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Abstract.
BACKGROUND: Lenvatinib with everolimus (“Len/Eve”) is approved for advanced/metastatic RCC following one antiangiogenic therapy.
OBJECTIVE: This study evaluated patient characteristics, treatment patterns and overall survival (OS) with second-line or
later (2L+) Len/Eve for advanced/metastatic RCC.
METHODS: A retrospective observational study was conducted using electronic health records. Adult patients who initiated
2L+ Len/Eve for advanced/metastatic RCC from May 13, 2016 to July 31, 2019 were included. Patient characteristics and
treatment patterns were assessed across the overall population and by post-immuno-oncology (IO) and post-tyrosine kinase
inhibitors (TKI) groups. OS was estimated from Len/Eve initiation (i.e., index date) using Kaplan-Meier.
RESULTS: Among the study population (n = 152), 44.1% received 2L/3L Len/Eve and median number of prior therapies
was 3 (range:1–8). Median age was 63.2 years, 78.9% were Caucasian, 73.7% were male, and 56.6% had ECOG performance
status 0/1. At initial diagnosis, 65.8% had stage IV disease. At index, 53.3% had an International Metastatic RCC Database
Consortium risk score of intermediate/poor, 15.1% favorable, and 31.6% missing score. Sixty-five (42.8%) received IO-based
regimens and 49.3% received TKIs directly before index. Median OS from index was 13.9 (95% CI: 9.5–16.5) months and
2L/3L and 4L+ were 12.1 (95% CI: 8.4–17.0) and 14.8 (95% CI: 8.9–22.5) months, respectively. Median OS for Len/Eve
post-IO and post-TKI were 13.9 (95% CI: 8.4–21.3) and 14.8 (95% CI: 7.8–16.5) months, respectively.
1 Previous

presentations: This work has been presented as a
poster presentation at the IKCS 2020 conference, November 6th,
2020 held virtually.
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Conclusion: This study suggested that 2L+ Len/Eve has clinical effectiveness for advanced/metastatic RCC in a US
community oncology setting. Future studies are needed to confirm the association of improved survival with 2L+ Len/Eve.
Keywords: Immuno-oncology, tyrosine kinase inhibitors, overall survival, non-clear cell, clinical effectiveness

INTRODUCTION
Renal cell carcinoma (RCC) is the sixth most common cancer in men and the ninth most common
cancer in women, accounting for 3% to 5% of all adult
malignancies [1]. An estimated 76,080 new cases of
RCC and 13,780 deaths from RCC will have occurred
in the United States (US) in 2021. At the initial diagnosis, approximately 65% of patients have localized
disease, 16% have regional spread, and 16% have distant metastasis. The 5-year survival for patients with
RCC is 75.2%; however, patients with advanced or
metastatic RCC (advanced/metastatic RCC) have a
poorer prognosis (14%) compared to localized RCC
(93%) (during 2011–2017) [2].
The treatment landscape for advanced/metastatic
RCC continues to evolve. Immuno-oncology (IO)based therapies and tyrosine kinase inhibitors
(TKI)-based therapies including lenvatinib, sunitinib, pazopanib and cabozantinib are FDA approved
for first-line treatments and axitinib, cabozantinib, nivolumab, lenvatinib plus everolimus, and
everolimus monotherapy among others for second
(2L)- and subsequent-line treatments [3–5]. The combination of lenvatinib plus everolimus (Len/Eve) was
approved by the Food and Drug Administration in
May of 2016 for advanced/metastatic RCC following
one prior antiangiogenic therapy [6]. This approval
was based on results from a randomized, phase 2,
open-label, multi-center trial (Study 205). In this
trial, 51 patients received Len/Eve and 50 patients
received single agent everolimus. Len/Eve combination therapy was associated with significantly longer
progression-free survival compared with everolimus
alone (median 14.6 months [95% CI 5.9–20.1] vs 5.5
months [3.5–7.1]; hazard ratio [HR] 0.40, 95% CI
0.24–0.68; p = 0.0005) [7].
While several studies have explored the clinical outcomes of patients receiving cabozantinib or
nivolumab monotherapy as second-line or subsequent lines of treatment (2L+) in a real-world setting
[8–12], data on clinical outcomes are limited for
patients with advanced/metastatic RCC treated with
2L+ Len/Eve post antiangiogenic or IO-based therapy. In 2020, a case report by Hamieh et al. (2020)
found that seven advanced/metastatic RCC patients

with primary resistance to first-line therapies benefitted from subsequent Len/Eve combination therapy
[13]. Due to the small sample size in this case report, it
is evident that additional studies evaluating Len/Eve
use are necessary to assist clinicians and patients in
choosing the optimal treatment. Therefore, this study
aims to understand the patient characteristics, treatment patterns and clinical outcomes of patients with
advanced/metastatic RCC who received 2L combination therapy of Len/Eve in US community oncology
practices.
PATIENTS AND METHODS
Study design and patient population
This was a retrospective observational cohort study
that examined demographics, clinical characteristics,
treatment patterns and outcomes for patients with
advanced/metastatic RCC treated with 2L+ Len/Eve
between May 13, 2016 and July 31, 2019. May 13,
2016 was chosen as the lower bound of the index
identification period because it was the date that
Len/Eve combination therapy received FDA approval
for advanced/metastatic RCC. July 31, 2019 was chosen as the upper bound to allow at least 6 months of
follow up prior to the anticipated data cut rate on January 31, 2020. Patients were followed until January
31, 2020 or last patient record (Fig. 1).
Eligible patients were 18 years of age or older at
the index date and had a documented diagnosis of
advanced/metastatic RCC, initiated Len/Eve between
May 13, 2016 and July 31, 2019, received care at US
Oncology Network or Onmark clinics utilizing the
full electronic healthcare record (EHR) capacities at
the time of treatment, and had ≥ 2 office visits during
the study observation period. Patients were excluded
if they were enrolled in clinical trials investigating
Len/Eve or being treated for other types of primary
tumors during the index period.
The date of initiation of Len/Eve was defined as
the index date. The pre-index period was the time
period from the initial date of advanced/metastatic
RCC diagnosis until (but not including) the index
date. The post-index period was the time period from
the index date until the final clinical visit, death, or
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Fig. 1. Overview of study design.

end of study date, whichever came first. During the
post-index period, patients had variable follow-up
durations as they were each followed longitudinally
until last patient record or end of the study period.

the US Oncology Institutional Review Board, IRB#
20-004E.

Data source

Patient demographics examined in this study
included age, gender, race, ethnicity, geographic
region, and smoking status. Available data were
obtained on clinical characteristics, International
Metastatic RCC Database Consortium (IMDC) risk
status, and treatment details. Treatment sequences
were determined based on the start and stop dates of
regimens. The treatment episode was defined within
28 days. If a gap existed that was longer than a specific time window (i.e., ≥90 days), the line of therapy
(LOT) was defined as the next LOT even with the
same treatment. Cancelled drug orders and administrations were not used to determine the LOT.

Data were captured from The US Oncology Network and Onmark from records dating from May 13,
2016 to January 31, 2020. The US Oncology Network includes more than 1,400 physicians operating
in more than 470 sites of care across 25 states and provides care for nearly 1 million patients with cancer
each year. The EHR of the US Oncology Network,
iKnowMed (iKM), was used in this study. In addition,
data were included from approximately 80 Onmark
clinics that have adopted the iKM EHR. iKM is an
oncology-specific EHR system that captures outpatient practice encounter histories for patients under
community-based care, including but not limited to
patient demographics such as age and gender; clinical information such as disease diagnosis, diagnosis
stages, performance status information and laboratory testing results; and treatment information, such
as treatment administration within The US Oncology
Network and Onmark clinics.
To supplement available vital status information
in iKM, the Social Security Death Index (SSDI) was
used to estimate OS. OS was defined as the interval
from the index date to the date of death as documented
in the SSDI and iKM EHR database. Patients alive at
the end of the data collection period were censored
on the study end date or the last visit date available
in the database, whichever occurred first. Because
the study derived data from the iKM database to
meet the objectives, an intent-to-treat perspective was
applied. All study data were handled according to the
Health Insurance Portability and Accountability Act
and the Health Information Technology for Economic
and Clinical Health Act. The study protocol received
an exception and waiver of informed consent from

Patient characteristics and treatment patterns

Statistical analysis
Demographics and clinical characteristics, treatment patterns, and outcomes were determined for
all study patients and for the subgroups treated with
Len/Eve post-IO (i.e., including IO monotherapy
and IO-based regimen) or post-TKI. Classification of
patients into those subgroups was based on the treatment regimen(s) immediately before Len/Eve. For
example, if a patient began nivolumab monotherapy
and advanced to a new LOT with Len/Eve, that patient
was assigned to the post-IO subgroup. All patients
were followed from index date until end of study
period.
Demographic and clinical characteristics at baseline and treatment patterns were analyzed descriptively for the overall study population. Categorical
variables (e.g., Eastern Cooperative Oncology group
[ECOG] performance status) were reported as frequencies and percentages. Continuous variables such
as age were reported as mean, standard deviation,
median, and range (minimum-maximum). In the case
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inately IMDC intermediate risk with more than half
(52.0%) at intermediate risk, 15.1% at favorable risk,
only 2 patients (1.3%) at poor risk, and 31.6% with a
missing score.
Treatment patterns
Sixty-seven patients (44.0%) received Len/Eve in
the second- or third-line setting, while 85 patients
(55.9%) received Len/Eve in the fourth-line or later
setting. The median number of prior therapies was 3
(range: 1–8). Prior to starting treatment with Len/Eve,
approximately 42.8% received an IO-based regimen
(including IO-IO, IO-TKI, and IO monotherapies)
and 49.3% received TKI treatments alone directly
before index (Table 2).
Fig. 2. Study attrition. Abbreviations: LOT, line of therapy; RCC,
renal cell carcinoma.

of missing observations, the number and percentage
of missing values was reported. Overall survival (OS)
was the primary clinical endpoint. OS was defined as
the interval between the initiation of the index treatment to the date of death and measured using the
Kaplan-Meier method with 95% confidence intervals
(CIs). Patients still alive by the end of the study observation period were censored on the study end date or
the last visit date reported in the dataset, whichever
happened first. OS probabilities were reported for
6, 12, 18, and 24 months. Results were reported in
aggregate using SAS® 9.4 (SAS Institute Inc., Cary,
NC, US).
RESULTS
Patient demographic and clinical characteristics
A total of 152 patients were included in the
study population and had been diagnosed with
advanced/metastatic RCC at a median of 22.9 (IQR
13.8, 37.0) months before the index date. The median
age was 63.4 years, 73.7% were male, 78.9% identified as Caucasian, 41.4% received care in the western
U.S. region and 49.3% had never smoked (Table 1).
At initial diagnosis, 65.8% of patients had stage IV
disease and 9.2% had non-clear cell carcinoma. The
lung was the most common site for distant metastases
(35.5%), followed by the bones (18.4%), and lymph
nodes (13.2%). Approximately 56% of the patients
had an ECOG performance status score of 0 or 1. At
the time of starting Len/Eve, patients were predom-

Clinical outcomes
Among all patients, median OS from index date
was 13.9 months (95% CI: 9.5–16.5); the 6– and
12-month survival probabilities were 70.8% (95%
CI: 62.5–77.6) and 52.7% (95% CI: 43.4–61.1),
respectively (Table 3). Patients receiving Len/Eve as
2L/3L had an OS of 12.1 months (CI: 8.4–17.0), and
those receiving Len/Eve during lines 4L+ was 14.8
months (CI: 8.9–22.5) (Table 3). The median OS for
patients in the post-IO and post-TKI subgroups were
13.9 months (95% CI: 8.4–21.3) and 14.8 (95% CI:
7.8–16.5) months, respectively (Table 3).
DISCUSSION
As advanced/metastatic RCC has a poorer prognosis than localized RCC, it is crucial that clinical
outcomes for treatments post clinical trials are available to aid providers in decision making. Clinical
decision making is based on clinical trials, post
clinical trial data (e.g., personal experience), and
real-world data such as those reported here. Realworld data give valuable information on clinical
outcomes, treatment patterns, and safety in clinical
practice, which includes patients with characteristics
not necessarily included in clinical trials (e.g., sicker
patients). Although Len/Eve was FDA approved
for the second-line or later-line (2L+) treatment of
advanced or metastatic RCC in 2016, there is limited real-world data or research evidence to inform
clinicians of the outcomes of patients with RCC
who receive Len/Eve in the 2L+ setting [14]. To
the best of our knowledge, this is the largest retrospective study that examines patient characteristics,

N.J. Vogelzang et al. / Lenvatinib/Everolimus Clinical Effectiveness

193

Table 1
Baseline demographic and clinical characteristics for patients with advanced/metastatic RCC treated with 2L+ Len/Eve
Baseline characteristics
Age at index (years)
Median (range)
Gender – n (%)
Male
Female
Race – n (%)
Caucasian
African American
Asian
Other
Not documented
Geographic region – n (%)
West
South
Midwest
Northeast
BMI category at index treatment initiation – n (%)
Underweight (<18 kg/m2 )
Normal (18–24.9 kg/m2 )
Overweight (25–29.9 kg/m2 )
Obese (30 + kg/m2 )
Not documented
Smoking status – n (%)
Never
Former
Current
Not documented
Time since initial RCC diagnosis to metastatic disease (months)
Patients with available data
Mean (SD)
Median (Min, Max)
Time since advanced/metastatic RCC diagnosis to index date (months)
Patients with available data
Mean (SD)
Median (Min, Max)
Stage at initial RCC diagnosis – n (%)
I
II
III
IV
Not documented
Histology at initial RCC diagnosis – n (%)
Clear cell carcinoma
Non-clear cell carcinoma
Papillary carcinoma
Chromophobe carcinoma
Collecting duct
Renal medullary carcinoma
Translocation
Unclassified
Not Documented
Sarcomatoid features – n (%)
Yes
No
Not documented
Distant metastatic site(s), n (%)a
Lung
Bone
Lymph
Liver
Brain
Other
ECOG PS – n (%)b
0
1
2
3
Not documented
IMDC score – n (%)b
Favorable
Intermediate
Poor
Not documented

N = 152
63 (33, 91)
112 (73.7)
40 (26.3)
120 (78.9)
6 (3.9)
4 (2.6)
15 (9.9)
7 (4.6)
63 (41.4)
48 (31.6)
39 (25.7)
2 (1.3)
2 (1.3)
52 (34.2)
47 (30.9)
46 (30.3)
5 (3.3)
75 (49.3)
52 (34.2)
17 (11.2)
8 (5.3)
152
25.0 (56.5)
2.4 (0.03, 379.7)
152
29.0 (22.7)
22.9 (2.3, 133.0)
11 (7.2)
11 (7.2)
16 (10.5)
100 (65.8)
14 (9.2)
124 (81.6)
14 (9.2)
8 (5.3)
2 (1.3)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
14 (9.2)
7 (4.6)
77 (50.7)
68 (44.7)
54 (35.5)
28 (18.4)
20 (13.2)
9 (5.9)
2 (1.3)
43 (28.3)
20 (13.2)
86 (56.6)
29 (19.1)
2 (1.3)
15 (9.9)
23 (15.1)
79 (52.0)
2 (1.3)
48 (31.6)

Abbreviations: advanced/metastatic RCC, advanced/metastatic renal cell carcinoma; ECOG
PS, Eastern Cooperative Oncology Group performance status; IMDC, International Metastatic
RCC Database Consortium; SD, standard deviation. a At 60 days before diagnosis of
advanced/metastatic RCC. b At 60 days before initiation of Len + Eve.
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Baseline treatment characteristics for patients with advanced/metastatic RCC
treated with 2L+ Len + Eve
Baseline characteristics

N = 152

Follow-up duration from initiation of index treatment (months)
Patients with available data
Mean (SD)
Median (Min, Max)
Number of prior treatments
Mean (SD)
Median (Min, Max)
Line of therapy for index treatment (i.e., Len/Eve) - n (%)a
2
3
4
5
6
≥7
Starting dose of index treatment: lenvatinib - n (%)
18
<18
Starting dose of index treatment: everolimus - n (%)
5
10
7.5
2.5
Lenvatinib + everolimus treatment discontinuation rate - n (%)
Treatment regimen immediately prior to index – n (%)
IO-TKI
TKI only
IO monotherapy or IO-IO combo
TKI plus other medications other than IO

152
10.2 (8.5)
7.5 (0.2, 43.8)
3.0 (1.6)
3 (1–8)
21 (13.8)
46 (30.3)
41 (27.0)
21 (13.8)
8 (5.3)
15 (9.9)
112 (73.7)
40 (26.3)
135 (88.8)
14 (9.2)
2 (1.3)
1 (0.7)
122 (80.3)
24 (15.8)
75 (49.3)
41 (27.0)
12 (7.9)

Abbreviations: advanced/metastatic RCC, advanced/metastatic renal cell carcinoma; IO,
immuno-oncology therapies; SD, standard deviation; TKI, tyrosine kinase inhibitors.
Table 3
Median OS in overall population and stratified by prior treatments and line of therapy
Stratified by Prior Treatment
Variables
N

Overall (n = 152)a,b

Post-IO (n = 65)a,b

Post-TKI (n = 75)a,b

Stratified by LOT
LOT 2/3a,

LOT 4+a,

152

65

75

67

85

77 (50.7)

36 (55.4)

36 (48.0)

36 (53.7)

41 (48.2)

13.9 (9.5, 16.5)

13.9 (8.4, 21.3)

14.8 (7.8, 16.5)

12.1 (8.4, 17.0)

14.8 (8.9, 22.5)

0.2, 43.8

0.6, 43.8

0.2, 34.5

0.2, 43.8

0.2, 34.6

6 months

70.8 (62.5, 77.6)

72.5 (59.5, 81.9)

67.7 (55.1, 77.4)

72.8 (59.8, 82.1)

69.2 (57.6, 78.2)

12 months

52.7 (43.4, 61.1)

52.7 (38.7, 65.0)

50.4 (37.0, 62.4)

50.2 (36.0, 62.8)

54.7 (42.2, 65.5)

18 months

37.5 (27.9, 47.0)

37.7 (24.0, 51.3)

35.1 (21.3, 49.3)

34.8 (21.4, 48.6)

39.3 (26.0, 52.4)

24 months

28.5 (18.3, 39.5)

25.7 (12.5, 41.1)

35.1 (21.3, 49.3)

27.9 (15.0, 42.3)

27.5 (12.5, 44.9)

Events (%)
Median (95% CI) in months
Min, Max
Overall survival probability, % (95% CI)

Abbreviations: CI, confidence interval; IO, immuno-oncology therapy; LADMF, Limited Access Death Master File; LOT, line of therapy;
OS, overall survival; TKI, tyrosine kinase inhibitor. a Structured and LADMF data. b Post-IO and Post-TKI refer to the treatment immediately
prior to Len/Eve.

treatment patterns and clinical outcomes of Len/Eve
for a heavily pre-treated advanced/metastatic RCC in
a community oncology setting.
Our study of 152 patients with advanced/metastatic
RCC treated with 2L+ Len/Eve had similar demographic and clinical characteristics as reported in

previous clinical trials and retrospective studies [7,
15–18]. Our study included a majority of male
patients (73.7%) who identified as Caucasian (78.9%)
with a median age of 63.4 years. These patients were
heavily treated prior to Len/Eve with IO-based treatments (45.4%), which were not available during the
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time of the clinical trials [6, 13, 15]. A recent retrospective study by Wiele et al. (2019) identified
patients with advanced/metastatic RCC treated with
Len (n = 10) or Len/Eve (n = 30) who had received at
least two prior lines of therapy [14]. These patients
had a median follow-up of 11.6 months (95% CI:
10.6, NA), which was similar to our median followup from index date of 7.5 months (range 0.2–43.8).
Both retrospective studies reported a shorter median
follow-up duration than patients participating in clinical trials [7, 15, 16].
The median OS we report in our study [13.9
months (95% CI: 9.5–16.5)] and the 12-month survival probability of 52.7% (95% CI: 43.4–61.1) were
comparable to those by Wiele et al. (2019), who
reported a median OS of 10.8 months (95% CI:
5.4–13.3) and a 12-month survival probability of
46.0% (95% CI, 32.0–66.0) [14]. Our study also
adds valuable OS data for post-IO and post-TKI therapy subgroups. OS times for patients in the post-IO
and post-TKI subgroups were 13.9 months (95%
CI: 8.4–21.3) and 14.8 (95% CI: 7.8–16.5) months,
respectively.
This study population included a small proportion of patients with non-clear cell RCC (9.2%), but
stratified analysis was not assessed on this subset of
patients due to the small sample size. However, this
population tends to be treated similarly to clear cell
RCC and historical data have shown that targeted
therapies are the most commonly used agents for this
population [19, 20]. In a recent phase 2 clinical trial,
Hutson et al. (2021) assessed the safety and efficacy
of Len/Eve in patients with advanced non-clear cell
RCC and found that Len/Eve had a favorable clinical
profile, with a median OS of 15.6 months (95% CI:
9.2-NE) [21]. This suggests that our results can prove
meaningful for patients with non-clear cell RCC.
To our knowledge, our study is the largest retrospective study to examine treatment patterns and
outcomes of patients with advanced/metastatic RCC
who received Len/Eve in the ≥2L setting using realworld data, and provides important survival outcomes
in heavily pre-treated populations such as the population in our study. Despite differences seen between
our population and those of published clinical trials
[7, 15, 16], our results suggest favorable outcomes
for patients who have been previously treated with IO
and TKI therapies. Additional studies are warranted
to increase the body of real-world data for patients
with advanced/metastatic RCC, particularly to assess
differences in outcomes for those who received prior
TKI-based therapies versus prior IO-based therapies.
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Limitations
An important limitation of the study is that not all
patients in the study population had chart review data
available. Data on ORR, PFS, and treatment related
adverse events, which are found in chart review but
not in structured EHR fields, were therefore not available for the entire study population. Also, while the
median OS of nearly 14 months is encouraging for
a heavily pretreated population, other factors besides
Len/Eve treatment may be involved. Patients treated
with 2L+ may have a more indolent tumor biology
compared with patients who have progressive disease
and received only one line of therapy. A prospective study with an appropriate control treatment arm
would be a more relevant approach to determine the
relationship of Len/Eve with improved survival.
Several other limitations must be noted. First, the
study data originated within The US Oncology Network and Onmark clinics; therefore, the results may
not necessarily be generalizable to all patients receiving Len/Eve for advanced RCC in the United States.
Second, documentation bias could have resulted from
data omissions or errors that can occur in retrospective observational studies. In addition, some
structured data were not documented for several key
variables (sarcomatoid features, history of nephrectomy, IMDC score). Finally, due to limitations of the
data, dose reductions and toxicity were not captured.
Future research should aim to assess these variables
in a real-world setting. Still, despite these limitations,
our study is one of the largest in a real-world setting,
providing further information on clinical outcomes
associated with Len/Eve treatment.
CONCLUSION
The results of this retrospective study demonstrated the clinical effectiveness of Len/Eve in an
advanced/metastatic RCC population in US community oncology practices in both a post-IO and
post-TKI setting. Future studies can supplement these
findings by investigating the patient characteristics
associated with Len/Eve outcomes in clinical practice. At the same time, further studies are needed to
rule out other factors possibly associated with survival outcomes in this patient population.
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