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Abstract
Background  Sunitinib is still one of the standard therapies in metastatic renal cell carcinoma (mRCC). Despite the benefit 
of sunitinib resistance will develop in the majority of patients. Most of them receive multiple sequential therapies during 
the course of disease.
Objectives  To retrospectively investigate the efficacy and safety of rechallenged sunitinib in third or later line settings.
Patients and Methods  Twenty-one mRCC patients were identified who received rechallenged sunitinib between March 2010 
and April 2018. Patients received sunitinib in first or second line, then other tyrosine kinase and/or mTOR inhibitors were 
applied, then sunitinib was rechallenged. Patients’ characteristics, tolerability, treatment modalities, and treatment outcomes 
were recorded. The primary end-point was progression-free survival (PFS) of rechallenged sunitinib.
Results  Median age of patients was 62 years at the start of sunitinib rechallenge. Sixty-seven percent of patients were male. 
All patients had prior nephrectomy. Upon rechallenge 4 patients achieved partial response and 12 stable disease. The median 
PFS of first sunitinib treatment was 22 (95% CI 17–26) months and for rechallenged sunitinib 14 (95% CI 6–20) months. No 
increased severity of prior toxicity or new adverse events was reported during rechallenged sunitinib. The median overall 
survival (OS) from the start of first sunitinib was 67 (95% CI 46–76) months. Multivariate Cox regression analysis revealed 
that younger age (< 57 years) at start of first sunitinib (HR = 0.24; 95% CI 0.07–0.79; p = 0.019) and longer (> 2 years) first 
sunitinib treatment (HR = 0.28; 95% CI 0.09–0.93; p = 0.038) were independent markers of longer OS.
Conclusion  Sunitinib rechallenge is a feasible and tolerable option with clinical benefit in selected mRCC patients.

Key Points 

The efficacy of rechallenged sunitinib not depends on 
the type of targeted treatment(s) applied between the two 
(first and rechallenged) sunitinib exposures.

There are no differences between the pattern of adverse 
events related to the first and rechallenged sunitinib treat-
ment.

The overall survival (considered from the start of first 
sunitinib) depends on the duration of first sunitinib 
treatment irrespective of consequently applied targeted 
therapies.

1  Introduction

Vascular endothelial growth factor (VEGF) is a key pathway 
involved in tumor angiogenesis and plays a significant role 
in the progression of renal cell carcinoma (RCC). A series 
of randomized clinical trials have shown that molecular tar-
geting of the VEGF receptor pathway improves outcomes 
in patients with mRCC, in terms of both progression-free 
survival (PFS) and overall survival (OS), compared with 
placebo or cytokine therapy [1].

Sunitinib was the first comprehensively studied tar-
geted drug, which is an oral, multi-targeted inhibitor of 
VEGF receptor 1, 2, and 3, platelet-derived growth factor 
receptors-α and -β, and other receptor tyrosine kinases. Suni-
tinib was approved in Europe in 2006 for the treatment of 
mRCC and has since become a reference standard of care for 
first-line therapy mRCC with good or intermediate Memo-
rial Sloan-Kettering Cancer Center (MSKCC) risk criteria 
[2].
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Despite the benefits of sunitinib in terms of PFS and dis-
ease stabilization, all patients develop resistance and eventu-
ally relapse. The mechanisms of resistance are various and 
multifactorial, the precise pathway by which a tumor pro-
gresses during a given VEGF-targeted therapy is unknown 
[3].

Treatment guidelines recommend sequential therapy. 
After disease progression during treatment with one agent, 
a therapy with another agent usually controls the disease 
and gives additional clinical benefit. Patients with favorable 
underlying biology are the most likely to receive several 
therapies. Switching to mTOR inhibition after a tyrosine-
kinase inhibitor (TKI) failure in terms of targeting a differ-
ent signaling pathway resulted in clinical benefit [4]. The 
current long-term treatment strategy in mRCC is to give 
multiple sequential treatments using different agents, there 
are increasing numbers of studies and case reports suggest-
ing that rechallenge with a specific drug can be of thera-
peutic benefit [1]. Besides other settings, another TKI or 
rechallenge with the same TKI is considered as an option 
according to the recommendations of ESMO clinical prac-
tice guideline for patients previously treated with TKI and 
an mTOR inhibitor [5]. The TKI rechallenge does not fit 
the present and future mainstream treatment algorithms. 
According to the recently adopted international recommen-
dation the use of sunitinib in first line was almost pushed 
out by the new TKI (cabozantinib) and especially by the 
immunotherapeutic agents (nivolumab + ipilimumab) [6]. 
The use of TKI rechallenge is suggested for those countries 
where the introduction of new therapeutic modalities is dif-
ficult because of financial reasons.

Here we report the results of a single-center retrospective 
study. The primary objective was to evaluate the efficacy, as 
measured by best response, progression-free survival (PFS) 
and safety of rechallenged sunitinib in mRCC patients.

2 � Patients and Methods

2.1 � Patients

A retrospective study was conducted at the Department of 
Chemotherapy C and Clinical Pharmacology of the National 
Institute of Oncology in Budapest from March 2010 to April 
2018. Eligibility included patients with confirmed mRCC 
(any histology) who previously received sunitinib until 
progression in first- or second-line, then other TKI and/or 
mTOR inhibitor was applied, then at the time of progres-
sion sunitinib was rechallenged. Data on both sunitinib 
treatment regimens, intervening therapies were considered. 
Also, the best response, PFS, side effects and OS also were 
recorded. Tumor assessment were guided by Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1, 

treatment-associated adverse events (AEs) were evaluated 
according to NCI CTCEA v5.0.

2.2 � Statistics

PFS was calculated from the start of sunitinib treatment 
until progression according to RECIST. OS was considered 
as the interval between the start of first sunitinib treatment 
until death or loss of follow-up. For survival curves, Kaplan-
Meier method was applied. Independent markers of survival, 
if any, were tested by multivariate Cox regression analysis. A 
p value of < 0.05 was considered as statistically significant. 
For all statistical evaluations the NCSS program [NCSS 12 
Statistical Software (2018). NCSS, LLC. Kaysville, Utah, 
USA] was used.

3 � Results

The clinicopathologic characteristics of patients are pre-
sented in Table 1.

The consecutive treatments of each patient are illustrated 
in Fig. 1.

Three subgroups were considered according to the treat-
ment type (TKIs: sorafenib (n = 11) or axitinib (n = 2); 
mTOR inhibitors: everolimus (n = 12) or temsirolimus 
(n = 1); or both), which were administered between sunitinib 
treatments. It seems that the OS (considered from the start 
of first sunitinib) depends on the duration of first sunitinib 
treatment irrespective of systemic therapies applied between 
sunitinib treatments (Fig. 2). Between sunitinib treatments 
the mTOR inhibitors (n = 14) were applicable for longer than 
TKIs (n = 13), (mean 9.2 vs 5.7 months/patient); however, 
this comparison was not the aim of this study.

The best response during first sunitinib treatment 
(Table 1) was 38% objective response (OR) and 86% clini-
cal benefit (CB). The median PFS of first sunitinib treatment 
was 22 (95% CI 17–26) months (Fig. 3).

Dose reduction was necessary due to toxicity in one-third 
of patients. The starting dose of sunitinib was 50 mg, except 
in one patient, who started with 25 mg, while the dose was 
reduced to 37.5 mg in other six patients, and further to 
25 mg in two patients.

Multivariate Cox analysis demonstrated that the pres-
ence of dose reduction [hazard ratio (HR) = 0.17; 95% 
CI 0.04–0.78; p = 0.022] and previous cytokine therapy 
(HR = 0.29; 95% CI 0.09–0.95; p = 0.042) are independent 
markers of longer PFS for the first sunitinib treatment.

The sunitinib was rechallenged because of progression 
in all cases. The OR and CB for rechallenged sunitinib 
was 19% and 76%, respectively (Table 1). The median PFS 
of rechallenged sunitinib was 14 (95% CI 6–20) months 
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(Fig. 3). The rechallenged sunitinib was applied in reduced 
dose (25 mg) for three patients.

No independent markers were found by multivariate Cox 
analysis of PFS for rechallenged sunitinib.

The toxicity profile of first and rechallenged sunitinib is 
presented in Table 2.

There were no statistically significant differences between 
the pattern of AEs related to the first and to the rechallenged 
sunitinib treatments.

After a median follow-up of 146 months, the median 
OS from the start of first sunitinib was 67 (95% CI 46–74) 
months (Fig. 3). Considering the date of nephrectomy, the 
median OS proved to be 111 (95% CI 61–122) months.

Multivariate Cox regression revealed that younger age 
(≤ 56 years) at start of first sunitinib (HR = 0.24; 95% CI 
0.07–0.79; p = 0.019) and longer (> 2 years) first sunitinib 
treatment (HR = 0.28; 95% CI 0.09–0.93; p = 0.038) were 
independent markers of longer OS.

At the end of follow-up, three patients were alive, and 
among them one is still on sunitinib treatment.

4 � Discussion

The present study is the final evaluation of our previously 
presented preliminary data [7] investigating sunitinib rechal-
lenge in patients with mRCC. As well as retrospective inves-
tigations [8–11] and case reports [12–14], the preliminary 
result of a recent prospective study was also presented [15] 
(Table 3). In another study, it was stated that re-exposure 
to TKI after previous sunitinib and subsequent everolimus 
treatment may have clinical benefit, but unfortunately the 
sunitinib rechallenge was not explicitly reported [16]. Other 
case studies included in some reviews [8, 17] were excluded 
from our list because they were not true rechallenges 
(patients were not treated with systemic drugs between 

Table 1   Clinicopathologic characteristics of patients and treatment outcome

Values are expressed as median (range) or n (%)
LN lymph node, MSKCC Memorial Sloan Kettering Cancer Center, mTOR mTOR pathway inhibitor, PD progressive disease, PR partial 
response, SD stable disease, TKI tyrosine kinase inhibitor (other than sunitinib)

Parameters Value

Age at nephrectomy, years 49 (37–70)
Age at first sunitinib start, years 56 (37–80)
Age at sunitinib rechallenge, years 62 (39–83)
Gender, male 14 (67)
Histology, clear cell 19 (90)
MSKCC prognostic index, good 12 (57)
Metastasis synchronicity, synchronous 8 (38)
Metastasis localization, multiple 9 (43)
 Lung 15 (71)
 Mediastinal LN 5 (24)
 Adrenal gland 4 (19)
 Liver 3 (14)
 Local recurrence 3 (14)
 Bone 2 (10)
 Other (brain, retroperitoneal LN, skin) 3 (14)

New metastasis localization during first sunitinib 7 (33)
New metastasis localization during rechallenged sunitinib 10 (48)
Cytokine therapy before first sunitinib 11 (52)
Duration of first sunitinib, months 22 (3–100)
Dose reduction during first sunitinib 7 (33)
Best response for first sunitinib, PR/SD/PD 8/10/3 (38/48/14)
Systemic therapy between sunitinib treatments, TKI/mTOR/both 7/8/6 (33/38/29)
Interval between sunitinib treatments, months 14 (3–53)
Duration of rechallenged sunitinib, months 10 (2–47)
Dose reduction during rechallenged sunitinib 3 (14)
Best response for rechallenged sunitinib treatment, PR/SD/PD 4/12/5 (19/57/24)
Systemic treatment after rechallenged sunitinib, TKI/mTOR/both 2/1/2 (10/5/10)
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sunitinib treatments, therefore they could be considered to 
have restarted sunitinib [18]).

The above articles all concluded that sunitinib rechal-
lenge is an effective and safe treatment choice for patients 

who relapsed after sunitinib and subsequent TKIs and/
or mTOR inhibitors. The treatment type between the two 
sunitinib exposures seemed to be indifferent regarding the 
efficacy of rechallenged sunitinib; however, only our report 
and two other authors presented cases when TKIs (other 
than sunitinib) were applied [9, 10]. The above statement 
is strengthened by the above-mentioned prospective study 
[15] the preliminary results of which were very similar 
to that of other retrospective studies (Table 3). In that 
study, sunitinib was applied only for first-line therapy, and 
everolimus was the second-line therapy for all patients. In 
contrast, in the other (retrospective) trials, the first suni-
tinib treatment was applied in different lines (1–4) and 
between sunitinib treatments different types and number 
of lines were commenced.

In general, the PFS for rechallenged sunitinib is shorter 
than that of first sunitinib treatment (Table 3).

The treatments beyond rechallenged sunitinib are not 
reported, except one case study [13] where another TKI 
was administered. In our study  about one fourth of patients 
received TKI and/or mTOR after rechallenged sunitinib.

The correlation between duration of first sunitinib and 
OS, which was demonstrated in our study, had already been 
described for mRCC treated with sunitinib or cytokine [19]. 
Also, the longer OS of younger patients observed in our 
investigation had previously been presented [20]. Further 
studies regarding these correlations might be warranted.

The conclusion of our previous publication [21] that 
patients presenting AEs had longer survival, was also 

Fig. 1   Treatment schedule 
of each patient according to 
drug type(s) applied between 
sunitinib therapies and duration 
of first sunitinib treatment. BSC/
obs best supportive care/obser-
vation, mTOR mTOR pathway 
inhibitor, TKI tyrosine kinase 
inhibitor (other than sunitinib)

Fig. 2   Correlation between duration of first sunitinib treatment and 
overall survival (OS). Open marker represents living patients. mTOR 
mTOR pathway inhibitor, TKI tyrosine kinase inhibitor (other than 
sunitinib)
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observed in this study: dose reduction, a reflection of AEs, 
resulted in a longer PFS during the first sunitinib treatment.

The longer PFS of patients treated with cytokines before 
the first sunitinib compared to the first-line sunitinib was an 
interesting issue and it was clearly demonstrated in a retro-
spective trial [22]; however, in our study the difference did 
not reach the level of significance (p = 0.137).

Oudard et al. [9] reported significantly longer PFS of 
rechallenged sunitinib for patients having longer PFS for 
the first sunitinib. Compared to our study (29%) they had 
many more patients (78%) receiving both mTOR and TKI 
between sunitinib treatments. Interestingly, the above find-
ing was exclusively observed in case of our six patients 
(mTOR + TKI), but the difference was not significant 
(p = 0.114), probably due to the low number of patients in 
this group.

In a study by Zama et  al. [10] the interval 
length > 6 months between the two sunitinib treatments 
proved to be a marker of longer PFS of rechallenged suni-
tinib. This correlation in our study was not checked because 

Fig. 3   Progression-free survival 
(PFS) of patients after first 
and rechallenged sunitinib and 
overall survival (OS) of patients 
from the start of first sunitinib 
treatment

Table 2   Adverse events during first and rechallenged sunitinib treat-
ment

Adverse events First sunitinib N (%) Rechallenged suni-
tinib N (%)

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

Diarrhea 12 (57) 13 (62)
Hypothyreosis 12 (57) 14 (67)
Hypertension 12 (57) 10 (48)
Anemia 11 (52) 16 (76)
Mucositis 9 (43) 9 (43)
Thrombocytopenia 5 (24) 3 (14) 8 (38) 2 (10)
Renal toxicity 7 (33) 1 (5) 6 (29) 1 (5)
Hand-foot syndrome 6 (29) 5 (24)
Vomiting 5 (24) 3 (14)
Hepatic toxicity 5 (24) 3 (14)
Leucopenia 3 (14) 8 (38)
Cardiovascular toxic-

ity
1 (5)

Other 5 (24) 2 (10) 2 (10) 1 (5)

Table 3   Synopsis of published and present results about rechallenged sunitinib

CB clinical benefit rate, CK cytokine treatment before first sunitinib, italics prospective study, mo months, mOS median overall survival, mPFS 
median progression-free survival, mTOR mTOR pathway inhibitor, NR not reached, OR objective response rate, TKI tyrosine kinase inhibitor 
(other than sunitinib)

Study n CK [%] First sunitinib Between Rechallenged sunitinib mOS (mo)

Reference number OR (CB) mPFS (mo) mTOR 
[%]

TKI 
[%]

Both 
[%]

OR (CB) mPFS (mo)

[9] 52 – 54 (94) 18.4 15 4 78 15 (61) 7.9 55.9
[15] 39 0 – (100) > 10 100 0 0 – 8.6 –
[10] 23 73 65 (94) 13.7 26 35 13 21 (92) 7.2 –
[11] 13 62 69 (92) 21 85 0 15 15 (92) 6.9 NR
[8] 5 0 – (100) 11.5 60 0 40 0 (100) 6.4 –
[12] 1 0 0 (100) 9 0 0 100 0 (100) > 8 >23
[13] 1 100 0 (100) 4 100 0 0 100 7 >38
[14] 1 0 100 18 100 0 0 100 (100) > 7 >30
Present 21 52 38 (86) 22 38 33 29 19 (76) 14 67
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only one patient had < 6 months interval between sunitinib 
treatments. Considering the median interval (14 months) the 
difference was non-significant (p = 0.444).

Unfortunately, we could not find any predictive marker of 
PFS of rechallenged sunitinib.

The non-significant difference between the AEs of first 
and rechallenged sunitinib reported in our study was also 
clearly demonstrated in detail by Zama et al. [10].

There are several hypotheses for the mechanism, which 
orchestrate transient nature of sunitinib resistance. The 
description of these hypotheses goes beyond the scope of 
this article. Several reviews were already published about 
sunitinib resistance and rechallenge in RCC [1, 3, 23, 24] 
and Felicetti et al. [17] summarized the supposed mecha-
nisms for the transient resistance.

Our study has several limitations because of its retrospec-
tive nature, the relatively low number of patients and some 
laboratory parameters were not evaluated. In spite of limita-
tions, this is the first retrospective cohort study of sunitinib 
rechallenge where the treatment schedules of each patients 
were presented in detail and relationships between OS and 
other factors were investigated.

As mentioned in the Introduction section, the new treat-
ment options for mRCC recently adopted as international 
recommendations have gone beyond sunitinib treatment. 
Nonetheless, it should be noted that although costs of TKI 
treatment are high, costs of immunotherapy are many times 
higher. TKI rechallenge is suggested for those countries 
where the introduction of new TKI or immunotherapeu-
tic modalities is still delayed because of limited financial 
resources.

5 � Conclusion

Sunitinib can be rechallenged after different targeted treat-
ments, and its efficacy does not depends on the type of 
treatment(s) applied between the first and rechallenged suni-
tinib exposures. Re-applying sunitinib does not need further 
caution from oncologists because there were no differences 
between the pattern of adverse events related to the first and 
rechallenged sunitinib treatment. The overall survival of 
patients with mRCC is markedly influenced by the duration 
of first sunitinib treatment.

Finally, we fully agree with the statement of Porta et al. 
[15] that “although many agents are presently available from 
second line on, in countries where treatment options are still 
limited, sunitinib rechallenge could still represent a reason-
able treatment option” for patients with mRCC.

Further investigation is needed into how the recently 
approved immunotherapy modifies patients’ outcome in 
sequential use and the rechallenge of sunitinib treatment in 
mRCC.
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