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Abstract

Purpose—-Breast cancer (BC) is the most commonly diagnosed cancer and the second leading
cause of cancer-related death among women. Given the availability of approved therapies and
abundance of phase 11 and I11 clinical trials, historically few BC patients have been referred for
consideration of participation on a phase I trial. We were interested in determining whether
clinical benefit rates differed in patients with BC from other patients enrolled in phase I trials.

Methods—We performed a retrospective analysis of all Cancer Therapy Evaluation Program
(CTEP) sponsored phase I trials from 1993 to 2012. We report an analysis of demographic
variables, rates of response to treatment, grade 4 toxicities, and treatment-related deaths.

Results—De-identified data from 8087 patients were analyzed, with 1,376 having a diagnosis of
BC. The median time from initial cancer diagnosis to enrollment in a CTEP-sponsored phase |
clinical trial was 614 days for all patients. Breast cancer patients were enrolled on average 790
days after initial diagnosis, while non-BC patients had a median enrollment time of 582 days (p <
0.001). Breast cancer patients had more clinical responses than non-BC patients (18.3% vs. 4.3%,
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respectively). Along with the higher rate of response, BC patients remained on phase | trials longer
than non-BC patients with a median of 70 days while the latter were on trial for a median of 57
days. The overall rate of death related to the treatment drugs was 0.47%.

Conclusions—Our data confirm our hypothesis that when compared to a general population of
patients with cancer enrolled on phase I clinical trials, BC patients tend to derive clinical benefit
from these therapies with similar toxicity profile. This evidence further supports enrollment of BC
patients on phase | trials.
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Background

Phase I clinical trials are a critical component of the long road of innovative oncology drug
development. Traditionally, the primary endpoint of these trials has been to determine the
safety, tolerability, and recommended phase 2 dose (RP2D) of novel agents for further
studies. As a result, the expectation of direct clinical benefit to patients participating on these
trials may be perceived as being relatively low, whereas the risks and possible harms
potentially substantial, given the early phase development of the drugs. Low response rates
of 4-6% have historically been reported [1-9]. Although recent phase | studies have reported
higher response rates [10, 11] and relatively long progression free survival [12-14], phase |
studies are still typically reserved for patients who lack other treatment options.

Breast cancer (BC) is the most commonly diagnosed cancer and the second leading cause of
cancer-related death among women. The 5-year relative survival for stage 1V BC is 26.9%
[15] and overall survival (OS) has been reported between 19 and 34 months [16-19]. Recent
drug approvals by the Food and Drug Administration (FDA) have significantly improved the
OS to 56.5 months in some subtypes of BC [20].

The representation of cancer patients in phase | trials has been historically low. While only
3-5% of the United States adult cancer patients are enrolled in clinical trials [21, 22] the
number of those participating in phase I trials is even lower. Many factors are associated
with this fact and include the misconception that phase 1 trials are a last-ditch effort,
misinformation regarding the possibility of receiving placebo, or inconvenience of additional
visits and tests. It is also our experience that patients with BC are referred to phase | trials at
a late point in time on their disease natural history, possibly also related to the availability of
a larger number of active standard treatment options. At that point, life expectancy,
performance status, and organ function frequently preclude enrollment. In addition, in the
recent years, early phase clinical trials mostly testing targeted agents or immunotherapeutic
approaches presented new challenges to design [23], including limitations to the number of
previous treatment lines of therapy for eligibility.

In this study, we sought to analyze a cohort of patients enrolled on phase I clinical trials over
a 20-year period and to determine whether patients with BC derive similar clinical benefit
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and toxicities from phase | trials when compared to enrolled patients with other
malignancies.

Methods

Patient eligibility
All non-pediatric patients enrolled in phase | oncology trials sponsored by the Cancer
Therapy Evaluation Program (CTEP) between 1993 and 2012 were eligible for this study.
Protocols including hematologic and solid tumor malignancies were included and consisted
of both single and multiagent investigational targets. These clinical trials were performed at

the National Institutes of Health Clinical Center and other National Cancer Institute-
sponsored academic centers within the United States.

All protocols were approved by the Protocol and Information Office (PIO) of CTEP prior to
enrollment. Regular quality assurance audits were performed by the Clinical Trials
Monitoring Service (CTMS) and CTEP. Data were prospectively maintained by individual
trial investigators and staff of CTEP. These data were then electronically delivered to the
CTMS on a bi-weekly basis for the duration of each trial. The electronic database is
maintained by the CTMS which was managed by Theradex (Princeton, NJ, USA) at the time
of data analysis.

Pre-enrollment characteristics

Information regarding pre-enrollment characteristics including age, sex, race, performance
status (PS), hemoglobin, albumin, and primary disease site were recorded. The PS at
enrollment was measured using either the Eastern Cooperative Oncology Group (ECOG)
score or the Karnofsky score as specified by each protocol. For analysis, PS measured using
the Karnofsky scale was directly converted to the ECOG scoring modality [24].

For the purpose of this study, patients were categorized into breast (BC) and non-breast
cancer (non-BC) by using primary disease site. Data pertaining to diagnostic timelines as
well as the total amount of prior medical therapies were also obtained.

Study outcomes and tolerability

Outcomes of treatment, including disease response, treatment duration, and data regarding
tolerability were evaluated. We sought to analyze the beneficial effects of investigational
agents for BC versus non-BC. Response to treatment was assessed using guidelines
according to the World Health Organization criteria, Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines, or the revised RECIST guidelines with approval from the PIO
of CTEP at the time of protocol submission. The response rate in the initial trials was
assessed by WHO criteria and more recent trials by RECIST or modified RECIST criteria.
The disease response to treatment was categorized as complete response, partial response,
less than partial response, stable disease, or progressive disease. For the purposes of our
analyses, less than partial response was categorized as stable disease.

The tolerability of investigational agents among BC versus non-BC patients was of interest.
Data pertinent to grade 4 and 5 toxicities were included in our study. The attribution of
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adverse events (AE) was determined by pre-defined criteria outlined by the Common
Terminology Criteria for Adverse Events (CTCAE) from CTEP. Attribution of each adverse
event was designated as the following: definite, probable, possible, unlikely, and unrelated.
For purposes of these analyses, definite, probable, possible, were grouped as related whereas
all others were grouped as unrelated. Treatment-related deaths were defined as deaths
determined to be at least possibly related to treatment (possible, probable, or definitive).
Information regarding overall recovery status and time to recovery were also obtained. We
were unable to assess survival benefit as survival data was not recorded for all patients.

Statistical methods

Results

Descriptive statistics were provided to summarize the data. Violin plots were used for
visualization of some of the continuous variables. Wilcoxon rank sum test was performed to
compare continuous variables while Chi square test or Fisher’s exact test was used to
compare categorical variables between two groups. p < 0.05 is considered statistically
significant.

Patient characteristics

De-identified data from 8087 patients enrolled in CTEP-sponsored phase I clinical trials
between 1993 and 2012 were analyzed. Patient demographic characteristics at phase |
clinical trial enroliment are described in detail in Table 1. Of the total number of patients,
1376 were diagnosed with BC. Breast cancer patients had a median age of 52 years (range
23-87 years) which was younger than non-BC patients with a median age of 58 years (range
18-90). Race among BC and non-BC patients was also dissimilar in that there was a higher
frequency of black patients in the BC group. The most common non-BC malignancies were
gastrointestinal (43.7%), genitourinary (15.5%), and gynecologic cancer (11.2%)
(Supplemental Table 1).

Most patients had an ECOG PS of 0 (31.7%) or 1 (59.9%). The BC cohort had a greater
frequency of patients with a PS of 0 (35.8%) than those without BC (31.2%). Regarding
pretreatment laboratory values, hemoglobin levels were similar between BC and non-BC
patients. Platelet count was slightly lower in BC patients. Albumin was mildly lower in non-
BC patients than in BC patients.

Pre-enrollment characteristics

The median time from initial cancer diagnosis to enrollment in a CTEP-sponsored Phase 1
clinical trial was 614 days for all patients (Table 2). Breast cancer patients were found to be
enrolled on average 790 days after initial diagnosis while non-BC patients had a median
enrollment time of 582 days (v < 0.001). Along with this longer time to enrollment, BC
patients were also found to be more heavily pretreated with a median of 4 (range 1-26) prior
medical treatments than those with other cancers at 3 prior treatments (range 1-19).

Breast Cancer Res Treat. Author manuscript; available in PMC 2018 May 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lynce et al.

Treatment

Page 5

Of the 8087 patients enrolled, 84 did not receive any dose of study drug and were thus
removed from further analysis. While on phase | study, the best response to treatment was
evaluated (Table 3). Disease progression was the best response in slightly less than 40% of
all patients. Breast cancer patients had more clinical responses (complete and partial
responses) than non-BC patients (18.3% vs. 4.3%, respectively). In addition, 42.7% of BC
patients achieved stable disease compared to 57.2% of non-BC patients. Along with the
higher rate of response, BC patients were found to be on phase I trials longer than non-BC
patients with a median of 70 days while the latter were on trial for a median of 57 days
(Table 4).

Treatment tolerability and toxicity

Among the 8003 patients that received treatment, 1680 patients experienced at least one
grade 4 or 5 adverse event representing 25.9 (7= 353) and 20.0% (n7= 1327) of BC and non-
BC patients respectively (Table 5). The overall rate of death related to the treatment drugs
was 0.47% (n= 38) and was similar between BC and non-BC patients (0.58 and 0.45%
respectively). Of the 38 deaths thought to be related to study drug, 26 were considered
“possible”, 3 as “probable” and 9 as “definite”. Of the 3887 grade 4 AEs in which attribution
data was recorded, 2790 were treatment-related. Of these, 24.9% occurred in BC patients
and 75.1% in patients without BC (Table 6). Breast cancer patients more often had a full
recovery of grade 4 AE then non-BC patients (78.5% vs. 54.1%, respectively). The median
time to recovery for all grade 4 AEs was 7 days. Breast cancer patients seem to experience a
slightly quicker recovery time with a median of 6 days. Statistical significance was not
evaluated in here as several patients had multiple AEs and not all AEs were independent
events.

Discussion

To our knowledge this study is the first to compare enrollment characteristics, response rates
and toxicity between BC and other patients enrolled on the same phase I trials. In our study
we confirmed that patients with BC enrolled in CTEP-sponsored phase | trials are more
heavily pretreated, have higher response rates and have a similar toxicity profile compared to
non-BC patients enrolled on the same trials. Our results also confirm that patients with BC
are enrolled in phase I clinical trials later in the course of their disease when compared to
patients diagnosed with other malignancies, based on number of previous lines of therapy
and time from initial diagnosis to enrollment.

The reported high response rates of BC patients (18.3%) suggest a higher benefit from phase
I oncology trials than previously reported. Historically, patients treated on phase | studies
have response rates of 4-10.6% [11, 25]. In a small retrospective study of 78 patients with
metastatic breast cancer (MBC) treated in phase I trials at MD Anderson [26], there were no
complete or partial responses. On another study from the same institution, 8.2% (8 of 98) of
evaluable patients with MBC achieved complete (n = 1) or partial response (n = 7) [10], and
if treated on matched therapy had improved rate of stable disease for 6 months and partial or
complete response when compared with those on nonmatched therapy (33% vs. 8%, p=
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0.018). However, our data are derived only from trials sponsored by the CTEP. Although the
program is a major sponsor of phase | oncology trials in the United States, there may be
differences in terms of response rate with other phase | trials that were not captured in this
study.

The overall rate of toxicity-related deaths on phase I trials has remained stable [1-9]. Breast
cancer patients experienced more grade 4 toxicities while on study than other patients, but
fewer were treatment-related and more BC patients had complete resolution of toxicities
compared to non-BC patients. These findings, along with a similar rate of treatment-related
deaths, confirm that despite being more heavily pretreated, BC patients do not experience
increased toxicity. However, one important limitation of this study is the lack of detailed
information on patient-specific reported data on grade 4 and 5 events.

Finally, our findings suggest that BC patients are enrolled in phase | clinical trials later in the
course of their diseases when compared to non-BC patients. It is unclear whether this
reflects the natural history of breast cancer and the fact that there are many available
standard therapies for breast cancer. Between 1993 and 2012, eleven drugs received
accelerated or regular FDA approval for advanced BC which makes BC the oncologic
disease with the most FDA drug approvals in the last decades [27, 28]. Other factors may
contribute to this pattern of late referrals, including the type of institution where BC
treatment is delivered and the availability of early phase trials, or health provider/patients
stigma against phase I clinical trials. Lack of participation by BC patients on phase | trials
may represent missed opportunities to detect early signals of response of promising drugs
for this disease.

In summary, we showed that phase I clinical trials are associated with clinical benefit in a
significant number of BC patients with similar toxicity profile of other non-BC patients,
despite being enrolled later in the course of their diseases. Multiple factors are possibly
associated with the pattern of late referrals of BC patients to participation in phase I clinical
trials and are worth further exploring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations

AE Adverse events
BC Breast cancer

CTCAE Common terminology criteria for adverse events

CTEP Cancer therapy evaluation program
CTMS Clinical trials monitoring service
ECOG Eastern cooperative oncology group
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Table 1
Patients demographics
BC Non-BC Total p-value
Total number 1376 6711 8087
Age <0.001
Range 23-87 18-90 18-90
Median 52.0 58.0 57.0
Mean 51.9 57.0 56.1
SD 10.8 12.3 12.3
Gender <0.001
Male 9 (0.7%) 3788 (56.4%) 3797 (47.0%)
Female 1367 (99.4%) 2923 (43.6%) 4290 (53.1%)
Race <0.001
White 1006 (83.7%) 5487 (89.9%) 6493 (88.9%)
Native Hawaiian or other Pacific Islander 19 (1.6%) 21 (0.3%) 40 (0.6%)
Black 148 (12.3%) 435 (7.1%) 583 (8.0%)
Asian 21 (1.8%) 149 (2.4%) 170 (2.3%)
American Indian or Alaskan native 8 (0.7%) 13 (0.2%) 21 (0.3%)
Missing 174 606 780
ECOG PS 0.001
0 482 (35.8%) 2078 (31.2%) 2560 (31.7%)
1 766 (57.0%) 4074 (61.1%) 4840 (59.9%)
2 96 (7.1%) 514 (7.7%) 610 (7.5%)
3 1(0.1%) 0 1 (0.0%)
Missing 31 45 76
Hemoglobin (g/dL) 0.862
Range 6.7-41.8 4.7-36.4 4.7-41.8
Median 12.2 12.1 12.2
Mean 12.2 12.2 12.2
SD 2.0 1.9 1.9
Platelets (x 10%/L) <0.001
Range 34-821 14-1229 14-1229
Median 250 261 259.0
Mean 263.9 282.9 279.0
sD 94.0 1171 113.1
Albumin (g/dL) <0.001
Range 1.8-5.3 0.9-8.4 0.9-8.4
Median 41 3.8 3.8
Mean 3.9 3.8 3.8
SD 0.5 0.6 0.6

BC breast cancer, ECOG, eastern cooperative oncology group, PS performance status, SD standard deviation
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Pre-enrollment characteristics

Table 2

BC Non-BC  Total p-value

Days from diagnosis to entry <0.001

Number analyzed 547 2862 3409

Range 1-8684 1-10122 1-10122

Median 790 582 614

Mean 1334 894.9 965.4

SD 1530.6  1053.0 1154.2
Prior treatment <0.001

Number analyzed 1364 6639 8003

Range 1-26 1-19 1-26

Median 4 3 3

Mean 49 3.3 3.6

SD 35 2.3 2.6

BC breast cancer, ECOG eastern cooperative oncology group, AS performance status
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Table 3
Best treatment response

BC Non-BC Total* p-value
Number analyzed 1364 6639 8003 <0.001
CR 29 (2.6) 30 (0.5%) 59 (0.9%)
PR 178 (15.7) 220 (3.9%) 398 (5.9%)
SD 484 (42.7) 3215 (57.2%) 3699 (54.8%)
PD 442 (39.0) 2152 (38.3%) 2594 (38.4%)

*
Missing information in 1253 (15.7%) of total; 231 (16.9%) BC and 1022 (15.4%) non-BC

BC breast cancer, CR complete response, PR partial response, SD stable disease, PD progressive disease
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Days on study

Table 4

BC Non-BC Total p-value
Number analyzed 1364 6639 8003 <0.001
Range 0-2786 0-3206 0-3206
Median 70 57 58
Mean 135.9 95.6 102.4
SD 225.1 136.3 155.5

BC breast cancer, SD standard deviation
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Table 5
Adverse events (AES)

BC(n=1364)  Non-BC (n = 6639)

Number of grade 4 incidences (N) 1064 2936
Number of grade 5 incidences (N) 63 350
Number of treatment-related deaths (N) 8 30

Person days on study 181664 633138

Person years on study 497 1733

Grade 4 incidence rates? 2.1/person-year  1.7/person-year

Grade 5 incidence rates? 0.1/person-year  0.2/person-year
Treatment-related deaths incidence rates? 0.02/person-year  0.02/person-year
Average number of grade 4 AEs per patientb 0.8 0.4
Average number of grade 5 AEs per patientb 0.047 0.053

0.005

Average number of treatment-related deathst  0.006

a . . ] o - .
Incidence rate is defined as number of incidences divided by person time

Average number is defined as number of incidences divided by total number of patients
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Table 6

Grade 4 adverse events attribution, recovery and time to recovery

BC (n=1064) Non-BC (n=2936) Total

Attribution
Related 696 (65.4%) 2094 (71.3%) 2790
Non-related 263 (24.7%) 834 (28.4%) 1097
Not recorded 105 (9.9%) 8 (0.0%) 113
Recovery
Yes 835 (78.5%) 1588 (54.1%) 2423
No 143 (13.4%) 797 (27.1%) 940
Not recorded 86 (8.1%) 551 (18.8%) 637

Days to recovery

Range 0-373 0-1100 0-1100
Median 6 7 7

Mean 10.7 111 10.9
SD 30.7 35.1 33.8

BC breast cancer, SD standard deviation

1duosnuey Joyiny 1duosnuen Joyiny
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