
Atrasentan in Patients with Advanced Renal Cell Carcinoma: A 
Phase II Trial of the ECOG-ACRIN Cancer Research Group 
(E6800)

Michael A. Carducci, MDa, Judith Manola, MSb, Suresh G. Nair, MDc, Glenn Liu, MDd, 
Steven Rousey, MDe, Janice P. Dutcher, MDf, and George Wilding, MDg

aJohns Hopkins Kimmel Cancer Center, 1M59 CRB1 1650 Orleans Street, Baltimore MD 21287, 
Phone: 410-614-3977, Fax: 410-614-8397, Carducci@jhmi.edu

bDana-Farber Cancer Institute, Department of Biostatistics & Computational Biology, 450 
Brookline Avenue CLS 11003, Boston, MA 02115

cHematology/Oncology Associates, Lehigh Valley Hospital-Cedar Crest Allentown PA 18103, 
Phone: 610-402-0512, Fax: 610-402-7881, Suresh.Nair@lvhn.org

dUniversity of Wisconsin Carbone Cancer Center, Wisconsin Institute for Medical Research, 
Room 7051, 1111 Highland Avenue, Madison, WI 53705, Phone: 608-265-8689, Fax: 
608-265-0614, gxl@medicine.wisc.edu

eMetro-Minnesota CCOP, 6545 France Avenue South Suite 210, Edina Minnesota 55435, Phone: 
952-928-2900, Fax: 952-928-2944, Steven.Rousey@USOncology.com

fOur Lady of Mercy Cancer Center, New York Medical College, Bronx, NY, Present address: 750 
Kappock Street #511, Bronx, NY 10463, Phone: 914-316-7809, Fax: 718-549-5024, 
jpd4401@aol.com

gUniversity of Wisconsin Carbone Cancer Center, 600 Highland Avenue, Madison, WI 53792, 
Phone: 608-263-8600, Fax: 608-265-8133, gxw@medicine.wisc.edu

Abstract

Objectives—Atrasentan, an oral endothelin-A receptor antagonist, demonstrated Phase I activity 

in patients with renal cell cancer (RCC). A phase II study was undertaken in patients with 

measurable or bone only metastatic RCC in the pre-VEGF/TKI era.

Methods and Materials—Patients were stratified on disease status and prior immunotherapy. 

Eligible patients had no prior chemotherapy, 0-1 prior immunotherapies, and ECOG PS 0 - 2. 

Patients received atrasentan 10 mg/day until progression. The primary endpoint was progression-

free (PF) rate at 6 months. Rates of 25% among patients treated with prior immunotherapy and 
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45% among patients with no prior immunotherapy were considered promising. A two-stage design 

was used for cohorts without prior immunotherapy.

Results—From 2003 to 2005, 98 patients were registered. Median treatment duration was 9.9 

weeks (range, 0.3 - 107 weeks). Toxicities were mild; 71% of patients reported no Grade 3 or 

higher treatment-related events. Grade 4 events included neutropenia (n=3), dyspnea (n=2), 

thrombosis, and arrhythmia (n=1 each). Two grade 5 events (dyspnea and constitutional) were 

possibly treatment-related. Six-month PF rates (90% CI) were 14% (6 - 25%), 0% (0 – 39%), 8% 

(1 – 23%) and 22% (8 – 44%) respectively for patients with prior immunotherapy/measurable 

disease (n=44), prior immunotherapy/bone metastases (n=6), no prior immunotherapy/measurable 

disease (n=25), and no prior immunotherapy/bone metastases (n=18). Median PF survival was 2.3 

months (95% CI, 2.0 – 3.5 months).

Conclusions—While well tolerated, atrasentan did not yield 6-month PF rates supporting its use 

as first-line monotherapy in patients with advanced RCC.
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INTRODUCTION

Renal cell carcinoma is the third most common genitourinary cancer with approximately 

61,560 new cases and 14,080 deaths projected for 20151. At the time of diagnosis, 30% of 

patients have distant metastases and 25% have locally advanced disease. Since this study 

was conducted, improvements in overall survival have been reported using temsirolimus in 

patients with poor prognosis metastatic RCC.2 Improvements in progression-free survival 

(PFS) using vascular endothelial growth factor (VEGF) tyrosine kinase inhibitors (TKIs) 

have also been reported, and have been adequate for FDA approval3,4,5. However, the search 

for new and potentially active agents continues. Aside from recent promising studies with 

immune checkpoint inhibitors, VEGF TKIs and mTOR inhibitors are the mainstay agents. 

Targeting other pathways may have a role in RCC.

The endothelins, a family of amino acid peptides, are produced in a variety of tissues, 

including the kidney. Among other functions, they act as modulators of cell proliferation and 

may contribute to the morbidity and mortality of advanced cancers, such as prostate, renal 

and ovarian cancers.6,7,8,9 Atrasentan (Abbott Laboratories, Abbott Park, IL) is an orally 

available selective endothelin receptor antagonist that was found to be an active mitogen in 

prostate and other cancer cell lines. Differential expression of ET receptors (ETA and ETB) 

as well as the endothelin-converting enzymes (ECE-1 and ECE-2) were noted in a 2004 

article By Douglas et al10. In this manuscript, the endothelin axis was elevated in clear cell 

renal cancer, but impaired in papillary renal cancer. These results were confirmed in a report 

by Pflug et al11 and attributed to methylation of the ETB receptor promoter as a possible 

mechanism to enhance ETA receptor activation in renal cancer. A comprehensive summary 

of the role of endothelin receptor antagonists in cancer therapy has been reported by Lalich 

et al.12 After phase I studies demonstrated some responses in patients with RCC13,14, this 

study was proposed.
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Additionally, it was hypothesized that atrasentan might provide palliative therapeutic benefit 

in treating bone pain due to metastatic cancer. 15 In an accrual expansion added during the 

course of the study, we also sought to investigate the potential benefit of atrasentan in 

patients with bone metastases from RCC. Toxicity in prior studies was manageable and 

would support the use of atrasentan in this setting.

Based on the phase I data in patients with RCC and the well-tolerated toxicity profile, this 

study was undertaken.

MATERIALS AND METHODS

Eligibility Criteria

Between July 2003 and July 2005, 98 patients were recruited from 21 sites. Eligible patients 

had histologically proven advanced RCC, defined as locally recurrent or metastatic disease 

not amenable to resection. Clear cell and papillary histologies were allowed. While no prior 

chemotherapy was allowed, patients may have had prior nephrectomy, immunotherapy, 

bisphosphonate therapy, or radiation for local control or palliation of painful bony lesions. 

(This study was conducted before the advent of routine use of VEGF TKIs.) Patients must 

have had ECOG performance status of 0, 1, or 2 and adequate bone marrow, liver and renal 

function. No concurrent infection, pulmonary disease, cardiovascular disability, current or 

prior history of brain metastases, recent history of prior malignancy, or intercurrent illness 

interfering with the patient’s safety were permitted.

Study Design

Patients were accrued separately to four cohorts based on prior immunotherapy and whether 

they had measurable disease by RECIST criteria or non-measurable disease manifested 

solely by bone metastases. The cohorts for patients with bone metastases only were added 

after the study had been active for about 7 months, based on results from a parallel study of 

patients with prostate cancer.15 Institutional review boards governed sites that registered 

patients, and all patients provided signed, written informed consent. The study is registered 

in clinicaltrials.gov (NCT00039429).

Patients were treated with atrasentan 10 mg per day administered orally. The drug was to be 

taken at the same time each day, at least 30 minutes prior to the patient’s first meal. Missed 

doses were not replaced. Patients completed a pill calendar, recording missed doses, side 

effects, and other medications. A study team member also conducted pill counts at each 

follow-up visit (every 4 weeks).

There were no dose reductions. Doses were held for hematologic toxicity of grade 3 or 4. If 

counts did not recover to ≤ grade 2 within 4 weeks, the patient discontinued treatment. 

Doses were also held for non-hematologic toxicity of grade 3. If toxicities did not resolve to 

≤ grade 1 or baseline within 2 weeks, the patient discontinued treatment. Occurrence of a 

second clinically significant grade 3 toxicity or any grade 4 non-hematologic toxicity 

resulted in permanent treatment discontinuation. Additional criteria for holding treatment for 

nausea, neurotoxicity, and hepatic toxicity were specified in the protocol. Patients received 

supportive measures consistent with optimal patient care.
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Patients were treated until there was unacceptable toxicity, evidence of disease progression, 

or the patient withdrew consent. Response evaluation was performed following every 2 

cycles (8 weeks).

Outcome Measures

RECIST criteria (version 1.0)16 were used to determine response and progression. For 

patients with bone metastases only, RECIST criteria for progression in non-target lesions 

(new lesions or unequivocal progression in bone lesions) applied. Time to progression was 

defined as the time from registration to documentation of progression. For the primary 

endpoint (proportion progression-free at 6 months), patients alive and free from progression 

at least 6 months from registration were considered progression-free and all others were not. 

For the secondary endpoint of PFS, patients without progression but who died within 2 

months of the last disease evaluation were considered failures at the time of death. Patients 

alive 2 months after the last evaluation showing freedom from progression were censored at 

the last disease evaluation. Patients with no follow-up disease evaluations were considered 

failures if they died within 2 months of study entry and were censored at the time of the first 

scheduled disease evaluation (~56 days) otherwise.

Survival was defined as time from study entry to death from any cause. Patients alive at last 

follow-up were censored on that date.

Statistical Analysis

The primary objective was to determine the proportion of patients with measurable disease 

or bone metastases only, with or without prior immunotherapy, who were alive and 

progression-free (PF) at 6 months. In patients with prior immunotherapy, a PF rate at 6 

months of 25% was considered promising, while a rate of 10% was not. Among patients 

with no prior immunotherapy, a PF rate at 6 months of 45% was considered promising, 

while a rate of 25% was not, and a two-stage design was used. The rules led to a study with 

10% Type I and Type II error.

Exact 90% binomial confidence intervals (CI) were formed on the PF rates. The Kaplan-

Meier17 method was used to illustrate PFS and overall survival (OS). Differences in 

proportions PF at 6 months by gender and ethnicity were evaluated using Fisher’s exact test. 

Differences in OS and PFS were estimated using the log rank test18. Adverse events were 

assessed using CTCAE Version 319. P-values are two-sided.

A modification of risk factors developed by Motzer et al20 at Memorial Sloan-Kettering 

Cancer Center (MSKCC) was used to characterize patients. A point was assigned for each of 

the following: performance status > 0, corrected calcium ≥ 10 mg/dL, hemoglobin less than 

the institution’s lower limit of normal, and no prior nephrectomy. Patients were classified as 

low risk (0), intermediate risk (1) or high risk (≥2 points).
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RESULTS

Patient Characteristics

The study enrolled 98 patients and terminated before all cohorts had been accrued, after 

sorafenib and sunitinib were approved in this setting. Four patients were ineligible (baseline 

disease evaluations were inadequate or outside the required timeframe). One patient 

withdrew before treatment. Efficacy analyses include 93 eligible, treated patients. Table 1 

provides demographic and disease characteristics of patients. The median age of patients 

was 62 years (range, 37 to 86 years). Eighty-two patients (88%) had undergone prior 

nephrectomy. Most patients had 0 or 1 risk factors according to MSKCC criteria. No 

patients had more than 2 risk factors, but corrected calcium was only available for 52 

patients. Most common sites of metastases at entry were lung, liver, bone, and lymph nodes.

Treatment

Patients were treated until progression or unacceptable toxicity. Median treatment duration 

was 9.9 weeks (range, 0.3 – 107 weeks), slightly longer than the interval to the first 

scheduled disease evaluation. For 81% of patients, treatment was discontinued due to 

progression. Other reasons for discontinuation included adverse events (5%), death (2%), 

patient withdrawal/refusal (5%), other complicating disease (1%), and other reasons (5%).

Safety

One untreated patient had no follow-up adverse event (AE) assessments. For 68 of the 

remaining 97 patients (70%), no AEs greater than grade 2 were reported. While atrasentan 

was generally well tolerated, two grade 5 AEs possibly related to treatment were reported. 

One patient with a history of chronic obstructive pulmonary disease was admitted to the 

hospital for hip replacement, declined, and died later in hospice care. Attributions to disease, 

atrasentan, COPD and concurrent medications were all considered “possible”. Another 

patient was admitted to the hospital in declining health and found to have progressive 

disease. The patient was discharged to hospice care and died shortly thereafter. Death was 

considered definitely related to disease progression and possibly to atrasentan. Five other 

patients died within 30 days of the end of treatment from disease progression. Treatment-

related AEs of ≥ grade 3 appear in Table 2. Commonly reported events include those related 

to atrasentan’s function as a vasodilator, including anemia, edema, and dyspnea. About a 

third of patients experienced nasal stuffiness (reported as “allergic rhinitis”), but it was not 

reported at grade 3 severity. Ten patients experienced weight gain of less than 10% of body 

weight.

Proportion Alive and Progression-Free at 6 Months

Table 3 shows rates of patients alive and PF for each cohort with 90% confidence intervals. 

Among all patients with prior immunotherapy, 12.0% were PF at 6 months (90% exact 

binomial CI, 5.4 – 22.5%). Among all patients without prior immunotherapy, the proportion 

was 14.0% (90% CI, 6.3 – 25.7%). Overall the rate was 12.9% (90% CI, 7.6 – 20.1%). The 

upper bounds of the CIs were generally less than the target rates of interest (25% and 45%, 

respectively, for patients with/without prior immunotherapy). Six patients without follow-up 
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scans and one patient whose last disease assessment was less than 6 months from 

registration were considered not to be PF at 6 months and were included in the negative 

category.

There were no complete or partial responses. Approximately 28% of patients with 

measurable disease had periods of stable disease. Thirty-three percent of patients with bone 

metastases after prior immunotherapy had stable disease, and 44% of patients with bone 

metastases and no prior therapy had stable disease as best response.

Progression-free Survival

Across all cohorts, median PFS was 2.3 months (95% CI, 2.1 to 3.6 months). Figure 1 shows 

PFS by prior immunotherapy cohort. Figure 2 shows PFS by measurable disease cohort. No 

differences in PFS were found to be associated with MSKCC risk category (p=0.43). The 

supplemental table shows median survival and hazard ratios for subsets of patients defined 

by metastatic site, prior treatment, sex, histology, and risk category.

Survival

As of May 2009, when follow-up was discontinued, 74 of the 93 patients had died. Median 

OS was 13.3 months. Figure 3 shows OS by prior immunotherapy cohort. Figure 4 shows 

overall survival by measurable disease cohort. Figure 5 shows OS by MSKCC risk category. 

Low risk patients demonstrated superior OS (22 months compared to 9.1 months for 

intermediate risk and 13.0 months for high risk patients, log rank p=0.002).

Changes in Tumor Burden over Time in Patients with Measurable Disease

In 2004, Yang21 illustrated the effect of bevacizumab for patients with metastatic RCC by 

showing changes in tumor volume over time during treatment. Figure 6 shows changes in 

tumor burden over time among patients with measurable disease, here expressed as a percent 

change from baseline in the sum of the longest diameters of target lesions. Few patients 

demonstrated long-term reduction in tumor burden.

DISCUSSION

This phase II study of atrasentan was conducted just prior to the advent of targeted therapies 

for RCC, when biologic response modifiers such as interferon and interleukin were the only 

therapies shown to have consistent responses. Based on early observation of responses 

among RCC patients in Phase I studies, this study’s hypothesis was rational. As evidence 

emerged among prostate cancer patients that atrasentan might provide palliative relief from 

bone pain, the addition of cohorts with bone metastases was also reasonable. The outcome 

of the study provides evidence that single agent atrasentan is not an effective therapy for 

advanced RCC.

Since the agent was not expected to elicit measurable responses, the endpoint of PF status at 

6 months was assessed. In none of the cohorts did the PF rate approach the targeted rate. 

Accrual to the cohort of patients with bone metastases and prior immunotherapy closed 

early, as interest in sorafenib, sunitinib, bevacizumab, and temsirolimus increased. Patients 
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on the study had relatively short courses of therapy, typically discontinuing treatment due to 

disease progression. There is a sharp decline in PFS at the first follow-up disease 

assessment. Yang7 pointed out that with bevacizumab, some lesions might be progressing 

while at the same time others were stable or decreasing. A similar speculation could be 

applied to atrasentan, but the median OS of 13.3 months is not encouraging. Examination of 

changes in tumor burden over time provides no evidence of declines in tumor burden 

relative to baseline. We conclude that further study of atrasentan as single agent treatment 

for advanced RCC is not warranted.

Since the study completed, results from other studies of atrasentan in renal cancer in renal 

cancer have been reported. A phase I study of atrasentan and Interferon-α showed one 

partial response and inconsistent changes in pharmacodynamic parameters such VEGF and 

ET-1 levels22. -Given the preclinical hypothesis that endothelin contributed to the morbidity 

and mortality of prostate cancer, this was the target population for several trials23,24,25,26. 

Ultimately, all studies failed to achieve their primary endpoint and further development of 

atrasentan has stopped. Similar results were observed for zibotentan, another endothelin 

antagonist27,28,29. Our negative study in RCC confirms the lack of significant benefit in 

another tumor type.

The safety profile that emerged from the phase III studies strengthened evidence for the role 

of endothelin-A as a “vasodilator”. Peripheral edema, nasal congestion, dyspnea, and 

headache were all attributed to this role. In the metastatic disease study, some incidents of 

heart failure were also noted among patients with a history of cardiovascular disease. 

Anemia, weight gain, and decreases in white blood count were attributed to plasma volume 

expansion resulting in hemodilution. These effects stabilized after 2 weeks and returned to 

normal after treatment discontinuation.

The short PFS (median 2.3 months) observed in this study was disappointing. Motzer et al. 

reported 11 months median PFS for single-agent sunitinib in a trial comparing it to 

interferon alfa.5 Temsirolimus alone demonstrated median PFS of 3.8 months among 

patients with intermediate to poor prognosis according to the MSKCC criteria. We did not 

find differences in PFS associated with MSKCC criteria, but the study was not powered to 

detect such differences. PFS among patients on atrasentan was somewhat shorter than 

reported for temsirolimus, even among a more favorable risk cohort of patients. Since the 

time this study was conducted, several targeted agents have been added to the arsenal of 

treatments for RCC 30,31,32.

CONCLUSIONS

We conclude that single-agent atrasentan does not contribute to the collection of agents that 

can be used to treat advanced RCC. While the study was unable to completely accrue to the 

cohorts of patients with bone metastases only, the description of outcomes in patients with 

and without prior immunotherapy and with measurable disease may be useful in directing 

future research toward more fruitful mechanisms.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PRACTICE POINTS

• Atrasentan is an orally available selective endothelin receptor antagonist that 

was found to be an active mitogen in prostate and other cancer cell lines. In 

phase 1 studies, some responses were observed among patients with renal cell 

cancer.

• This study showed that atrasentan did not prolong progression-free survival in 

patients with advanced RCC. As a result of this and other studies, atrasentan is 

no longer being developed.

• Aside from recent promising studies with immune checkpoint inhibitors, VEGF 

TKIs and mTOR inhibitors are the mainstay agents for treating this disease.
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Figure 1. 
Progression-free survival by prior immunotherapy
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Figure 2. 
Progression-free survival by measurable disease status
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Figure 3. 
Overall survival by prior immunotherapy
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Figure 4. 
Overall survival by measurable disease status
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Figure 5. 
Overall survival by MSKCC Risk Status
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Figure 6. 
Changes in tumor burden over time among patients with measurable disease
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TABLE 1

Demographics and Disease Characteristics

Prior Immunotherapy No Prior Immunotherapy

Measurable
Disease

Bone Mets
Only

Measurable
Disease

Bone Mets
Only

N % N % N % N %

Eligible Treated Patients 44 6 25 18

Age, years median (range) 63 (42 - 86) 62.5 (50 – 70) 68 (48 - 81) 58 (37 – 84)

Months from
Diagnosis to
Registration median (range)

30.1
(2.9 – 238.2)

51.3
(15.1 – 134.3)

5.6
(0.7 – 265.9)

8.9
(1.2 – 221.2)

Gender Male 30 68.2 3 50.0 17 68.0 14 77.8

Female 14 31.8 3 50.0 8 32.0 4 22.2

Race White 42 95.5 5 83.3 23 92.0 18 100.0

Black 1 2.3 - - 2 8.0 - -

Other 1 2.3 1 16.7 - - - -

ECOG 0 22 50.0 - - 15 60.0 3 16.7

Performance 1 21 47.7 2 33.3 9 36.0 12 66.7

Status 2 1 2.3 4 66.7 1 4.0 3 16.7

Histology Clear Cell 27 61.4 2 33.3 18 72.0 13 72.2

Other 4 9.1 1 16.7 1 4.0 2 11.1

MSKCC Risk 0 21 47.7 - - 12 48.0 3 16.7

Factors 1 21 47.7 5 83.3 11 44.0 13 72.2

2 2 4.5 1 16.7 2 8.0 2 11.1

Prior Treatment Nephrectomy 41 93.2 5 83.3 20 80.0 16 88.9

Immunotherapy 44 100.0 6 100.0 2 8.0 1 5.6

Hormonal Therapy 2 4.5 - - - - 1 5.6

Radiation Therapy 6 13.6 5 83.3 4 16.0 12 66.7

Metastatic Sites
at Entry

Bone
Liver

10
12

22.7
27.3

6
-

100.0
-

3
6

12.0
24.0

18
-

100.0
-

Lung 33 75.0 - - 20 80.0 - -

Lymph Nodes 20 45.5 - - 13 52.0 - -

Other 18 40.9 1 16.7 10 40.0 - -
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TABLE 2

Treatment-Related Adverse Events

Grade

3
(%)

4
(%)

5
(%)

Hemoglobin 3 - -

Neutrophils 1 3 -

Transfusion: PRBCs 5 - -

Supraventricular Arrhythmias 1 1 -

Cardiac-Left Ventricular Function 1 - -

Edema 4 - -

Thrombosis/Embolism - 1 -

Fatigue 3 - -

Constitutional - - 1

Anorexia 1 - -

Dehydration 1 - -

Nausea 1 - -

Hypoalbuminemia 2 - -

SGOT 1 - -

SGPT 1 - -

Hyperglycemia 1 - -

Hypocalcemia 1 - -

Hyponatremia 5 - -

Headache 1 - -

Dyspnea 4 2 1

Hypoxia 1 - -

Pleural Effusion 2 - -

Creatinine 1 - -

Worst Degree Toxicity by Patient 21 5 2
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TABLE 3

Proportion Alive and Progression-Free at 6 Months

Prior Immunotherapy No Prior Immunotherapy

Measurable
Disease

Bone Mets
Only

Measurable
Disease

Bone Mets
Only

N % N % N % N %

No 38 86.4% 6 100.0% 23 92.0% 14 77.8%

Yes 6 13.6% 0 0.0% 2 8.0% 4 22.2%

90% Confidence

Interval 6.1 – 25.2% 0.0 – 39.3% 1.4 – 23.1% 8.0 – 43.9%

Clin Genitourin Cancer. Author manuscript; available in PMC 2016 December 01.


