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is needed because of the tendency for a high incidence of 
serious AE, even when a reduced dose is administered.
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Introduction

Patients with end-stage renal disease (ESRD) are at sub-
stantially greater risk of developing renal cell carcinoma 
(RCC), the prevalence of which is reported to be 3–5 % 
for dialysis and/or renal transplant patients—100-fold 
higher than for the general population [1–4]. However, 
the biological behavior of RCC related to ESRD (ESRD-
RCC) is usually reported to be less aggressive than that 
of RCC for other patients [3, 5], although a longer dura-
tion of dialysis might increase the possibility of develop-
ing more aggressive RCC with an unfavorable prognosis 
[6]. In fact, the natural history, prognosis, and optimum 
treatment of advanced ESRD-RCC remain unclear, with 
limited data available from only a few studies, each of 
which included only a small number of dialysis patients 
[7].

Sorafenib is an orally administered multi-targeted tyros-
ine kinase inhibitor (TKI) of Raf, vascular endothelial 
growth factor receptors 2 and 3, and platelet-derived growth 
factor receptor. In phase 3 of the treatment approaches 
in renal cancer global evaluation trial (TARGET) [8], 
sorafenib prolonged progression-free survival (PFS) com-
pared with placebo in advanced clear-cell RCC patients 
with favorable-risk or intermediate-risk status, according 
to the Memorial Sloan-Kettering Cancer Center (MSKCC) 
prognostic score [9], and for whom 1 round of previous 
systemic therapy had failed. Most of these patients had 
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had metastases in 2 or more organs. Of 16 patients who had 
previously undergone nephrectomy, 8 were pathologically 
diagnosed with non-clear-cell carcinoma. The median dura-
tion of sorafenib therapy was 4.7 months. Sorafenib was 
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previously received immunotherapy as systemic therapy, 
and over 99 % had clear-cell histology. As with most other 
clinical trials, patients with ESRD were excluded. Previ-
ous studies have shown there is no correlation between the 
degree of renal functional impairment and the steady-state 
area under the curve for sorafenib [10–12]. Case reports 
also suggest that the standard dose of sorafenib could be 
successfully used to treat metastatic RCC (mRCC) in dialy-
sis patients without serious adverse events (AE) [13–15]. 
However, even retrospective analysis of the efficacy and 
safety of TKI for patients with ESRD requiring hemodi-
alysis (HD) have been limited [16]. We continued to use 
sorafenib for treatment of HD patients with mRCC after 
evaluating its pharmacokinetics for 6 dialysis patients [17]. 
The purpose of this study was to re-evaluate the efficacy 
and safety of sorafenib for dialysis patients with mRCC 
by including more patients. We also assessed the prognos-
tic significance of pretreatment serum C-reactive protein 
(CRP) level and duration of HD for overall survival (OS) of 
these patients.

Patients and methods

After institutional review board approval, the medical 
record archives between 2008 and 2014 at Tokyo Women’s 
Medical University Hospital were retrospectively reviewed. 
During this period, 22 patients on HD were treated for 
mRCC and screened for inclusion in the study. Of these, 
20 patients were eligible for analysis; all had received 
sorafenib for mRCC as first-line therapy and pretreatment 
serum CRP levels were known.

In this series, sorafenib was initially administered at 
200 mg per day; this was then increased to a maintenance 
dose of 400–600 mg daily, depending on AE. Treatment 
with sorafenib was continued until disease progression or 
observation of intolerable AE.

Before treatment, all patients underwent baseline eval-
uation, including pretreatment serum CRP level, tumor 
imaging, and chest computed tomography (CT), and they 
were followed-up for at least once a month during treat-
ment. We defined pretreatment serum CRP levels >5 mg/

Table 1  Patient characteristics

CRCC clear cell renal cell carcinoma, NCRCC non-clear-cell renal cell carcinoma
a Median (range)

P values <0.05 are shown in bold

Characteristic Total (N = 20) Duration of hemodialysis (months) P value

≤120 (N = 7) >120 (N = 13)

Age (years)a 62.5 (46–74) 65 (46–74) 62 (50–72) 0.52

Sex: male (%) 20 (100) 7 (100) 13 (100)

Duration of hemodialysis (months)a 283 (12–415) 55 (12–108) 329 (131–415) <0.0001

MSKCC risk Intermediate/poor (%) 15 (75)/5 (25) 6 (86)/1 (14) 9 (69)/4 (31) 0.42

Previous nephrectomy (%) 16 (80) 6 (86) 10 (77) 0.64

Histological type CRCC/NCRCC (%) 8 (40)/8 (40) 5 (71)/1 (14) 3 (23)/7 (54) 0.039

Metastatic sites (%)

 Lung 14 (70) 7 (100) 7 (54)

 Liver 3 (15) 0 3 (23)

 Bone 6 (30) 3 (43) 3 (23)

 Lymph node 7 (35) 3 (43) 4 (31)

 Adrenal gland 2 (10) 1 (14) 1 (2)

Number of metastatic lesions (%) 0.55

 1 1 (5) 0 1 (2)

 2 1 (5) 0 1 (2)

 >2 18 (90) 7 (100) 11 (96)

Pretreatment CRP (mg/dl)a 1.96 (0.07–28.4) 0.87 (0.07–7.05) 3.47 (0.18–28.4) 0.29

Duration of sorafenib (months)a 4.7 (0.3–33.5) 18.3 (0.8–33.5) 4.3 (0.3–14.0) 0.0063

Maintenance dose (mg/day) (%) 0.72

 200 5 (25) 1 (14) 4 (31)

 400 10 (50) 4 (57) 6 (46)

 600 5 (25) 2 (29) 3 (23)
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dl as elevated CRP [18]. Objective clinical responses 
were assessed on the basis of the response evaluation cri-
teria in solid tumors (RECIST) version 1.0 guidelines by 
use of CT every 2–3 months. AE were graded according 
to the National Cancer Institute’s Common Terminology 
Criteria for AE, version 4.0. Histological tumor types 
were categorized in accordance with the WHO 2004 
classification.

All patients had a usable, surgically created, arterio-
venous fistula, and they underwent standard HD 3 times a 
week for 3–4 h at their regular HD clinics.

Statistical analysis

Patients were divided into 2 groups on the basis of the dura-
tion of HD (≤120 vs >120 months). Variables for different 
groups were compared by use of the χ2 test or the Mann–
Whitney U test, as appropriate. OS curves were estimated 
by use of the Kaplan–Meier method and compared by use 
of the log-rank test. Associations between clinicopatho-
logical variables, including pretreatment serum CRP level, 

duration of HD, and treatment outcomes, were assessed 
in multivariate models by use of Cox proportional hazard 
regression models. A difference was considered significant 
when P < 0.05. Significance was calculated by use of JMP 
11.0.0 software (SAS institute, Cary, NC, USA).

Results

Patient characteristics

Baseline demographics and clinical characteristics on the 
basis of the duration of HD are listed in Table 1. All patients 
were men, and their median age was 62.5 years. The 
median duration of HD was 283 months, and 13 patients 
(65 %) had been undergoing HD for over 120 months. Fif-
teen patients (75 %) were classified as being in the inter-
mediate risk group, the other 5 patients (25 %) in the poor 
risk group, according to the MSKCC risk model. Eighteen 
patients (90 %) had 3 or more metastatic lesions, and 9 
patients (45 %) had metastases in 2 or more organs. Six-
teen patients (80 %) had previously undergone nephrec-
tomy, with a median time from nephrectomy to metastasis 
of 8.5 months (range 0–131 months); 8 (40 %) of these 
patients were pathologically diagnosed with non-clear-cell 
carcinoma, 7 with papillary type 2 RCC and 1 with papil-
lary type 1 RCC.

The mean duration of sorafenib therapy was 4.7 months. 
Five patients (25 %) received 600 mg daily, 10 patients 
(50 %) 400 mg daily, and 5 patients (25 %) 200 mg daily 
as a maintenance dose. Long-term dialysis patients (dura-
tion of HD > 120 months) were significantly more likely to 
have non-clear-cell carcinoma (P < 0.0001) and a signifi-
cantly shorter duration of sorafenib therapy (P = 0.0063) 
compared with non-long-term dialysis patients (duration of 
HD ≤ 120 months).

Fig. 1  Waterfall plot for the maximum percentage change in tumor 
size according to the RECIST criteria (N = 17)

Fig. 2  a Kaplan–Meier estimate of time to progression (TTP) for all patients (N = 20). b Kaplan–Meier estimate of overall survival (OS) for all 
patients



129Int J Clin Oncol (2016) 21:126–132 

1 3

Treatment outcomes

Of the 20 patients with measurable lesions, 1 (5 %) 
achieved a complete response, 2 (10 %) achieved a partial 
response, and 11 (55 %) had stable disease (Fig. 1) with 
an overall response of 15 % and disease control of 70 %. 
Three patients (15 %) had progressive disease (PD); the 
other 3 patients (15 %) could not be evaluated because their 
treatment was discontinued too early for assessment.

At the time of this analysis, only 1 patient (5 %) was still 
receiving treatment with sorafenib. Sorafenib was discon-
tinued owing to PD for 15 patients (75 %) and serious AE 
(≥grade 3) for 4 patients (20 %). During the median fol-
low-up period of 13 months, 15 patients (75 %) died. The 

median time to progression was 6.3 months, and median 
OS was 14.2 months (Fig. 2).

Survival outcomes by patient subgroup

Univariate analysis of different subgroups of the patients 
showed that the pretreatment CRP level (≤5 vs >5 mg/dl; 
P < 0.0001) and duration of HD (≤120 vs >120 months; 
P = 0.0087) were associated with OS whereas MSKCC risk 
category (intermediate vs poor) and histological type (clear 
cell carcinoma vs non-clear-cell carcinoma) were only 
marginally associated with OS (P = 0.078 and P = 0.063, 
respectively). Median OS was 2.8 months for patients with 
an elevated CRP level before treatment whereas median OS 

A B

C D

Fig. 3  Kaplan–Meier estimate of overall survival (OS) according to 
a MSKCC risk (P = 0.078), b histological type (P = 0.063), c a pre-
treatment C-reactive protein (CRP) level (P < 0.0001), and d dura-

tion of hemodialysis (P = 0.0087). CI confidence interval, NR not 
reached, CRCC clear cell renal cell carcinoma, NCRCC non-clear-
cell renal cell carcinoma, HD hemodialysis
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was 15.0 months for those without an elevated CRP level 
before treatment (P < 0.0001) (Fig. 3). Median OS was not 
reached for non-long-term dialysis patients compared with 
the median OS of 12.2 months for those undergoing long-
term dialysis (P = 0.0087). Multivariate analysis identi-
fied pretreatment CRP level (hazard ratio (HR) = 90.7; 
P = 0.0007) and duration of HD (HR = 15.5; P = 0.029) as 
independent predictors of OS (Table 2).

Sorafenib safety profile

The most common treatment-related AE observed during 
treatment are listed in Table 3. Commonly reported non-
hematological AE of any grade were gastrointestinal toxic-
ity, cardiac toxicity, skin toxicity, and fatigue. Hematologi-
cal toxicity were also commonly reported, including grade 
3 anemia (25 %). As described above, 4 patients (20 %) dis-
continued sorafenib therapy because of serious AE (≥grade 
3), with 1 case each of subarachnoid hemorrhage, cerebral 
hemorrhage, sepsis, and syncope. All fatal AE (≥grade 4) 
were observed for long-term dialysis patients only.

Discussion

Patients with severe renal failure, including those undergo-
ing HD, are usually excluded from clinical trials of anti-
cancer agents. These trials are usually performed on highly 
selected patient groups by use of strict eligibility criteria, 
as in phase 3 of the TARGET [8] that led to the approval 
of sorafenib for advanced RCC. It is well documented that 
outcome is significantly poorer for patients who are ineli-
gible for clinical trials than for those eligible to receive tar-
geted therapy for mRCC [19]. Even retrospective analysis 
of the efficacy and safety of molecular-targeted agents has, 

however, been limited for dialysis patients [16]. Therefore, 
there is little evidence to support the use of targeted therapy 
for mRCC in patients with ESRD requiring HD.

Approval of sorafenib for Japanese patients with 
advanced RCC was followed by approval of sunitinib in 
2008. In contrast with sunitinib, sorafenib did not extend 
PFS compared with interferon alpha as first-line ther-
apy for mRCC. However, the incidence of AE was lower 
for patients treated with sorafenib than for those who 
received sunitinib [20, 21]. In pivotal phase 2 studies of 
Japanese patients with advanced RCC, AE were also less 
frequently observed after sorafenib treatment than after 
sunitinib treatment [22, 23]. Sorafenib is also reported 
to be well-tolerated, even by elderly patients [24] and by 

Table 2  Multivariate analysis of predictors of overall survival

P values <0.05 are shown in bold

Variable HR (95 % CI) P value

MSKCC risk

 Intermediate ref 0.055

 Poor 10.1 (1.0–100)

Histological type

 Clear cell renal cell carcinoma ref 0.14

 Non-clear-cell renal cell carcinoma 0.17 (0.007–1.7)

Pretreatment CRP (mg/dl)

 ≤5 ref 0.0007

 >5 90.7 (5.8–100)

Duration of hemodialysis (months)

 ≤120 ref 0.029

 >120 15.5 (1.3–100)

Table 3  Treatment-related adverse events (N = 20)

Adverse events, n (%) Grade 1–2 Grade 3 Grade 4 Grade 5

Non-hematological toxicity

 Skin

  Hand-foot skin reaction 5 (25) 1 (5) 0 0

  Rash 4 (20) 0 0 0

 Cardiac general

  Hypertension 11 (55) 3 (15) 0 0

  Left ventricular diastolic 
dysfunction

0 1 (5) 0 1 (5)

 Constitutional symptoms

  Fatigue 8 (40) 2 (10) 0 0

 Gastrointestinal

  Anorexia 8 (40) 2 (10) 0 0

  Diarrhea 7 (35) 3 (15) 0 0

  Dysgeusia 1 (5) 0 0 0

 Hepatobiliary

  Liver dysfunction 1 (5) 0 0 0

  Cholecystitis 1 (5) 0 0 0

 Hemorrhage

  Central nervous system 0 0 1 (5) 1 (5)

  Gastrointestinal 1 (5) 0 0 0

  Other 1 (5) 0 0 0

 Endocrine

  Hypothyroidism 4 (20) 0 0 0

 Neurology

  Syncope 0 1 (5) 0 0

 Pulmonary/upper respiratory

  Dyspnea 1 (5) 0 0 0

  Pneumonitis 0 1 (5) 0 0

  Voice change 2 (10) 0 0 0

 Infection 0 1 (5) 0 0

 Hematological toxicity

  Anemia 6 (30) 5 (25) 0 0

  Thrombocytopenia 11 (55) 0 0 0

  Leucopenia 2 (10) 0 0 0
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patients undergoing long-term treatment with sorafenib 
[25]. We have previously studied its pharmacokinetics 
in 6 dialysis patients [17]; on the basis of these findings, 
for patients undergoing HD we continued to use sorafenib 
instead of sunitinib, which is the recommended standard 
first-line therapy for good or intermediate risk clear-cell 
RCC patients, or temsirolimus, which is recommended as 
standard first-line therapy for poor-risk clear-cell RCC or 
non-clear-cell RCC patients, who are generally regarded as 
being susceptible to the side effects of targeted agents. To 
the best of our knowledge, this is the largest study of dialy-
sis patients with mRCC treated with sorafenib, and the first 
to assess the prognostic effect of a pretreatment CRP levels 
and the duration of HD for these patients.

In this study we found that overall response was 15 % 
and disease control was 70 %. These results are compara-
ble with those of previous pivotal studies on sorafenib [8, 
26], which reported objective responses of 2–4 % and SD 
for 78–80 % of patients. Two recent phase 3 randomized 
controlled trials failed to show any survival benefit of 
axitinib or tivozanib compared with sorafenib as first-
line therapy for mRCC patients [27, 28]. In these studies, 
median PFS for patients who received sorafenib were 6.5 
and 9.1 months, respectively. Moreover, the patients in this 
study had a median OS of 14.2 months, which was longer 
than that for patients treated in our hospital before 2008, 
for whom median OS was 12.8 months. Our results appear 
promising and clinically meaningful, because we included 
a high proportion of patients on long-term dialysis, a con-
dition associated with a high prevalence of severe comor-
bidity [29–31] and aggressive RCC [6]. In this study, non-
long-term dialysis patients had significantly better OS and 
were administered sorafenib for significantly longer than 
long-term dialysis patients. Furthermore, fatal AE (≥grade 
4) were observed for long-term dialysis patients only. Mul-
tivariate analysis showed that long-term dialysis was an 
independent risk factor for poor OS for dialysis patients 
receiving sorafenib for mRCC, although the sample size 
might be too small to evaluate it appropriately by multivari-
ate analysis. On the basis of these findings we suggest that 
long-term dialysis patients should be started on sorafenib 
at a lower dose, which should then be gradually increased, 
with careful monitoring.

We also demonstrated that pretreatment CRP level is a 
significant prognostic factor for OS of dialysis patients 
with mRCC treated with sorafenib. Saito et al. reported that 
serum CRP and its kinetics have prognostic value for non-
dialysis patients with mRCC treated with cytokine-based 
therapy [18], and Yasuda et al. reported its prognostic use-
fulness for patients with mRCC treated with TKI [32]. For 
dialysis patients we discovered preoperative serum CRP 
level and postoperative CRP normalization were inde-
pendent predictors of survival after nephrectomy [33]. 

Experimental studies have shown that at least some renal 
tumors produce interleukin-6, which promotes the growth 
of RCC; therefore, the presence of a systemic inflamma-
tory response could promote tumor aggressiveness [34, 
35]. More recently, studies have shown that modification of 
the tumor microenvironment caused by these pro-inflam-
matory mediators is important in increasing inflammation-
associated angiogenesis, invasion, metastasis, and immune 
suppression [36–38]. Taken together, the serum CRP level 
could reflect tumor burden or the aggressiveness of ESRD-
RCC and sporadic RCC; it is, therefore, a potential bio-
marker for dialysis patients undergoing sorafenib treatment 
for mRCC. In this study, patients with elevated CRP levels 
before treatment had very poor OS, which might mean that 
the efficacy of sorafenib is very limited for such patients. 
CRP is a non-specific inflammatory marker, and for patients 
with ESRD, a complex condition with numerous metabolic 
changes, several inflammatory processes lead to CRP eleva-
tion [39]. Many factors, including tumor aggressiveness, 
atherosclerosis, and malnutrition, could contribute to the 
highly unfavorable outcome for patients with elevated CRP. 
Therefore, further studies are needed to evaluate other treat-
ment strategies and best supportive care for these patients.

It is difficult to make definitive conclusions, owing to 
the retrospective nature of our single-center study, the 
small sample size, and the short follow-up period, all of 
which increase the risk of bias. However, our results indi-
cate that treatment of dialysis patients with sorafenib might 
be feasible, but careful monitoring is needed because of the 
tendency for a high incidence of serious AE, especially for 
patients undergoing long-term HD, even when a reduced 
dose is administered.
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