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(grade 3/4) was not significantly different between the 
two groups (neutropenia: 68.8 vs. 74.2%, respectively 
(P = 0.959); thrombocytopenia: 31.2 vs. 51.6%, respec-
tively (P = 0.307); and anemia: 12.5 vs. 38.7%, respectively 
(P = 0.094)). Multivariate analysis revealed no statistically 
significant association between having a SK and severe 
hematologic toxicities. Moreover, no significant differences 
were observed in the incidence of acute kidney injury. 
The mean differences in serum creatinine and estimated 
glomerular filtration rate between baseline and each post-
chemotherapy cycle were similar when comparing the SK 
and BK groups.
Conclusions There is no evidence that tolerability to GC 
chemotherapy is inferior in patients with a solitary kidney. 
Therefore, there may be no need to avoid administering 
CDDP-based chemotherapy to such patients.

Keywords Solitary kidney · Nephroureterectomy · 
Cisplatin · Tolerability · Hematologic toxicities · Renal 
safety

Introduction

Urinary tract carcinoma may develop in any tissue where 
transitional epithelium is present, including in the renal pel-
vis, ureter, bladder, and proximal two-thirds of the urethra 
[1, 2]. Urothelial (transitional cell) carcinoma is the most 
common histologic subtype, accounting for more than 90% 
of urinary tract carcinoma [1]. More than 90% of urothelial 
carcinomas (UCs) originate in the bladder. Upper urinary 
tract urothelial carcinomas (UUTUCs), including those that 
originate in the renal pelvis or ureter, are relatively uncom-
mon [3].

Abstract 
Purpose There is little information on tolerability to 
cisplatin-based chemotherapies in patients with a solitary 
kidney after nephroureterectomy. We evaluated the impact 
of having a solitary kidney on tolerability to gemcitabine 
plus cisplatin (GC) chemotherapy in urothelial carcinoma 
patients.
Methods We retrospectively reviewed medical records 
of patients treated between August 2007 and Novem-
ber 2015. Eligible patients had received GC as first-line 
chemotherapy, including as neoadjuvant and adjuvant treat-
ment. Patients who commenced GC chemotherapy after 
nephroureterectomy comprised the solitary kidney (SK) 
group; the remaining patients (i.e., those with both kidneys) 
comprised the BK group. Incidences of hematologic tox-
icities and renal insufficiency were examined and compared 
between two groups.
Results There were 16 patients in the SK group and 31 
in the BK group. The incidence of hematologic toxicity 
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Radical nephroureterectomy is the standard treatment 
in UUTUC patients as well as those with bladder cancer 
that has invaded the ureter [2]. After nephroureterectomy, 
patients have an anatomic solitary renal unit, the so-called 
solitary kidney. However, UUTUC has a high local and 
systemic failure rate, even after radical surgery, and 5-year 
survival rates in patients with a pT3 or higher-stage lesion 
have been reported to be <50% [4]. Consequently, clinical 
guidelines recommend adjuvant systemic chemotherapy 
in UCs with a pathological stage of pT2/3 or greater and/
or lymph node positivity; however, there is conflicting 
data regarding the efficacy of such treatments [2], as meta-
static or recurrent disease following surgery may be man-
aged with systemic chemotherapy as well [2, 5]. In each of 
these treatments strategies, cisplatin (CDDP)-based chemo-
therapy (CBCT) has been shown to be effective; the gem-
citabine plus cisplatin (GC) regimen is commonly used in 
clinical practice [2, 5].

Hematologic toxicities such as neutropenia, thrombocy-
topenia, and anemia are the most frequent side effects in 
GC chemotherapy [5, 6]. Furthermore, nephrotoxicity is 
recognized as the dose-limiting adverse effect of CDDP [7, 
8]. Hence, hematologic toxicities and renal insufficiency 
are the side effects in most strongly indicative of CDDP 
tolerability.

There is little information on the tolerability of patients 
with a solitary kidney to the administration of CDDP. 
Although a previous retrospective study investigated renal 
safety in patients with a solitary kidney who received long-
term CBCT [9], no studies to compare tolerability between 
patients with a solitary kidney and control patients have 
been performed to our knowledge. Furthermore, the pres-
ence of a solitary kidney is a criterion for ineligibility for 
CDDP administration in some advanced UC clinical tri-
als [10]; therefore, it has been difficult to obtain informa-
tion regarding CDDP tolerability in patients with a solitary 
kidney. To that end, we conducted this retrospective study 
to compare the incidences of hematologic toxicities and 
renal insufficiency between UC patients with a solitary 
kidney and those who have both kidneys to evaluate the 
impact of having a solitary kidney on the tolerability to GC 
chemotherapy.

Patients and methods

Patients and controls

This study was approved by the ethical review board at 
Nagoya City University Graduate School of Medical 
Sciences.

We retrospectively reviewed the medical records of 
patients treated at Nagoya City University Hospital, 

Japan, between August 2007 and November 2015. Eligi-
ble patients had UC of the bladder, renal pelvis, or ureter; 
had received no chemotherapy prior to GC chemotherapy; 
and were administered GC chemotherapy at least once at 
Nagoya City University Hospital. Patients administered GC 
chemotherapy for advanced or metastatic disease were eli-
gible regardless of intent (whether neoadjuvant, adjuvant, 
or palliative). We excluded patients who received prophy-
lactic granulocyte colony-stimulating factor for neutrope-
nia, magnesium injections for CDDP-induced renal insuf-
ficiency, or erythropoiesis-stimulating agents. We also 
excluded patients with diabetes mellitus, multiple primary 
cancers, nephrectomy of both kidneys, and those who 
underwent hemodialysis. Patients with a hydronephrotic 
kidney were also excluded, as such patients may have had 
a potentially non-functional kidney (effectively, a func-
tional solitary kidney). However, patients who commenced 
GC chemotherapy after their hydronephrotic kidney was 
resolved by an indwelling ureteral stent or nephrostomy 
were included in the study. The eligible patients were 
divided into two groups: the solitary kidney (SK) group 
(i.e., those who commenced GC chemotherapy after neph-
roureterectomy) and the remaining patients with both kid-
neys (the BK group) who comprised the controls.

Treatment protocol

Gemcitabine (GEM) 1,000  mg/m2 was administered by 
intravenous infusion for 30 min on days 1, 8, and 15 of a 
28-day cycle. CDDP 70 mg/m2 was administered by intra-
venous infusion in 500 mL of normal saline over 180 min 
on day 2 of each cycle. Intravenous hydration (2000 mL per 
day) was provided on days 1, 2, and 3.

Observational period in each patient

The observational period in each patient was from day 1 of 
the 1st cycle to the end of the final cycle of GC chemother-
apy or until November 2015, whichever was earlier; data 
from all completed cycles during this period were used. If 
a subsequent cycle did not commence within 28 days after 
completion of the previous cycle, that previous cycle was 
considered as the final cycle.

Evaluation of hematologic toxicities and renal safety

We evaluated hematologic toxicities and renal safety to 
compare the tolerability of GC chemotherapy between two 
groups. Neutropenia, thrombocytopenia, and anemia were 
used as indicators of hematologic toxicities and were evalu-
ated according to the National Cancer Institute Common 
Toxicity Criteria for Adverse Events version 4.0. The inci-
dences of grade 3/4 hematologic toxicities that developed 
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during the chemotherapy cycles were compared between 
the groups. Renal safety was evaluated by noting the inci-
dences of acute kidney injury (AKI) and any changes in 
renal function with the completion of GC chemotherapy 
cycles. The development of AKI was evaluated accord-
ing to the Kidney Disease: Improving Global Outcomes 
(KDIGO) clinical practice guideline criteria [11], and 
involved assessment by changes in serum creatinine (SCre) 
levels within 7 days after administration of CDDP. Dif-
ferences in SCre and estimated glomerular filtration rate 
(e-GFR) between baseline and post-completion of each 
chemotherapy cycle were compared between the SK and 
BK groups.

Clinical data acquisition

All clinical variables were collected from patients’ medi-
cal records held by the Nagoya City University Hospital. 
Data on age, sex, SCre, e-GFR, serum albumin, Union for 
International Cancer Control TNM cancer staging, number 
of chemotherapy cycles, and doses of anti-cancer agents 
delivered were compared to background values in the SK 
and BK groups, and were also used to evaluate the associa-
tion between the presence of a solitary kidney and hema-
tologic toxicities. Actual doses of anti-cancer agents were 
calculated as the proportions of delivered dose to planned 
dose.

Statistical analysis

Differences between the SK and BK groups in terms of 
incidence of hematologic toxicities or AKI, as well as back-
ground clinical variables, such as sex, pre-existing cyto-
penia, and cancer stage, were compared by Fisher’s exact 
test or the chi-squared test. Age, SCre, e-GFR, and serum 
albumin were compared by Student’s t test. The differ-
ences between baseline and post-chemotherapy SCre and 
e-GFR after completion of each chemotherapy cycle were 
compared using Student’s t test. Multivariate analyses were 
performed using three types of logistic regression models: 
the unadjusted (crude) model; Model 1, which adjusted for 
age and sex; and Model 2, which adjusted for the variables 
in Model 1 plus established risk factors of chemotherapy-
induced hematologic toxicities [2, 12, 13]. The established 
risk factors in Model 2 included the presence of a solitary 
kidney, the number of GC chemotherapy cycles, pre-exist-
ing cytopenia (of each and any type), serum albumin, and 
TNM stage IV. Each of these variables was excluded as 
an explanatory variable if used as an objective variable in 
any particular analysis. P < 0.05 was considered as statisti-
cally significant in this study; all statistical analyses were 
performed with EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), which is a graphical user 

interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria) [14].

Results

Characteristics of patients

Forty-seven patients were included in this study, the base-
line characteristics of whom are summarized in Table  1. 
There were 16 patients in the SK group and 31 in the BK 
group. The ratios between the sexes were similar in both 
groups. Baseline renal function was significantly lower in 
the SK group than in the BK group (mean SCre levels were 
1.17 ± 0.23 and 0.82 ± 0.25  mg/dL, while mean e-GFRs 
were 49.1 ± 10.6 mL/min/1.73  m2 and 70.4 ± 21.9 mL/
min/1.73 m2, respectively). On the other hand, patients in 
the BK group tended to exhibit lower serum albumin and 
were more likely to have TNM stage IV tumors, although 
the differences were not significant. Baseline neutrophil 

Table 1  Baseline characteristics of patients

LLN lower limits of normal, SD standard deviation
P values were determined using the Student’s t test for continuous 
variables, and Fisher’s exact test or the chi-squared test for nominal 
variables

Solitary kidney Both kidneys P value
n (%) n (%)

Number of patients 16 31
Age (years)
 Mean ± SD 67.2 ± 7.6 66.3 ± 10.3 0.759

Sex
 Male 14 (87.5) 18 (58.1) 0.052

Serum creatinine (mg/dL)
 Mean ± SD 1.17 ± 0.23 0.82 ± 0.25 <0.001

Estimated glomerular filtration rate (mL/min/1.73 m2)
 Mean ± SD 49.1 ± 10.6 70.4 ± 21.9 <0.001

Serum albumin (g/dL)
 Mean ± SD 3.83 ± 0.34 3.52 ± 0.55 0.054

Neutrophil count (/mm2)
 ≤LLN 1 (6.2) 0 (0) 0.340

Platelet count (/mm2)
 ≤LLN 3 (18.8) 2 (6.5) 0.320

Hemoglobin (g/dL)
 ≤LLN 13 (81.2) 18 (58.1) 0.193

TNM stage
 Stage IV 6 (37.5) 22 (71.0) 0.057

Chemotherapy intent
 Neoadjuvant 0 (0) 6 (19.4)
 Adjuvant 13 (81.2) 10 (32.3)
 Palliative 3 (18.8) 15 (48.4)
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count, platelet count, and hemoglobin levels were simi-
lar between the groups. The proportions of SK and BK 
patients who received adjuvant therapy were 81.2 and 
32.3%, respectively; 18.8 and 48.4% received palliative 
therapy, respectively. No serious adverse events, including 
hand-foot syndrome, occurred in either group; only hema-
tologic toxicities and renal insufficiency were observed.

Administration of anti‑cancer agents

The anti-cancer agents were administered as summarized 
in Table  2. The median number of administered cycles 
was two in both groups, and the proportion of patients who 

received four or more cycles tended to be higher in the BK 
group than in the SK group (25.8 vs. 6.2%, respectively). 
There were no statistically significant differences between 
the two groups in the mean doses of CDDP and GEM actu-
ally delivered, whether in the 1st cycle or overall.

Evaluation of grade 3/4 hematologic toxicity

The incidences of grade 3/4 neutropenia (SK: 68.8%, BK: 
74.2%; P = 0.959), thrombocytopenia (SK: 31.2%, BK: 
51.6%; P = 0.307), and anemia (SK: 12.5%, BK: 38.7%; 
P = 0.094) were not significantly different between the SK 
and BK groups (Table 3). However, there were more inci-
dences of thrombocytopenia within each grade in the BK 
group that within each grade of the SK group; moreover, 
the difference in the incidence of anemia between the two 
groups was particularly large. Additionally, there were no 
significant differences in the types of cytopenia between 
patients who received more than the median number of GC 
chemotherapy cycles vs. those who received less [neutro-
penia: 68.2 vs. 76.0%, respectively (P = 0.786); thrombocy-
topenia: 40.9 vs. 48.0%, respectively (P = 0.846); and ane-
mia: 40.9 vs. 20.0%, respectively (P = 0.213)].

Multivariate analysis of the association between grade 
3/4 hematologic toxicities and the presence of a solitary 
kidney

Crude and multivariate-adjusted analyses revealed no 
association between the presence of a solitary kidney 
and grade 3/4 neutropenia (Table  4a). Additionally, the 
other variables associated with the development of grade 
3/4 neutropenia were not found to be influential. Simi-
larly, there was no association between a solitary kidney 
and grade 3/4 thrombocytopenia or anemia on crude and 
multivariate-adjusted analyses (Table 4b, c). Conversely, 
serum albumin levels were significantly associated 
with grade 3/4 anemia (Table  4c). Pre-existing anemia 
(grade ≥1) was not significantly associated with grade 

Table 2  Administration of anti-cancer agents

SD standard deviation
P values were determined by Mann–Whitney U-test for number of 
cycles, Fisher’s exact test for nominal variables, and Student’s t test 
for continuous variables

Solitary 
kidney 
(n = 16)

Both kidneys 
(n = 31)

P value

Chemotherapy cycles
Number of cycles Median (range)

2 (1–4) 2 (1–6) 0.487
Number of patients No. (%)
 1 cycle 4 (25.0) 8 (25.8)
 2 cycles 5 (31.3) 8 (25.8)
 3 cycles 6 (37.5) 7 (22.6)
 4 cycles 1 (6.2) 3 (9.7)
 5 cycles – 2 (6.5)
 6 cycles – 3 (9.7)

Actual doses delivered as proportions of planned doses (%)
 Cisplatin Mean ± SD
  1st cycle 87.5 ± 12.4 88.9 ± 14.1 0.744
  Overall cycles 85.8 ± 10.0 88.2 ± 12.2 0.492

 Gemcitabine Mean ± SD
  1st cycle 78.5 ± 19.9 76.0 ± 19.1 0.668
  Overall cycles 78.8 ± 19.0 75.8 ± 17.8 0.600

Table 3  Incidences of 
hematologic toxicities in the 
solitary kidney and both kidneys 
groups

NCI-CTCAE National Cancer Institute Common Toxicity Criteria for Adverse Events
P values were determined by Fisher’s exact test or the chi-squared test.

NCI-CTCAE (version 4.0) grade P value 
for grade 
3/4Solitary kidney (n = 16) Both kidneys (n = 31)

1 2 3 4 3/4 1 2 3 4 3/4

No. of patients No. (%) No. of patients No. (%)

Neutropenia 0 5 6 5 11 (68.8) 2 6 14 9 23 (74.2) 0.959
Thrombocytopenia 4 7 4 1 5 (31.2) 5 10 10 6 16 (51.6) 0.307
Anemia 2 10 2 0 2 (12.5) 2 15 12 0 12 (38.7) 0.094
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3/4 anemia in Model 2, although it was significantly 
associated according to Model 1.

Evaluation of renal safety

AKI incidence rates were similar in the SK and BK 
groups (6.2% [1/16] and 9.7% [3/31], respectively; data 
not shown). Although changes in SCre and e-GFR were 
evaluated after each GC chemotherapy cycle up to the 
3rd since only one patient received over three cycles in 
the SK group (Table 5), no statistically significant differ-
ences were observed between the two groups in terms of 
mean SCre and e-GFR between baseline and post-chem-
otherapy treatment after each cycle.

Discussion

There was no statistically significant association between 
the presence of a solitary kidney and grade 3/4 hematologic 
toxicities, even after adjusting for age, sex, and established 
risk factors of chemotherapy-induced hematologic toxici-
ties [12, 13]. Moreover, renal toxicity was not significantly 
different between the two groups. These results suggest that 
tolerability of patients with a solitary kidney to CBCT is 
not inferior to those who have both their kidneys.

The intensity of chemotherapy did not differ between 
the two groups, although renal function in the SK group 
was significantly lower than that in the BK group. The 
incidences of hematologic toxicities would therefore be 
expected to be higher in the SK group than in the BK 

Table 4  Crude and multivariate analyses for the incidence of grade 3/4 hematological toxicities

Model 1: Adjusted for age and sex
Model 2: Adjusted for the variables in Model 1 plus solitary kidney, number of chemotherapy cycles, pre–existing cytopenia types, serum albu-
min, and TNM Stage IV. When each such variable was used as an objective variable, it was excluded as an explanatory variable. Toxicity grades 
were according to the National Cancer Institute Common Toxicity Criteria for Adverse Events, version 4.0
CI confidence interval, GC gemcitabine plus cisplatin, OR odds ratio
*P < 0.05. Logistic regression models

Variables Crude model Model 1 Model 2

OR (95% CI) P value OR (95% CI) P Value OR (95% CI) P Value

(A) Grade 3/4 neutropenia
 Age 0.99 (0.92–1.06) 0.714 – – – –
 Male sex 0.80 (0.20–3.14) 0.749 – – – –
 Solitary kidney 0.90 (0.24–3.34) 0.875 0.96 (0.24–3.76) 0.949 0.62 (0.12–3.13) 0.560
 ≥3 cycles of GC chemotherapy 0.83 (0.24–2.91) 0.775 0.78 (0.21–2.89) 0.710 0.73 (0.17–3.16) 0.671
 Pre-existing neutropenia (grade ≥1) – – – – – –
 Serum albumin 1.92 (0.52–7.03) 0.325 2.14 (0.56–8.12) 0.265 2.37 (0.51–11.00) 0.272
 TNM stage IV 0.75 (0.21–2.75) 0.669 0.75 (0.20–2.83) 0.674 0.65 (0.13–3.32) 0.608

(B) Grade 3/4 thrombocytopenia
 Age 1.04 (0.97–1.12) 0.225 – – – –
 Male sex 1.56 (0.43–5.60) 0.499 – – – –
 Solitary kidney 0.55 (0.16–1.97) 0.360 0.45 (0.12–1.72) 0.242 0.48 (0.10–2.27) 0.354
 ≥3 cycles of GC chemotherapy 0.73 (0.23–2.35) 0.595 0.77 (0.22–2.71) 0.684 0.95 (0.21–4.21) 0.941
 Pre-existing thrombocytopenia (grade ≥1) 2.44 (0.37–16.20) 0.357 1.86 (0.27–13.0) 0.532 2.48 (0.28–22.10) 0.414
 Serum albumin 1.14 (0.34–3.79) 0.835 1.04 (0.30–3.58) 0.947 1.43 (0.35–5.88) 0.622
 TNM stage IV 1.88 (0.56–6.36) 0.311 2.02 (0.56–7.29) 0.280 1.66 (0.37–7.48) 0.506

(C) Grade 3/4 anemia
 Age 1.00 (0.94–1.07) 0.954
 Male sex 0.32 (0.09–1.19) 0.090
 Solitary kidney 0.23 (0.04–1.18) 0.077 0.28 (0.05–1.55) 0.146 0.20 (0.02–1.73) 0.145
 ≥3 cycles of GC chemotherapy 2.77 (0.76–10.1) 0.124 2.21 (0.57–8.64) 0.254 5.30 (0.80–35.10) 0.084
 Pre-existing anemia (grade ≥1) 2.38 (0.56–10.2) 0.242 7.54 (1.01–56.4) 0.049* 3.78 (0.46–31.20) 0.217
 Serum albumin 0.19 (0.04–0.81) 0.025 0.20 (0.05–0.87) 0.032* 0.10 (0.01–0.98) 0.048*
 TNM stage IV 0.87 (0.24–3.08) 0.825 1.09 (0.28–4.22) 0.897 0.19 (0.02–1.75) 0.143
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group; however, there were no significant differences in 
the incidences of each tested type of cytopenia between 
the groups. In fact, patients in the BK group tended to 
exhibit higher incidences of cytopenia than those in the 
SK group; the difference was particularly large for ane-
mia. Furthermore, multivariate analysis revealed an asso-
ciation between low serum albumin at baseline and grade 
3/4 anemia.

In the present study, patients in the BK group tended 
to exhibit lower serum albumin levels at baseline and to 
undergo a greater number of GC chemotherapy cycles. 
Additionally, neither hepatic metastasis at baseline nor 
severe hepatic toxicity was observed in any of the patients 
during chemotherapy. Therefore, our results suggest that 
the patients’ nutritional statuses or the number of chemo-
therapy cycles administered likely contributed to the devel-
opment of anemia, but not to any effects specific to having 
a solitary kidney.

The evaluation of renal safety was limited to the first 
three cycles of GC chemotherapy, as only one solitary 
kidney patient was administered over three cycles. How-
ever, we detected no evidence that renal safety was inferior 
among patients with a solitary kidney.

Generally, neoadjuvant or adjuvant chemotherapy is 
administered as part of a previously planned number of 
cycles in patients with solid tumors, and 3–4 cycles of 
GC chemotherapy are recommended for UC patients in 
such settings [2]. In the present study, 81.2% of SK group 
patients received UC in an adjuvant setting, indicating that 
the majority of patients in this group had 3–4 cycles pre-
planned. In fact, the mean number of cycles was not sig-
nificantly different between SK and BK group patients (2.3 
and 2.4 cycles, respectively; P = 0.799 using the Student’s t 
test; data not shown) on subgroup analysis of neoadjuvant 
or adjuvant settings. Hence, the reason for not administer-
ing more than three cycles to most SK group patients was 
unlikely to be due to poor CDDP tolerability.

A previous retrospective study in patients with a soli-
tary kidney after nephroureterectomy for UUTUC evalu-
ated the changes in renal function after long-term CBCT 
administration (a maximum of 21 cycles) [9]. The authors 
concluded that long-term CBCT can be administered to the 
majority of solitary kidney patients without severe renal 
dysfunction. However, their study did not include a control 
population (i.e., patients who had both kidneys). Moreover, 
hematologic toxicities are not evaluated despite the fact that 
renal dysfunction is one of the risk factors of chemother-
apy-induced neutropenia or anemia [12, 13], and patients 
with a solitary kidney tend to develop reduced renal func-
tion post-nephroureterectomy. To our knowledge, our 
present study is the first to compare tolerability to CBCT 
between patients with a solitary kidney and those with both 
kidneys, and in which hematologic toxicities and renal 
safety are used as indicators. While we showed that patients 
with a solitary kidney did not have inferior tolerability to 
those with both kidneys, and a prospective control study is 
required to confirm the equivalence.

Radical nephrectomy is known to be a significant risk 
factor for the development of chronic kidney disease [15]. 
Therefore, the assumed risk of nephrotoxicity in patients 
with a solitary kidney may deter oncologists from adminis-
tering CDDP; it has been reported that only 22% of patients 
with high-risk UUTUC after nephroureterectomy receive 
adjuvant chemotherapy [16]. However, all solitary kidney 
patients in our study were treatable with GC chemother-
apy without experiencing unacceptable toxicities such as 
treatment-related death or referral to hemodialysis. These 
results strongly suggest that it is possible to administer GC 
chemotherapy to patients with a solitary kidney.

The present study has several limitations. First, it was 
a retrospective study using a small and diverse popula-
tion. Therefore, the performance status (PS) was unknown, 
although poor PS at baseline is one of the risk factors of 
severe neutropenia [12]. Moreover, the study population 

Table 5  Differences of (A) 
serum creatinine and (B) 
estimated glomerular filtration 
rate between baseline and after 
each chemotherapy cycle in 
the solitary kidney and both 
kidneys groups

SD standard deviation
P values were determined by Student’s t test

Chemotherapy cycle Solitary kidney Both kidneys P value

No. of 
Patients

Mean ± SD No. of 
Patients

Mean ± SD

(A) Serum creatinine (mg/dL)
 After 1st 16 + 0.137 ± 0.331 31 + 0.094 ± 0.339 0.682
 After 2nd 12 + 0.008 ± 0.191 23 + 0.003 ± 0.184 0.947
 After 3rd 7 + 0.061 ± 0.186 15 + 0.006 ± 0.233 0.589

(B) Estimated glomerular filtration rate (mL/min/1.73 m2)
 After 1st 16 −3.94 ± 8.98 31 −4.28 ± 18.59 0.946
 After 2nd 12 + 0.24 ± 10.23 23 −1.70 ± 11.94 0.636
 After 3rd 7 −6.26 ± 13.41 15 −1.55 ± 14.19 0.470
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was heterogeneous, especially in terms of nutritional state 
and treatment goal. Second, selection bias could not be 
avoided; however, we analyzed all patients regardless of 
treatment goals or cancer stage to reduce bias as much as 
possible after excluding those with factors that could influ-
ence the evaluation of hematologic toxicities or renal safety.

In conclusion, patients with a solitary kidney may be 
eligible for CBCT. When administering CBCT to such 
patients, the same risk factors for hematologic toxicities as 
those considered for patients with both kidneys, including 
nutritional state before administration, should be taken into 
account.
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