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Abstract

Background This is a single-center, prospective, observation-
al study aiming to determine the effects of unidentified renal
insufficiency (URI) on the safety and efficacy of chemother-
apy for metastatic colorectal cancer (mCRC) patients.
Patients and methods mCRC patients with normal serum
creatinine and who were treated with CapeOx as the first-
line therapy were included. Creatinine clearance (CrCL) was
estimated using the Cockcroft-Gault formula. URI was char-
acterized by a CrCL of less than 60 ml/min. Logistic regres-
sion was used to assess the effects of URI on toxicities and
response rates. Kaplan—Meier curve was used to evaluate the
effect of URI on survival.

Results A total of 143 patients were enrolled, of whom 34.9 %
had URI. Compared with the control group, the URI group
had longer toxicity durations and developed significantly
more grade 1 to 2 toxicities after adjusting for age, gender,
and body mass index. The toxicities include cytopenia (76 vs.
61 %, OR=1.86, 95 % CI=0.39-2.53, P<0.001), diarrhea (34
vs. 29 %, OR=3.76, 95 % CI=0.95-6.53, P=0.007), stoma-
titis (10 vs. 6 %, OR=2.81, 95 % CI=1.104.28, P=0.002),
and hand—foot syndrome (18 vs. 11 %, OR=2.56, 95 % CI=
0.86-5.41, P=0.045). The response rate and time to progres-
sion were significantly lower in the URI group than in the
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control group (4.5 vs. 5.5 months, HR=1.57, 95 % CI=1.09—
2.25, P=0.015), whereas the overall survival rates of the two
groups were similar.

Conclusion In conclusion, URI can increase the toxicity and
decrease the TTP of CapeOx-treated mCRC patients. Renal
function screening via CrCL estimation is required for all
mCRC patients before initial chemotherapy.

Keywords Renalinsufficiency - Colorectal cancer - CapeOx -
Safety - Efficacy

Introduction

Renal insufficiency (RI), which is defined as glomerular
filtration rate (GFR) <90 ml/min, is common in cancer pa-
tients. Several studies have shown that approximately 50 to
60 % of cancer patients have a glomerular filtration rate of
<90 ml/min per 1.73 m?, which can be attributed to immu-
noreaction or tumor invasion [1, 2]. Although serum creati-
nine (SCr) is commonly used to screen for renal function, its
sensitivity is insufficient for cancer patients because it is
affected by several factors, such as state of nutrition, tumor
consumption, and performance status. Several studies have
reported that a substantial number of cancer patients with
normal SCr have significantly reduced creatinine clearance
(CrCL) [3-5] and thus have unidentified renal insufficiency
(URI). The Cockcroft—Gault formula or the abbreviated mod-
ification of diet in renal disease (aMDRD) formula is more
accurate and sensitive in detecting even mild renal function
impairments [6].

A regimen of capecitabine plus oxaliplatin (CapeOx) has
been recommended as one of the first-line therapy for meta-
static colorectal cancer (mCRC) [7]. Capecitabine is first
metabolized to 5'-deoxy-5-fluorocytidine (5'-DFCR) in the
liver; 5-DFCR is then converted to 5’-deoxy-5'-fluorouridine
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(5'-DFUR) in the liver and tumors. Further catalytic activation
of 5'-DFUR to 5-FU then occurs in tumor tissues.
Subsequently, 5-FU is further metabolized to
dihydrofluorouracil and then to fluoro-beta-alanine (FBAL).
Approximately 99.5 % of capecitabine and its metabolites are
renally excreted. Therefore, the blood concentrations of cap-
ecitabine and its metabolites are significantly affected by renal
function. Research has shown that renal insufficiency in-
creases systemic exposure to 5'-DFCR and FBAL, leading
to a 50 % reduction in creatinine clearance (CrCL) [8].
Therefore, RI probably affects the efficacy and toxicity of
capecitabine. Although oxaliplatin also triggers approximate-
ly 50 % renal excretion in 48 h. for RI, only the filterable
platinum removal decreases, and the toxicity does not increase
[9, 10]. According to the International Society of Geriatric
Oncology (SIGO), oxaliplatin dosage for cancer patients with
RI needs no adjustments even in geriatric patients [11].

Despite the large percentage of mCRC patients with URI
[1, 2], most oncologists still rely on SCr when assessing
whether chemotherapy dosage adjustment is required, which
may lead to drug-associated adverse effects. Thus, we collect-
ed medical records of mCRC patients who were treated with
CapeOx and underwent normal SCr to assess the effects of
URI on the safety and efficacy of chemotherapy.

Patients and methods

We conducted a single-center, prospective, observational
study at The First Affiliated Hospital, College of Medicine,
Zhejiang University. Patients diagnosed with mCRC were
enrolled between August 2008 and January 2012. The
inclusion criteria of this study are listed as follows: (1)
SCr was normal before treatment. In the standardized test
at our center, an SCr of 1.4 mg/dl was the upper limit of
normal; (2) the CapeOx protocol was used as the first-line
treatment: capecitabine 1000 mg/m?, twice per day, d1-14,
every 3 weeks, until disease progression or unacceptable
toxicity occurs; oxaliplatin 130 mg/mz, dl1, every 3 weeks,
for four cycles; and (3) the interval to the last treatment
after surgery should be not more than 3 months. CrCL
were calculated by using the Cockcroft—-Gault formula:
CrCL (ml/min) = [(140—agexweight)]/[72xSCr]*(x0.85
if female) [12], and CrCL less than 60 ml/min (stage 2, 3,
4, or 5) was deemed as URI according to Kidney Disease
Outcome Quality Initiative guidelines [13]. Data on the
safety, efficacy, and dosing of CapeOx were recorded
throughout the therapy and analyzed with respect to renal
function. The study protocol was approved by the Ethics
Committee of Zhejiang University.

Baseline characteristics, such as sex, age, height, and
weight, were collected upon enrollment. Toxicities were grad-
ed per the National Cancer Institute Common Terminology
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Criteria for Adverse Events, version 3.0. Drug-associated
adverse events, including dose delay, dose modification, or
interruption, were noted throughout the therapy. The overall
response rate was evaluated at the fourth cycle according to
the Response Evaluation Criteria in Solid Tumors (version
1.1). Time to progression (TTP) was measured from the day
CapeOx therapy was started until disease progression. TTP
was censored as of the date of last tumor assessment for
patients still free of progression. Overall survival (OS) was
determined from the day CapeOx therapy was started until
death from any cause. OS was censored as of the date of last
follow-up for patients still alive or as of the last date of contact
for vital status determination. Follow-up data were completed
for disease progression through June 3, 2012. Survival data
were updated as of May 3, 2013.

Patients were categorized according to their calculated
CrCL. Baseline characteristics, toxicities, and response rates
were described with summary statistics. Non-normally dis-
tributed data, such as SCr, CrCL, TTP, and OS, are presented
as median. Meanwhile, normally distributed data, such as
weight, are presented as mean+SD. Univariate binary logistic
regression was used to determine the effect of CrCL on
adverse drug events, toxicity-associated adverse, and overall
response rate (ORR). Then, adjustments were made for age,
gender, and body mass index (BMI) and Karnofsky perfor-
mance score (KPS) by multivariate binary logistic regression.
Kaplan—Meier curves and log-rank testing were used to ana-
lyze the univariate distributions of TTP and OS, and then Cox-
regression model was used to calculate the hazard ratio (HR)
[14]. All P values were two sided, and P<0.05 was considered
to indicate statistical significance. Analyses were performed
using SPSS version 13.0.

Results
Baseline characteristics

A total of 143 potential patients were enrolled in the study.
The distribution of RI in mCRC patients with normal SCr is
shown in Fig. 1. Forty-two (29.3 %) patients had a CrCL of
more than 90 ml/min, 51 (35.7 %) had a CrCL between 60 and
90 ml/min, 42 (29.3 %) had a CrCL between 30 and 60 ml/
min, and 8 (5.6 %) had a CrCL of less than 30 ml/min.

The demographic characteristics of the two groups are
summarized in Table 1. In this study, 50 patients (34.9 %)
with a median age of 69 years, a mean weight of 60.4+
10.8 kg, a median SCr of 0.96 mg/dl, and a median CrCL of
41.8 ml/min were assigned into URI group (CrCL<60 ml/
min). Meanwhile, 93 patients (65.1 %) with a median age of
56 years, a mean weight of 73+£15.7 kg, a median SCr of
0.81 mg/dl, and a median CrCL of 91.7 ml/min were classified
into the control group (CrCL>60 ml/min).
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Fig. 1 Renal insufficiency distribution in mCRC patients with normal
SCr (<1.4 mg/dl). Black: unidentified renal insufficiency (URI) group,
Gray: control group

By the end of the follow-up, 6 patients (12.0 %) in the URI
group were progression free, 8 (16.0 %) were still alive, and 2
(4.0 %) withdrew, and 18 (36.0 %) developed
hypercreatininemia (median interval: 4.5 months). In the con-
trol group, 9 patients (9.6 %) were progression free, 15
(16.1 %) were still alive, and 4 (4.3 %) withdrew, and 20
(21.5 %) developed hypercreatininemia (median interval:
6 months).

Toxicities and adverse events

In general, for the URI group, the toxicity durations were
longer, and the patients developed significantly more grade
1 to 2 toxicities than the control group after adjusting for
gender, age, and BMI. These toxicities include cytopenia (76
vs. 61 %, adjusted OR=1.86, 95 % CI=0.39-2.53, P<0.001),
diarrhea (34 vs. 29 %, adjusted OR=3.76, 95 % CI=0.95—
6.53, P=0.007), stomatitis (10 vs. 6 %, adjusted OR=2.81,
95 % CI=1.10-4.28, P=0.002), and hand—foot syndrome (18

Table 1 Baseline characteristics of patients

CrCL<60 ml/min CrCL>60 ml/min
(N=50) (N=93)

Characteristic

Gender, male 37 (60.6 %) 79 (69.9 %)

Median age 69 (54-82) 56 (38-70)
Weight, kg 60.4+10.8 73+15.7
KPS>80 43 (86.0 %) 83 (89.4 %)

Median SCr, mg/dl 0.96 (0.87-1.39)  0.81 (0.51-1.37)

Median CrCL, ml/min 41.8 (29-59) 91.7 (63-103)
No. of progression-free patients 6 (12.0 %) 9 (9.6 %)

No. of patients still alive 8 (16.0 %) 15 (16.1 %)
No. of patients withdrawn 2 (4.0 %) 4 (4.3 %)

No. of patients developed
hypercreatininemia

18 (36.0 %) 20 (21.5 %)

vs. 11 %, adjusted OR=2.56, 95 % CI=0.86-5.41, P=0.045).
Moreover, the URI group exhibited higher grade 3 to 4 toxic-
ities. However, the difference between the two groups was not
significant except diarrhea (20 vs. 11 %, adjusted OR=1.53,
95 % CI=0.45-4.89, P=0.004) and stomatitis (6 vs. 3 %,
adjusted OR=2.14, 95 % CI=0.89-3.26, P=0.022) (Table 2).
These higher toxicities resulted in more frequent dose modi-
fications (52 vs. 26 %, adjusted OR=1.72, 95 % CI=1.21-
2.05, P<0.001) and prolonged dose interruptions (34 vs.
14 %, adjusted OR=1.98, 95 % CI=1.14-2.23, P<0.001) in
the URI group. Dose was interrupted in 52.0 and 28.0 % of the
patients in the URI and control groups, respectively. Dose was
modified in 34.0 and 13.9 % of the patients in the URI and
control groups, respectively. In the URI group, four patients
had more than two dosage reductions and one patient had
three dose reductions. Approximately 14 % of the patients in
the URI group were hospitalized because of insufferable tox-
icities, whereas only 5.3 % of the patients in the control group
were hospitalized. The statistics of dose modifications, dose
interruptions, and hospitalization of the renal function sub-
group are summarized in Table 3.

Response and survival

The response rate was significantly lower in the URI group
than in the control group (28 vs. 41 %, adjusted OR=0.86,
95 % CI1=0.47-0.97, P=0.004, Table 4). In addition, the
patients in the URI exhibited significantly smaller median
TTP (4.5 vs. 5.5 months, log-rank 7.259, P=0.007, adjusted
HR=1.57,95 % CI=1.09-2.25, P=0.015) and lower OS than
those in the control group. However, the difference in OS
between the two groups was not statistically significant
(18.0 vs. 19.0 months, log-rank 1.534, P=0.419, adjusted
HR=1.15, 95 % CI=0.80-1.66, P=0.442) (Fig. 2).
Additional response and survival statistics are given in
Table 4.

Discussion

A sizeable proportion of patients with cancer have renal
dysfunction. Vincent [1] and Janus [2] indicated in their
large-sample studies that the incidence of RI (CrCL<90 ml/
min) in cancer patients is approximately 50 to 60 %, 45 % of
which is URIL. Meanwhile, approximately 60 and 40 % of
mCRC patients developed RI and URI, respectively. In certain
medical disciplines, such as nephrology, the renal function is
usually assessed based on the estimated CrCL. However, most
oncologists still assess the renal function according to the SCr
when starting chemotherapy [15], which may predispose an
individual to increased systemic toxicity, particularly for the
drugs mainly excreted through renal or with nephrotoxicity.
The CapeOx regimen is commonly used as one of the first-line
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Table 2 Toxicities

Toxicities CrCL<60 ml/min CrCL>60 ml/min Univariate OR Adjusted OR
(N=50) (N=93) (95 % CI, P value) (95 % CI, P value)

Cytopenia, % (95 % CI)

Grades 1 to 2 76.0 (57-89) 61 (48-76) 2.13 (0.97-2.97, 0.008) 1.85 (1.39-2.53, <0.001)

Grades 3 to 4 22 (11-28) 19 (11-26) 1.87 (0.78~3.17, 0.08) 1.02 (0.51-2.78, 0.96)
Diarrhea, % (95 % CI)

Grades 1 to 2 34 (25-43) 29 (20-35) 3.97 (1.47-5.89, <0.001) 3.76 (0.95-6.53, 0.007)

Grades 3 to 4 20 (14-23) 11 (8-15) 2.16 (1.14~3.21, 0.003) 1.53 (0.45-4.89, 0.014)
Nausea or vomit, % (95 % CI)

Grades 1 to 2 22 (16-28) 17 (12-31) 1.47 (0.87-2.47, 0.15) 1.31 (0.93-5.24, 0.16)

Grades 3 to 4 6 (3-11) 5(3-13) 1.17 (0.34-4.17, 0.81) 1.09 (0.47-2.86, 0.85)
Stomatitis, % (95 % CI)

Grades 1 to 2 10 (7-15) 6 (4-9) 2.47 (1.47-3.89, <0.001) 2.81(1.10-4.28, 0.002)

Grades 3 to 4 6(3-9) 3 (1-6) 2.57 (0.97-3.79, 0.006) 2.14 (0.89-3.26, 0.022)
H-F syndrome, % (95 % CI)

Grades 1 to 2 18 (14-26) 11 (7-15) 2.87 (1.47-4.23, <0.001) 2.56 (0.86-5.41, 0.045)

Grades 3 to 4 16 (11-24) 12 (8-18) 1.24 (0.87-2.45,0.41) 1.58 (0.27-3.61, 0.084)
Neurovirulence, % (95 % CI)

Grades 1 to 2 30 (23-41) 29 (21-36) 1.24 (0.23-3.87, 0.76) 0.91 (0.12-3.36, 0.414)

Grades 3 to 4 12 (7-16) 9 (6-12) 1.57 (0.53-4.27, 0.39) 1.23 (0.72-5.24, 0.68)

treatment in mCRC patients. Thus, we conducted this study to
determine the effects of URI on the safety and efficacy of
chemotherapy for CapeOx-treated mCRC patients.

A total of 143 patients with normal SCr were enrolled, of
whom 34.9 % had URI defined as a CrCL of less than 60 ml/
min. To the best of our knowledge, our case series is the
largest among all studies that reported on the safety and
efficacy of chemotherapy in URI patients. Significant differ-
ences were observed between the URI and control groups in
the development of grade 1 to 2 toxicities, including cytope-
nia, diarrhea, stomatitis, and hand—foot syndrome. By con-
trast, grade 3 to 4 toxicities in the two groups were not
statistically different. However, the duration of toxicities in
URI group was longer. This result may be attributed to either
the accumulation of capecitabine and its metabolites or the
longer half-life of excretion in patients with URI. A higher

proportion of patients with URI experienced dose interrup-
tions and reductions, which probably resulted in decreased
TTP. No statistically significant difference in OS was found
between the two groups because of the relatively small sam-
ple size. However, we observed that patients with URI ex-
hibited low survival rates based on the Kaplan—Meier curve
(Fig. 2).

The Cockcroft-Gault and aMDRD equations are the most
frequently used formulas to evaluate renal function [16, 17].
The aMDRD formula is suitable for patients >65 years of age,
whereas the Cockcroft-Gault formula is suitable and more
practical for patients younger than 65 years and who have
normal SCr [18]. For cachexia, neither of the formulas is
sufficiently precise [19]. We chose the Cockcroft—-Gault for-
mula for renal function evaluation by considering the age and
estimated CrCL of the included patients.

Table 3 Toxicity-associated

adverse events and response rate Characteristic CrCL<60 ml/min ~ CrCL>60 ml/min ~ Univariate OR Adjusted OR
(N=50) (N=93) (95 % CI) 95 % CI)
Dose interruption, % 52 26 1.86 (1.13-2.14) 1.72 (1.21-2.05)

(95 % CI 38-68)

Dose modification, % 34

Hospitalization, %

(95 % CI 26-41)
14
(95 % CI19-18)

(95 % CI 20-33)
14

(95 % CI 9-18)
5

(95 % CI 3-12)

P<0.001
2.13 (1.23-2.87)
P<0.001
1.31 (0.83-1.78)
P=0.16

P<0.001
1.98 (1.14-2.23)
P<0.001
1.12 (0.89-1.31)
P=025
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Table 4 Response rate and survival

Response, survival CrCL<60 ml/min CrCL>60 ml/min Univariate HR Adjusted HR
(N=50) (N=93) (95 % CI) (95 % CI)

Response rate, % 28 41 0.73 (0.38-0.95) 0.86 (0.47-0.97)
(95 % CI 11-43) (95 % CI 15-72) P=0.002 P=0.004

Median TTP, months 4.5 55 Log-rank 7.259 1.57 (1.09-2.25)
(95 % CI14-4.9) (95 % CI 5.2-5.8) P=0.007 P=0.015

Median OS, months 18.0 19.0 Log-rank 1.534 1.15 (0.80-1.66)
(95 % CI16.1-19.9) (95 % CI1 18.0-19.9) P=0.419 P=0.442

Renal insufficiency has a major effect on capecitabine and
its metabolites but has negligible effects on oxaliplatin excre-
tion. Reigner et al. [20] investigated the pharmacokinetic
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Fig. 2 Kaplan—Meier curves of time to progression (TTP) and overall
survival (OS)

characteristics of capecitabine and showed that RI can de-
crease the concentrations of the metabolites 5-DFUR and
FBAL. However, no evidence of an effect of RI on systemic
exposure to 5-FU was observed. Pooled et al. [8] also con-
firmed that RI increases systemic exposure to 5-DFUR and
FBAL and observed an association between 5-DFUR area
under the curve and safety. However, clinical parameters, such
as dose modifications, and the efficacy, including response
and survival, were not evaluated in these studies. Only in-
creased short-term toxicities were reported, but long-term
toxicity data was still in lack.

The study demonstrated that URI was associated with high
incidence of chemotherapy-related toxicities in mCRC and
even decreased the efficacy of chemotherapy. That is, URI
decreased response rate and TTP. The results emphasize the
necessity for renal function monitoring of cancer patients
using the estimated CrCL rather than SCr. Initial dosage
adjustments may also be necessary. Thus, another issue was
raised: whether dose reduction according to CrCL can limit
drug-related adverse effects without any decrease in survival.
The conclusions were not clear. SIGO recommends dosage
adjustments of chemotherapy drugs in RI patients. However,
most of the cited references were pharmacokinetic studies
with small sample sizes because of the currently lacking
evidence on the association between dosage adjustment and
clinical treatment outcomes [11].

Our study has several limitations. First, the study represents
the data of a single center and included only CapeOx-treated
mCRC patients. Second, the study was designed in observa-
tional setting. We could not determine whether the dose re-
duction has an effect on safety and efficacy.

Despite of the limitations, our study still showed higher
incidence of chemotherapy-related adverse effects and de-
creased TTP in mCRC patients with URI. Therefore, renal
function monitoring via CrCL estimation is required for all
mCRC patients prior to initial chemotherapy. Further prospec-
tive trials with large sample are required to verify the conclu-
sion and determine the effects of dose reduction on the adverse
effects and survival in cancer patients.
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