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Abstract

There are many active drugs to treat metastatic renal cell carcinoma (mRCC) patients who

progress through their first-line vascular endothelial growth factor (VEGF) inhibitor. Many

clinicians choose a second-line VEGF inhibitor based on the type of response to first-line VEGF

inhibitor, without data supporting this practice. This study was conducted to determine the

association of response to second-line VEGF inhibitor with response to first-line VEGF inhibitor.

All mRCC patients in participating centers of the International mRCC Database Consortium who

were treated from January 2004 through June 2011 with a second-line VEGF inhibitor after failure

of a different first-line VEGF inhibitor were retrospectively identified. The primary outcome is

objective response rate (ORR) and the secondary outcome is progression-free survival (PFS) in

each line of therapy. Of 1,602 total database patients, 464 patients received a first- and second-line

VEGF inhibitor. The ORR to first-line therapy was 22 %, and the ORR to second-line therapy was

11 %. The ORR to second-line therapy was not different among patients achieving partial

response versus stable disease versus progressive disease to first-line therapy (14 % vs. 10 % vs.

11 %, respectively; chi-squared trend test p=0.17). The median PFS on first-line VEGF-targeted

therapy was 7.5 months (95 % CI, 6.6–8.1), and the median PFS on second-line VEGF inhibitor

was 3.9 months (95 % CI, 3.6–4.5). There was no correlation between first-line and second-line

PFS (Pearson correlation coefficient 0.025; p=0.59). The clinical response to a second-line VEGF

inhibitor is not dependent on response to the first-line VEGF-inhibitor. Further studies are needed

to define clinical parameters that predict response to second-line therapy to optimize the sequence

of VEGF-targeted therapy in metastatic RCC patients.

Al-Marrawi et al. Page 2

Target Oncol. Author manuscript; available in PMC 2014 August 26.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Keywords

Association of TKIs; First-line and second-line VEGF inhibitors; Renal cell cancer; Tyrosine
kinase inhibitors; VEGF-targeted therapy

Introduction

Recent advances in the management of metastatic renal cell carcinoma (RCC) have included

agents targeting circulating ligand for vascular endothelial growth factor (VEGF),

bevacizumab [1, 2], or small molecule VEGF receptor inhibitors including pazopanib [3, 4],

sorafenib [5, 6], sunitinib [7, 8], and axitinib [9–11]. Currently, the standard treatment of

metastatic RCC entails empiric sequential use of single agents. The data that influence

selecting both initial therapy and subsequent therapy of the available agents are incomplete

[12].

VEGF-targeted therapy remains the most active treatment for most patients with metastatic

RCC, but the initial duration of disease control is approximately 11 months [7], and all

patients eventually develop resistance. With little available sequencing data to direct the

most effective second-line agent, the clinician is challenged whether to continue with

another VEGF-targeted therapy based on good response to the first-line agent or whether to

change to a drug with a different mechanism of action. Many physicians presume that

patients who achieve response to initial VEGF blockade will respond better to second-line

VEGF-targeted therapy, while non-responding patients should switch to an alternative

mechanism (e.g., mammalian target of rapamycin (mTOR) inhibition) [13–15]. However,

not enough data exist to support this practice. Therefore, a retrospective review of an

international database of metastatic RCC patients was undertaken in order to identify

patients who received a VEGF-targeting agent in the first- and second-line setting in order to

investigate the association of clinical outcome between the two lines of therapy.

Patients and methods

Study design

Patients identified for this analysis were treated in participating Cancer Centers of the

International mRCC Database Consortium in the USA, Canada, Denmark, South Korea, and

Singapore during the time period from January 2004 through June 2011. A retrospective

review was performed in all patients who received first-line VEGF-targeted therapy during

this time frame. The decision about the subsequent anticancer therapy was then made at the

discretion of the treating physicians. Patients who received a second-line VEGF-targeted

therapy were identified for this analysis. Patients who received mTOR inhibitors as second-

line agents were excluded. Patients who were re-challenged with the same first-line agent

were also excluded.

Endpoints and assessments

The primary endpoint was the association of the objective response to second-line therapy

versus the objective response to first-line therapy of mRCC. The objective response was
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calculated for both first-line and second-line therapies and defined based on the Response

Evaluation Criteria in Solid Tumors (RECIST) 1.0 criteria as per investigator assessment.

Best response was categorized as either a complete response (CR), partial response (PR),

stable disease (SD), or progressive disease (PD).

The secondary endpoint was progression-free survival (PFS), defined as the time interval

between the date of initiation of therapy to the date of disease progression based on RECIST

1.0 criteria, or cessation of treatment due to intolerance or toxicity. The PFS was calculated

separately for each therapy on first-line (PFS1) or second-line therapy (PFS2). Disease

assessments were based on radiographic imaging using computed tomography of the chest,

abdomen, and pelvis; whole body bone scan; and magnetic resonance imaging of the brain.

Assessment was done clinically every 1 to 2 months and radiographically approximately

every 3 months based on treating physician practice. Overall survival (OS) was defined as

the time interval from first-line drug initiation to death or censored at last follow-up, and for

patients who received second-line therapy, the median overall survival (OS) was measured

from initiation of first-line therapy.

Statistical methods and analysis

Summary statistics were used to describe the patient population and baseline characteristics.

Best responses for treatments were categorized into CR, PR, SD, and PD. Responses for the

first drug were compared to responses of the second drug, and a chi-squared trend test was

used to detect a significant difference in the proportions of responses.

Progression-free survivals for first- and second-line treatments were calculated for each

patient and PFS1 was plotted against PFS2 on a scatter plot. A Pearson correlation

coefficient with a p value for significance was calculated comparing PFS1 against PFS2.

Kaplan–Meier curves were used for estimating the progression-free survival and overall

survival for all patients. Statistical analyses were performed on SAS 9.2 (Cary, NC, USA).

Results

Of 1,602 total database patients, 699 patients received second-line targeted therapy (VEGF

inhibitor or mTOR agent). Response data for both first- and second-line were available only

in 487 patients, of which 464 patients received VEGF inhibitor as both first- and second-line

therapies (Fig. 1). Since there were only 23 patients who received mTOR inhibitors as a

second-line therapy, that number was not sufficient to elaborate reliable results about

second-line mTOR therapy. Thus, patients that received mTOR inhibitors were excluded

from the analysis. RECIST 1.0 criteria response rates were available from 323 patients out

of the 464 patients The majority of patients had prior nephrectomy with a median age of 50

years and Karnofsky performance status of more than 80 % (Table 1). Fifty-five percent of

patients initiated first-line therapy within a year from diagnosis and less than 10 % had brain

metastases. Seventy-nine percent of patients had more than one site of metastasis.

Histologically, most patients had a diagnosis of clear cell or predominantly clear cell

histology and only 8.2 % had non-clear cell histology. Based on the prognostic criteria of

Heng et al. [16], 25 % had favorable risk, 58 % had intermediate, and 17 % had poor risk

disease. The first-line VEGF-targeted therapies received were sunitinib (54 %), sorafenib
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(33 %), and bevacizumab (13 %). The second-line VEGF-targeted therapies were sorafenib

(51 %), sunitinib (37 %), bevacizumab (7 %), pazopanib (3 %), and axitinib (2 %).

The RECIST-defined objective response rate (ORR; complete plus partial responses) was

available for both first-line and second-line therapies in 323 patients. The ORR to first-line

therapy was 22 %. The ORR to second-line therapy was 11 %, with an ORR of 14, 10, and

11 % in patients who achieved a CR/PR, SD, or PD as the best response to first-line VEGF-

targeted therapy, respectively. There was no significant association between first-line ORR

and second-line ORR (chi-squared trend test p=0.17; Fig. 2). In addition, there was no

association when considering a specific sequence of agents (e.g., sunitinib followed by

sorafenib or vice versa). Response rates for individual VEGF-targeted agent are found in

Table 2.

The median PFS on first-line VEGF-targeted therapy (PFS1) was 7.5 months (95 % CI, 6.6–

8.1, Fig. 3), and the median PFS associated with second-line VEGF-targeted therapy (PFS2)

was 3.9 months (95 % CI, 3.6–4.5, Fig. 4). There was no association between PFS1 and

PFS2 (Pearson correlation coefficient 0.025; p=0.59, Fig. 5). The median OS from initiation

of first-line therapy was 26.5 months, with 20 % exceeding 60 months at the time of data

analysis.

Discussion

The literature concerning the choice of second-line systemic therapy in RCC is currently

incomplete. The available trial data do not account for all treatment choices or patient

scenarios and it becomes increasingly complex as the treatment armentarium continues to

grow. As such, many practitioners choose second-line VEGF-targeted therapy based on

response to first-line therapy but with little data to support this practice. The present analysis

did not find any association between clinical response to first-line VEGF-targeted therapy

and clinical response to second-line VEGF-targeted therapy as measured by ORR or PFS.

These data imply that response to first-line VEGF-targeting therapy is not a valid criterion

upon which to choose subsequent therapy. The current data demonstrates that patients who

are primary refractory to first-line VEGF therapy still achieve an 11 % objective response

rate to second-line VEGF therapy. Further, PFS of the front-line agents is not indicative of

PFS to second-line VEGF therapy. Additional investigation is needed to define the clinical

parameters that do predict response to subsequent therapy in order to tailor individual

treatment sequences.

The limitations of this study include its retrospective nature and the inherent issues of

missing data and selection bias. For example, only a limited subset of patients had sufficient

second-line response data to include in this analysis. Further, response and PFS were

determined by treating physician assessment rather than independent radiologic assessment.

However, this may make the study more generalizable as it is reflective of global, real-world

clinical practice. A further limitation is that only a small percentage of patients received

axitinib or pazopanib as a second-line therapy. It is possible that newer agents may have

differing activity in the second-line setting than earlier established agents. Finally, less than
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50 % of the initially enrolled patients received second-line therapy due to patient

ineligibility such as poor performance status or differing availability of drugs in different

regions.

Since VEGF-targeted therapies can induce tumor necrosis and minimal tumor shrinkage,

RECIST may not be optimal for predicting clinical outcome, raising a debate about the best

way to assess the response in mRCC [17, 18]. In our study, we used RECIST criteria out of

convention but we also demonstrated no correlation with PFS. A recent retrospective study

added further methods of assessing the best response to VEGF-targeted agents by

systematically evaluating the optimal early post-therapy imaging changes to determine

responders and non-responders at the first posttreatment follow-up computed tomography

(CT). That study evaluated the objective response according to RECIST 1.0, Choi criteria,

tumor shrinkage of ≥10 % decrease in sum of the longest diameter (SLD), and 15 or 20 %

decrease in mean CT tumor density. The conclusion was that a 10 % reduction in the SLD

on the first follow-up CT was an optimal early predictor of outcome [18].

There are now two agents with level 1 evidence for the treatment of metastatic RCC after

failure of initial targeted therapy. Everolimus, an oral mTOR inhibitor, is an approved

treatment after failure on one or more VEGF-targeted therapies. In the phase III trial,

everolimus demonstrated a 3-month improvement in PFS over placebo (4.9 vs. 1.9 months)

after first-line sunitinib, sorafenib, or both [13, 19]. Axitinib, a potent VEGFR inhibitor, also

demonstrated an improvement in PFS over sorafenib in patients previously treated with one

prior regimen, a VEGF inhibitor, an mTOR inhibitor, or immunotherapy [9–11]. The current

data do not lend insight into the important choice of selection of a second-line mechanism

[14, 15]. A clinical trial investigating second-line sorafenib versus temsirolimus after

progression on first-line sunitinib therapy (NCT00474786) has recently been reported,

showing no difference in PFS but an OS advantage to sorafenib in this setting. This is

another piece of evidence that suggests that second-line VEGF inhibitors remain a

reasonable choice.

Current considerations in selecting therapy include the potential drug toxicities, patient

comorbidities, the accessibility to each drug, and the feasibility of oral versus intravenous

route of drug administration. For example, patients with significant lung disease on oxygen

or poorly controlled diabetes mellitus may not be optimal candidates for an mTOR inhibitor

as there is a risk of non-infectious pneumonitis and hyperglycemia with this class of agents.

Similarly, patients with refractory hypertension on several antihypertensive agents or

significant cardiovascular (CV) morbidities may not initially choose a VEGF inhibitor as

these are known to increase the risk of hypertension and CV events. The results of this study

indicate that prior response to VEGF-targeted therapy should not influence the decision

regarding the choice of second-line targeted therapy.

Despite the inherent bias that a good response to front-line VEGF-targeted therapy should be

associated with a good response to a similar second-line therapy, no such association was

found in this large, international dataset. As such, the optimal sequence of drug therapy for

the treatment of an advanced RCC patient remains empiric and based on physician and

patient preferences and toxicity profiles.
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Fig. 1.
Algorithm of first-line and second-line therapies
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Fig. 2.
Best response to second-line targeted therapy grouped by initial best response to first-line

targeted therapy. Abbreviations: CR1 complete response to first-line VEGF-targeted

therapy, PR1 partial response to first-line VEGF-targeted therapy, SD1 stable disease to

first-line VEGF-targeted therapy, PD1 progressive disease to first-line VEGF-targeted

therapy, CR2 complete response to second-line VEGF-targeted therapy, PR2 partial

response to second-line VEGF-targeted therapy, SD2 stable disease to second-line VEGF-

targeted therapy, PD2 progressive disease to second-line VEGF-targeted therapy
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Fig. 3.
First-line PFS of VEGF-targeted therapy in patients who eventually receive second-line

VEGF-targeted therapy
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Fig. 4.
Second-line PFS of VEGF-targeted therapy in patients who eventually receive second-line

VEGF-targeted therapy
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Fig. 5.
Correlation between progression-free survival on first-line VEGF-targeted therapy and

progression-free survival on second-line VEGF-targeted therapy
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Table 1

Patient characteristics prior to first-line VEGF-targeted therapy

Percent No. of patientsa

Median age (range) 50 (43.8–77.7) 464

Diagnosis to treatment > 1 year 55.5 463

Karnofsky performance status < 80 % 14.3 427

Non clear cell histology 8.2 429

Sarcomatoid histology 6.6 411

Thrombocytosis (>ULN) 14.0 422

Anemia (<LLN) 52.0 427

Neutrophilia (>ULN) 9.5 410

Hypercalcemia (>ULN) 6.0 402

Lactate dehydrogenase elevated (>ULN) 31.6 339

Heng et al. prognostic group 382

 Favorable 25

 Intermediate 58

 Poor 17

Prior nephrectomy 89.7 464

Greater than 1 site of metastasis 78.6 462

Brain metastases 8.9 462

First-line therapy 464

 Sunitinib 54

 Sorafenib 33

 Bevacizumab 13

Second-line therapy 464

 Sunitinib 37

 Sorafenib 51

 Axitinib 2

 Bevacizumab 7

 Pazopanib 3

ULN upper limit of normal, LLN lower limit of normal

a
Varies due to missing data
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Table 2

First- and second-line overall response rates (RR) for each targeted therapy

Targeted therapy First-line RR Second-line RR

Sunitinib 31 % (69/226) 18 % (22/125)

Sorafenib 14 % (19/139) 6 % (11/171)

Bevacizumab 10 % (6/59) 0 % (0/20)

Axitinib N/A 36 % (4/11)

Pazopanib N/A 0 % (0/2)

Patient numbers are small and comparisons should not be made. Denominators are based on the availability of response information for each
patient
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