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Abstract

We explored the association between Response Evaluation Criteria in Solid Tumors
(RECIST) 1.0 and 1.1 changes and overall survival (OS) in patients with metastatic
castration-resistant prostate cancer (mCRPC) from the control arms of the VENICE and
MAINSAIL phase 3 trials, respectively, receiving docetaxel, prednisone, and placebo. We
used Cox proportional hazards regression to evaluate the OS prognostic ability of RECIST
changes after adjusting for prognostic factors. In the VENICE trial, the OS hazard ratio
(HR) was 0.64 (95% confidence interval [CI] 0.42–0.99; p = 0.045) for patients with a
partial response (PR) compared to those without PR, and 1.78 (95% CI 1.07–2.95;
p = 0.026) for those with progressive disease (PD) compared to those without PD. After
adjusting for prostate-specific antigen (PSA) changes, PD remained significant (HR 1.85,
95% CI 1.10–3.12; p = 0.020). Data from the MAINSAIL trial corroborated the association
of PR (HR 0.51, 95% CI 0.22–1.18; p = 0.12) and PD (HR 3.51, 95% CI 1.92–6.43; p < 0.001)
with OS. After adjusting for PSA changes, PD was associated with poor OS (HR 2.36, 95%
CI 1.11–5.04; p = 0.026). Given the association between RECIST changes and OS, more
frequent detection of measurable disease with current imaging techniques, and the poor
reliability of bone scan and PSA changes, assessment of RECIST changes on treatment
with novel agents in patients with measurable tumors may provide an objective signal of
efficacy.
Patient summary: In this study, we found an association between changes in objectively
measurable tumors according to Response Evaluation Criteria in Solid Tumors (RECIST)
and survival in patients with metastatic prostate cancer receiving docetaxel chemo-
therapy. Since bone scan and prostate-specific antigen changes are unreliable and
measurable tumors are more frequently detected now because of better radiographic
technology, a focus on RECIST changes should be considered during drug development to
provide an objective signal of efficacy.
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Phase 2 trials evaluating new agents for most solid tumors

have assessed measurable disease changes using Response

Evaluation Criteria in Solid Tumors (RECIST) to identify

benefit [1,2]. By contrast, phase 2 trials investigating agents

in metastatic castration-resistant prostate cancer (mCRPC)

have not required measurable disease owing to the

historically low incidence of measurable tumors. However,

the reliability of bone scan and prostate-specific antigen

(PSA) changes in capturing benefit is modest [3]. This

practice should be revisited since modern imaging is

facilitating more frequent detection of measurable tumors

in mCRPC. One study demonstrated an association between

measurable disease changes according to World Health

Organization (WHO) criteria and overall survival (OS) in

men with mCRPC receiving chemotherapy [4]. We evaluat-

ed the association between RECIST changes and OS in men

with mCRPC receiving docetaxel.

Individual patient data from the control arm of the

VENICE and MAINSAIL trials were used [5,6]. Both were

phase 3 trials in chemotherapy-naı̈ve men with mCRPC who

were administered docetaxel and prednisone (DP) with

placebo in the control arms. Tumor response was assessed

using RECIST 1.0 (VENICE) or RECIST 1.1 (MAINSAIL). In

the VENICE trial, progression was defined as an increase

in measurable disease, new lesions on bone scans, or

two successive rises in PSA and an absolute increase of

�2 ng/ml. In the MAINSAIL trial, progression was defined

using RECIST 1.1 or progression of bone lesions, but not a

PSA rise alone. Cox proportional hazards regression was

used to evaluate the association between RECIST outcomes

and OS. Outcomes were as follows: partial response (PR),

defined as a decrease of �30% in the sum of the diameter of

all target lesions; stable disease (SD); and progressive

disease (PD), defined as an increase in the sum of diameters

of target lesions by �20% or the appearance of new lesions.

The analysis was adjusted for selected baseline clinical

prognostic factors. PSA response (unconfirmed PSA decline

�50%) and PSA progression (unconfirmed PSA increase

�25%) were also included in the multivariable analysis. A

90-d landmark analysis was conducted for patients who

were alive and had follow-up beyond 90 d. All tests were

two-sided and p � 0.05 was considered statistically signifi-

cant.

A total of 612 and 526 men were recruited to the control

arms (DP plus placebo) of the VENICE and MAINSAIL trials,

respectively (Supplementary Table 1). In the VENICE trial,

measurable tumors according to RECIST 1.0 were present in

363 men (59.3%). Among the 296 patients eligible for

landmark analysis of responses, the unconfirmed RECIST

result by day 90 was �PR, SD, and PD for 71 (24.0%), 202

(68.2%), and 12 (4.1%) men, respectively, while 11 men had

no objective response evaluation by day 90; 153 (51.7%) had

a PSA response by day 90. In the MAINSAIL trial, measurable

tumors according to RECIST 1.1 were evaluable in 464 men

(88.2%) for landmark analysis at day 90. By day 90, 64

(13.8%), 296 (63.8%) and 28 (6.0%) had unconfirmed �PR,

SD, and PD, respectively, while 76 (16.4%) had no

measurements by day 90; 210 (45.3%) had a PSA response

by day 90.

The median OS in the VENICE trial was 28.3, 23.3, and

11.4 mo for men with �PR, SD, and PD within 90 d,

respectively (Fig. 1). For every 10% change in RECIST

measurements from baseline, there was an 11.5% (95%

CI 6.5–16.8%) change in the hazard of dying. PSA response

(HR 0.60, 95% CI 0.49–0.73) and PSA progression (HR 2.17,

95% CI 1.70–2.78) within 90 d were associated with OS. In

the MAINSAIL trial, the median OS was not reached and was

15.7 and 7.9 mo for men with unconfirmed RECIST �PR, SD,

and PD within 90 d, respectively; the corresponding 1-yr OS

was 84.8%, 74.2%, and 43.4% (Fig. 2). PSA response (HR 0.42,

95% CI 0.26–0.68) and PSA progression (HR 2.65, 95% CI

1.14–6.15) within 90 d were associated with OS. On

multivariable analyses (Supplementary Table 2) of VENICE

data including baseline prognostic variables, PSA, and

RECIST 1.0 changes within 90 d, there was an independent

association between PD by day 90 and OS (HR 1.85;

p = 0.020). In the MAINSAIL data set including baseline

variables, PSA, and RECIST 1.1 changes within 90 d

(Supplementary Table 3), PD by day 90 was associated

with OS (HR 2.86; p = 0.007).

Although radiographic progression according to bone

scans and objective progression appears to be associated

with OS in specific settings, its applicability across all agent

classes is unclear [7,8]. The benefits observed in terms of

radiographic progression-free survival and bone scan

improvements for treatment with tasquinimod and cabo-

zantinib, respectively, did not translate to increases in OS in

phase 3 trials. PSA alterations within 90 d are associated

with OS in the setting of chemotherapy, but the relevance of

PSA changes on treatment with biologic agents is unclear

[9]. The phenomenon of PSA or bone scan flares is also a

confounding factor [10].

Our study is limited by the retrospective design,

although the remarkably similar association of both RECIST
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Fig. 1 – Overall survival based on the RECIST 1.0 response within 90 d for
patients in the control arm of the VENICE trial, who received docetaxel,
prednisone, and placebo (among 285 evaluable patients with both
baseline and day-90 RECIST measurements and subsequent follow-up).
RECIST = Response Evaluation Criteria in Solid Tumors.
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