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Abstract

Background: Cixutumumab, a monoclonal antibody targeting insulin-like growth factor I 

receptor, did not improve undetectable PSA rate at 28 weeks when combined with androgen 

deprivation in the randomized phase II SWOG S0925 trial for patients with new metastatic 

hormone-sensitive prostate cancer. We now present mature survival analyses, along with pre-

specified secondary and exploratory endpoints.

Methods: We randomized 210 patients to androgen deprivation with or without cixutumumab, 

105 per treatment arm. We used Kaplan-Meier curves to analyze overall survival, radiographic 

progression-free survival, and castration resistance-free survival by treatment arm, disease volume, 

and risk group. We explored differences in survival by treatment arm via covariate-adjusted Cox 

proportional hazards models adjusted for disease volume and risk.
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Results: No difference was seen between treatment arms in overall survival (HR 1.01 

[0.70-1.45]; p=0.97), radiographic progression-free survival (HR 1.17 [0.85-1.60]; p=0.35), or 

castration resistance-free survival (HR 1.02 [0.75-1.41]; p=0.88). At baseline, 105/198 (53.0%) 

patients had high risk features and 119/210 (56.7%) had high volume disease; 16.7% of patients 

had discordant classifications of high or low category for risk and volume. Adjusting for risk or 

volume yielded no differences in overall survival between arms. Inferior survival was observed in 

high risk (HR 1.89 [1.29-2.80]; p=0.001) and high volume (HR 2.75 [1.84-4.10]; p<0.0001) 

disease. Disease volume was a better fit to survival data than risk group (AIC 878.3 vs. 889.2). 

Compared to patients achieving undetectable PSA at 28 weeks, inferior survival was observed in 

patients whose PSA was >0.2 to ≤4.0 ng/mL (HR 3.72 [1.99-6.95]; p<0.0001) or >4.0 ng/mL (HR 

7.13 [4.24-11.9]; p<0.0001).

Conclusions: In new metastatic hormone-sensitive prostate cancer, addition of cixutumumab to 

androgen deprivation did not improve survival. Baseline risk and disease volume carried 

prognostic value for this distinct trial population, although disease volume added more prognostic 

information. PSA treatment response was a strong intermediate endpoint for survival.

Introduction

Cixutumumab, or IMC-A12, is a recombinant human monoclonal immunoglobulin G1 

antibody targeting insulin-like growth factor I receptor (IGF-IR). IGF-IR signaling is a 

candidate factor in prostate cancer progression as it leads to nuclear translocation of 

androgen receptors and androgen receptor-mediated signaling in the absence of androgens.1 

Cixutumumab induces IGF-IR internalization, and in preclinical studies, led to apoptosis and 

G1 cell-cycle arrest in hormone-sensitive prostate cancer xenograft models and G2 arrest in 

castration-resistant prostate cancer murine models.2 A prior phase II trial of cixutumumab in 

metastatic castration-resistant prostate cancer (mCRPC) yielded a 29% radiographic 

stabilization rate at ≥6 months,3, 4 and a neoadjuvant trial of cixutumumab with androgen 

deprivation (AD) showed synergistic pharmacodynamic effects.5 Another neoadjuvant trial 

with figitumumab, a different monoclonal antibody targeting IGF-IR, induced prostate-

specific antigen (PSA) declines of ≥25% in 94% of patients and ≥50% in 31% of patients 

without concurrent AD.6

SWOG S0925 was a randomized phase II trial of cixutumumab with AD versus AD alone in 

patients with new metastatic hormone-sensitive prostate cancer (mHSPC). As previously 

reported, cixutumumab was generally well tolerated with a small increase in grade 3 adverse 

events, most notably hyperglycemia.7 The primary endpoint of SWOG S0925 was rate of 

undetectable PSA (≤0.2 ng/mL) after 28 weeks of treatment, based on the randomized 

SWOG 9346 trial of intermittent versus continuous AD in mHSPC, which demonstrated that 

PSA response after 28 weeks was strongly associated with overall survival (OS).8 The 

primary outcome of SWOG S0925 was negative, with no difference seen in undetectable 

PSA rate between trial arms.7 We now report long-term results of SWOG S0925 with mature 

progression and survival outcomes, including pre-specified secondary validation of the 

intermediate endpoint of PSA response at 28 weeks and its prognostic value for subsequent 

survival. Given that SWOG 9346 was conducted prior to the current era of survival-

Wong et al. Page 2

Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2020 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prolonging therapies for mCRPC, study of this intermediate endpoint in a more modern 

population of patients is of great interest.

Other criteria have emerged to help assess pre-treatment prognosis and guide treatment 

selection in the setting of several landmark clinical trials which changed the treatment 

landscape for mHSPC. In the CHAARTED trial, docetaxel combined with AD improved OS 

in patients with mHSPC compared to AD alone, with similar results found by Arm C of the 

STAMPEDE trial studying AD with docetaxel and prednisolone.9-11 In CHAARTED, only 

patients with high volume disease, defined by visceral metastasis and/or ≥4 bone metastases 

with at least one outside the axial skeleton, were observed to have significant benefit with 

the addition of docetaxel to AD.10, 12 Of note, post-hoc analyses of CHAARTED also 

supported the prognostic value of undetectable PSA at 28 weeks, concordant with the 

findings of SWOG 9346.8, 13 Abiraterone acetate was also approved for use in mHSPC after 

OS benefit was seen with the LATITUDE trial, which randomized patients with mHSPC and 

high risk disease, defined as having ≥2 of 3 prognostic factors of Gleason score ≥8, visceral 

disease, and ≥3 bone lesions, to abiraterone acetate plus AD versus AD alone.14, 15 Arm G 

of the STAMPEDE trial also showed OS benefit with the addition of abiraterone acetate to 

AD, but this arm included patients with a variety of different baseline characteristics.16 Post-

hoc analyses of STAMPEDE demonstrated that the OS benefit with abiraterone acetate was 

seen for all disease volume and risk groups, using the definitions from CHAARTED and 

LATITUDE, respectively.17

With the developments above, disease volume and risk as defined in the CHAARTED and 

LATITUDE trials are increasingly being used to inform prognosis for patients with mHSPC, 

and in the case of docetaxel, to guide treatment selection. SWOG S0925 is unique in that it 

provides information prior to the utilization of docetaxel, abiraterone acetate, enzalutamide, 

and apalutamide for the mHSPC disease state, yet the patients likely received several of 

these therapies for mCRPC. Final data from SWOG S0925 thus serves as an independent 

dataset to not only validate the prognostic value of undetectable PSA at 28 weeks of 

treatment in the modern era, but also to examine the correlation of disease volume and risk 

with OS for patients with new mHSPC. Therefore, we present survival of our cohort 

stratified by disease risk and volume as secondary, post-hoc analyses.

Materials and Methods

The details of the SWOG S0925 study protocol (ClinicalTrials.gov Identifier: 

NCT01120236) have previously been published.7 Briefly, this was a multicenter randomized 

phase II trial designed and conducted within SWOG, approved by the Cancer Therapy 

Evaluation Program of the National Cancer Institute and the independent institutional review 

board of each participating center, with all study patients providing written informed 

consent. Eligibility requirements included a diagnosis of prostate cancer (pathologically 

confirmed), PSA ≥5 ng/mL, at least one site of metastasis on imaging (including at 

minimum a bone scan and CT or MRI of the abdomen and pelvis), and Zubrod performance 

status of 0 to 2 (or 3 if resulting from bone pain only). More than 2 years must have elapsed 

from completion of remote AD in the neoadjuvant, concurrent, and/or adjuvant settings, and 
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prior AD for metastatic disease was allowed if the first luteinizing hormone-releasing 

hormone (LHRH) agonist injection was within 30 days of enrollment.

The two treatment arms consisted of AD with LHRH agonist and daily oral bicalutamide, or 

AD with LHRH agonist and daily oral bicalutamide with the addition of cixutumumab (10 

mg/kg intravenously over 1 hour every 2 weeks for seven cycles, each cycle comprising of 

two treatments in 28 days) (Supplemental Figure 1). The accrual goal was 180 eligible 

patients, with an additional 10% (n=198) to account for potential ineligibility; this was 

designed to have 90% statistical power to detect an absolute difference of 20% in the 

primary endpoint of undetectable PSA rate at 28 weeks using Fisher’s exact test, using a 

one-sided type I error rate of 0.10 and assuming an undetectable PSA rate of 45% in the 

control arm.7 Patients were randomized in a 1:1 ratio using a dynamic balancing algorithm 

with stratification based on Zubrod Performance Status (0-1 vs. 2-3) and baseline PSA (<20 

ng/mL vs. ≥20 ng/mL) to either treatment arm, resulting in 105 patients per treatment arm.18 

The National Cancer Institute Common Terminology Criteria for Adverse Events (version 

4.0) were used for assessment of adverse events, and treatment on protocol continued until 

completion of seven cycles (28 weeks), early disease progression (by symptoms, imaging, or 

PSA), unacceptable toxicity, or patient desire to withdraw from the trial.

Statistical Analysis

Imaging with the same modalities used for baseline disease assessment was performed after 

28 weeks of treatment, and subsequently bone scan and CT or MRI of the chest, abdomen, 

and pelvis as well as survival assessments were performed every 6 months for the first 2 

years and then annually until progression or death. Progression by radiographic criteria was 

defined as a 20% increase in the sum of the diameters of target measurable lesions over the 

smallest sum of diameters observed during study protocol, with an absolute increase of at 

least 0.5 cm; patients were also considered to have progressed if they had unequivocal 

progression of non-measurable disease in the opinion of the treating physician (written 

explanation was required), any new metastatic lesion, or if they died.

PSA was assessed every 4 weeks during study protocol and after the completion of seven 

cycles (28 weeks) of treatment, and subsequently at least every 6 months for the first 2 years 

and then at least annually until progression by radiographic criteria or death. PSA 

progression was defined as two consecutive increases in PSA at least 2 weeks apart with a 

total testosterone level of <50 ng/dL, which we defined as the development of castration 

resistance. Although not a standard endpoint, we did perform analyses of castration 

resistance-free survival defined as the development as castrate resistance or death, as we felt 

this was of clinical relevance to mHSPC. Two patients who only had PSA assessment prior 

to registration were excluded from the castration resistance-free survival analysis. For 

patients not meeting criteria for PSA progression, last date of PSA assessment was used for 

censoring. PSA response at 28 weeks was divided into three pre-specified categories of 0.2, 

>0.2 to 4.0, and >4.0 ng/mL.8 Patients without a PSA value after the completion of 28 weeks 

were assumed to not have achieved a PSA of ≤4.0 ng/mL.

Time to event curves were estimated using methods of Kaplan-Meier. Cox’s proportional 

hazards models were used to compare OS, radiographic progression-free survival (rPFS), 
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and castration resistance-free survival by treatment arm, as well as to evaluate the effect of 

treatment arm, disease volume, and risk group either alone or in combination. Akaike’s 

information criterion (AIC) was used to determine whether disease volume or risk was a 

better predictor of OS. Residual Chi-square values were calculated to determine whether 

disease volume contributed to survival in a model of risk group and OS, and vice versa. A 

landmark analysis was used to assess OS by PSA response at 28 weeks (pre-specified 

secondary endpoint of trial).

Disease volume and risk prior to protocol treatment were defined as per the CHAARTED 

and LATITUDE trials, respectively, with central review of Gleason score and sites of disease 

from pre-registration pathology and radiology reports.9, 10, 14, 15 To compare PSA response 

by disease risk and volume, χ2 analysis was used.

All analyses were conducted using SAS software (version 9.3; SAS Institute, Cary, NC).

Results

The intention-to-treat population included 210 patients (Supplemental Figure 1). Baseline 

demographics and disease characteristics were generally balanced between treatment groups 

(Table 1). Median follow-up time was 5.3 years.

There was no statistical difference seen between treatment arms in OS (cixutumumab arm 

HR 1.01 [0.70-1.45]; p=0.97), rPFS (cixutumumab arm HR 1.17 [0.85-1.60]; p=0.35), or 

castration resistance-free survival (cixutumumab arm HR 1.02 [0.75-1.41]; p=0.88) (Figure 

1).

Prior to protocol treatment, 105/198 (53.0%) patients had high risk disease and 119/210 

(56.7%) had high volume disease as determined by central review (Table 2). Twelve patients 

did not have a Gleason score recorded and so risk group could not be assessed. Of note, 

17.3% of patients with high volume disease were classified as low risk, and 15.9% of 

patients with low volume disease were classified as high risk; 83.3% of patients had 

concordant classification of high or low category for both risk and volume. When OS was 

adjusted for risk group, there remained no statistical difference between the two treatment 

arms (cixutumumab arm HR 1.00 [0.69-1.47]; p=0.99). Similar results were seen when OS 

was adjusted for disease volume (cixutumumab arm HR 0.99 [0.69-1.43]; p=0.95). Thus, for 

the remainder of our analyses, we combined both treatment arms into a single pooled cohort 

for study.

Inferior OS was seen for patients with high risk disease (HR 1.89 [1.29-2.80]; p=0.001) and 

high volume disease (HR 2.75 [1.84-4.10]; p<0.0001) (Figure 2). Disease volume was a 

better fit to the survival data than risk group (AIC 878.3 vs. 889.2). When disease volume 

was in the model, risk group did not provide a significant contribution to predicting OS 

(p=0.82 residual Chi-square). However, disease volume did provide a significant 

contribution to prediction of OS when risk group was in the model (p=0.001 residual Chi-

square).
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Compared to patients with undetectable PSA after 28 weeks of treatment, inferior OS was 

seen for patients with PSA >0.2 to ≤4.0 ng/mL (HR 3.72 [1.99-6.95]; p<0.0001) and PSA 

>4.0 ng/mL (HR 7.13 [4.24-11.9]; p<0.0001) (Figure 3). When PSA response was stratified 

by disease risk and volume, high risk patients were more likely to have PSA >4.0 ng/mL 

(61.0% vs. 29.0%; p<0.0001) as were high volume patients (63.0% vs. 28.6%; p<0.0001) 

(Supplemental Table 1).

Discussion

Previously, the SWOG S0925 trial for patients with new mHSPC reported no difference in 

the primary endpoint of undetectable PSA rate at 28 weeks between the two arms of 

cixutumumab plus AD versus AD alone.7 The long-term survival analyses of SWOG S0925 

definitively demonstrate no benefit to adding cixutumumab to AD for patients with mHSPC; 

fortunately, thanks to recent advances, patients now have docetaxel, abiraterone acetate, 

enzalutamide, and apalutamide as options with evidence for OS benefit when combined with 

AD in the mHSPC setting.9-11, 14-16, 19-21

The SWOG S0925 data also confirms utility of the intermediate PSA endpoint first 

described in SWOG 9346, but report better survival for patients not achieving undetectable 

PSA, in concordance with other more recent data.8, 22 SWOG 9346 reported a median OS of 

13 months for patients with PSA >4.0 ng/mL and 44 months for patients with PSA >0.2 to 

≤4.0 ng/mL at 28 weeks of treatment, while SWOG S0925 found a median OS of 28.0 

months and 53.1 months for patients in those PSA groups, respectively. Baseline patient 

characteristics in SWOG S0925 differed from those in SWOG 9346 in that patients in 

SWOG S0925 had a lower median age and starting PSA and a larger proportion were white; 

however, more had higher Gleason scores and high volume disease. Despite differences in 

patient characteristics, it is likely that some of the improved survival in this more modern 

dataset is attributable to the current era of available therapies for mCRPC. Interestingly, in 

SWOG S0925 the median survival of patients with undetectable PSA at 28 weeks was 72.4 

months, not better than the median survival of 75 months seen for the same PSA group in 

SWOG 9346.8

The CHAARTED trial utilized SWOG criteria for high versus low volume disease, in part 

based on an earlier clinical trial investigating the addition of flutamide to AD in patients 

with mHSPC which found overall and progression-free survival benefit to flutamide, 

particularly in patients with good performance status and/or minimal disease (defined as 

absence of disease in the ribs, long bones, skull, or soft tissue, other than lymph node 

involvement).9, 10, 23 Similarly, the LATITUDE trial introduced criteria for high versus low 

risk disease.14, 15 These risk and volume criteria are increasingly being used to assess 

prognosis and guide treatment decisions, and the final outcomes from SWOG S0925, with 

central review of baseline disease volume and risk, provide an independent dataset collected 

before the era of the new mHSPC agents (abiraterone acetate, enzalutamide, docetaxel, 

apalutamide) for validation of the prognostic significance of these criteria.10, 12 Our data 

confirm that disease volume and risk conferred prognostic significance in this group of 

patients with new mHSPC, and as a novel finding, that disease volume was a better predictor 

of OS than risk group.
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Limitations

Although SWOG S0925 was a well-performed randomized trial conducted within the 

National Clinical Trials Network mechanism, limitations exist. Although we reviewed 

radiology reports centrally, images and tumor measurements were provided by independent 

site investigators with no central review of images. Assessments of rPFS were limited by the 

interval for scans outlined by the protocol (every 6 months for the first 2 years, then 

annually). Study definition of rPFS did not mandate confirmation of soft tissue progression 

or the 2+2 new bone scan lesion rules defined by Prostate Cancer Working Group (PCWG) 2 

criteria.24 SWOG S0925 defined PSA progression as two consecutive increases in PSA at 

least 2 weeks apart, while PCWG2 defines PSA progression as a ≥25% increase and 

absolute increase of ≥2 ng/mL from nadir confirmed by a second value obtained ≥3 weeks 

later;24 the latter criteria is generally applied to mCRPC, while SWOG S0925 studied 

treatment in the mHSPC setting. Thus, we chose criteria to match clinical practice patterns 

where clinicians and patients would likely be motivated to identify and address castration 

resistance early with subsequent interventions.

Conclusions

The findings from the SWOG S0925 trial with cixutumumab support that newer agents for 

mHSPC may require more extensive preclinical testing in multiple models and need to 

demonstrate greater synergy with standard of care agents before introduction into clinical 

trials. Fortunately, patients with mHSPC now have a number of treatment options, reducing 

pressure for new drug development and allowing time for more comprehensive pre-clinical 

testing of novel agents in the future. We validated the prognostic significance of disease 

volume and risk classifications in patients with new mHSPC, with disease volume being a 

better predictor of overall survival than risk group, and our data strengthens the correlation 

between undetectable PSA at 28 weeks of treatment and OS in the current era of mCRPC 

therapies. This earlier intermediate endpoint should be considered for future screening or 

phase II clinical trials in mHSPC, as it can potentially reduce commitment of resources and 

minimize the risk of patients exposed to ineffective investigational therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier analysis by treatment arm reveals no difference in A) overall survival, B) 

radiographic progression-free survival, or C) castration resistance-free survival. 

Abbreviations: AD, androgen deprivation.
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Figure 2. 
Kaplan-Meier analysis by A) risk group and B) disease volume reveals significant 

differences in overall survival.
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Figure 3. 
Kaplan-Meier analysis by PSA response at 28 weeks of treatment reveals significant 

differences in overall survival.
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Table 1.

Baseline demographic and clinical characteristics

AD plus cixutumumab (N=105) AD alone (N=105)

Characteristic N % N %

Age, years

Median 65 66

Interquartile range 60-72 58-73

PSA, ng/mL

Median 31 37

Interquartile range 12-74 10-200

Gleason score*

<7 5 4.8 5 4.8

7 28 26.7 14 13.3

≥7 66 62.9 80 76.2

Race

Black 4 3.8 10 9.5

White 94 89.5 88 83.8

Other 7 6.7 7 6.7

Zubrod PS

0 62 59.0 65 61.9

1 41 39.1 38 36.2

2 2 1.9 2 1.9

Site of metastasis

Lymph node only 17 16.2 11 10.5

Bone only 43 41.0 37 35.2

Lymph node and bone 33 31.4 50 47.6

Visceral 12 11.4 7 6.7

Bone pain 28 26.6 35 33.3

Abbreviations: AD, androgen deprivation; PSA, prostate-specific antigen; PS, performance score.

*
Gleason score missing for 12 patients.
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Table 2.

Baseline risk and volume status*

High volume
N (%)

Low volume
N (%)

High risk 91 (82.7) 14 (15.9)

Low risk 19 (17.3) 74 (84.1)

*
Table contains N=198 patients (risk not assessed in 12 patients due to missing Gleason scores)
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