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BACKGROUND. Because of the osseous distribution of prostate cancer metastases,

progression is more readily identified than response in prostate cancer clinical

trials. As a result, there is an increased focus on progression-free survival (PFS)

as a phase 2 endpoint. PFS, however, is vulnerable to inter-study design variabili-

ty. The authors sought to identify and quantify this variability and the resultant

error in PFS across prostate cancer clinical trials.

METHODS. The authors reviewed phase 2 clinical trials of cytotoxic agents in cas-

tration-resistant metastatic prostate cancer over 5 years to evaluate the policies

determining extent of disease and the definitions of disease progression. A simu-

lation model was created to define the degree of error in estimating PFS in 3 hy-

pothetical cohorts (median PFS of 12, 24, and 36 weeks) when the frequency of

outcome assessments varies.

RESULTS. Imaging policies for trial entry were heterogeneous, as were the type,

timing, and indications for outcome assessments. In the simulation, error in the

reported PFS varied according to the interval between assessments. The differ-

ence between the detected and the true PFS could vary as much as 6.4 weeks per

cycle, strictly resulting from the variability of assessment schedules tested.

CONCLUSIONS. Outcome assessment policies are highly variable in phase 2 stu-

dies of castration-resistant prostate cancer patients, despite published guidelines

designed to standardize authentication of disease progression. The estimated

error in PFS can exceed 6 weeks per cycle, exclusively because of variations in

the assessment schedules. Comparisons of PFS times from different studies must

be made with circumspection. Cancer 2008;113:966–74. � 2008 American

Cancer Society.

KEYWORDS: prostate cancer, phase 2 clinical trials, outcome assessments, end-
points, progression-free survival.

T he design of clinical trials to assess drug effects in prostate can-

cer poses unique challenges relative to other solid tumors. Me-

tastases are primarily localized in bone, where changes in disease

status are difficult to assess and the natural history is highly vari-

able; in addition, post-therapy changes in prostate-specific antigen

(PSA) are not surrogates for clinical benefit.1,2 Consequently, classi-

fying post-treatment radiographic or biochemical changes using tra-

ditional response categories is difficult. Although defining a

treatment response in prostate cancer may be difficult, tumor pro-

gression is far easier to recognize. For example, bone scans may

take months to show improvement with an active treatment, but

new lesions seen on serial bone scintigraphy tend to reflect progres-

sive disease. Similarly, although post-treatment changes in PSA are

not surrogates for clinically relevant events, PSA rises are generally

used as an indicator of disease progression.
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It was these considerations that led the Prostate

Cancer Working Group to shift the focus of clinical

trials from measures of response to measures of pro-

gression in its latest Consensus Guidelines for phase

2 studies.3 Indeed, even in the phase 3 setting, trials

are now being designed, conducted, and submitted

for regulatory approval using progression-free sur-

vival (PFS) measures, rather than overall survival, as

the primary endpoint. Unfortunately, the results have

been disappointing, and no agent or approach to

date has been successful in this context.

Significant errors can occur when assessing PFS

that can lead investigators astray if these miscalcula-

tions are not recognized or accounted for. In particu-

lar, the endpoint itself is sensitive to the methods

employed to assess disease and the definition of pro-

gression used. Differences in the timing of disease

assessments alone can give the appearance that 1 drug

provides a longer PFS relative to another.4 The purpose

of this study was to review the reported phase 2 trials of

cytotoxic drugs in prostate cancer to demonstrate the

frequency of such heterogeneity and, through simula-

tion, construct a model to quantify the error in estimat-

ing PFS that this lack of uniformity creates.

MATERIALS AND METHODS
Disease Assessment in Contemporary Clinical Trials of
Cytotoxic Agents
To examine the evaluations used to determine dis-

ease extent at study entry and the timing of the

assessments after treatment, a PubMed search

(www.pubmed.gov) from February 2001 through Feb-

ruary 2006 was performed using the following key

words: prostate cancer, chemotherapy, cytotoxic, and

phase 2. Published trials reported in English were

reviewed for the reported baseline extent of disease

evaluation, the definition of disease progression for

eligibility and trial termination, and the indication

and the interval for repeating a specific test to deter-

mine treatment effects.

Estimating PFS by Using Different Disease Assessment
Intervals Post-Treatment
A simulation was performed to demonstrate the

potential bias introduced when estimating PFS by

assessing disease at different intervals. Three differ-

ent reassessment schedules based on the frequency

reported in the trials reviewed were used. In schedule

A, patients were assessed for response every 6 weeks

until week 48, and then at 6-month intervals for 2

additional years. In schedule B, patients were

assessed for response every 8 weeks until week 48,

and then at 6-month intervals for 2 additional years.

In schedule C, assessments occurred every 12 weeks

until week 48, and then at 6-month intervals for 2

additional years. Three hypothetical patient risk

cohorts—rapid, intermediate, and slow progression—

were generated to assess what degree the interaction

between interval assessment and the rate of progres-

sion had on the estimated PFS. Median times to pro-

gression for these 3 cohorts were 12, 24, and 36

weeks. In total, there were 9 assessment schedule/

risk group cohorts in the simulation.

For each cohort in the simulation, 100 progres-

sion times were generated from an exponential dis-

tribution. Because the median progression time fully

specifies an exponential distribution within a risk

cohort, the exponential distribution was the same;

only the assessment schedule differed. The recorded

PFS time was the upper value of the assessment

interval. To determine the patient-specific assess-

ment times, a uniform random variable (22, 2

weeks) was added to each fixed assessment time, to

simulate the real-life scenario whereby patients do

not come for testing exactly on the date they were

scheduled, but rather are assessed within 2 weeks of

the scheduled visit. For example, a patient on sched-

ule A (every 6 weeks) with a true progression time of

26 weeks was recorded as a failure in the neighbor-

hood of 28 to 32 weeks. Within each assessment

schedule/risk group simulation, the 100 progression

times produced a Kaplan-Meier estimate of PFS. This

simulation was replicated 1000 times, and the sum-

maries from the Kaplan-Meier estimates of the 1000

replications are provided in the results.

Effect of the Post-Treatment Imaging Policy
on Time to Progression
Three hypothetical patients about to start treatment

on a clinical trial of a taxane that would be adminis-

tered every 21 days were considered. Each met the

criteria for radiographic progression but differed in

the pattern of disease spread. The modality and the

timing of post-treatment imaging used for each

patient were specific for the baseline pattern of

spread. Four policies were evaluated: performing

both computed tomography (CT) and bone scans at

fixed intervals, performing scans only if abnormal at

baseline, performing a CT every other cycle and a

bone scan every 4 cycles, and only performing fol-

low-up bone scans for patients with no soft-tissue

disease at baseline.

RESULTS
A total of 59 trials were identified, of which 46 (78%)

met the criteria for inclusion. Details of the trials are
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outlined in Table 1. Of the 13 trials excluded, 9 did

not publish the timeline for radiographic and/or PSA

assessments post-treatment, 2 were phase 1/2, 1

focused solely on squamous cell carcinoma of the

prostate, and 1 was initiated in the pre-PSA era.

Among the 46 included trials, the primary endpoint

was PSA decline in 28 (61%) of the trials, tumor

response (defined as a response in either PSA or ima-

ging) in 11 (24%) trials, and radiographic response in

3 (7%); 1 (2%) used PSA and radiographic response

as separate primary endpoints. Three (7%) trials used

a palliative endpoint.

Assessment of Disease Extent and Progression Criteria
at Study Entry
Extent of disease evaluations required on enrollment

were not consistent. Although all trials required pro-

gression of disease at study entry, the published

requirement for documenting metastatic disease with

imaging varied considerably among trials. Cross-sec-

tional imaging of the abdomen and pelvis was either

not specified or required in 22% (10 of 46). Fifteen

percent (7 of 46) of the trials did not require a bone

scan. Fourteen of 46 (30%) trials either did not

require or did not specify any chest imaging at

enrollment. Of the 32 trials that did specify a chest

imaging requirement, chest radiograph (rather than

chest CT) was the most common assessment in 78%

(25 of 32).

The definition of progressive disease for trial

enrollment was similarly disparate. Progression of

measurable disease was defined as an increase in

existing lesions in 11 (24%) studies, a new lesion or

an increase in existing lesions in 5 (11%), and new

lesions alone in 3 (7%), whereas the remaining 27

(59%) did not outline specific criteria. For bone dis-

ease, progression was defined as new lesions in 20

(43%) studies and worsening existing lesions in 19

(41%) studies; progression was not defined in 6

(13%) studies. For progression based on pretherapy

changes in PSA, the PSA Working Group Criteria

were used for 10 (22%) studies and other criteria

were used in 20 (43%), whereas 13 (28%) did not

report the criteria used. Three studies (7%) did not

use PSA progression criteria for eligibility.

Frequency and Indications for Post-Treatment
Assessments
Soft tissue and bone
Considerable variation was found in the timing of

follow-up assessments of soft tissue and bone metas-

tases, as shown in Table 2. The specified reassess-

ment interval ranged from 6 to 16 weeks for soft

tissue and from 6 to 12 weeks for bone. The indica-

tions also varied; 28% of the trials (13 of 46) did not

require a follow-up cross-sectional scan (CT or mag-

netic resonance imaging) to assess for soft-tissue or

visceral disease, and 33% (15 of 46) did not require a

follow-up bone scan unless clinically indicated or if

the baseline study was negative.

PSA
The interval for PSA assessments ranged from 1 to 8

weeks, but was determined in 38 (83%) of the trials

every 3 to 4 weeks. PSA assessment corresponded

with the start of a new cycle of therapy in 34 (74%)

trials. The remaining trials with measurement inter-

vals outside of the 3- to 4-week range evaluated

agents with treatment cycles that were either shorter

than 3 weeks or longer than 4 weeks.

Definitions of Progression for Study Termination
Of the 46 studies examined, the only criteria speci-

fied for progression in bone was ‘‘disease progres-

sion’’ in 19 (41%); an additional 6 (13%) did not

specify a definition. Of the remaining 21, 20 (43% of

the total) specified a requirement for new lesions,

whereas 1 allowed either new lesions or an increase

in existing lesions. For soft-tissue disease, 8 (17%)

used the outcome criteria defined by Response Eva-

luation Criteria in Solid Tumors (RECIST), 27 (59%)

used the criteria of the World Health Organization, 4

used the criteria of the Southwest Oncology Group

(SWOG), 2 (4%) used other criteria, and 5 (11%) did

not specify a definition. Biochemical progression

based on PSA changes was defined using the PSA

Working Group Criteria in 26 (57%) and ‘‘other’’ cri-

teria in the remaining 20 (43%).

TABLE 1
Baseline Trial Population

Total No. of Trials 59

Total no. of trials excluded 13

No published outcome assessment timeline, no. (%) 9 (15)

Phase I/II, no. (%) 2 (3)

Squamous cell carcinoma only, no. (%) 1 (2)

Pre-PSA era, no. (%) 1 (2)

Total number of trials for review 46

Primary endpoint, no. (%) 46

PSA only 28 (61)

Tumor response (PSA or radiographic) 11 (24)

Radiographic only 3 (7)

Palliative 3 (7)

PSA and radiographic as separate endpoints 1 (2)

PSA indicates prostate-specific antigen.
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TABLE 2
Phase 2 Trials — Policy for Imaging and PSA Reassessment

Trials (N546) Cycle Length, wk

Time to Reassessment, wk

Time to PSA

Reassessment, wk

Time to Initial

Response

Assessment, wk

Baseline Bone Scan Baseline CT/MRI

Positive Negative Positive Negative

Cabrespine8 3 9 9 9 9 3 NS

Boehmer9 3 12 12 12 12 3 NS

Hussain10 3 6 As indicated 6 As indicated 3 6

Olver11 6 12 12 12 12 NS NS

Spicer12 3 As indicated As indicated 9 As indicated 3 NS

Carles Galcerán13 3 6 (then 9) 6 (then 9) 6 (then 9) 6 (then 9) 6 (then 3) 6

Tolcher14 3 6* 6* 6* 6* 3 NS

Berruti15 4 26 26 12 12 4 9

Oudard16 3 9* 9* 6* 6* 3 NS

Galsky17 3 12 As indicated 12 As indicated 3 NS

Senzer18 4 As indicated As indicated 8 As indicated 2 8

Font19 3 As indicated As indicated 9 9 3 NS

Beer20 4 As indicated As indicated 8 As indicated 4 NS

Latif21 4 8 8 8 8 4 NS

Berry22 4 12 12 8 8 4 NS

Dahut23 4 8 8 8 8 4 NS

Ferrero24 8 8 As indicated 8 As indicated 4 NS

Bernardi25 3 9 As indicated 9 As indicated 3 NS

Borrega26 3 12 12 6 6 3 NS

Vaughn27 4 831 y, then 12 831 y, then 12 831 y, then 12 831 y, then 12 4 NS

Albrecht28 8 16 16 16 16 8 16

Oh29 3 9* 9* 9* 9* 3 NS

Hellerstedt30 4 13 As indicated 13 As indicated 4 NS

Koletsky31 3 As indicated As indicated 3 3 3 NS

Smith32 3 9 As indicated 9 As indicated 3 NS

Odrazka33 2 12 As indicated 8 8 4 NS

Samelis34 2 8 8 8 8 8 NS

Robles35 1 wk 312 cycles

then 2 wk

12 As indicated 6 wk 32 then every 1231 y As indicated 4 wk 33 then

every 13 wk

NS

Petrioli36 1 8 8 8 8 4 NS

Tralongo37 3 12 12 6 6 3 NS

Daliani38 4 At max PSA decline 1

POD

At max PSA

decline 1 POD

At max PSA decline 1

POD

At max PSA

decline 1 POD

4 NS

Beer39 8 As indicated As indicated 8 As indicated 4 NS

Sinibaldi40 3 9 9 9 9 1 NS

Vaishampayan41 4 12 12 12 12 3 NS

Bex42 3 12 12 12 12 3 NS

Urakami43 4 8 8 8 8 4 NS

Klein44 4 8 8 8 8 4 NS

McMenemin45 4 6 6 6 6 4 NS

Sweeney46 1 wk 38 cycles

then 2 wk

12 12 8 As indicated 4 NS

Levine47 3 Arm I: 9 Arm II: 12 Arm I: 9 Arm II: 12 Arm I: 9 Arm II: 12 Arm I: 9 Arm II: 12 3 NS

Beer48 8 8 As indicated 8 As indicated 4 NS

Sitki Copur49 3 12 12 12 12 3 NS

Berry50 8 24 24 8 8 8 NS

Recchia51 4 12 12 12 12 4 NS

Saverese52 3 6 then 13 6 then 13 6 then 13 6 then 13 3 NS

Oudard53 3 12 12 8 8 3 3

CT indicates computed tomography; MRI, magnetic resonance imaging; NS, not specified; POD, progression of disease; PSA, prostate-specific antigen.

* Investigator discretion as to the choice of CT/MRI and/or bone scan for assessments.
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Bias in PFS Resulting From Changes in the
Assessment Interval
To assess the unintended consequences of variable

assessment times on PFS, a total of 9 schedule and

risk group cohort combinations were created. They

were based on the 3 assessment schedules (every 6,

8, or 12 weeks) and the 3 patient risk cohorts with

median PFS of 12, 24, or 36 weeks. A summary of the

Kaplan-Meier PFS under the hypothetical scenario

whereby progression assessments were recorded

daily (representing a ‘‘true’’ PFS in the model) was

also added. Table 3 summarizes these results. The

different assessment schedules between groups had

a significant effect on the estimated PFS time. For

example, when the true median PFS was 12 weeks,

the information lag inherent in lengthening the

assessment times resulted in a reporting of increased

PFS at 15.6, 16.6, and 18.7 weeks for every 6, 8, and

12 week schedules, respectively. The reported PFS

quantile differed from the ‘‘true’’ PFS quantile based

on daily assessments by as much as 6.4 weeks when

an every 12 week assessment schedule was used.

When the evaluation of the progression event is

based on a periodic imaging schedule or PSA mea-

surement, the recorded event time of the event will

always be greater than the true event time, an effect

that is most pronounced early in the treatment time

course (Fig. 1).

Impact of Different Imaging Policies on the
Determination of PFS
Figure 2 illustrates 3 hypothetical patients who are

about to enroll in a phase 2 clinical trial of a cyto-

toxic agent that will be administered every 21 days.

Each meets the eligibility requirement of progression

by PSA, but differs in the sites of disease spread by

scan. Patient A has osseous disease only with no evi-

dence of soft-tissue or visceral disease, patient B has

significant lymphadenopathy but no osseous disease,

and patient C has both bone disease and lymphade-

nopathy. For this example we assume that each

patient’s disease will progress by developing a new

pelvic lymph node that meets the criteria for pro-

gression as defined by RECIST on Day 189 (6.3

months), the median time to progression on SWOG

99-16,5 with no evidence of progression by PSA or by

bone scan. The 4 imaging policies illustrated were

derived from those used in the trials detailed in Table 2.

Note how radiographically evident progression will

be captured at different times depending on the

TABLE 3
Change in Kaplan-Meier Estimates of Reported PFS When the Timing of Assessments for Progression Varies

Actual Median PFS Percentile

Kaplan-Meier Quantile Estimates of Reported PFS, wk

Daily Assessment Q6-Week Assessment Q8-Week Assessment Q12-Week Assessment

12 weeks 75th Percentile 5.2 8.1 9.0 12.2

50th Percentile, median 12.3 15.6 16.6 18.7

25th Percentile 24.5 27.7 28.7 30.8

24 weeks 75th Percentile 10.4 13.5 14.8 15.1

50th Percentile. median 24.6 27.4 28.4 30.2

25th Percentile 48.9 57.5 58.0 58.6

36 weeks 75th Percentile 15.5 18.2 19.0 21.9

50th Percentile, median 36.7 38.5 39.5 41.3

25th Percentile 73.2 78.1 78.1 98.2

PFS indicates progression-free survival; Q, every.

FIGURE 1. The effect of assessment schedule on reported progression-
free survival is shown. q indicates every.
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extent of disease at baseline as well as the imaging

schema for each trial. This difference is seen both

across trials with a ‘‘constant’’ patient as well as in

the same trial with 3 patients having different distri-

butions of disease.

DISCUSSION
Phase 2 clinical trials in prostate cancer are focused

increasingly on PFS endpoints, because changes in

bone and PSA—the primary manifestations of the

disease—cannot be measured accurately by tradi-

tional response criteria. It follows that the results of

such trials would be highly sensitive to the modal-

ities used to evaluate disease status both before and

after treatment, and the frequency with which such

assessments are performed. In this study, we showed

significant variation in the type, timing, and fre-

quency of disease assessments to define distribution

of disease, eligibility, and treatment effects. By using

a model, we showed the bias that the frequency of

outcome assessments can have on reported PFS.

These factors undermine the reliability of the PFS

endpoint and the ability to inferentially compare out-

comes between trials.

The disparity in assessing disease at study entry

was most surprising in that 22% of the reported trials

did not specify abdominal and pelvic imaging, 15%

did not require a bone scan, despite the high preva-

lence of osseous metastases in this patient group,

and 30% percent of the trials reviewed did not spe-

cify or require chest imaging for study entry. The

lack of consistency in defining disease progression at

study entry was similarly worrisome, and in particu-

lar that criteria for progression were not specified for

measurable disease in 57% and for bone in 13% of

studies. Also notable was the inconsistency of the

use of PSA, as 28% of the trials did not report the cri-

teria used, and only 22% of the trials used the PSA

Working Group criteria.6

This study also demonstrates variation in the fre-

quency of performing disease assessments after treat-

ment and in the policies for their use. Notably,

disease extent in bone and soft tissue were assessed

at different time points from each other and from

PSA. It is not surprising that PSA determinations were

performed more frequently than imaging. These inter-

vals were generally shorter (every 3-4 weeks) than

those for radiographic assessment times (every 6-25

weeks). However, given that progression is a continu-

ous process, trials that defined PFS by PSA alone (61%

of the reported studies), PSA or radiographic progres-

sion (24%), or radiographic progression only (7%)

will give disparate results independent of the study

FIGURE 2. An example is shown of how time to progression can vary based on timing and indication for imaging on clinical trial. Disease progression will
be detected at different times depending on the extent of disease at baseline as well as the imaging schema for each trial. This difference is seen both across

trials with a ‘‘constant’’ patient as well as in the same trial with 3 patients having different distributions of disease. BS indicates bone scan; CT, computed to-

mography of chest, abdomen, and pelvis; POD, progression of disease; PSA, prostate-specific antigen.
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treatment, with PSA-based PFS times being the short-

est. By our model, median PFS might be overesti-

mated by as much as 6.4 weeks in rapidly progressing

patients, purely as a function of the imaging intervals

or discordance between the frequency of PSA assess-

ments and radiographic assessments. Recognizing

that the ‘‘true’’ PFS is a research-only construct,

because daily imaging is not routinely performed, it is

important to acknowledge that even the 3-week error

in PFS that results from imaging every 12 weeks

rather than every 6 aggregates with each cycle.

Finally, the reliability of the PFS endpoint is

diluted by variations in the policy for what types of

scanning were required. One third of the studies did

not require repeated soft tissue or bone imaging if

disease was not present in these locations at the

time of study entry. Disease developing in a particu-

lar site might be missed simply because the test

required to detect spread to that site was not per-

formed. This factor alone could result in a failure to

detect progression.

Some, but not all, of this bias can be reduced by

using randomized designs in which the same baseline

and follow-up disease assessments are performed at

predefined intervals. Randomization and the choice of

an overall survival endpoint do not completely negate

the bias introduced by variable assessment schedules.

The skew manifest by these variations in trial design

is even more insidious in phase 3 studies. Patients in

phase 3 studies receive therapy until they progress,

and if the 2 arms of a phase 3 trials have different

assessment schedules, patients will be declared pro-

gressors at different times, and receive different

amounts of therapy. Even when 2 arms have identical

assessment intervals, therapies that are more toxic

and induce treatment delays then delay outcome

assessments, as shown in Figure 3. The result is that a

more toxic therapy appears to prolong PFS when it is

simply an artifact of the timing of evaluations. Such

considerations will need to be scrutinized with even

greater care given that some phase 3 studies are now

using PFS as a primary endpoint.

The recently updated consensus guidelines for

phase 2 clinical trials in castrate metastatic disease

have defined the minimum baseline studies that

should be performed, as well as a policy for uniform

post-treatment assessments.7 The updated guidelines

specifically address the issue of authenticating disease

progression and maintaining uniformity in both the

methods and timing of disease assessments. Recom-

mendations include radiographic imaging of the

chest, abdomen, and pelvis for soft-tissue disease in

all patients at baseline, in addition to bone scintigra-

phy, distinguishing visceral, nodal, and bone index

lesions and assessing each independently, discarding

early tumor assessments and performing assessments

at intervals of at least 12 weeks, and advocating that

disease progression be defined radiographically or

symptomatically rather than biochemically. There is,

therefore, a standard; the issue is adherence.

If these guidelines are not adopted, comparisons

between trials will introduce bias that will continue

to impede the drug development process. As the field

stands now, however, although PFS is a more appro-

priate endpoint for prostate cancer than traditional

response criteria, comparisons between studies using

PFS as an endpoint should be approached with a

critical eye and caution, and PFS should not serve as

a surrogate for survival in prostate cancer. Such com-

parisons can be misleading unless the definitions of

progression for enrollment, the criteria for treatment

discontinuation, the types of evaluations used, and

the schedules of assessments are not only defined,

but are uniform.
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