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ABSTRACT

Background. The outcomes of patients with advanced
non-small cell lung cancer (NSCLC) treated in phase 1
clinical trials have not been systematically analyzed.

Methods. We reviewed the records of consecutive pa-
tients with advanced/metastatic NSCLC who were
treated in the Phase I Clinical Trials Program at MD
Anderson from August 2004 to May 2009.

Results. Eighty-five patients (51 men, 34 women)
treated on various phase I protocols were identified.
The median age was 62 years (range, 30—85). The me-
dian number of previous systemic therapies was two
(range, 0-5). A partial response was observed in eight
patients (9.5%) and stable disease lasting >4 months
was observed in 16 patients (19%). The median overall
survival time was 10.6 months and median progression-
free survival (PFS) time was 2.8 months, which was 0.6
months shorter than the median PFS of 3.4 months fol-
lowing prior second-line therapy. Factors predicting

longer survival in the univariate analysis were an East-
ern Cooperative Oncology Group performance status
(PS) score of 0—1, no prior smoking, two or fewer organ
systems involved, a hemoglobin level =12 g/dL, liver
metastases, a history of thromboembolism, and a
platelets count > 440 x 10°/L. In the multivariate
analysis, a PS score of 0—1 and history negative for
smoking predicted longer survival. Sixty-two (73%)
patients had grade =2 toxicity, and there were no
treatment-related deaths.

Conclusion. Phase I clinical trials were well tolerated
by selected patients with advanced NSCLC treated at
M.D. Anderson. Nonsmokers and patients with a good
PS survived longer. PFS in our population was shorter
in smokers/ex-smokers and patients with a PS score of 2.
It is reasonable to refer pretreated patients with a good
PS to phase I clinical trials. The Oncologist 2011;16:
327-335
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INTRODUCTION

Lung cancer is the most frequent cause of cancer-related
death in the U.S. [1]. Non-small cell lung cancer (NSCLC)
accounts for 85% of all lung cancers [2]. Most patients are
diagnosed with advanced/metastatic NSCLC, a setting in
which palliative chemotherapy produces only modestly
longer survival times and better quality of life [3, 4].

Patients progressing after first-line chemotherapy (plat-
inum-containing doublets) can be treated with second-line
docetaxel, pemetrexed, or erlotinib. Unfortunately, the re-
sponse rate (RR) usually does not exceed 10%, with a pro-
gression-free survival (PFS) duration of approximately 2.5
months and overall survival (OS) time of 7-8 months [5—
7]. After failing conventional treatment, patients with a
good performance status (PS) are considered candidates for
enrollment in phase I clinical trials [8].

Treatment outcomes of patients with advanced/meta-
static NSCLC treated in phase I clinical trials have not been
systematically analyzed. The Phase I Clinic at The Univer-
sity of Texas MD Anderson Cancer Center (MD Anderson)
focuses on treating patients with targeted agents in early
clinical trials, alone or in combination regimens. Here we
report the presenting characteristics and outcomes of pa-
tients with advanced/metastatic NSCLC treated in our
phase I clinical program.

METHODS

Patients

An electronic chart review of consecutive patients with
NSCLC treated in the Phase I Clinical Trials Program at
MD Anderson from August 2004 to May 2009 was per-
formed. Phase I clinical trials varied over time depending
on protocol availability at the time of presentation.

Trial-eligible patients were =18 years old and had his-
tologically proven (by an MD Anderson pathologist)
NSCLC for which approved therapies were no longer effec-
tive. Disease was measured by the Response Evaluation
Criteria in Solid Tumors (RECIST) [9]. PS was measured
by the Eastern Cooperative Oncology Group (ECOG) PS
score. Premenopausal women were required to have a neg-
ative pregnancy test, and patients of childbearing potential
were required to use contraception. A washout period of
3—4 weeks preceding the initiation of each phase I therapy
was required. Further eligibility criteria varied according to
each specific study.

After initiation of an investigational therapy, patients were
evaluated at 3- to 4-week intervals depending on the particular
phase I protocol requirements. At each visit, a history review
and physical examination were performed along with compre-
hensive metabolic and hematologic panels.

Phase I Clinical Trials in Non-Small Cell Lung Cancer

All data collection, trial participation, and consent pro-
cedures were performed in accordance with MD Anderson
Institutional Review Board guidelines.

Endpoints and Statistical Methods
Responses were assessed from computed tomography
scans and/or magnetic resonance imaging scans at baseline
before treatment initiation and then every two cycles (one
cycle is 3—4 weeks, depending on the protocol). All radio-
graphs were read in the Department of Radiology at MD
Anderson and reviewed in the Department of Investiga-
tional Cancer Therapeutics using the RECIST [9]. A water-
fall plot analysis was used to illustrate antitumor efficacy,
as previously described [10]. Toxicities were assessed us-
ing the National Cancer Institute Common Terminology
Criteria (NCI CTC) for Adverse Events, version 3.0 [11].
The OS time was measured from the initiation of treat-
ment with the first phase I trial drug administered until
death. The PFS time was measured from the date of the first
phase I trial drug administration until disease progression or
death, whichever came first. Patients without an event
(death for OS and progression or death for PFS) were cen-
sored at the time of their last follow-up. For patients en-
rolled on more than one phase I protocol, data for OS and
PFS times from the time of enrollment in the first trial were
used. OS and PFS probabilities were estimated using the
method of Kaplan and Meier [12] and were compared
among subgroups of patients using the log-rank test [13].
The PES time in the phase I trial was compared with PFS
times on previous therapies (first and second line). Univar-
iate and multivariate Cox proportional hazards models [14]
were fit to assess the association between prognostic factors
and OS, in which the prognostic factors included: gender,
age, ethnicity, histology, history of smoking, ECOG PS
score, number of prior therapies, number of metastatic sites,
hemoglobin, lactate dehydrogenase (LDH), albumin, liver
metastases, history of thromboembolism, and platelet count
>440 X 10°/L. A p-value < .05 was considered statisti-
cally significant. All statistical analyses were carried out
using SAS 9.1 (SAS Institute, Cary, NC), S-Plus version
7.0 (Insightful Corp., Seattle, WA), and SPSS version 17
(SPSS, Chicago, IL) software.

RESULTS

Patient Characteristics

Overall, 85 patients with NSCLC treated in phase I clinical
trials were identified (Table 1). There were 51 men and 34
women. The median age was 62 years (range, 30—85
years). Histologic subtypes were adenocarcinoma (n = 48),
squamous cell carcinoma (n = 16), and other (n = 21). The
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Table 1. Characteristics of patients with NSCLC entering Table 1. (Continued)
phase I clinical trials 1 of % of
n of % of Characteristic patients patients
Characteristic patients patients .
Liver metastases
Gender Absent 67 79
Male 51 60 Present 13 21
Female 34 40 History of thromboembolism
Age, yrs Absent 82 96
Median (range) 62 (30-85) Present 3 4
<70 63 74 Platelets, 10°/L
=70 22 26 Normal 77 91
Ethnicity >440 8 9
White 3 86 Abbreviations: ECOG PS, Eastern Cooperative Oncology
African-American 7 8 Group performance status; LDH, lactate dehydrogenase;
Hispanic 4 NSCLC, non-small cell lung cancer.
Asian 1
Histology
Adenocarcinoma 48 56 most frequent site of distant metastasis was the contralateral
Squamous cell carcinoma 16 19 lung (40 of 85,47%), bones (24 of 85, 28%), and liver (18 of
Other 21 25 85, 21%). Fifteen (18%) patients had brain metastases.
Smoking history Most patients had a PS score of 0—1 (Table 1). The median
Smoker or exesmoker 59 69 time from the diagnosis of advanced disease (stage III/IV)
IO o 26 31 to phase I clinical trial initiation was 17.5 months (95%
ECOG PS score confidence interval [CI], 12.6-22.4 months).
0-1 78 9 Of the 85 patients, 20 (23%) received only one line of
2 7 g prior therapy, 16 (19%) received two lines of prior therapy,
Brons (Romey 15 (18%) r.ecelved three 11ne§ of prior therapy, and 25
Niedti ((emnge) 2 (0-5) (2?%) received .four Ol.‘ more lme.s of tream.]ent (Table 1).
- 45 53 Nine (11%) patients did not receive any prior therapy for
advanced cancer for the following reasons: prior neoadju-
>2 40 47 . .
. vant/adjuvant therapy (n = 5) and referral to a phase I trial
No prior therapy 9 11 . : . .

i that included a platinum-containing doublet at standard
Qupigswalinem oy 20 2 doses in combination with experimental therapy (n = 4).
Two prior therapies 16 19
Three prior therapies 15 18 Treatment
=4 prior therapies 25 29 Of 85 patients treated, 50 (59%) received single-agent tar-

Metastatic sites geted phase I therapy [15-23], 14 (16%) received a combi-
=2 42 49 nation of targeted agents, 13 (15%) received chemotherapy
>2 43 51 combined with targeted agents [24, 25], and eight (10%) re-

Hemoglobin, g/dL ceived chemotherapy alone (Table 2) [26]. None of the pa-
=12 49 58 tients was treated in a genotype-specific trial such as with
<12 36 42 anti—epidermal growth factor receptor (EGFR) therapy in

LDH, IU/L patients with tumors harboring EGFR mutations or anti—
Normal 55 65 anaplastic lymphoma kinase (ALK) therapy in tumors with
>618 30 35 EMIA4-ALK fusion. Patients who were entered in phase I

Albumin, g/dL clinical trials with single-agent targeted therapy were more
Normal 77 91 heavily pretreated (60% received more than two lines of
<35 I 9 prior therapy) than patients entered in phase I trials with

(continued) combinations of targeted therapies, combinations of tar-
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geted therapy and chemotherapy, and chemotherapy alone
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Table 2. Phase I treatment used in 85 NSCLC patients

Type of treatment n %
Targeted therapy: single agent 50 59
Tyrosine kinase inhibitors 23 27
Proapoptotic compounds 10 12
Compounds interfering with microtubules 6 7
Angiopoietin inhibitors 3
Antisense molecules
Others 6 7
Targeted therapy: combinations 14 16
Anti-EGFR with anti-VEGF 9 10
Others 5 6
Targeted therapy combined with 13 15
chemotherapy
Docetaxel and imexon 7 8
Carboplatin, paclitaxel, sunitinib 4 5
Others 2 2
Chemotherapy 8 10
Liposomal doxorubicin, bortezomib, 5 6
gemcitabine
Others 3 4

Abbreviations: EGFR, epidermal growth factor receptor;
NSCLC, non-small cell lung cancer; VEGF, vascular
endothelial growth factor.

(26% received more than two prior therapies; p = .0004,
Fisher’s exact test).

Thirteen of 85 (15%) patients received further therapy
in another phase I trial after disease progression on phase I
treatment.

Response

Baseline tumor measurements prior to phase I treatment ini-
tiation were available for all 85 patients. A decrease in tu-
mor measurements (range, — 1% to —60%) was observed in
26 (31%) patients (Fig. 1). A partial response (PR) was doc-
umented in eight (9.5%) patients and stable disease (SD)
was documented in 45 (53%) patients, including 16 (19%)
patients with SD lasting >4 months. Progressive disease
(PD) was documented in 25 (29.5%) of 85 patients. Seven
(8%) patients did not have restaging scans because of early
treatment discontinuation (withdrawal of consent, n = 5;
toxicity, n = 1; death, n = 1).

PR rates in patients treated with single-agent targeted
therapy, combination of targeted therapies, combinations of
targeted therapy with chemotherapy, and chemotherapy
alone were 2% (one of 50), 7% (one of 14), 38.5% (five of
13), and 12.5% (one of 8), respectively (p = .002, Fisher’s
exact test) (supplemental online Table 1).

Phase I Clinical Trials in Non-Small Cell Lung Cancer

OS

The median OS time in 85 patients treated in phase I studies
was 10.6 months (95% CI, 8.9—-14.7 months) (Fig. 2A). The
90-day mortality rate was 10.5% (nine of 85 patients). At
the time of analysis, 39 patients (46%) were alive or lost to
follow-up. The 1-year survival rate was 26%. Patients hav-
ing a PR on a phase I therapy had a median OS time of 13.6
months (95% CI, 8.9 to not estimable), which was not sig-
nificantly different from the median OS time of 10.6
months (95% CI, 8.5-14.7 months) for patients without a
response (SD, PD, not assessed) (p = .17). Similarly, 24 pa-
tients with a PR or SD lasting >4 months had a median OS
duration of 12.3 months (95% CI, 9.1-25.2 months), which
was not significantly different from the median OS time of
9 months (95% CI, 6.9-14.7 months) in patients who had
SD lasting =4 months, had PD, or were not assessed (p =
.29). Thirteen (15%) patients who received further postpro-
tocol phase I therapy had a median OS time of 25.2 months
(95% CI, 10.6-26.6 months). Patients not receiving further
phase I treatment had a median OS duration of 9.5 months
(95% CI, 8.5-13.6 months; p = .10).

On univariate analysis, factors associated with a longer
OS time were an ECOG PS score of 0—1 (p = .0008) (Fig.
2B), no prior smoking history (p = .007) (Fig. 2C), a lesser
tumor burden (two or fewer metastatic sites; p = .02), a he-
moglobin level =12 g/dL (p = .04), liver metastases (p =
.03), a history of thromboembolism (p = .02), and a platelet
count >440 X 10°/L (p = .02) (Table 3). On multivariate
analysis, factors associated with a longer OS time were an
ECOG PS score of 0—1 (p = .002) and a history negative
for smoking (p = .009) (Table 3).

PFS

The median PFS interval for phase I treatment was 2.8
months (95% CI, 2.4-3.4 months). Patients with a PR had a
significantly longer median PFS time of 7.8 months (95%
CI, 6.0-11.5 months) than patients without a response, who
had a median PFS time of 2.6 months (95% CI, 2.3-3.1
months) (p = .0005). Patients who received up to two pre-
vious therapies had a longer median PFS time, 3.7 months,
than patients pretreated with more than two prior therapies,
who had a median PFS time of 2.4 months (p = .004).

Comparison of PFS in Phase I Trials with PFS on
Previous Lines of Therapy

Of 85 patients treated in phase I trials, 76 (89%) received
previous first-line therapy and 56 (66%) received previous
second-line therapy. Three patients were excluded from the
first- and second-line therapy PFS analysis because of in-
sufficient data. The median PFS interval of 2.8 months for
phase I treatment (95% CI, 2.4-3.4 months) was signifi-
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Figure 1. Waterfall plot of patients with non-small cell lung cancer treated in phase I clinical trials. Twenty-six (31%) patients had
some tumor shrinkage, including eight partial responses (9.5%). Patients treated with a combination of targeted therapy and che-
motherapy (green bars) were most likely to respond (5 of 13, 38.5%).

Abbreviations: PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD,

stable disease.

cantly shorter than the median PFS time of 6.1 months
(95% CI1, 5.2-7.6 months; p < .0001) on previous first-line
systemic therapy. It was also shorter (0.6 months/18 days)
than the median PFS time of 3.4 months on previous sec-
ond-line therapy at borderline statistical significance (95%
CI, 2.7-5.4 months; p = .05) (Fig. 3) (supplemental online
Table 2).

Toxicity

Drug-related NCI CTC grade 3 or 4 toxicity occurred in 23
(27%) of 85 patients. There were no treatment-related
deaths. The most common grade 3 or 4 toxicity was hema-
tologic toxicity, followed by diarrhea and hand—foot syn-
drome. There was a significant association between the
type of treatment and the risk for grade 3 or 4 toxicity (p <
.0001, Fisher’s exact test). Patients treated with single-
agent targeted therapy, compared with other treatments
(combinations of targeted therapy, combinations of chemo-
therapy with targeted therapy, and chemotherapy alone),
were least likely to develop grade 3 or 4 treatment-related
toxicity (five of 50, 10%), and patients treated with chemo-
therapy alone, compared with other treatments (single-
agent targeted therapy, combinations of targeted therapy,

www.TheOncologist.com

and targeted therapy combined with chemotherapy) were
most likely to suffer from grade 3 or 4 treatment-related
toxicity (six of eight, 75%).

DISCUSSION

This is the first study to summarize the clinical outcomes of
patients with advanced/metastatic NSCLC enrolled in
phase I clinical trials in which the majority of therapeutic
regimens contained targeted agents. The overall RR was
9.5% and SD lasting >4 months was observed in an addi-
tional 19% of patients (total, 28.5%), which was similar to
previously published data from non—disease-specific phase
I clinical trials (RR, 4.1%—-10.6%) [27-30]. In addition,
data obtained from our phase I clinic on 683 participants
having various tumor types showed that patients treated
with low dose levels did not fare worse [31]. Previously re-
ported RRs in heavily pretreated NSCLC patients treated in
disease-specific phase I clinical trials were in the range of
3%—15% [32-34]. Most of our patients with NSCLC (77 of
85, 90.5%) were enrolled in studies that administered tar-
geted agents. Patients receiving targeted therapy combined
with chemotherapy were most likely to achieve a PR
(38.5%). Patients treated with single-agent targeted therapy
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Figure 2. Kaplan—Meier estimates of OS. (A): The median
OS time in phase I trials was 10.6 months (95% CI, 8.9-14.7
months). (B): Patients with an ECOG PS score of 0—1 had a
longer OS time than patients with an ECOG PS score of
2—11.6 months (95% CI, 8.7—14.4 months) versus 2.9 months
(95% CI, 1.9-3.9 months) (p = .0008). (C): Nonsmokers had
alonger OS time than smokers and ex-smokers—19.9 months
(95% CI, 10.2-27.8 months) versus 9 months (95% CI, 7.9—
10.1 months) (p = .007).

Abbreviations: CI, confidence interval; ECOG, Eastern
Cooperative Oncology Group; OS, overall survival; PS, per-
formance status.
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were least likely to achieve a PR (2%); however, they were
also the most heavily pretreated. The ability of combined
targeted therapy and cytotoxic agents to induce response
has been previously documented [35]. For instance, the an-
ti—vascular endothelial growth factor monoclonal antibody
bevacizumab, which yielded no objective response as a sin-
gle agent in a dose-escalation phase I study, showed activity
in combination [35, 36]. In our study, the median OS time
was about 3 months longer in patients who achieved a PR,
but this did not reach statistical significance, perhaps be-
cause of the relatively small number of patients attaining a
PR or possibly because having a response did not impact
survival.

The median OS time in our study was 10.6 months. The
median OS time observed in our analysis compares favor-
ably with previously reported medians of approximately 5
months from other phase I clinical trials in heavily pre-
treated NSCLC patients [33, 37]. The median PFS interval
in our study was 2.8 months, similar to previously reported
data [37]. However, some studies of less heavily pretreated
or treatment-naive patients with NSCLC reported better
outcomes, with median PFS times of 4—5 months [32, 38].
In advanced/metastatic NSCLC, the median OS time on
first-line therapy rarely exceeds 11 months and the median
PFS duration is usually around 5 months [39—-42]. In the
second-line setting, the median OS time is typically around
7-8 months [5—7]. The median PFS time usually does not
exceed 3 months, which is similar to what we observed in
our patient population. The OS time on phase I therapy was
similar to the OS times reported from large phase III ran-
domized trials with frontline therapies, which could be ex-
plained by selection bias. It is likely that patients with
NSCLC treated in phase I clinical trials have a better prog-
nosis than that observed in an unselected patient popula-
tion. In our phase I study—treated population, the median
PFS time on previous lines of therapy was similar (6.1
months on first-line and 3.4 months on second-line therapy)
to the above-mentioned previously published data.

Most phase I protocols require a life expectancy =90
days for enrollment. Several retrospective studies evaluated
prognostic factors for survival to determine the risks for
early mortality in the phase I setting [43—48]. A group from
Royal Marsden Hospital in London developed a prognostic
score for predicting survival, which included albumin,
LDH, and number of metastatic sites, and validated it in a
prospective study with 78 patients [49]. Previously, we re-
ported a retrospectively developed prognostic score that in-
cluded the presence of liver metastases, a history of
thromboembolism, and an elevated platelet count (>440 X
10%/L) [44]. In our retrospective study, among other prog-
nostic factors, we evaluated both prognostic scores in pa-
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Table 3. Prognostic factors for survival in phase I studies in 85 NSCLC patients
Median survival Univariate analysis Multivariate
Characteristic Category (mos) p-value analysis p-value
Performance status 0-1 11.6 .0008 .002
2 2.9
Smoking Nonsmoker 19.9 .007 .009
Smoker/ex-smoker 9
Metastatic sites =2 14.7 .02 NS
>2 8.8
Hemoglobin, g/dL =12 12 .04 NS
<12 8.8
Liver metastases Absent 12.3 .03 NS
Present 7.9
History of thromboembolism Absent 11.3 .02 NS
Present 3.5
Platelets, 10°/L Normal 11.3 .02 NS
>440 3.7
Abbreviations: NS, not significant; NSCLC, non-small cell lung cancer.
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Figure 3. Kaplan—Meier estimates of PFS. PFS on first-line
systemic therapy (blue), second-line systemic therapy (orange),
and phase I therapy (red). The median PFS time on first-line treat-
ment was significantly longer than the median PFS time on phase
I treatment (p < .0001). The median PFS time on second-line
treatment was longer than the median PFS time on phase I treat-
ment and at borderline statistical significance (p = .05).

Abbreviations: CI, confidence interval; PFS, progression-
free survival.

tients with NSCLC. The number of metastatic sites,
presence of liver metastases, a history of thromboembo-
lism, and an elevated platelet count (>440 X 10°/L), but
not LDH and albumin, had prognostic significance in a uni-
variate analysis. None of these factors remained statisti-
cally significant in the multivariate analysis. Among other
prognostic factors in the univariate analysis, patients with a
PS score of 0—1, patients who never smoked, and patients
with a hemoglobin level =12 g/dL had significantly longer
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survival times. On multivariate analysis, a PS score of 0—1
and a history negative for smoking remained statistically
significant factors for longer survival.

Patients evaluated in this study were treated with vari-
ous regimens, which precluded detailed toxicity analyses.
In general, drug-related grade 3 or 4 toxicity occurred in
27% of patients. The most common grade 3 or 4 drug-
related toxicity was myelosuppression, followed by diar-
rhea and hand—foot syndrome. The incidence was lower in
patients treated with targeted therapy than in patients who
received chemotherapy. These observations were similar to
those of previously published reports [46, 47]. Treatment-
related mortality in phase I trials is generally low [29, 30,
50]. In our study, there were no treatment-related deaths.

Our study has several limitations, including its retro-
spective design. Patients were treated in different trials, fre-
quently with diverse outcomes. The median time from an
advanced disease diagnosis to phase I clinical trial initiation
was 17.5 months. That time frame suggests that our patients
had an overall better prognosis than usually seen in ad-
vanced NSCLC patients.

In recent years, with the advent of targeted therapies,
studies have demonstrated that patients who participate in
cancer trials have a very low risk for treatment-related
death, although RRs also remain low [29-31, 50]. Obser-
vations from select studies suggest that matching patients
with targeted drugs based on molecular profile can, how-
ever, result in high RRs, even in the phase I setting, [51-54],
and for some categories of patients, these treatments may
prove better than the available approved care [45, 48, 52].
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In our patients with NSCLC, the median PFS interval was
modest (2.8 months), and was shorter than that for their
prior second-line therapy by 18 days, a time period of bor-
derline statistical significance. These observations suggest
that clinical trials are a reasonable alternative for patients
with NSCLC who have completed two lines of conven-
tional therapies.
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