatin or S-1 chemother-
apy, patients with malnutrition might not be included in
this study. The accuracy of eGFRcreat in extremely low
body muscle mass volume should be analyzed in another
study, but clinical significance of Cin measurement in such
cases with poor prognosis is doubtful. In the present study,
all patients with cancer whose GFR values were measured
for drug dosing studies of carboplatin or S-1 were included;
therefore, our result would be more practical in clinical
practice.

Study subjects in our study did not include seminoma or
ovarian cancer. Carboplatin is effective in the adjuvant
treatment of Stage I seminoma. Cathomas R and colleagues
reported that all MDRD, CGF and sCr-based CKD-EPI
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underestimated measured GFR with a radioisotope [(51)Cr
EDTA or (99 m)Tc DTPA] in patients with seminoma
[21]. Since patients with seminoma are relatively young
and have better GFR compared to patients with other types
of cancer, so the accuracy of GFR equations may be dif-
ferent from the present study. However, patients with
seminoma requiring Cin measurement for carboplatin
dosing are rare in Nagoya University Hospital and none
was included in this study. And since Cin has been mea-
sured by a simple method [22] at our hospital since 2010. It
is impossible to study further cases using the same protocol
using standard Cin method. Renal function evaluation
among Japanese patients with seminoma will be analyzed
in another multicenter study.

There were several limitations in this study. First, the
number of subjects was not large. But the study sample size
was similar to previous Japanese report [16] and our ob-
jective was mainly in sCys-C and eGFRcys. Second,
sampling bias cannot be denied. However, patients with
and without cancer had Cin measured by the same protocol
except 8 patients with GFR <15 mL/min/1.73 m? in pa-
tients without cancer. Third, drug clearance was not ana-
lyzed. Our group had already reported on drug dosing and
eGFRcreat or Ccr in carboplatin [13] and in S-1 [14]. Many
other factors influencing drug clearance in addition to GFR.
The accuracy of GFR equations and methods to adjust drug
dosing should be separately analyzed.

In conclusion, eGFRcys underestimated Cin among
patients with cancer who were scheduled for carboplatin or
S-1 administration, and cancer was a significant factor to
influence eGFRcys/Cin, suggesting sCys-C elevation due
to cancer. For renal function evaluation among patients
with cancer, eGFRcys should not be used, because it un-
derestimates GFR.
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