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Abstract.
Background: Fourth-line therapy (4LT) in the treatment of metastatic renal cell carcinoma (mRCC) varies significantly due
to the lack of data and recommendations to guide treatment decisions.
Objective: To evaluate the use and efficacy of 4LT in mRCC patients.
Methods: The International mRCC Database Consortium (IMDC) dataset was used to identify patients with mRCC treated
with 4LT. This is a multicenter, retrospective cohort study. Overall survival (OS) and progression-free survival (PFS) were
calculated using Kaplan-Meier curves. Patients were evaluated for overall response. The six prognostic variables included in
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the IMDC prognostic model were used to stratify patients into favorable-, intermediate- and poor-risk groups. Exploratory
analyses were performed examining the elderly (>70 years old) and non-clear cell RCC subgroups. Proportional hazards
regression modelling was performed adjusting these covariates by IMDC criteria measured at initiation of 4th line therapy.
Results: 7498 patients were treated with first line targeted therapy and out of these 594 (7.9%) received 4LT. Everolimus
was the most frequently used 4LT (16.8%). Sorafenib, axitinib, pazopanib, sunitinib and clinical trial drugs were also used
in >10% of patients. The OS of patients on any 4LT was 12.8 months, with a PFS of 4.4 months. The overall response rate
(ORR) was 13.7%. Favorable-risk patients using IMDC criteria (5%) displayed an OS of 23.1 months, intermediate-risk
patients (66%) had an OS of 13.8 months and poor-risk patients (29%) had an OS of 7.8 (p < 0.0001) months. Age >70 years
and non-clear cell histology did not impact OS. Our study is limited by its retrospective design.
Conclusions: 4LT use appears to have activity in mRCC patients. The IMDC continues to be of prognostic value in the
fourth-line setting for OS. This study helps to set a benchmark for response rate and survival for which clinical trials can
plan sample size calculations and aim to improve upon.
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INTRODUCTION

With the introduction of several targeted thera-
pies and checkpoint inhibitors, survival outcomes of
mRCC patients continue to improve. As of today, two
mammalian target of rapamycin (mTOR) inhibitors
and six drugs targeting the vascular endothelial
growth factor (VEGFR) pathway are approved for
mRCC treatment [1]. Additionally, cabozantinib, an
inhibitor of VEGFR receptor (VEGFR), MET and
AXL, and nivolumab, a programmed cell death-1
(PD- 1) checkpoint inhibitor have also been approved
for treatment in mRCC [2, 3].

With the growing number of available therapeu-
tic agents, the optimal treatment patterns in 4LT
need to be examined. The European Society for
Medical Oncology (ESMO) and the National Com-
prehensive Cancer Network (NCCN) provide some
guidelines for the most appropriate first-, second- and
third-line treatment [4, 5]. However, no robust evi-
dence exists to optimize treatment selection in the
4LT setting. The RECORD-1 and METEOR trials
were the only randomized controlled trials to include
patients in the fourth-line setting [3, 6]. The outcomes
of patients receiving everolimus or cabozantinib in
fourth-line setting were not well characterized as
they represent small patient subgroups in each trial
[3, 7].

As a result, treatment sequences in 4LT vary sig-
nificantly amongst different centers and jurisdictions.
Additionally, many patients do not receive reimburse-
ment for their respective 4LT drugs. This study aims
to examine the effects of 4LT on mRCC patients.
It also explores if the IMDC prognostic factors can
be successfully used to stratify patients into risk
categories.

MATERIAL AND METHODS

Patient population

Thirty-five international cancer centers in Canada,
USA, Denmark, Greece, South Korea, Australia,
New Zealand, Japan, Singapore, Italy and Belgium
provided patient data. Patients were obtained by
pharmacy, registry or consecutive clinic lists and indi-
vidual retrospective chart reviews were performed to
collect patient data. Standardized database templates
were used and the data included patients accrued
between 2005 and October 8th 2016.

Patients included in this study had mRCC and were
treated with one or more VEGF or mTOR targeted
agents. Previous treatment with IFN� or IL2 was not
counted as a first line of therapy, because we wanted to
focus on targeted therapies. Institutional review board
approval was obtained from each center participating
in this study.

Statistical analysis

Statistical analyses were performed using SAS
version 9.4 (Cary, NC, USA). PFS and OS were eval-
uated using Kaplan-Meier curves. OS was defined
as time from the start of 4LT to death or censored
at last follow-up. PFS was defined as the time from
the start of 4LT until death, progression based on the
Response Evaluation Criteria in Solid Tumors guide-
lines, termination of 4LT or censored at last follow
up. Exploratory analyses were performed examining
subgroups of patients including the elderly (defined
as >70 years old) and non-clear cell RCC. Propor-
tional hazards regression modelling was performed
adjusting these covariates by IMDC criteria measured
at initiation of 4th line therapy.
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Patients were stratified into prognostic groups
using the following six factors included in the IMDC
prognostic model: (1) Karnofsky Performance Score
(KPS) <80%, (2) time from diagnosis to initiation
of targeted therapy <1 year, (3) hypercalcemia, (4)
anemia, (5) neutrophilia, and (6) thrombocytosis. In
the 4LT analysis all variables except for time from
diagnosis to initiation of first line targeted therapy <1
year were collected at the start of fourth-line ther-
apy. Patients were stratified into IMDC favorable-risk
(0 prognostic factors), IMDC intermediate-risk (1-2
prognostic factors) and IMDC poor-risk (3–6 prog-
nostic factors) and analyzed for OS.

RESULTS

Patient characteristics and treatments

A total of 7498 patients were included in this
analysis. 3854 (51.4%) patients who were previ-
ously treated with first-line therapy moved on to
receive second line therapy. 1813 (24.2%) pro-
gressed to third-line therapy and 594 (7.9%) patients
received 4LT. The median follow-up for the entire
cohort was 52.1 months from the initiation of first
line therapy. For 4LT patients, the median follow-
up from the initiation of 4LT was 25.7 months.
Their baseline characteristics at initiation of 4LT are
shown in Table 1. 196/1701 (11.5%) mRCC patients
from the United States received 4LT, while only
398/5797 patients (7%) of patients outside of the
USA received 4LT (p < 0.0001). 439/557 (78.8%)
patients had stopped fourth-line therapy and 370/594
patients (62%) died when this analysis was con-
ducted. 37 patients were missing information about
the continuation of therapy. At the time of anal-
ysis 89% stopped first-line therapy, 88% stopped
second-line therapy, 88% stopped third-line and 79%
of patients had stopped 4LT. Everolimus was the
most common fourth-line therapy (16.8%), followed
by sorafenib (14.5%), axitinib (13.1%), pazopanib
(13.0%), sunitinib (13.0%), and clinical trial drugs
(11.5%) (Fig. 1). No treatment showed significant
superiority in OS or PFS (Table 2).

Survival outcomes, IMDC risk analysis &
Subgroup analysis

Median OS from initiation of any 4LT was 12.8
months (95% CI: 1.4–14.4) (Table 2). Median PFS
from initiation of any 4LT was 4.4 months (95%
CI: 4.0–5.1) (Table 2). 55.2% of patients had a best

Table 1
Patient characteristics at initiation of 4LT and 1LT (N-594)

4LT Parameter N %

Median Age 63 (IQR: 56–78)
Male 445/594 75
IMDC Favorable Risk at initiation of 4LT 14/288 5
IMDC Intermediate Risk at initiation of 4LT 189/288 66
IMDC Poor Risk at initiation of 4LT 85/288 29
<80 KPS 190/542 35
Diagnosis to Targeted Therapy <1yr 279/580 48
Prior Nephrectomy 540/594 91
Hypercalcemia 39/340 11
Anemia 308/401 77
Neutrophilia 72/411 18
Thrombocytosis 80/415 19
Non-clear cell histology 54/490 11
Sarcomatoid features 47/523 9
Brain Metastasis 24/530 5
1LT Parameter
IMDC Favorable Risk at initiation of 1LT 106/401 26
IMDC Intermediate Risk at initiation of 1LT 262/401 65
IMDC Poor Risk at initiation of 1LT 33/401 8

IMDC = International Metastatic Renal Cell Carcinoma Database
Consortium; KPS = Karnofsky Performance Status. 4LT = Fourth-
line therapy. 1LT = First-line therapy.

response of stable disease or better. Upon stratify-
ing 4LT patients into risk categories (n = 288), 5%
were favorable-risk, 66% were intermediate-risk, and
29% were poor-risk patients. Favorable-risk patients
had an OS of 23.1 months (95% CI: 14.7-NR),
intermediate-risk patients had an OS of 13.8 months
(95% CI: 11.4–17.5), and poor-risk patients had an
OS of 7.8 months (95% CI: 4.9–12.2) (p < 0.0001)
(Fig. 2). In an effort to explore subgroups of patients
receiving fourth-line therapies, we examined the use
of age and non-clear cell RCC as potential prognos-
tic factors for OS. Patients >70 years of age had no
difference in their OS when adjusting for the IMDC
criteria, the hazard ratio was not statistically signifi-
cant (HR 0.84, 95% CI: 0.56–1.25, p = 0.38). Patients
with non-clear cell RCC had no difference in their
OS when compared to those with clear cell histology.
When adjusting for fourth-line IMDC criteria, the
hazard ratio for death was not statistically significant
(HR 1.13, 05% CI: 0.72–1.77, p = 0.61). Other sub-
group analyses were not possible due to small patient
numbers.

DISCUSSION

As of today, the ideal 4LT for mRCC patients
remains unknown. Most clinical trials are set in the
first- and second-line setting. Thus, the fourth-line
setting has not been studied extensively. Furthermore,
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Fig. 1. Total number of patients within the IMDC receiving first-, second-, third- and fourth-line therapy (A). Therapies given in the first-,
second-, third- and fourth-line setting to patients who received 4LT (N = 594) (B).

Table 2
Fourth-line progression free survival (PFS)/overall survival (OS)/best response

Fourth-line Drug OS (months) PFS (months) Best Response
PR SD PD CR

Everolimus 3.6 (3.0–4.7) 12.8 (9.5–18.5) 2/68 27/68 39/68 0/68
Sorafenib 3.9 (2.8–5.3) 11.4 (8.9–16.3) 8/71 30/71 33/71 0/71
Axitinib 7.3 (4.0–11.2) 18.0 (12.4–22.0) 3/46 24/46 19/46 0/46
Pazopanib 4.6 (3.4–6.8) 9.4 (7.3–13.8) 9/49 20/49 20/49 0/49
Sunitinib 5.3 (3.4–6.2) 12.1 (8.8–16.1) 16/65 24/65 25/65 0/65
Clinical Trial 4.4 (3.2–5.6) 14.2 (9.4–20.6) 4/42 20/42 18/42 0/42
Nivolumab 13.6 (3.9-NR) NR (14.4-NR) 7/23 6/23 9/23 1/23
Total 4.4 (4.0–5.1) 12.8 (1.4–14.4) 49/364 151/364 163/364 1/364

13.5% 41.5% 44.8% 0.3%

CR = Complete Response; PR = Partial Response; SD = Stable Disease; PD = Progressive Disease.

Fig. 2. Kaplan Meier curve depicting the overall survival from the initiation of fourth-line targeted therapy for 288 metastatic renal cell
carcinoma patients with complete prognostic information. Blue = favorable risk (5%), Red = intermediate risk (66%), Green = poor risk
(29%). Patients were stratified by IMDC prognostic categories: 0 factors = favorable risk, 1-2 factors = intermediate risk, 3–6 factors = poor
risk. CI = confidence interval.



I. Stukalin et al. / Fourth-Line Therapy in mRCC 35

only a handful of retrospective studies have looked at
small cohorts of patients receiving 4LT, with many
of these including cytokine immunotherapy as a pre-
vious line of treatment [8–11]. As a result, no clear
guidelines exist to guide clinicians in the fourth-line
setting.

Our results confirm a largely heterogeneous
patient population receiving different targeted agents.
Everolimus was used in 16.8% of all 4LT patients,
while four other treatments were used in 13–14.5%
of mRCC patients. Since currently no robust evi-
dence exists to suggest superiority of any treatment
used in the fourth-line setting, clinicians will con-
tinue to administer treatments based on institutional
preference and availability. For example, Ameri-
cans with health-insurance may be eligible for more
reimbursed approved treatments than non-American
patients with universal health coverage who may seek
clinical trial involvement instead [12, 13]. This may
be true because in our study 11.5% of Americans
received 4LT relative to 7% of non-Americans.

Our results indicate that 7.9% of mRCC patients
receive 4LT. Median OS from initiation of any 4LT
was 12.8 months, while the median PFS from initi-
ation of any 4LT was 4.4 months. The 4LT survival
data is comparable to a small (N = 56) fourth-line ret-
rospective study, which displayed an OS and PFS of
10.5 and 3.2 months, respectively [8]. Moreover, the
ORR of 13.7% is comparable to that of two small Ger-
man retrospective studies, which displayed ORRs of
8.9% and 16.7% [8, 10].

Our data provides further evidence that patients in
fourth-line setting can still experience a substantial
survival benefit. With the introduction of novel drugs
and reduced treatment toxicities, treatment selection
for mRCC patients continues to improve. Identifying
the patients that will most likely benefit from 4LT
remains crucial to ensure the best possible treatment
outcomes. The discovery and use of novel biomarkers
in treatment selection will hopefully allow us to elu-
cidate optimal treatment patterns for targeted therapy
in first-, second-, third- and fourth-line settings.

The IMDC prognostic criteria appear to be able
to stratify patients into favorable-, intermediate- and
poor-risk groups in the fourth-line setting for over-
all survival. The IMDC model has previously been
validated in first- and second-line settings, while
also stratifying patients appropriately into prognostic
groups in the third-line setting [13–15]. Interestingly,
our data shows that even some poor risk patients (8%)
at the initiation of first-line therapy received 4LT. As
a result, the IMDC criteria cannot help to identify

patients at the outset of receiving first-line therapy
which patient will move on to 4LT.

Our study is limited by its retrospective design. A
selection bias exists for 4LT patients, since patients
with high disease burden and rapidly progressing
disease may not receive multiple lines of targeted
agents. We tried to address this bias by using consec-
utive patient data from hospital records. We stratified
patients into prognostic groups by using the IMDC
prognostic factors. However, some prognostic factors
were missing. Further studies need to be conducted
to explore the effect of 4LT.

Finally, with the increasing use of checkpoint
inhibitors and newer drugs that target mechanisms of
VEGF resistance (e.g. cabozantinib and lenvantinib),
the fourth-line treatment landscape will continue
to evolve. Novel studies, such as NCT02071862
and NCT02724020 testing the Glutaminase Inhibitor
CB-839 and MLN0128/MLN1117, respectively, will
allow for the enrollment of patients in fourth-line set-
ting [16, 17]. With more clinical trials beginning to
include fourth-line patients, it will be interesting to
see if outcomes improve or if the efficacy of 4LT
is dependent upon which types of prior therapies
patients receive. This study helps to set a benchmark
for response rate and survival for which clinical trials
can plan sample size calculations and aim to improve
upon.

CONCLUSIONS

With an increasing number of therapeutic agents
and improving treatment algorithms the guidelines
for mRCC treatment will continue to evolve. Our
study displayed that 4LT drug selection was highly
heterogeneous. The IMDC prognostic factors can
stratify patients into favorable-, intermediate- and
poor-risk groups in the fourth-line setting. 4LT
appears to benefit a select group of patients. Further
studies need to be conducted to identify groups that
will most likely benefit from 4LT.
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