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Abstract

Purpose Little information is available about changes in

renal function after cisplatin-based chemotherapy (CBCT)

in patients with a solitary kidney. The authors evalu-

ated the renal safety and efficacy of CBCT after nephrou-

reterectomy for upper urinary tract-urothelial carcinoma

(UUT-UC).

Methods The data of patients who underwent nephrou-

reterectomy for UUT-UC and received CBCT for adjuvant

and/or palliative treatment were reviewed. Renal function

changes and renal function–related adverse events (AEs)

were analyzed, and objective tumor responses were

assessed.

Results Sixty patients were enrolled, and a median of 6

cycles (1–22) of CBCT were administered. After the 3rd

cycle of CBCT, serum creatinine levels were significantly

higher than at baseline, whereas mean creatinine clear-

ances and estimated glomerular filtration rates were sig-

nificantly lower. These renal function indicators also

tended to be lower than baseline after the 6th–21st cycles,

but these decreases were not significant. Significant AEs

(Cgrade 2) occurred in 10 patients (16.7%), and serious

AEs (Cgrade 3) developed in two that required temporary

hemodialysis. Univariate analysis revealed that a low

estimated glomerular filtration rate at baseline was related

to the occurrence of a significant renal AE with borderline

significance (Hazard ratio = 3.284, P = 0.100). The overall

tumor response rate was 30.2%, and tumor response rates of

1st, 2nd, and 3rd line therapies were 36.4, 25.0, and 12.5%,

respectively.

Conclusions Cisplatin-based chemotherapy can be

administered in the majority of patients with UUT-UC with

a solitary kidney after nephroureterectomy without induc-

ing a serious AE, and provides acceptable efficacy.
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Introduction

Upper urinary tract-urothelial carcinoma (UUT-UC) has

high local and systemic failure rates, even after radical

surgery, and 5-year survival rates in patients with a pT3 or

greater lesion have been reported to be\50% [1–3]. These

poorer results and the chemosensitivity of UC raise ques-

tions concerning adjuvant chemotherapy. Some oncologists

have advocated the use of adjuvant chemotherapy in

advanced stage UUT-UC, but adjuvant chemotherapy has

not been widely used for two reasons; a lack of convincing

data that supports the efficacy of adjuvant chemotherapy in

UUT-UC, and the assumed risk of nephrotoxicity to the

presence of a solitary anatomical or functional renal unit,

which undoubtedly dissuades oncologists from adminis-

tering cisplatin-based chemotherapy (CBCT) after neph-

roureterectomy [4].

Unfortunately, little information is available about

changes in renal function after CBCT in patients with a

solitary kidney. Accordingly, we evaluated the renal safety

and efficacy of long-term CBCT in patients with a solitary

kidney after nephroureterectomy for UUT-UC.
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Patients and methods

Patients

This study was approved by the National Cancer Center

institutional review board (NCCNCS-09-302). We revi-

ewed the archived data maintained in a prospective upper

urinary tract cancer database at the National Cancer Center

of 119 consecutive patients treated between 2001 and 2008.

This study included patients that underwent nephroureter-

ectomy for UUT-UC and received adjuvant and/or pallia-

tive CBCT. Patients with a non-urothelial carcinoma

histology, those that underwent neoadjuvant chemotherapy,

and those that treated with a non-cisplatin-based chemo-

therapeutic regimen were excluded.

Radical nephroureterectomy was performed in 95

patients (79.8%) without a metastatic lesion at initial pre-

sentation. Adjuvant chemotherapy was recommended to

patients with pT3, pT4, lymph node–positive disease, or

multifocal lymphovascular invasion. Forty-seven patients

(49.5%) were deemed potential candidates for adjuvant

chemotherapy according to these criteria. Final decisions

on chemotherapy were based on a combination of factors:

the presence of a coexisting condition, presumed patient

ability to withstand treatment, and willingness to comply.

Written informed consent was obtained from all patients.

Thirty-eight patients received adjuvant CBCT, and

of these patients, another cisplatin-based regimen was

re-administered to 13 patients with palliative intent after

disease recurrence. In addition, another 22 patients, who

had not received adjuvant chemotherapy, also underwent

palliative CBCT. Finally, 60 patients were enrolled in the

present study. The median follow-up duration was

36 months (3–105) (Table 1).

Treatment dosage and schedule

Of the 38 patients that received adjuvant CBCT, a gemcit-

abine plus cisplatin (GC) regimen was administered to 31,

and a methotrexate, vinblastin, adriamycin, plus cisplatin

(M-VAC) regimen was administered to 7. In selected

patients, if no disease recurrence was observed after the

initial 3 cycles, 1–3 cycles of chemotherapy were added

using the same regimen. However, if disease recurrence

occurred, the above-mentioned two regimens were switched.

Regarding the 35 patients that received palliative CBCT,

the GC and M-VAC regimens were used for 1st line che-

motherapy in 19 and 16 patients, respectively. Objective

response was evaluated after every three cycles, three

repetitive cycles of the same regimen were provided to

patients without disease progression. After the failure of 1st

line therapy, the aforementioned regimens were switched,

and 2nd line therapy was started. After 2nd line treatment

failure, paclitaxel plus cisplatin (TP) regimen was admin-

istered as a 3rd line therapy in selected patients. These reg-

imens were continued until the disease progressed or toxicity

became intolerable. Treatment schedules and doses were as

follows: gemcitabine 1,000 mg/m2 on days 1, 8, and 15 and

cisplatin 70 mg/m2 on day 2 for the GC regimen; and

methotrexate 30 mg/m2 on days 1, 15, and 22, vinblastine

3 mg/m2 on days 2, 15, and 22, adriamycin 30 mg/m2 on day

2, and cisplatin 70 mg/m2 on day 2 for the M-VAC regimen.

The TP regimen involved paclitaxel at 175 mg/m2 on day 1

and cisplatin at 70 mg/m2 on day 2. The dose of cisplatin was

adjusted according to creatinine clearance (CrCl), which was

measured using 24-h urine samples during each treatment

cycle. If CrCl was C50 ml/min but \70 ml/min, the cis-

platin dose was reduced by 25%, but if CrCl was C30

ml/min but\50 ml/min, the cisplatin dose was reduced by

50%. Other clinical procedures not mentioned above were as

previously reported [5–7].

Table 1 Summary of clinical and pathological features

No. (%)

Age (years) 63 (36–81)

Male:female 44:16

History of hypertension 24 (40.0)

History of diabetes mellitus 5 (8.3)

Renal pelvis:ureter 28:32

T stage

pT1 5 (8.3)

pT2 8 (13.3)

pT3 43 (71.7)

pT4 4 (6.7)

N stage

pN0 26 (43.3)

pN? 15 (25.0)

pNx 19 (31.7)

Tumor grade

Grade 1 0 (0.0)

Grade 2 18 (30.0)

Grade 3 42 (70.0)

Lymphovascular invasion 31 (51.7)

Aims of chemotherapy

Adjuvant only 25 (41.7)

Adjuvant, and palliative 13 (21.6)

Palliative only 22 (36.7)

No. of cisplatin-based chemotherapy 6a (1–22)

Serum creatinine (mg/dl) 1.4a (0.9–1.8)

Creatinine clearance (ml/min) 52.3a (37.8–85.8)

Estimated glomerular filtration rate

(ml/min/1.73 m2)

53.5a (38.2–91.2)

a Median value

770 Cancer Chemother Pharmacol (2011) 67:769–774

123



Renal safety and efficacy assessments

Renal functions were compared to baseline values after

every 3 cycles. Serum creatinine, CrCl, and estimated

glomerular filtration rate (eGFR) were used as indicators of

renal function. Estimated GFRs were calculated using

the Modification of Diet in renal disease equation [8].

Renal function-related adverse events (AEs) are described

using the Common Terminology Criteria for Adverse

Events (version 3) [9]. Objective tumor response was

assessed using the Response Evaluation Criteria in Solid

Tumors [10].

Data and statistical analysis

Baseline to post-chemotherapy renal function differences

were tested using the paired t test and Wilcoxon’s signed

rank test. To identify risk factors for the development of

significant AE, univariate Cox proportional hazards models

were used, and CBCT cycles were used as a time variable.

The Statistical Package for the Social Sciences (version 12.0)

for Windows� was used for the statistical analysis, and two-

sided P values of\0.05 were considered significant.

Results

The median number of CBCT cycles taken was 6 (1–22),

58 patients (96.7%) received C3 cycles of CBCT, only 1

cycle was administered to the other 2 patients due to

patient unwillingness (Table 1). A reduced dose of cis-

platin was administered to 57 patients (95.0%) during 1st

cycle due to low CrCl levels.

Changes in renal function were followed using serum

creatinine, CrCl, and eGFR results in those that underwent

at least 3 cycles of CBCT. Baseline mean serum creatinine

(mg/dl), CrCl (ml/min), and eGFR (ml/min/1.73 m2) val-

ues were 1.34 ± 0.21, 52.43 ± 8.08, and 54.41 ± 8.92,

respectively. After 3rd cycle, serum creatinine, CrCl, and

eGFR values were 1.39 ± 0.23, 51.03 ± 9.14, and

52.85 ± 10.02, respectively. After 3rd cycle, mean serum

creatinine was significantly higher than baseline

(P = 0.0051), and mean CrCl (P = 0.0242) and eGFR

(P = 0.0243) were significantly lower than baseline. Even

after the 6th–21st cycles, these renal function indicators

showed a tendency to be lower than baseline, but no sig-

nificant difference was observed between renal function

indicators at baseline and post-chemotherapy (Table 2).

Table 2 Comparison of serum

creatinine and creatinine

clearance values and estimated

glomerular filtration rates at

baseline and after chemotherapy

a By the paired t test
b By Wilcoxon’s signed rank

test

n Baseline Post-chemotherapy P value

Serum creatinine (mg/dl)

After 3rd cycle 58 1.34 ± 0.21 1.39 ± 0.23 0.0051a

After 6th cycle 35 1.30 ± 0.21 1.33 ± 0.22 0.0679a

After 9th cycle 22 1.27 ± 0.23 1.35 ± 0.45 0.4034a

After 12th cycle 16 1.22 ± 0.19 1.36 ± 0.37 0.1364b

After 15th cycle 11 1.16 ± 0.19 1.49 ± 0.90 0.3441b

After 18th cycle 3 1.06 ± 0.06 1.13 ± 0.15 0.4142b

After 21st cycle 3 1.06 ± 0.06 1.10 ± 0.26 0.6547b

Creatinine clearance (ml/min)

After 3rd cycle 58 52.43 ± 8.08 51.03 ± 9.14 0.0242a

After 6th cycle 35 53.15 ± 8.52 51.97 ± 9.05 0.0687a

After 9th cycle 22 53.10 ± 8.77 52.16 ± 12.66 0.6737a

After 12th cycle 16 53.88 ± 6.08 50.26 ± 11.33 0.1306b

After 15th cycle 11 54.09 ± 7.18 49.30 ± 17.21 0.4630b

After 18th cycle 3 53.93 ± 5.34 51.36 ± 10.48 0.5929b

After 21st cycle 3 53.93 ± 5.34 54.70 ± 16.01 0.6547b

Estimated glomerular filtration rate (ml/min/1.73 m2)

After 3rd cycle 58 54.41 ± 8.92 52.85 ± 10.02 0.0243a

After 6th cycle 35 56.40 ± 10.34 54.71 ± 10.70 0.0682a

After 9th cycle 22 57.17 ± 11.35 56.20 ± 15.84 0.7005a

After 12th cycle 16 57.49 ± 7.32 53.44 ± 12.84 0.1306b

After 15th cycle 11 57.43 ± 8.41 52.44 ± 19.17 0.4630b

After 18th cycle 3 57.77 ± 4.83 54.67 ± 9.95 0.4142b

After 21st cycle 3 57.77 ± 4.83 58.43 ± 16.27 0.6547b
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A significant AE (Cgrade 2 AE) occurred in 10 patients

(16.7%). Of these, 8 patients (5 on GC, 3 on TP) experienced

a grade 2 AE (eGFR C 18.5 ml/min/1.73 m2, \37.5

ml/min/1.73 m2) during the 2nd, 2nd, 6th, 6th, 7th, 10th,

16th, and 20th cycles of cisplatin-based chemotherapy. After

conservative management, all grade 2 AEs remitted. Four

patients continued chemotherapy after recovering renal

function, but the other 4 refused further chemotherapy.

A serious AE (grade 3 AE; eGFR \ 18.5 ml/min/1.73 m2,

chronic dialysis not indicated) developed in 2 patients during

M-VAC treatment, and both required temporary hemodial-

ysis. Univariate Cox proportional model analysis suggested

that a low eGFR at baseline is a risk factor of time to the

development of a significant AE with borderline significance

(Hazard ratio = 3.284, P = 0.100). However, sex, age, a

history of diabetes, a history of hypertension, serum creati-

nine, and CrCl were not found to be associated with the

development of a significant AE (Table 3).

Palliative chemotherapy was provided to 35 patients,

and the data of 33 of these patients were eligible for effi-

cacy analysis. The overall response rate (ORR) to CBCT

was 30.2% (16/53), and ORRs to 1st, 2nd, and 3rd line

therapies were 36.4% (12/33), 25.0% (3/12), and 12.5%

(1/8), respectively. In terms of the three regimens, the GC

regimen achieved complete response (CR) in 2 (10.0%)

and partial response (PR) in 7 (35.0%); the M-VAC regi-

men achieved CR in 1 (4.0%) and PR in 5 (20.0%), and the

TP regimen achieved PR in 1 (12.5%) (Table 4).

Discussion

Given the established efficacy of CBCT, treating patients

with advanced UUT-UC presents a substantial therapeutic

dilemma because nephrectomized status is known to be an

important risk factor of the development of new-onset

chronic kidney disease [11, 12]. In this study, baseline CrCl

was \60 ml/min in 50 patients (83.3%), and \50 ml/min

in 22 patients (36.7%) after nephroureterectomy. In addi-

tion, patients with UUT-UC are usually elderly, and the

probability of ineligibility for CBCT increases with age

[13].

Our study shows that long-term CBCT tends to reduce

renal function in patients with a solitary kidney, but dif-

ferences between renal functions pre- and post-chemo-

therapy were not as obvious as expected. Our observations

Table 3 Risk factors for the

development of significant renal

function–related adverse events

CI confidence interval
a By univariate Cox

proportional hazard model

analysis
b Median value

Hazard ratio (95% CI) P valuea

Sex

Female vs. male 0.878 (0.187–4.115) 0.869

Age

C63b years vs. \63 years 3.358 (0.695–16.224) 0.132

History of hypertension

Presence vs. absence 2.782 (0.690–11.223) 0.151

History of diabetes mellitus

Presence vs. absence 0.040 (0.0–1,293.848) 0.543

Serum creatinine

C1.4b mg/dl vs. \1.4 mg/dl 2.295 (0.512–10.285) 0.278

Creatinine clearance

\52.3b ml/min vs. C52.3 ml/min 1.462 (0.389–5.492) 0.574

Estimated glomerular filtration rate

\53.5b ml/min vs. C53.5 ml/min 3.284 (0.798–13.515) 0.100

Table 4 Objective tumor responses for the various regimens examined

No. of cases

Gemcitabine and cisplatin

(n = 20)

Methotrexate, vinblastine, adriamycin, and cisplatin

(n = 25)

Paclitaxel and cisplatin

(n = 8)

CR PR SD PD CR PR SD PD CR PR SD PD

1st line (n = 33) 1 6 6 4 1 4 5 6 – – – –

2nd line (n = 12) 1 1 1 0 0 1 3 5 – – – –

3rd line (n = 8) – – – – – – – – 0 1 4 3

CR complete response, PR partial response, SD stable disease, PD progressive disease
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are in-line with those of Hellenthal et al. [4], who showed

that serum creatinine levels in patients treated with

M-VAC increased from an average of 1.2 mg/dl preoper-

atively to 1.3 mg/dl after surgery and chemotherapy.

However, the use of CBCT in patients with a low creati-

nine clearance remains controversial. In the majority of

clinical trials on CBCT, adequate renal function is a pre-

requisite and eligibility cutoffs of \2.0 mg/dl for serum

creatinine, and/or of [60 ml/min for calculated CrCl are

applied [14]. According to these criteria, [80% of the

patients enrolled in the present study might have been

considered ineligible for CBCT. Nevertheless, empiric

guidelines suggest that cisplatin can be administered at

lower doses to patients with renal impairment [15], but data

supporting such recommendations are lacking. In the

present study, a low eGFR at baseline tended to be related

to a significant AE, but this was less informative with

respect to the prediction of a serious AE, because eGFR

values of the two patients (53.0 and 59.3 ml/min/1.73 m2)

who experienced a serious AE were not much lower than

those of the other patients. Nonetheless, split-dose admin-

istration of weekly cisplatin can helpfully sustain efficacy

and reduce toxicity in patients with renal impairment.

Nephrotoxicity is the major dose-limiting side effect of

cisplatin, but repeat cisplatin administration has been

shown to reduce GFR chronically in a dose-dependent

manner [16]. On the other hand, carboplatin is regarded

as a promising alternative for patients with renal function

impairment, because its action mechanism is similar to

that of cisplatin, and at standard doses (up to 400 mg/m2),

it does not cause nephrotoxicity or neurotoxicity. How-

ever, despite the considerable concerns about the renal

toxicity of cisplatin in patients with an impaired renal

function, we prefer reducing cisplatin dose rather than

substituting carboplatin for the following reasons.

Although small single institutional studies have reported

similar response rates and a more favorable toxicity

profile for carboplatin [17], it remains uncertain whether

carboplatin can be substituted for cisplatin without com-

prising efficacy. During the M-VAC era, two single-

institution randomized phase 2 studies showed lower

levels of gastrointestinal, renal, neurologic, and otologic

toxicities in the carboplatin arm. However, results sug-

gested better efficacy for the cisplatin-based regimen

when ORR and median survival were considered [18, 19].

Furthermore, a recent phase 2 randomized study showed

that the ORR was 49.1% in the GC arm (CR = 14.5%;

PR = 34.5%) and 40.0% in the gemcitabine plus carbo-

platin arm (CR = 1.8%; PR = 38.2%) [20]. Accordingly,

the above results indicate that the substitution of cisplatin

by carboplatin cannot be routinely recommended in

patients able to tolerate CBCT [17, 21].

Although long-term CBCT is feasible in patients with a

solitary kidney and renal functional impairment, some

critical issues remain. In our study, serum creatinine, CrCl,

and estimated glomerular filtration rate (eGFR) were used

as indicators of renal function. However, they are consid-

ered to be relatively inaccurate when compared with

measures of 51Cr-EDTA plasma clearance [22, 23],

another problematic issue is whether reducing cisplatin

dose according to CrCl maintains its efficacy. Our results

suggest that cisplatin remains active at a reduced dose, but

the ORR found in the present study seems to be somewhat

lower than those reported in contemporary series. Fur-

thermore, comparisons between our findings and those of

clinical trials are difficult, because strict enrollment criteria

are normally applied during clinical trials. In addition,

some patients who received long-term CBCT experienced

serious chemotherapy-induced peripheral neuropathy or

ototoxicity in a total cumulative dose-dependent manner

[24, 25]. Based on our experiences, peripheral nephropathy

is a more debilitating problem than renal insufficiency,

especially in long-term responders or survivors.

Finally, cisplatin resistance is an important obstacle to

long-term CBCT, as is shown in the present study, the

ORRs of CBCT decreased in the order 1st, 2nd, to 3rd

line therapy. We previously reported that the efficacy of

M-VAC was encouraging in patients with progressive

disease after GC chemotherapy [26], and the present

study also shows that another combination of CBCT after

the failure of 1st line CBCT maintains some degree of

efficacy. Accordingly, the failure of CBCT may not imply

a cisplatin-refractory status, and cisplatin may still be

active in some patients who failed prior CBCT. For this

reason, we have used the TP regimen in selected patients

as a 3rd line therapy. However, although no life-threat-

ening complications were observed, its efficacy was lim-

ited and unsatisfactory. To date, no standard regimen has

been agreed as a 2nd or 3rd line therapy, and therefore,

new cytotoxic or targeted agents are urgently required to

improve oncological outcomes and preserve quality of

life.

Conclusions

The present study shows that long-term CBCT tended to

reduce renal function in patients with a solitary kidney after

nephroureterectomy for UUT-UC. However, it also shows

that long-term CBCT can be administered to the majority

of these patients without inducing a serious AE, and that in

these patients it provides acceptable efficacy. Furthermore,

our findings suggest that close monitoring for AE is needed

in patients with a low eGFR.
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