
Abstract. Background/Aim: In renal cell carcinoma (RCC),
sorafenib was the first targeted agent demonstrating a
definitive benefit in a large phase III clinical trial. The
objective of this study was to assess the clinical outcomes of
42 consecutive RCC patients with metastases solely to the lung
who received sorafenib as a second-line systemic agent.
Patients and Methods: Of the 42 patients, 14 (33.3%) and 28
(66.7%) received cytokine therapy and sunitinib, respectively,
prior to treatment with sorafenib. In this series, all patients
initially received 400 mg of sorafenib twice daily on a
continuous dosing schedule. The efficacy and safety of second-
line sorafenib in these 42 patients were retrospectively
evaluated. Results: As the best response to sorafenib, 2 (4.8%),
14 (33.3%), 22 (52.4%) and 4 (9.5%) patients were judged to
show a complete response, partial response, stable disease and
progressive disease, respectively. The median progression-free
survival (PFS) and overall survival (OS) after the introduction
of sorafenib was 10.6 and 30.2 months, respectively.
Multivariate analyses of several parameters identified the
following independent prognostic predictors: C-reactive protein
(CRP) level for PFS, and International Renal Cell Carcinoma
Database Consortium classification and CRP level for OS. The
common adverse events associated with sorafenib were hand-
foot syndrome, hypertension and diarrhea, which developed in
22 (52.4%), 17 (40.5%) and 13 (31.0%), respectively; however,
any AEs corresponding to ≥grade 3 occurred in only 16
(38.1%). Conclusion: Favorable disease control with
acceptable tolerability might be expected by introducing
sorafenib as second-line therapy for RCC patients with

metastases solely to the lung; therefore, sorafenib could be the
optimal option for this category of patients.

In recent years, several types of molecular-targeted agent,
developed based on intensive investigations of the precise
mechanisms mediating the progression of renal cell
carcinoma (RCC), have been introduced into routine clinical
practice, resulting in marked improvement of the clinical
outcomes of patients with metastatic RCC (mRCC)
compared with that in the era of cytokine therapy (1). In the
majority of mRCC patients, however, targeted therapies will
ultimately fail, and a wide variety of adverse events (AEs)
occur in a significant proportion of patients treated with
targeted agents; therefore, it is very important to conduct
sequential treatment using multiple agents under the optimal
control of AEs in order to further prolong the survival of
these patients (2,3).

Sorafenib, an orally available tyrosine kinase inhibitor
(TKI), has been shown to exert its antitumor activity by
mainly blocking the angiogenesis of tumor tissues (4). In
mRCC, sorafenib was the first targeted agent demonstrating
a definitive benefit in a large phase III clinical trial. This trial
randomized >900 advanced RCC patients previously
receiving cytokine therapy into either a sorafenib or placebo
arm, and showed a significant difference in the progression-
free survival (PFS) between these two groups, favoring the
sorafenib group with a reduction in the risk of disease
progression of 56% (5). Furthermore, the favorable activity
and tolerability of sorafenib were also suggested by the
outcomes of expanded access programs (6, 7).

A few years later, however, other TKIs, sunitinib and
pazopanib, achieved positive results in pivotal clinical trials,
targeting treatment-naïve mRCC patients (8, 9). In addition,
another TKI, axitinib, was reported to lead to a significant
benefit in terms of PFS compared to sorafenib in mRCC
patients who failed first-line systemic therapy (10).
Accordingly, sorafenib has not been widely used as either a
first- or second-line agent for mRCC patients (11). However,
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there have been several studies investigating the utility of
sorafenib for mRCC patients with specific characteristics,
such as elderly age and impaired renal function, considering
the attaractive features of this agent, including the impact on
overall survival comparable to other targeted agents and
relatively favorable safety profiles (11-13). In this study, we
enrolled a total of 42 mRCC patients with metastases solely
to the lung who received sorafenib following the failure of
first-line systemic therapy and retrospectively reviewed the
clinical outcomes of these patients, in order to clarify the
significance of sorafenib in this cohort of patients.

Patients and Methods 

Patients. The design of the present study was approved by the
Research Ethics Committee of our institution, and the need to obtain
informed consent to be involved in this study from all patients was
waived because of its retrospective design. This was conducted as
a retrospective study reviewing clinicopathological data from a total
of 42 consecutive Japanese RCC patients who were diagnosed with
metastases solely to the lung after the failure of first-line systemic
therapy and subsequently received sorefenib as the second-line
agent between August 2008 and September 2016 in a routine
clinical setting at our Institution. Of the 42 patients, 5 who did not

undergo surgical resection of the primary tumor underwent biopsies
of the primary lesion to obtain histopathological findings; thus, all
42 were pathologically diagnosed with primary RCC.

Administration of sorafenib. In this series, sorafenib was initially
administered to all included patients according to the standard dosing
schedule reported by Escudier et al.; that is, they orally received 400
mg of sorafenib twice daily on a continuous dosing schedule (5).
However, dose modification of sorafenib was permitted based on the
severity of AE according to the product label.

Evaluation. As baseline assessments at the start of second-line
therapy with sorafenib, the performance status (PS) and risk
classification were evaluated by the Karnofsky PS scale and
International Renal Cell Carcinoma Database Consortium (IMDC)
system (14), respectively. Prior to the initiation of treatment with
sorafenib, all patients received radiological evaluations by computed
tomography (CT) of the brain, chest and abdomen and/or radionuclide
bone scan. As a rule, tumor measurements were performed by CT
every 6 to 12 weeks after the introduction of sorafenib. During
treatment with sorafenib, responses and AEs were evaluated by the
treating physician based on the Response Evaluation Criteria in Solid
Tumors v.1.1 and National Cancer Institute Common Terminology
Criteria for Adverse Events version 3.0, respectively. Laboratory data
associated with bone marrow, renal and liver functions as well as
inflammatory status were measured in each patient by standard
clinical testing methods every 6 to 12 weeks.

Statistical analysis. Statview 5.0 software (Abacus Concepts, Inc.,
Berkley, CA, USA) was used for all statistical examinations and a
p-value <0.05 was considered statistically significant. The PFS and
OS rates were assessed by the Kaplan–Meier method. The
prognostic significance of certain parameters was evaluated
employing the Cox proportional hazards regression model.

Results

Characteristics of included patients. The clinicopathological
characteristics of the 42 patients included in this study are
summarized in Table I. Of these 42 patients, 14 (33.3%) and
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Table I. Patient characteristics

Median age (years, range)                                                62 (41-83)
Gender (%)                                                                             
  Male                                                                                32 (71.4)
  Female                                                                            12 (28.6)
Nephrectomy (%)                                                                  
  Yes                                                                                  37 (88.1)
  No                                                                                     5 (11.9)
First-line systemic therapy (%)                                             
  Cytokine                                                                         14 (33.3)
  Sunitinib                                                                         28 (66.7)
IMDC risk classification (%)                                                
  Favorable                                                                        10 (23.8)
  Intermediate                                                                   23 (54.8)
  Poor                                                                                  9 (21.4)
C-reactive protein (%)                                                           
  <0.8 mg/dL                                                                    27 (64.3)
  0.8 mg/dL≤                                                                    15 (35.7)
Number of lung metastases (%)                                           
  ≤3                                                                                    23 (54.8)
  4≤                                                                                    19 (45.2)
Side of lung metastases (%)                                                  
  Unilateral lung                                                               24 (66.7)
  Bilateral lungs                                                                18 (33.3)
Histology of primary tumor (%)                                           
  Clear cell cancer                                                            38 (90.5)
  Non-clear cell cancer                                                       4 (9.5)
Sarcomatoid feature (%)                                                       
  Positive                                                                             6 (14.3)
  Negative                                                                         36 (85.7)

IMDC: International Renal Cell Carcinoma Database Consortium.

Figure 1. Maximal percent changes in the target tumor size from the
baseline in 42 renal cell carcinoma patients with metastases solely to
the lung who received second-line systemic treatment with sorafenib.



28 (66.7%) received cytokine therapy and sunitinib,
respectively, as first-line systemic treatment. Following the
failure of first-line therapy, all 42 patients were radiologically
diagnosed with metastases solely to the lung, and sorafenib was
subsequently administered as the second-line systemic agent.

Oncological outcomes. The median period of treatment with
sorafenib in these patients was 13.2 months (range=2–39),
and dose-reduction was done in 27 patients (64.3%). Of the
42 patients, 38 (90.5%) and 4 (9.5%) stopped receiving
sorafenib due to disease progression and intolerable AEs,
respectively. As the best response to sorafenib in the 42
patients, 2 (4.8%), 14 (33.3%) and 22 (52.4%) showed a
complete response, partial response and stable disease,
respectively, for at least 6 weeks; however, the remaining 4
(9.5%) were judged to have progressive disease. Therefore,
the objective response rate (ORR) and clinical benefit rate in
this series were 38.1 and 90.5%, respectively. The maximum
reduction from the baseline of the target tumors in the 42
patients is shown in Figure 1.

PFS and OS of the 42 patients after introducing sorafenib
were then evaluated. As shown in Figure 2, the median PFS
and OS in this series were 10.3 and 30.2 months,
respectively. Furthermore, the impacts of several
clinicopathological parameters on PFS and OS in these 42
patients were investigated (Table II). Univariate analyses
identified the following significant prognostic indicators:
IMDC classification (p=0.012) and C-reactive protein (CRP)
level (p=0.0083) for PFS; IMDC classification (p=0.018),
CRP level (p=0.0073) and sarcomatoid feature (p=0.037) for
OS. Multivariate analyses of these significant prognostic
indicators were subsequently conducted, and the following

parameters were suggested to have independent prognostic
impacts: CRP level (p=0.024) for PFS; IMDC classification
(p=0.042) and CRP level (p=0.022) for OS.

Profiles of AEs. AEs associated with the use of sorafenib are
presented in Table III. All patients experienced AEs, and the
common AEs were hand-foot syndrome, hypertension and
diarrhea, which occurred in 22 (52.4%), 17 (40.5%) and 13
(31.0%), respectively; however, AEs corresponding to
≥grade 3 developed in only 16 (38.1%), and there was no
case of treatment-related death.

Discussion

Due to the prevalence of potential TKIs in real-world clinical
practice, particularly that of axitinib, shown to significantly
prolong PFS in previously treated mRCC patients compared
with sorafenib (8-10), it has become uncommon to widely
introduce sorefenib for mRCC patients in either a first- or
second-line setting (11). This trend has become more marked
since the recent approval of immune checkpoint inhibitors,
such as nivolumab and ipilimumab, for mRCC patients as both
first- and second-line therapies (15). To date, however, there
have been several studies suggesting the significant role of
sorafenib for treating mRCC patients with specific
characteristics (11-13). For example, Tatsugami et al. reported
that sorafenib in patients with an estimated glomerular filtration
rate of <45 and ≥45 ml/min/1.73 m2 showed similar efficacy
and safety (12), while Procopio et al. analyzed the Sorafenib
RCC Integrated Database according to age (<55, 55-64, 65-74,
or ≥75 years), and showed that sorafenib was well-tolerated
regardless of age (13). Considering these findings, we focused
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Figure 2. Progression-free survival (PFS) of the 42 renal cell carcinoma (RCC) patients with metastases solely to the lung after receiving second-
line systemic treatment with sorafenib (a). Overall survival (OS) of the 42 renal cell carcinoma (RCC) patients with metastases solely to the lung
after receiving second-line systemic treatment with sorafenib (b).



on the efficacy of sorafenib as a second-line systemic agent for
mRCC patients with metastases solely to the lung, who are
generally regarded as having a comparatively favorable
prognosis, and retrospectively assessed the comprehensive
clinical outcomes in these patients.

The ORR of sorafenib in this series, consisting of patients
with metastases solely to the lung, was 38.1%, which is
higher than those of previous studies (5, 11, 16-18). The
ORRs in the global phase III TARGET trial and Japanese
phase II trial were 12 and 10%, respectively (5, 16). In
addition, ORRs of sorafenib in a large and diverse
population of mRCC patients treated in routine clinical
practice were reported to be approximately 20-25% (17, 18).
Akaza et al. conducted a large-scale prospective registration
study of Japanese mRCC patients receiving sorafenib, and
showed a finding similar to that of the present study; that is,
a favorable response of lung metastases to sorafenib (31.2%)
was observed compared with metastases to other organs (18).
However, a recently performed systematic review and meta-
analysis revealed that significant differences in ORRs were
found in favor of other targeted agents compared with
sorafenib, irrespective of therapeutic lines (11). Collectively,
these findings suggest that it is a suitable strategy for RCC
patients with metastases solely to the lung to introduce
sorafenib as second-line therapy to achieve a favorable
response after the failure of first-line systemic therapy.

To date, there have been several studies assessing prognostic
outcomes in mRCC patients treated with sorafenib (5, 11, 16,
19, 20). For example, PFS and OS in the TARGET trial were
5.5 and 17.8 months, respectively (5, 19), while those in the
Japanese phase II trial were 7.9 and 25.3 months, respectively
(16, 20). In the 42 RCC patients with metastases solely to the
lung included in this study, the median PFS and OS were 10.6

and 30.2 months, respectively, which are more favorable than
those of previous studies. Furthermore, these prognostic
outcomes, particularly OS, are comparable or even superior to
those in mRCC patients receiving other targeted agents (1-3).
In fact, sorafenib has been frequently used as the standard
comparator for clinical trials testing the efficacies of other
targeted agents, such as axitinib and temsirolimus, in mRCC
patients, and the findings of these trials consistently
demonstrated that sorafenib is likely to have a more favorable
effect on OS than on PFS compared with other targeted agents
(10, 11, 21). Taken together, if metastatic spread is limited to
the lung alone after the failure of first-line systemic therapy,
the prognosis of mRCC patients could be expected to be
favorably controlled by the administration of sorafenib.

Although lung metastases have been shown to respond
well to targeted agents (18), it is still of interest to identify
reliable prognostic factors in RCC patients with metastases
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Table II. Univariate and multivariate analyses of associations between various parameters with progression-free and overall survivals.

                                                                                                           Progression-free survival                                            Overall survival

                                                                                              Univariate analysis     Multivariate analysis       Univariate analysis    Multivariate analysis

Variables                                                                         Hazard ratio   p-Value   Hazard ratio   p-Value   Hazard ratio    p-Value   Hazard ratio   p-Value

Age (years) (<60 versus ≥60)                                               0.78           0.64                –                  –               0.56           0.23                 –                 –
Gender (male versus female)                                                1.32           0.41                –                  –               1.44           0.42                 –                 –
Prior nephrectomy (yes versus no)                                       0.45           0.1                  –                  –               0.43           0.089               –                 –
First-line therapy (cytokine versus sunitinib)                      1.13           0.47                –                  –               1.17           0.48                 –                 –
IMDC risk classification (poor versus others)                     3.89           0.012           1.72            0.089           3.54           0.018            2.78           0.042
C-reactive protein (mg/dL) (<0.8 versus ≥0.8)                    3.92           0.0083         3.19            0.024           4.07           0.0073          3.38           0.022
Number of lung metastasis (≤3 versus ≥4)                          0.68           0.52                –                  –               0.61           0.4                   –                 –
Side of lung metastasis (unilateral versus bilateral)            0.57           0.48                –                  –               0.53           0.18                 –                 –
Histological subtype (CCC versus non-CCC)                     0.53           0.35                –                  –               0.57           0.29                 –                 –
Sarcomatoid feature (yes versus no)                                    1.8             0.12                –                  –               2.92           0.0037          1.77            0.18

IMDC: International Renal Cell Carcinoma Database Consortium; CCC: clear cell cancer. 

Table III. Adverse events associated with sorafenib.

Adverse events (%)                          All grades                   Grade 3≤

All adverse events                            42 (100)                       16 (38.1)
Hand-foot syndrome                        22 (52.4)                        5 (11.9)
Hypertension                                    17 (40.5)                        4 (9.5)
Diarrhea                                            13 (31.0)                        2 (4.8)
Rash                                                  12 (28.6)                        1 (2.4)
Alopecia                                              9 (21.4)                        0 (0)
Liver dysfunction                               9 (21.4)                        5 (11.9)
Appetite loss                                       6 (14.3)                        1 (2.4)
Mucositis                                            5 (11.9)                        0 (0)
Dysphonia                                           5 (11.9)                        0 (0)



solely to the lung receiving sorafenib as second-line systemic
therapy. In this series, multivariate analyses revealed the
following independent prognostic parameters: CRP level for
PFS, and IMDC classification and CRP level for OS. The
prognostic significance of these factors was consistently
identified in several previous studies, including those
focusing on second-line targeted therapy for mRCC (14, 18,
22-24). Accordingly, based on the findings of this study,
even in patients with metastases solely to the lung, we
should consider introducing standard second-line agents
rather than sorafenib for patients classified into a poor risk
group and/or those with an elevated CRP level.

It is important to perform detailed evaluation of the
toxicity profile of sorafenib observed in this series. All
patients included in this study experienced some kind of AE,
and the frequently observed AEs were hand-foot syndrome,
hypertension and diarrhea, with each occurring in >30% of
patients; however, AEs corresponding to ≥grade 3 occurred
in <40% of patients, there was no case of sorafenib-
associated death, and all AEs that developed in this series
were manageable with dose reduction and/or standard
conservative treatments. Since Japanese patients have been
reported to be more sensitive to targeted agents against RCC
than Western populations according to the findings of
clinical trials, including those associated with sorafenib (5,
8, 16, 25), the present AE profile suggests the favorable
tolerability of sorafenib compared with other TKIs, which
may contribute to maintaining the clinical role of this agent.

Herein, we would like to describe several limitations of
this study. Firstly, this was a retrospective study including an
insufficient number of patients; therefore, it is difficult to
draw definitive conclusions, particularly regarding prognostic
issues, based on the findings of this study. Secondly,
treatment with sorafenib was initiated in most of the patients
included in this study in the early era of targeted therapy;
therefore, it was not possible for these patients to be treated
with some of the currently available agents against mRCC,
including immune checkpoint inhibitors. Finally, although
this study was carried out focusing on RCC patients with
metastases solely to the lung, there might be other specific
cohorts who could benefit from treatment with sorafenib.

Conclusion

To our knowledge, this is the first study investigating the
outcome of sorafenib as a second-line systemic therapy for
RCC patients with metastases solely to the lung, showing
encouraging data regarding the efficacy, as well as
tolerability of this agent. Therefore, the findings presented
in this study strongly suggest that the introduction of
sorafenib could be a promising option for RCC patients with
metastases solely to the lung following the failure of first-
line systemic therapy.
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