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Abstract

Background: Ovarian cancer patients enrolled in phase I trials are typically platinum resistant, 

heavily pretreated, with a poor prognosis. We assessed prognostic factors and survival in women 

with recurrent ovarian cancer treated in phase I clinical trials.

Methods: We performed a retrospective analysis of patients treated from 2008 through 2018 at 

the University of Colorado Cancer Center. Patient characteristics, treatment and toxicity related 

survival data were assessed. Descriptive statistics and Cox proportional hazards models were 

utilized to identify risk factors associated with survival time.

Results: 132 patients were treated on phase I clinical trials. Patients had a median age of 59 

years (range 33–88) with a median of 5.5 (range 1–13) previous chemotherapy lines. 53/132 

(40%) of patients were treated on multiple phase I trials with a median of 1 (range 0–5). Overall 

response rate was 14.7%. Median overall survival was 11.3 months (95% CI: 9.1–13.4). Two 

patients died on trial due to progression of disease while no patients died due to treatment-related 

toxicity. Independent risk factors predicting shorter survival were elevated CA-125 (HR 2.8; 95% 

CI: 1.6–5.2) and albumin <3.5 g/dL (HR 2.5; 95% CI: 1.65–3.79). BMI >25 predicted longer 

survival (HR 0.65; 95% CI: 0.44–0.96).

Conclusions: In this single institution series, patients with heavily pretreated ovarian cancer 

treated in Phase I clinical trials experienced a median overall survival of 11.3 months. Phase I 

clinical trials represent a reasonable treatment option for heavily pretreated ovarian cancer patients 

with a preserved performance status when available.

Precis:

1Dr. Eckhardt was associated with the University of Colorado during patient collection period but is currently associated with Dell 
Medical School, The University of Texas at Austin.

Corresponding Author: Bradley R. Corr, MD, University of Colorado, Mail stop-B198-4, Academic Office 1, 12631 E. 17th Avenue, 
Aurora, Colorado 80045, Phone: (303) 724-2066, Fax: (303) 724-2053, Bradley.corr@cuanschutz.edu.
Author Contributions:
Bradley Corr contributed to study conceptualization, data curation, formal analysis, investigation, project administration, supervision, 
validation and writing original draft and review and editing
Marisa Moroney contributed to the study data curation, formal analysis, validation and writing review and editing
Jeanelle Sheeder contributed to study data curation, formal analysis and writing review and editing
S. Gail Eckhardt contributed to study in data curation, investigation and writing review and editing
Brandon Sawyer contributed to study data curation and formal analysis
Kian Behbakht contributed to study conceptualization, methodology, and writing review and editing
Jennifer Diamond contributed to syudy conceptualization, investigation, supervision and writing review and editing

HHS Public Access
Author manuscript
Cancer. Author manuscript; available in PMC 2021 October 01.

Published in final edited form as:
Cancer. 2020 October 01; 126(19): 4289–4293. doi:10.1002/cncr.33073.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Phase I clinical trials are a safe and effective therapy option for women with recurrent platinum 

resistant ovarian cancer. Phase I trial enrollment should be considered, when available, for women 

with this disease.
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Background:

Ovarian cancer incidence and mortality rates have been declining over the past decade 

according to SEER data analysis. However, five-year survival for advanced stage disease 

remains less than 30% (1). Over 80% of women diagnosed with ovarian cancer will recur, 

with an eventual progression to platinum-resistant disease. Cytotoxic chemotherapy has been 

the mainstay of treatment for recurrent disease with incorporation of targeted therapies such 

as VEGF and PARP inhibitors. The majority of ovarian cancer patients will receive multiple 

lines of systemic therapy through their disease course. When available, clinical trials are 

often incorporated into patient management. NCCN guidelines recommend that a clinical 

trial is the best management for patients with cancer and encourage enrollment when 

available (2).

Later phase clinical trials are always preferred by both providers and patients due to a 

perceived higher likelihood of clinical benefit with more predictable toxicity and phase I 

clinical trials are often only considered for patients who have exhausted other clinical 

options. Phase I trials are designed to evaluate toxicity profiles and determine a 

recommended phase II dose for future studies. An historical viewpoint of phase I trials has 

questioned the ethics of enrolling patients on to trials designed for safety rather than efficacy 

(3, 4). However, data from phase I trials over the past decade have demonstrated not only 

favorable safety profiles, but also more therapeutic benefit than in the past (5, 6). In a 

heavily pretreated ovarian cancer patient population, therapeutic options are often only 

expected to demonstrate efficacy on the order of months as described the AURELIA trial 

(7). There is a paucity of literature evaluating clinical outcomes for ovarian cancer patients 

treated in phase I clinical trials. We evaluated both the safety and clinical outcomes of 

patients enrolled in phase I clinical trials at the University of Colorado Cancer Center. Our 

aim was to further characterize this population with a focused analysis of their survival.

Methods:

A retrospective analysis of all ovarian cancer patients enrolled in phase I clinical trial at the 

University of Colorado Cancer Center from January 2008 through December 2018 was 

performed. Patents were identified through an IRB-approved phase I registry and electronic 

medical records were reviewed. Data was collected regarding patient characteristics, 

treatment, and clinical outcomes. Only patients who were enrolled and received treatment in 

a phase I trial were included in the analysis. By nature of clinical trial enrollment, all 

patients were age ≥18 and were enrolled on an IRB-approved phase I clinical trial at our 

institution. Initial tumor pathology and surgical outcomes were recorded along with 
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laboratory and clinical assessment at time of trial enrollment. Clinical response was reported 

as the best response defined by RECIST imaging assessment.

Statistical Analysis:

Statistical analysis was performed using IBM SPSS statistical software. Chi-square and Cox 

regression multivariate analysis were utilized to evaluate associated factors with survival 

time. Kaplan- Meier estimations were utilized to report survival outcomes. Progression-free 

survival (PFS) and overall survival (OS) were defined as time from trial enrollment until 

documented disease progression, death, or lost to follow-up.

Results:

Patient characteristics

One hundred thirty-two patients with ovarian cancer were identified. A total of 222 data 

points were collected as multiple patients enrolled on more than one phase I clinical trial. 

Median age was 59 years (range 33–88) and all patients had an ECOG performance status of 

0 or 1. Patient characteristics are demonstrated in Table 1. Laboratory analysis at time of 

trial enrollment are reported as greater than or less than institutional laboratory normal 

values (Table 2). Multivariate analysis demonstrates that CA-125 >35 U/mL (HR 2.8; 

95%CI: 1.6–5.2) and albumin <3.5 g/dL (HR 2.5; 95% CI 1.65–3.79) predict shorter 

survival while BMI >25 kg/m2 (HR 0.65; 95%CI 0.44–0.96) predicts longer survival. 

Median BMI was 24.2 kg/m2 (range 15.9–55.3). Only 5 patients had a BMI <18 kg/m2.

Previous treatment

At the time of trial enrollment, patients had a median of 5.5 (range 1–13) prior lines of 

therapy. As described above, many patients also enrolled on more than one phase I clinical 

trial at our institution. The median number of prior phase I trials was 1 with a range of 0–4. 

41% of patients enrolled on more than one phase I trial. There were 74 unique clinical trials 

that patients were enrolled onto. All trials were inclusive of multiple tumor types or “all 

comers” trials. No trial was gynecologic or ovarian cancer specific. Trial therapies were 

highly variant with cytotoxic, targeted, and combination regimens. 24/222 (10.8%) of 

patients received cytotoxic therapy alone, 165/222 (74.3%) received a targeted therapy, and 

33/222 (14.9%) received a combination of targeted and cytotoxic therapy. No treatment 

modality demonstrated obvious superiority.

Toxicity

No patient died due to treatment-related toxicity related to an investigational agent. Two 

patients died while on trial related to progression of disease. Only 19/222 (9%) patients 

came off study due to treatment related toxicities. 75% (166/222) of patients came off of 

trial due to progression of disease.

Clinical outcomes

Of 222 patient enrollments, 204 were evaluable for our efficacy assessment based on a 

recorded best response by RECIST criteria (Table 3). Two patients (1%) obtained a complete 
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response (CR), 28 (13.7%) had a partial response (PR), 68 (33.3%) had stable disease (SD), 

and 106 (52%) had progressive disease (PD). Overall response rate (ORR) as defined as 

patients with CR + PR was 14.7%. Survival outcomes demonstrated a median PFS of 2.5 

months (95%CI: 2.1–2.9) and a median OS of 11.3 months (95%CI: 9.1–13.4). Kaplan-

Meier curves illustrate these survival rates (Figure 1).

Discussion:

Clinical trial design has significantly evolved over the past several decades, specifically with 

an aim to bring modern therapeutic options to patients in a timely manner. The backbone of 

trial design has been to sequence from phase I-III with an ultimate goal of improved patient 

outcomes, a favorable safety profile and FDA approval. Establishing the safety of new drugs 

or new combinations of drugs is imperative prior to exposing large number of patients to a 

potentially beneficial or non-beneficial therapeutic option.

In the late 1990’s and early 2000’s, concern regarding the perceived toxicity and lack of 

potential for therapeutic benefit of phase I trials spawned multiple publications evaluating 

safety and ultimately citing a consistent toxicity-related death rate of 0.5% (8–10). This rate 

has remained relatively stable over the past several decades within the limited published 

literature (11, 12). In this single institution study, the rate of treatment discontinuation due to 

treatment-related toxicities was low at 9% and we did not observe any treatment-related 

deaths. The rate of treatment discontinuation compares favorably to previous reports citing 

12% trial withdrawal due to toxicity (11) and rates of serious toxicity ranging from 10–14% 

(5, 10). While not distinctly different, this is consistent with trends of phase I clinical trials 

having fewer overall severe toxicities. Roberts et al demonstrated that over a 10 year period 

evaluating phase I clinical trials, the death rate due to toxicity and severe toxicity rate both 

decreased (10). They attributed potential causality due to several indications including an 

evolution from cytotoxic therapy trials to targeted therapeutic trials, as well an increase in 

attention to safety in clinical trial design. Our data are unique in confirming a favorable 

toxicity profile for phase I agents generally in a patient population homogeneous in the sense 

of having a single primary malignancy (ovarian cancer) previously treated with multiple 

lines of systemic therapy. We recognize that our patient population has the potential for self-

selection towards a healthier patient cohort due to their eligibility for clinical trial 

enrollment. All patients in our cohort had a performance status of 0–1 and selection bias is 

likely present given poor historic outcomes for heavily pretreated ovarian cancer patients.

In addition to an acceptable predicted level of toxicity, the potential for clinical benefit of 

treatment with an investigational drug on a phase I trial is an important consideration. Our 

patient population was heavily pretreated, yet still demonstrated promising clinical 

outcomes. We observed an ORR of 14.7% and median OS of 11.3 months. By nature of the 

disease, all recurrent ovarian cancer patients will become platinum-resistant with a 

subsequent median OS of approximately 12 months (14). Other single tumor type phase I 

analyses, as well as large evaluations in survival of phase I patients, have evaluated 

responses and survival data. MD Anderson individually analyzed their clinical outcomes of 

patients with breast and colorectal cancers who were treated on phase I trials and reported an 

OS of 6.7 and 6.4 months respectively (15, 16). Evaluations of survival in phase I patient 
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cohorts of all tumor types demonstrate OS of 8–10 months (12, 17, 18). It is important to 

recognize that phase I trials are not designed for efficacy outcomes analysis and there is 

great heterogeneity in regards to eligibility criteria and patient populations on a study to 

study level. Despite all of these limitations in our single institution study, response rates and 

overall survival for ovarian cancer patients treated in phase I studies does support this as a 

reasonable option for heavily pretreated patients.

Unique to our study, BMI >25 demonstrated a survival benefit for overweight women. This 

is contrary to a wealth of literature citing obesity as an increased risk of mortality in ovarian 

cancer (19–23). This was not a primary outcome for our analyses and was found on 

multivariate analyses evaluating for the patient characteristics associated with outcome. One 

area of discrepancy is that BMI for this study was recorded at the time of initiation of trial 

while other studies have evaluated pre-diagnosis BMI. As expected, and consistent with 

existing literature, nutritional status as recorded by albumin levels in our study demonstrate 

that lower albumin levels are associated with increased mortality. It is not clear why an 

elevated BMI demonstrates survival benefit in our cohort. We hypothesize that obese 

patients towards end of life have a higher nutritional reserve than those without, which may 

contribute to longer survival but acknowledge that further evaluation of this phenomenon is 

warranted.

In conclusion, this study is the first to evaluate the ovarian cancer patient population from a 

perspective of those treated on phase I clinical trials. We demonstrate that at our institution 

patients treated in a phase I clinical trial have acceptable outcomes for this difficult patient 

population. The NCCN guidelines advocate for clinical trial enrollment in this patient 

population and we concordantly agree that phase I trials should be highly considered for all 

recurrent ovarian cancer patients when available to them.
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Figure 1: 
Kaplan-Meier curves for progression free survival (PFS) and overall survival (OS).
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Table 1:

Patient characteristics of all patients with ovarian cancer enrolled in phase I clinical trial over a 10 year time 

period.

Variable N (132) %

Age

Median: 59 Range: 33–88

BMI

Median: 25.7 Range: 11.6–55.3

Race

White 117 88.6

Asian 1 0.7

Black 6 4.5

Other 6 4.5

Unknown 2 1.5

Histology

Serous 96 72.7

Endometrioid 5 3.8

Clear Cell 3 2.3

Mucinous 3 2.3

Small Cell 1 0.8

Neuroendocrine 1 0.8

Squamous 1 0.8

Carcinosarcoma 4 3.0

Unrecorded 18 13.6

Initial Stage

I 6 4.5

II 5 3.8

III 78 59.1

IV 35 26.5

Unrecorded 8 6.1

Number of Prior Phase I Trials

0 78 59.1

1 43 32.6

2 8 6.1

3 2 1.5

4 1 0.8

Number of prior therapy regimens

1–2 13 9.8

3–4 33 25.0

5–7 65 49.2

8–10 14 10.6

>10 4 3.0
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Variable N (132) %

Unrecorded 3 2.3
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Table 2:

Laboratory assessment at the time of trial enrollment for 222 individual patient enrollments. Variable 

frequencies are reports as at, above or below respective normal values per institutional standards.

Variable Percent (%)

CA-125

<35 13.5

≥35 82.9

ECOG Performance Status

0 25.7

1 74.3

BMI

<25 45.9

≥25 53.2

WBC (10*9/L)

<11 94.6

≥11 5.4

Hemoglobin (g/dL)

<12 40.1

≥12 59.9

ANC (10*9/L)

<1.5 2.7

1.5–8 92.3

>8 5

Platelet Count (10*9/L)

<150 7

151–400 84

>400 9

Creatinine (mg/dL)

<1.2 92.3

≥1.2 7.7

Albumin (g/dL)

<3.5 71.6

≥3.5 28.4

LDH (U/L)

<190 38.7

≥190 37.8

Not recorded 23.4

ALT (U/L)

<52 92.3

≥52 7.7
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Variable Percent (%)

AST (U/L)

<39 89.2

≥39 10.8

Total Bilirubin (mg/dL)

<1.3 99.5

≥1.3 0.5
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Table 3:

Response for 204 evaluable patients as reported by best response on clinical trial by RECIST criteria.

N %

Complete Response (CR) 2 1

Partial Response (PR) 28 13.7

Stable Disease (SD) 68 33.3

Progressive Disease (PD) 106 52

Overall Response Rate (ORR) 14.7
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