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Abstract 

Background: The aim of this study is to investigate the prognostic relevance of the best objective response of meta-
static target lesions during sunitinib treatment in patients with metastatic renal cell carcinoma.

Methods: Radiographic analysis of the best objective response according to the Response Evaluation Criteria in 
Solid Tumors was assessed in 50 patients. Clinicopathological characteristics including the Heng risk classification 
and sunitinib-related adverse reactions were compared among four patient subgroups [complete response or partial 
response (CR/PR), stable disease (SD), progressive disease (PD), and those without treatment evaluation (NE)]. Kaplan–
Meier and Cox proportional regression analyses of progression-free survival and overall survival were performed to 
identify prognostic variables.

Results: The best objective response was CR/PR in 12 (24 %) patients, SD in 22 (44 %), PD in 6 (12 %), and NE in 
10 (20 %). The incidence of hypertension and hypothyroidism was associated with a better objective response. Pro-
gression-free survival was 15.0, 9.2, 6.8, and 2.2 months in the CR/PR, SD, PD, and NE groups, respectively (P = 0.0004, 
log-rank test), while the corresponding median overall survival was 59.7, 24.2, 17.1, and 18.1 months, respectively 
(P = 0.007). Multivariate analysis revealed that hazard ratios for risk of death of the SD, PD, and NE groups were 4.51 
(P = 0.06), 7.93 (P = 0.02), and 4.88 (P = 0.04), respectively, as compared to the CR/PR group.

Conclusions: Our findings suggested that the best objective response of target lesions was a prognostic marker 
for both progression-free survival and overall survival in sunitinib treatment. Furthermore, the incidence of sunitinib-
induced hypertension was associated with a longer progression-free survival.
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Background
For several decades, treatment for patients with advanced 
and metastatic renal cell carcinoma (mRCC) has relied 
on systemic immunological cytokine therapies, such as 
interferon alpha and interleukin-2 [1–3]. Substantial 
advances in the understanding of the molecular biology 
of renal cell carcinoma have led to the development of 
several anti-angiogenic agents, including tyrosine kinase 
inhibitors (TKIs) and mammalian targeted of rapamycin 
inhibitors (mTORIs), which are currently available for the 
treatment for mRCC [4–7].

Previous prognostic models often account for different 
clinical and laboratory values at baseline, and successfully 
capture the clinical behavior and biological characteris-
tics of mRCC. However, recent studies have investigated 
the clinical relevance of tumor size remission induced by 
targeted therapies such as TKIs and mTORIs [8–13]. In 
one of the largest studies, a subset of 468 patients under-
going phase I trials were evaluated; a linear association 
was observed between survival and tumor shrinkage, as 
assessed by categorical response evaluation [10]. Another 
study identified tumor shrinkage of ≥10  % within the 
first 12 weeks of targeted therapy as a prognostic param-
eter for longer survival [12]. In contrast, a recent study 
reported that tumor remission [complete response (CR) 
or partial response (PR)] was not associated with supe-
rior overall survival (OS) as compared to stable disease 
(SD) in their cohort [13], thus the correlation of tumor 
response to therapy is a complex entity effected by 
numerous factors; drug absorption, drug distribution, 
drug metabolism and the ability to sustain serum drug 
levels (i.e., not miss doses due to side effects).

Sunitinib (SU011248; Sutent®, Pfizer Inc.) is a multi-
targeted TKI available since 2006 in European coun-
tries, since 2007 in the United States, and since 2008 in 
Japan. It has been approved worldwide as the first-line 
treatment for selected clear-cell mRCC patients, with 
a reportedly significant objective response rate of up to 
47 % [5, 7]. Nevertheless, the majority of patients develop 
treatment resistance, whereas a number of them have 
no clinical benefits from sunitinib therapy, thus requir-
ing further sequential therapy. Therefore, the identifica-
tion of clinically applicable prognostic and predictive 
markers for longer progression-free survival (PFS) and 
OS is essential for the improvement of mRCC patients’ 
outcomes.

Although some evidences regarding the association of 
tumor remission by sunitinib and superior outcomes has 
been reported in Europe, there is a lack of such data on 
Asian cohorts, particularly Japanese patients. The aim 
of this study was to investigate the prognostic value of 
tumor remission induced by sunitinib and its influence 
on the PFS and OS in a Japanese multicenter cohort.

Methods
Patients and data collection
The medical records of patients with mRCC treated 
with sunitinib at five institutions between May 2008 and 
July 2013 were retrospectively reviewed. This study was 
approved by The Ethics Committee of Nara Medical Uni-
versity. The analysis was performed in accordance with 
the Declaration of Helsinki (64th World Medical Asso-
ciation General Assembly, Fortaleza, Brazil, in Octo-
ber 2013). No restrictions on histological subtype were 
applied.

There were no restrictions on the number of prior ther-
apies, including cytokine treatment and sorafenib, but no 
patients received prior therapy with axitinib, pazopanib, 
or mTORIs. Patients were required to have adequate 
baseline organ functions, including renal function defined 
by a serum creatinine level of <2.0 mg/dL, liver function 
defined by a serum bilirubin level of ≤1.5× upper limit 
of normal (ULN) and serum transaminases activity of 
≤2.5× ULN; and bone marrow function defined by an 
absolute neutrophil count of ≥1500/μL, platelet count of 
≥10 × 104/μL, and hemoglobin level of >9.0 g/L. Fifty eli-
gible patients were classified into three groups according 
to their Heng risk score [14]. Of these, 21 (42 %) received 
cytokine therapy, and 6 (12 %) received sorafenib prior to 
the induction of sunitinib. The cut-off values for baseline 
serum C-reactive protein (CRP) and sodium levels were 
0.3  mg/mL and 135  mmol/L, respectively, as commonly 
reported in other studies [15, 16].

Sunitinib treatment and follow‑up
Each cycle of sunitinib consisted of four consecutive weeks 
of treatment at 25–50 mg daily, followed by a 2-week break. 
In case of significant toxicity, dose reduction was applied 
to avoid early treatment termination and improve the 
patients’ quality of life. Sunitinib doses were reduced from 
50 to 37.5  mg, and further to 25  mg if necessary. Patient 
follow-up and laboratory examination were routinely per-
formed on days 1, 15, and 29 of the first treatment cycle, 
and at least every 14 days during sunitinib treatment there-
after. Adverse reactions were graded according to the Com-
mon Terminology Criteria for Adverse Events version 4.0. 
Radiographic examination including computed tomogra-
phy (CT) and magnetic resonance imaging was performed 
every 1–3 cycles to evaluate treatment response in accord-
ance with the Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1 [17]. Patients were categorized into 
four different groups according to their calculated best 
objective responses of target metastatic lesions as follows: 
CR/PR, SD, progressive disease (PD), and those without 
treatment evaluation, not evaluated (NE).

Diagnosis and treatment of hypertension was carried 
out as follows. The patients were asked to measure blood 
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pressure (BP) at least twice a day during sunitinib treat-
ment. BP was measured by the nurses at the clinic visit. 
The mean value of systolic and/or diastolic BP of home 
and clinic measurements was calculated. Principally, 
≥140 and/or ≥90 mmHg was recognized as hypertension 
requiring antihypertensive treatment. All efforts were 
made to control BP below 140/90 mmHg.

Statistical analysis
PFS was defined as the time between treatment initiation 
and progression. Progression was defined according to 
the RECIST radiographic criteria and clinical criteria that 
prevented treatment continuation. OS was defined as the 
time between sunitinib therapy initiation and the date of 
death. Cases with no events at the time of analysis were 
censored from the statistical analyses.

PFS and OS curves were generated using the Kaplan–
Meier method, and compared by using the log-rank test 
or log-rank test for trend for each prognostic variable. 
Multivariate analysis was employed to identify independ-
ent prognostic variables using a stepwise Cox propor-
tional hazards regression model. Variables influencing 
survival according to univariate analysis were included 
in the multivariate analysis. IBM SPSS version 21 (SPSS 
Inc., Chicago, IL) and PRISM software version 5.00 
(GraphPad Software, Inc., San Diego, CA) were used for 
statistical analyses and data plotting, respectively. A P 
value of <0.05 was considered statistically significant.

Results
Patient characteristics
A total of 50 patients with a measurable response to suni-
tinib treatment were included in the study (Table 1). Of 
these patients, 4 (8  %) achieved CR as their best objec-
tive response; 8 (16 %) achieved PR; 22 (44 %) achieved 
SD; 6 (12  %) experienced PD, and 10 (20  %) were NE. 
Of the 10 NE patients, 5 discontinued sunitinib owing 
to severe adverse effects; 4 patients exhibited PD before 
radiographic evaluation, and 1 died of unknown cause 
1  week after sunitinib initiation. The clinicopathologi-
cal variables were compared among the patient groups 
(Table  1). Overall, 88  % of the patients underwent 
nephrectomy prior to sunitinib therapy. Patients with 
poor Eastern Cooperative Oncology Group performance 
status (ECOG-PS, 2 or 3) tended to have a poor response 
of targeted lesions or required treatment discontinuation 
as compared to those with a good ECOG-PS (0 or 1). In 
addition, patients with a poorer Heng risk score had a sig-
nificantly worse response of targeted lesions (P = 0.016), 
and most of them (7 out 11) were categorized in the PD 
and NE groups. No further significant differences in the 
clinicopathological variables were observed among the 
four patient groups.

The association between the best objective response 
and survival
The median overall follow-up period was 20  months. 
Table 2 presents the association between the best objec-
tive response of target lesions and the median PFS and 
OS after sunitinib initiation. Kaplan–Meier analy-
sis revealed that the PFS and OS at 1  year were 35 and 
81  %, respectively, whereas the corresponding values at 
3  years were 15 and 35  %, respectively. Patients treated 
with sunitinib reached a median PFS of 8.9 months and 
a median OS of 23.5 months. Stratification according to 
the best objective response showed that the median PFS 
was 15.0 months among CR patients, 9.2 months for SD 
patients, 6.8 months for those with PD, and 2.2 months 
among NE patients, while the corresponding median OS 
was 59.7, 24.2, 17.1, and 18.1 months, respectively. There 
was a clear trend in the association between better tumor 
response and longer PFS and OS (Fig. 1a, b).

Adverse reactions induced by sunitinib
All patients experienced some kinds of adverse reac-
tions during sunitinib treatment (Table  3). The most 
frequently observed adverse reactions were hematologic 
toxicity, including anemia and decrease in neutrophils, 
lymphocytes, and platelets. Grade 3 adverse effects were 
observed in 30 % (15 out of 50 cases) of all patients, and 
severe thrombocytopenia accounted for 80 % (12 out of 
15 cases) of these events. No grade 4 or 5 adverse effects 
were observed. Hypertension, hypothyroidism, fatigue, 
diarrhea, oral mucositis, and hand-foot syndrome were 
commonly observed non-hematologic toxicity. There was 
a significant association between better tumor response 
and the incidence of hypertension and hypothyroidism 
(P = 0.026 and P = 0.043 by using the Fisher’s exact test, 
respectively). Kaplan–Meier analysis revealed that the 
incidence of hypertension was associated with a longer 
PFS (P = 0.007, Fig. 2a) but not OS (P = 0.43, Fig. 2b), 
while neither the incidence of hypothyroidism nor that of 
grade 3 adverse reactions had any prognostic value (data 
not shown).

Multivariate analyses of prognostic parameters for PFS 
and OS
To explore the prognostic parameters for PFS and OS 
in mRCC patients treated with sunitinib, we performed 
univariate analysis followed by multivariate analyses. 
Univariate analysis identified the best objective response 
(P = 0.0004, Fig. 1a), Heng risk score (P < 0.0001, Fig. 1c), 
and serum CRP level (cut-off value, 0.3 mg/dL; P = 0.005, 
Fig.  2c) as prognostic parameters for PFS, while there 
was a marginal difference between patients with low and 
those with normal serum sodium levels (P = 0.087; cut-
off value, 135 mmol/L, Fig. 2e). In the univariate analysis 
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for OS, the best objective response (P = 0.007), Heng risk 
score (P < 0.0001, Fig. 1d), serum CRP level (P = 0.012, 
Fig.  2d), and serum sodium level (P  =  0.017, Fig.  2f ) 
was associated with the OS. Multivariate analyses were 
performed for the following selected factors: the best 

objective response, serum CRP level, and serum sodium 
level. As a result, the best objective response was iden-
tified as a prognostic factor for PFS. The hazard ratios 
(HRs) for PFS of SD, PD, and NE patients were 1.67 [95 % 
confidence interval (CI) 0.619–4.60], 1.88 (0.52–6.84), 

Table 1 Demographic and clinical parameters of 50 patients with mRCC treated with sunitinib

IQR interquartile range; ECOG-PS Eastern Cooperative Oncology Group-perfomance status; CRP C-reactive protein; CR complete response; PR pertial response; SD 
stable disease; PD progressive disease; NE not evaluated; SEM standard error of mean
† Kruskal–Wallis test; ‡ Chi square test or Fisher’s exact test

Variables All cases (n = 50) CR/PR (n = 12) SD (n = 22) PD (n = 6) NE (n = 10) P value

Age [median (IQR)] 64 (58–71) 63 (56–77) 63 (57–67) 61 (56–66) 70 (64–76) 0.16†

Follow-up months [median (IQR)] 20 (10–25) 21 (15–25) 22 (13–30) 12 (6–23) 18 (7–25) 0.38†

Gender 0.51‡

 Male 40 (80 %) 10 (83 %) 17 (77 %) 6 (100 %) 7 (70 %)

 Female 10 (20 %) 2 (17 %) 5 (23 %) 0 (0 %) 3 (30 %)

Prior nephrectomy 0.95‡

 Yes 44 (88 %) 11 (92 %) 19 (86 %) 5 (83 %) 9 (90 %)

 No 6 (12 %) 1 (8 %) 3 (14 %) 1 (17 %) 1 (10 %)

Tumor histology 0.41‡

 Clear cell 40 (80 %) 11 (92 %) 15 (68 %) 5 (83 %) 9 (90 %)

 Non-clear cell 4 (8 %) 0 (0 %) 4 (18 %) 0 (0 %) 0 (0 %)

 Unknown 6 (12 %) 2 (17 %) 3 (14 %) 1 (17 %) 1 (10 %)

 Concomitant sarcomatoid variant 2 (4 %) 0 (0 %) 0 (0 %) 1 (17 %) 1 (10 %)

ECOG-PS 0.06‡

 0/1 41 (82 %) 11 (92 %) 19 (86 %) 5 (83 %) 5 (50 %)

 2/3 9 (18 %) 1 (8 %) 3 (14 %) 1 (17 %) 5 (50 %)

Metastatic sites 0.24‡

 Lung 28 (56 %) 7 (58 %) 12 (55 %) 5 (83 %) 4 (40 %)

 Lymph nodes 12 (24 %) 3 (25 %) 8 (36 %) 2 (33 %) 1 (10 %)

 Bone 19 (38 %) 2 (17 %) 10 (45 %) 0 (0 %) 5 (50 %)

 Liver 4 (8 %) 1 (8 %) 1 (5 %) 1 (17 %) 1 (10 %)

 Pancreas 2 (4 %) 2 (17 %) 0 (0 %) 0 (0 %) 0 (0 %)

Heng risk group 0.016‡

 Favorable 10 (20 %) 3 (25 %) 5 (23 %) 1 (17 %) 1 (10 %)

 Intermediate 29 (58 %) 8 (67 %) 14 (63 %) 3 (50 %) 4 (40 %)

 Poor 11 (22 %) 1 (8 %) 3 (14 %) 2 (33 %) 5 (50 %)

Serum CRP (mg/dL) (mean ± SEM) 2.70 ± 0.61 1.35 ± 0.78 2.79 ± 0.90 2.62 ± 1.43 4.18 ± 1.98 0.41†

Serum sodium (mmol/L) (mean ± SEM) 139.4 ± 0.38 139.8 ± 0.59 140.3 ± 0.43 138.7 ± 1.26 137.4 ± 1.08 0.09†

Table 2 Association of survival after sunitinib therapy and the best objective response on target lesions

IQR interquaterile range; CR complete response; PR pertial response; SD stable disease; PD progressive disease; NE not evaluated
† Estimated with Kaplan–Meier method

Best objective response 
on target lesions

Progression‑free survival† Overall survival†

Median survial (months) 1‑year (%) 3‑years (%) Median survial (months) 1‑year (%) 3‑years (%)

All cases 8.9 35 15 23.5 81 35

CR/PR 15.0 50 40 59.7 90 68

SD 9.2 41 23 24.2 81 38

PD 6.8 27 17 17.1 63 0

NE 2.2 10 0 18.1 60 10



Page 5 of 9Miyake et al. BMC Res Notes  (2016) 9:79 

and 3.56 (1.00–12.9), respectively, as compared to the 
CR/PR group. Similarly, the HRs for OS of SD, PD, and 
NE patients were 4.51 (95  % CI 0.95–21.4), 7.93 (1.36–
47.8), and 4.88 (1.02–23.2), respectively, as compared 
to the CR/PR group (Table 4). The Heng risk score also 
seemed to dramatically stratify the patients, while serum 
CRP and sodium levels were not independent prognos-
tic parameters. Patients with a favorable Heng score had 
a median PFS of 36.8  months, whereas the median PFS 
of those with intermediate and poor Heng scores was 9.8 
and 2.7  months, respectively. In addition, the incidence 
of sunitinib related-hypertension was associated with a 
favorable tumor response to the drug.

Discussion
The era of molecular targeted therapies has identified 
several new agents with activity in mRCC. Many studies 
have been conducted since the introduction of molecular 

targeted therapies for mRCC in order to investigate the 
clinical relevance of tumor response [8–13]. Choi et  al. 
[18] established a reliable and quantitative evaluation 
of tumor response using the change in Hounsfield unit 
on CT and 18F-fluorodeoxyglucose positron emission 
tomography in patients with gastrointestinal stromal 
tumors treated with imatinib. Though quite provoca-
tive, to date, the conventional RECIST criteria is uti-
lized in most reports on mRCC, including the present 
study, because its ease and convenience to be applied in 
clinical setting. Although the association between tumor 
response with sunitinib and superior outcomes has been 
reported in many studies of European cohorts [8–13], 
there is a lack of such data in Japanese patients. Ethnic 
or geographic differences could lead to variation in the 
sensitivity and tolerance to drugs, resulting in discrep-
ancies in treatment outcomes among patients of differ-
ent races. Therefore, the present study was conducted to 

Fig. 1 Kaplan–Meier analysis of progression-free survival (left panels) and overall survival (right panels). Kaplan–Meier estimates of survivals accord-
ing to the best objective response of metastatic target sites (a, b), Heng risk score (c, d). The time to the events is given in months
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confirm the association between tumor response and the 
PFS or OS in Japanese patients with mRCC treated with 
sunitinib.

Our findings indicated that patients with CR/PR as 
their best objective response benefited the most from 
the treatment and achieved prolonged PFS and OS in 
comparison with others (Table  4). The results are sup-
ported by other reports on prolonged treatment dura-
tion in patients with CR or PR as the best objective 
response to targeted therapies [9–12]. In contrast, those 
with intrinsic drug resistance and/or poor tolerance to 
sunitinib, i.e., PD or NE, attained the worst outcomes. 
The substantial portion (68  %) of our cohort was cat-
egorized into the CR/PR or SD group (Table  1). In a 
recent study [19], mRCC patients receiving TKI treat-
ment were stratified into several subgroups according to 
tumor shrinkage (−100 to −60  %, −59 to −30  %, and 
−29 to 0 % shrinkage), gain of tumor size (1–19 % and 
≥20  %), or occurrence of new lesions, and treatment 
outcomes were compared among the groups. Abel et al. 
[9] reported that a 10  % early reduction of tumor size 
(defined as decrease within 60 days of treatment initia-
tion) was a good cut-off value for OS prediction. Patient 

stratification according to gain or reduction in tumor 
size with more cut-off points might improve the prog-
nostic value of tumor response evaluation during tar-
geted therapy.

van der Veldt et al. [20] evaluated the tumor response 
in mRCC patients treated with sunitinib by using the 
Choi response criteria. They concluded that these cri-
teria had a significantly better predictive value for the 
PFS and OS in patients with PR than the RECIST crite-
ria. Furthermore, density measurements could provide 
additional predictive value, especially in patients without 
significant change in the tumor size. Previously, Smith 
et al. established two novel radiologic assessment tools to 
evaluate mRCC patients’ response to molecular targeted 
therapy [21]. The Size and Attenuation CT criteria and 
Morphology, Attenuation, Size, and Structure criteria 
using contrast enhancement on CT findings were proved 
better response assessment methods than the RECIST 
and modified Choi criteria [22].

The Memorial Sloan Kettering Cancer Center 
(MSKCC) model and Heng risk classification model are 
two major tools for prediction of prognosis and response 
to treatment in patients with mRCC [14, 23]. The main 

Table 3 Comparison of adverse events by the best objective response on target lesions

All the statistical analysis is performed with Fisher’s exact test, * P < 0.05

CR complete response; PR pertial response; SD stable disease; PD progressive disease; NE not evaluable

Adverse events All grades (%) Grades 3/4 (%)

All cases 
(n = 50)

CR/PR 
(n = 12)

SD  
(n = 22)

PD  
(n = 6)

NE  
(n = 10)

All cases  
(n = 50)

CR/PR 
(n = 12)

SD  
(n = 22)

PD  
(n = 6)

NE 
(n = 10)

Any 100 100 100 100 100 30 25 27 50 30

Hematologic

Anemia 58 58 54 67 60 4 0 0 17 10

Neutorophils 
decreased

44 50 46 67 20 6 0 5 33 0

Lymphocyte 
decreased

36 42 36 50 20 6 8 5 0 10

Platelet decreased 58 67 50 83 50 24 17 27 50 10

Creatinine  
increased

38 33 41 33 40 0 – – – –

Non-hematologic

Hypertension* 56 84 59 33 30 2 0 5 0 0

Hypothyroidism* 46 42 59 33 30 0 – – – –

Fatigue 36 33 32 50 40 0 – – – –

Diarrhea 30 33 36 0 30 0 – – – –

Mucositis oral 28 17 46 17 10 0 – – – –

Hand-foot syn-
drome

20 25 27 17 0 0 – – – –

Fever up 18 25 9 33 20 0 – – – –

Hemorrhage 16 8 23 17 10 0 – – – –

Heart failure 4 8 5 0 0 0 – – – –
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Fig. 2 Kaplan–Meier analysis of progression-free survival (left panels) and overall survival (right panels). Kaplan–Meier estimates of survivals accord-
ing to the incidence of sunitinib-related hypertension (a, b), serum level of CRP (c, d) and sodium (e, f) at baseline. The time to the events is given in 
months
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difference between the two is that they were developed 
predominantly for patients treated with cytokines and 
vascular endothelial growth factor-targeted agents. The 
Heng risk classification model has been validated in a 
large international multicenter dataset [24], and it is cur-
rently the most widely used model. The Heng risk clas-
sification was applied to our cohort because the patients 
were treated with sunitinib. In fact, our patients were 
evaluated using both the Heng and MSKCC models; 
however, the distribution of risk was almost the same 
(data not shown).

The incidence of adverse effects during targeted 
therapy and survival outcomes of mRCC patients 
have been previously reported [25, 26]. We retro-
spectively evaluated the influence of clinical tox-
icities on patients’ outcomes. Our findings suggested 
that sunitinib-related hypertension was a predictive 
factor associated with good tumor response and sig-
nificantly longer PFS, but not OS, in mRCC patients 
(Tables  3, 4). The results are supported by previous 
studies reporting an association between hypertension 
induced by bevacizumab and increased PFS [27] and 
between axitinib-induced hypertension with increased 
OS [28]. Sire et  al. [29] showed that the development 
of grade 2–4 hypertension was a favorable prognostic 
factor for mRCC patients treated with first- or second-
line sunitinib, sorafenib, or bevacizumab. However, 

the potential of sunitinib-related toxicities, including 
hypertension and hypothyroidism, as predictive mark-
ers requires further validation in well-designed pro-
spective clinical trials.

The retrospective nature of our study, participation by 
only five institutes, limited number of patients, and other 
residual confounding factors were potential sources of 
study bias. Additionally, the influence of subsequent ther-
apies was not investigated in this patient cohort.

Conclusions
The present study explored the best objective tumor 
response of targeted metastatic sites as a prognostic fac-
tor in mRCC. Our findings provided a rationale that good 
and durable response to sunitinib achievable in mRCC 
patients might be associated with an improved over-
all survival. Future studies are warranted to validate our 
findings. In addition, it is important for future clinical 
development to clearly define our end-points in clinical 
trials to determine the influence on clinical outcomes in 
patients with mRCC.
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