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Dalla Lana School of Public Health, Objectives: Approximately 20% of patients diagnosed with non-small cell lung can-

University of Toronto, Toronto, ON, USA cer (NSCLC) have a history of prior (non-lung) cancer. Patients with prior cancer are
frequently excluded from clinical trials. We aimed to assess the potential impact of
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basis of prior cancer. A cohort of patients with incurable NSCLC and prior cancer,
treated with first-line systemic treatment at our institution were reviewed as a sur-
rogate clinical trial population. A list of priori events was developed to capture the
potential for prior cancer to negatively affect clinical trial conduct or endpoints. The
proportions of patients that developed an outcome were assessed.

Results: Among trials registered on clinicaltrials.gov, 66% listed prior cancer in
the eligibility criteria, and of these 35% excluded patients with prior cancer in the
last 5 years. Of NSCLC patients treated with systemic therapy at Princess Margaret
Cancer Center, 20% had prior cancer, of these, breast (20%) and prostate (19%) were
the most common malignancies. Median time between prior cancer and NSCLC was
82 months. Median survival was 20 months. For patients without evidence of active
prior cancer at baseline, and not on active therapy for prior cancer, no patients had
evidence of a recurrence of prior cancer during the treatment and follow-up for the
NSCLC, nor died from prior cancer. However, two patients developed new primaries.
Conclusions: A history of prior cancer has a low likelihood of impacting clinical
trial endpoints in patients with incurable NSCLC, if not active or requiring treatment.

These findings should be validated in larger data sets.
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1 | INTRODUCTION

Only 3% of patients with a diagnosis of cancer are enrolled on
clinical trials in the United States." This is despite estimates
that up to 70% of patients are very willing to participate in
trials,” suggesting that multiple barriers exist to enrollment.
Prohibitive clinical trial eligibility criteria have been long
cited as one of these ba.rric:rs,S'5 and have led to initiatives to
make clinical trial eligibility criteria more inclusive.®’

Lung cancer is the leading cause of cancer-related
death.® While there have been substantial improvements in
the survival of patients diagnosed with lung cancer, only a
minority of patients are cured, highlighting the pressing need
for ongoing research and the evaluation of new treatments to
reduce the public health burden from this disease.

In 2017, the American Society of Clinical Oncology and the
Friends of Cancer Research made joint recommendations for
broadening clinical trial criteria, to make results more representa-
tive.® The LUNGevity Working Group has applied these recom-
mendations to lung cancer.’ Prior cancers, meaning the exclusion
of patients from a clinical trial protocol because a patient has had
prior diagnosis of cancer unrelated to cancer for which a clinical
trial is being considered, has been cited in both these initiatives as
a common exclusion criterion of the need of change.

It is estimated that up to 14% of patients have prior his-
tory of cancer,'® which may be due to a common carcinogen
exposure (for example cigarette smoking), genetic factors,
or risks of second malignancies from prior anti-cancer ther-
apy. It is estimated that up to 18% of patients with non-small
cell lung cancer (NSCLC) are excluded from participating
in clinical trials due to prior cancer.'' A potential reason for
the exclusion of patients with prior cancer is the concern that
prior cancer may affect prognosis. However, this was not the
finding of two studies evaluating the survival of patients with
incurable NSCLC'? and early-stage NSCLC" and prior ma-
lignancy using the SEER database.

There are, however, additional concerns regarding the
inclusion of patients with prior cancer; If cancer recurs or
progresses and needs treatment, the patient would need to
be removed from the trial protocol, concern that prior can-
cer could complicate radiologic assessments or laboratory
assessments if active or recurs, and concern that prior anti-
cancer therapies could reduce tolerance of the investigational
treatment under evaluation. While there have been a number
of studies to address the survival of patients with NSCLC and
a history of prior cancer, there have not been studies to look
more comprehensively at these other factors.

This study consists of two complementary objectives.
First, we sought to evaluate the frequency that systemic ther-
apy clinical trials of incurable or metastatic NSCLC exclude
patients with prior cancer, and secondly how frequently prior
cancer would have impacted the validity of a clinical trial
by evaluating a real-world cohort of patients with NSCLC
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treated with full-dose standard of care systemic therapy as a
surrogate for a clinical trial population.

2 | METHODS

This retrospective study was conducted at the Princess
Margaret Cancer Center (PMCC), following Research Ethics
Board approval. In this study, prior cancer was defined as
a non-lung cancer malignancy that was diagnosed prior to,
or concurrent with (i.e., during the initial staging investiga-
tions), the diagnosis of incurable NSCLC. For the purposes
of both Objective 1 and 2, incurable NSCLC was defined as
stage IV, stage III not amenable to curative intent therapy, or
recurrent disease after prior diagnosis of stage I-III.

2.1 | Objective 1

The first objective was to evaluate the proportion of inter-
ventional clinical trials of incurable NSCLC that still ex-
clude patients with prior cancer, and to assess the difference
or “stringency” of the exclusion of prior cancer across these
trials. To evaluate the number of NSCLC clinical trials that
exclude patients with prior history of cancer, the eligibility
criteria of clinical trials registered on clinical trials.gov were
reviewed. All trials of first-line systemic therapy for the treat-
ment of incurable NSCLC that were registered on clinicaltri-
als.gov between January 1st, 2014 and July 1st, 2017 were
included. Data on the exclusion of patients with prior cancer,
defined as any prior malignancy that was not an NSCLC,
in addition to the date of trial registration and sponsor were
extracted. Only trials that commented on the inclusion or
exclusion of patients with prior cancer were included in the
final analysis. For analysis purposes, the different prior can-
cer eligibility criteria extracted from clinicaltrials.gov, were
classified into one of the three criteria by two reviewers MH
and PB, as either pragmatic, stringent or moderate as follows:

Pragmatic: the protocol allows prior cancers with negli-
gible risk of metastasis or death, or inactive cancers or any
cancer not requiring treatment in the last 2 years.

Stringent: protocol excludes any prior cancer within the
last 5 years, but can allow in situ malignancies for example in
situ cervical cancer or DCIS.

Moderate: defined as not falling into the above categories.

Discrepancies in rating were resolved by consensus be-
tween MH and PB.

2.2 | Objective 2

The second objective was to evaluate the potential impact of
prior cancers on the validity of clinical trials by evaluating
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real-world patient data from our institution. Specifically, we
aimed to evaluate whether prior cancers could create chal-
lenges for investigators of NSCLC trials by interfering in the
patient's ability to stay on trial or by affecting the measure-
ment of commonly selected scientific objectives (such as re-
sponse, progression or survival). In order to evaluate this, we
created a list of surrogate events that, if they were to develop
during a clinical trial, would result in a patient's exclusion
from the trial, or would have interfered with the interpreta-
tion of a trial endpoint, (see definitions a-f below). For ex-
ample, evidence of active prior cancer on imaging would
make the determination of the response rate of NSCLC to a
trial intervention difficult. Similarly, evidence of recurrence
of prior cancer could negatively impact survival irrespective
of the NSCLC diagnosis. These events were defined a priori
by PB and MH in discussion with experienced NSCLC trial
principal investigators at our institution. A cohort of patients
with incurable NSCLC, who were treated with full-dose
standard of care, first-line systemic therapy at our Institution,
were then evaluated for the development of events a-f.

a. Patient required concurrent (defined as during or after
the diagnosis of incurable NSCLC) treatment of prior
cancer with any systemic therapy, radiation, or surgery

b. Evidence of active prior cancer on imaging, physical
examination, or in the case of hematologic cancers on
laboratory testing. If prior cancer had not been treated cu-
ratively, it was classified as active even if there were no
radiologic, physical or laboratory findings.

c. Increasing tumor marker of prior cancer at or after incur-
able NSCLC diagnosis

d. Biopsy proven recurrence of prior cancer after the diagno-
sis of incurable NSCLC

e. Death due to prior cancer

f. Clinical uncertainty defined as the treating clinician docu-
menting the possibility of the concurrent presence of prior
cancer in the clinical chart

The frequency with which these events occurred was
evaluated at baseline and at any time after the initiation of
systemic therapy in a cohort of patients diagnosed with in-
curable NSCLC, and treated with systemic therapy between
January 1%, 2010 and January 1%, 2016 at PMCC. All pa-
tients had a history of prior cancer, defined for the purposes
of this study as invasive cancer, excluding non-melanoma
skin cancer, prior NSCLC, or carcinomas in-situ. Eligible
patients must have had biopsy-confirmed cancer prior to a di-
agnosis of incurable NSCLC. Potentially eligible cases were
identified from the PMCC Registry. The clinical chart was
then reviewed and data extracted on patient demographics,
treatments received, and if any of the events of interest oc-
curred. In an attempt to include “fit” patients, only patients
who received first-line full dose, standard of care or clinical

trial systemic therapy for NSCLC were included. For patients
with multiple prior cancers, the most recent cancer was used
to determine the timeframe between prior cancer and NSCLC
diagnosis. Analysis of events a-f defined above began on the
date of the first assessment with a medical oncologist for met-
astatic or incurable NSCLC. Patients with an event present at
the first assessment were analyzed separately from those who
did not have an event at baseline.

Statistical considerations.

Kaplan—Meier survival curves were created for the overall
survival (OS) of the study population. The exact method was
used to calculate a 95% confidence interval on the proportion
of patients who developed any of the events of interest.

3 | RESULTS
Between January 1st, 2014 and July 1st, 2017 there were 359
trials of systemic therapy for incurable NSCLC registered on
clinicaltrials.gov, of which 237 (66%) listed prior cancer in
the eligibility criteria (Table 1). To ensure our events of in-
terest were applicable to the primary endpoints of systemic
therapy clinical trials, we determined that the proportion of
trials that included OS or a radiologic-based endpoint (e.g.,
progression-free survival or response rate based on tumor
measurement from CT scans) was 88%. In 12% of trials, the
endpoint was one of a number of other endpoints includ-
ing quality of life, pharmacokinetics, dose-limiting toxic-
ity, skeletal-related events or biomarker-based endpoints.
However, similarly, a recurrence of prior cancer would be
expected to interfere with the measurement of these end-
points. Of the trials that listed prior cancer in the eligibility
criteria, exclusion criteria were similarly distributed between
the pragmatic, moderate, and stringent categories (30%, 31%,
and 39%, respectively). One hundred and twenty-four (52%)
of criteria did not specify a required timeframe from the di-
agnosis of prior cancer to the NSCLC diagnosis in which
patients would be eligible for enrollment. For trials that did
specify a minimum cancer-free interval for prior cancers,
five years was most common at 83 (35%). A minority of trials
(24%) allowed leeway on the part of the investigator to deter-
mine which patients with prior cancers could be enrolled, and
15% of protocols excluded only those patients concomitantly
on another anti-cancer therapy. Numerically, there was no
association between the year the trial was registered on clini-
caltrials.gov and the stringency of prior cancer exclusion cri-
teria; however, there was a trend toward industry-sponsored
trials being more restrictive of patients with prior cancers
(Pragmatic exclusion criteria in 21% vs. 37%). Due to the
fact that 33% of trials did not list prior cancer in the eligibil-
ity criteria this association did not undergo statistical testing.
Between January 1st, 2010 and January Ist, 2016 there
were 852 patients with incurable NSCLC commenced on
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TABLE 1 Clinical trial characteristics

.. . Result N p-value for strength of
on clinicaltrials.gov

Variable (%) exclusion criteria

Total number of interventional trials in incurable 359
NSCLC on clinicaltrials.gov that were
reviewed

Total number of trials with prior cancer listed in 237
the eligibility criteria

Strength of exclusion criteria® Pragmatic 70 (30)
Moderate 74 (31)
Stringent 93 (39)
Year of registration® 2014 52 (22) p=0.86
2015 76 (32)
2016 71 (30)
2017 38 (16)
Industry sponsored® 111 (47) p=0.02°
Stated timeframe of prior cancer exclusion
0.5 years 2 (D
1 year 5(2)
2 years 23 (10)
5 years 83 (35)
Not specified 124 (52)
Number allowing investigator assessment 56 (24)
Number restricting only if concomitant anti- 35 (15)

cancer therapy needed now or likely in future

“From the cohort of trials with prior malignancy listed in eligibility criteria (n=237)

PIndustry-sponsored studies were less likely to have pragmatic exclusion criteria

FIGURE 1 CONSORT diagram Patients with NSCLC and prior malignancy

seen at Princess Margaret Cancer Centre
2010-2016 (n=170)

Not treated with palliative systemic
therapy, received upfront dose reduction or
== non-standard systemic therapy, no prior
invasive cancer, prior non-melanoma skin
cancer only (n=89)

A 4
Patients eligible for event assessment
(n=81)

l Total number of patients in study (n=81) I

Event at baseline No event at baseline
(n=29) (n=52)

first-line systemic therapy at our institution, of which 170 standard of care, or clinical trial, first-line systemic ther-
(20%) had a history of prior cancer excluding non-melanoma apy for incurable NSCLC (Figure 1 and Table 2). Of this
skin cancer, prior NSCLC, or carcinomas in-situ. Eighty- group, the median age was 67 years, 44% were male and 66%
one patients with prior invasive cancer received full dose, were current or past smokers. The most common histology
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was adenocarcinoma and activating EGFR mutations or
ALK translocations were seen in 31% and 4%, respectively.
The median OS of all patients in the study was 20 months
(Figure 2). The majority of patients (83%) had no prior treat-
ment of NSCLC before starting systemic therapy. The most
common types of prior cancer were breast and prostate can-
cer, seen in 20% and 19%, respectively, but there was a broad
representation of primary sites (Table 2). Of all prior cancers,
80% had been treated curatively with a median time between
prior cancer and the NSCLC diagnosis of 82 months. At any
point during their treatment course, 26% participated in sys-
temic therapy clinical trials.

The analysis of patients who developed an event (a—f),
was divided into those patients who had an event already at
the baseline assessment with a medical oncologist for incur-
able NSCLC, versus those free of an event at baseline as-
sessment (Table 3). There were 29 patients with any event
at the baseline visit. The most common events present at the
baseline assessment included evidence of active prior can-
cer, clinician uncertainty as to the presence of prior cancer,
or receiving anti-cancer therapy for prior cancer (18, 14,
and 9 patients, respectively). In the subgroup of 52 patients
with no event at baseline, none developed an event during
a median follow-up of 45 months; no patients had evidence
of a recurrence of prior cancer during the treatment and fol-
low-up for the NSCLC, or died from prior cancer (Table 3).
In this group, 31% had prior cancer within the past 5 years
(Figure 3). However, two patients in this subgroup developed
a new primary cancer after baseline, in one case a stage 3
colon cancer and in another case, imaging suggested a pan-
creatic neuroendocrine tumor, unrelated to their prior ma-
lignancy. The outcomes of four patients with non-curatively
treated prior cancers, but no other baseline events were also
evaluated; all four patients received full-dose first-line che-
motherapy for the incurable NSCLC, none died from or re-
quired treatment for the other malignancy, and there was no
evidence of the other malignancy on scans that impacted the
interpretation of response to the NSCLC systemic therapy.

4 | DISCUSSION

NSCLC incidence increases with older age and a history of
smoking.14 These risk factors are shared by many other can-
cers, and consequently, patients with NSCLC have a high
rate of prior cancers." This can reduce enrollment on clinical
trials, which traditionally exclude patients with a history of
prior cancer. Trial sponsors may exclude patients with prior
cancer because of potential prognostic implications, or con-
cern that it may impact safety or one of the clinical trial end-
points. Despite the frequency that patients with prior cancer
are excluded from clinical trials, there are little data to support
the exclusion or to inform on the optimal eligibility criteria

TABLE 2 Clinical characteristics of NSCLC patients with prior

cancers

Variable

Overall
Age
Sex

Smoking History

Pack years

Histology

EGFR mutation

ALK translocation

PDL—-1 staining

Prior NSCLC
Treatment

Clinical trial
participation

Number of prior
cancers

Prior cancers

Description

Median years (range)
Male

Current smoker
Ex-smoker
Never-smoker
Median (range)
Adenocarcinoma
Squamous cell
Large cell

Other

Mutation
Wildtype
unknown
Translocation
Wildtype
unknown

<1%

1-49%

>50%

unknown

Chemotherapy +
Radiation

Surgery

Surgery + Chemotherapy
Tri-modality

No prior treatment

(any line)

(A

3

Breast
Prostate

Colon
Melanoma
Gynecological
Head and neck
Bladder
Hematological
Non-colon GI

Renal

N (%)
unless
specified
N =381
67 (41-94)
36 (44)
12 (15)
41 (51)
28 (34)
20 (0-100)
64 (79)
13 (16)

L (1)
34)

25 (31
26 (32)
30 (37)

3 (4)

37 (46)
41 (51)
1(D)
2(3)
L)

77 (95)
34

23
4(5)
5(6)
67 (83)
21 (26)

67 (83)
13 (16)
L(D)
16 (20)
15 (19)
6(7)
2(3)
7(9)
6(7)
34)
7(9)
34)
(D)

(Continues)
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TABLE 2 (Continued)

N (%)
unless
Variable Description specified
Thyroid 10 (12)
Other 5(6)
Received curative- 65 (80)
intent treatment
for prior cancer
Time between prior Median (range) months 82(0.3-546)
cancer and
NSCLC diagnosis®

“For patients with multiple prior cancers most recent used.

Median survival: 20.3 months
J R
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FIGURE 2 Kaplan—-Meier plot of the overall survival of Stage IV
NSCLC patients eligible for event assessment in PMCC cohort

for clinical trial protocols. A number of studies have evalu-
ated the survival of patients with lung cancer and a history of
prior malignancy,''* but we sought to examine additional
factors that could impact the ability to deliver the investiga-
tional treatment, and common clinical trial endpoints, from
a cohort of patients with incurable NSCLC treated with full-
dose first-line systemic therapy, as a surrogate clinical trial
population.

In our study, prior cancer proved to be common exclu-
sion criteria in incurable NSCLC clinical trials of first-line
systemic therapy. Furthermore, there was a wide range of
exclusions related to prior cancers, although a blanket exclu-
sion of 5 years from prior cancer was common. It is acknowl-
edged that in a third of trials, the exclusion criteria did not
refer to prior cancer in the criteria listed in the clinicaltrials.
gov listings. This could be because prior cancer was not an
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TABLE 3 Frequency (and percentage) of events of interest

N
Excluding
patients with
any event
N (%) at baseline
Events of interest All patients  assessment”
Total number of patients 29 (36) o°
with one or more events
of interest at or after
baseline
Number requiring anti-cancer 13 (16) 0
therapy for prior cancer
(radiation, surgery,
systemic therapy)
At baseline 9
After baseline 4
Evidence of active prior 19 (23) 0
cancer on imaging,
physical examination, or
laboratory testing
At baseline 18
After baseline 1
Rising tumor markers of 34) 0
prior cancer
At baseline 0
After baseline 3
Biopsy revealing a recurrence 4 (5) 0
of prior cancer
At baseline 0
After baseline 4
Death due to another cancer 2(2) 0
At baseline 0
After baseline 2
Physician uncertainty defined 16 (20) 0
as the possibility of
concurrent prior cancer
and NSCLC on imaging
At baseline 14
After baseline 2

Note: Allowing patients with indolent cancers added four additional patients,
none of which developed an event.

“Total number of patients in this subgroup = 52.

"Two patients developed new primaries during follow-up.

exclusion or that the full inclusion and exclusion criteria were
not posted. However, even if it was the former, a majority of
trials still exclude patients with prior cancers.

Laccetti et al. analyzed Eastern Oncology Cooperative
Group (ECOQG) trial protocols, and found 80% of trials con-
tained prior cancer exclusion, with 43% restricting patients
with prior cancer in the last 5 years.ll They found that prior
cancer was excluded more often and more broadly in older



HERMAN ET AL.

4820 ..
—I—Wl LEY_Cancer Medicine _

Timeframe of Prior Cancer Diagnoses
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FIGURE 3 Timeframe of Prior Cancer

Percent of Total
o
1

n Diagnoses for Patients without Baseline
Event reported as a Percentage of all prior
cancers

|

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456 480 504 528 552

Interval between prior cancer and NSCLC (Months)

clinical trials and phase 2 and 3 studies compared to phase
1, and in studies with survival as the primary endpoint.'" In
the cohort of trials that included details of prior cancer el-
igibility on clinicaltrials.gov, we found industry-sponsored
trials were less likely to have pragmatic criteria relating to
prior cancers, and although there was no difference in strin-
gency by year of trial registration, we only analyzed trials
starting in 2014.

In our study, we found that 20% of patients with NSCLC
had prior cancer, similar to the 18.7% reported in a previous
SEER analysis.15 Patients in our cohort had a median OS of
20 months, which compares favorably to historical data of
patients with incurable NSCLC.'°Ina study by Laccetti et al,
using the SEER database, patients with advanced NSCLC
and prior cancer had an improved all-cause and lung cancer-
specific survival compared with NSCLC patients but without
prior cancer.'? In a study of patients with early-stage lung
cancer and prior cancer, similar results were reported with
no reduction in survival for patients with prior cancer. 13 One
possible explanation is that this group of patients would
have frequent imaging and follow-up for their prior cancers,
which may lead to the earlier discovery of NSCLC when it
is at a lower disease burden and more amenable to treatment.
Similar findings have been reported in other malignancies.
In a study in gastrointestinal cancer'’ there was an improved
colorectal cancer-specific survival in patients with stage IV
disease and prior non-hematological malignancy and no
significant change in OS compared with patients with col-
orectal cancer but no prior cancer; and prior cancer did not
lead to an inferior survival in patients with nasopharyngeal
carcinoma.'®

We aimed to look at factors other than survival that may
impact trial conduct or impact. We defined six criteria of in-
terest and in a cohort of patients treated with full-dose first-
line systemic therapy, we found that no patients developed
one of these pre-specified events during follow-up, provided
they did not already have an event at their baseline assess-
ment Vvisit.

with a medical oncologist. Of the patients in this group,
31% had prior cancer in the previous five years, indicating

that a significant number would have been excluded using the
common 5-year exclusion.

ASCO and Friends of Cancer Research recently released
guidelines on modernizing clinical trial eligibility crite-
ria.® The guidelines recommended including patients with
prior malignancies in clinical trials, especially if they fulfill
the following criteria: the risk of the prior malignancy inter-
fering with either safety or efficacy endpoints is very low; all
treatments of the prior malignancy were completed at least
two years before registration and the patient has had no fur-
ther evidence of disease. The LUNGevity Working Group
applied these recommendations to advanced lung cancer tri-
als’ and recommended for lung cancer-specific metastatic or
recurrent disease trials that there be no restriction for prior
malignancy, except for invasive active malignancy requiring
ongoing therapy.

Our findings support these recommendations by provid-
ing evidence of clinical factors that are associated with a low
likelihood of prior cancers interfering with either trial safety
or efficacy endpoints in NSCLC patients. Although we did
not specify a strict time cut-off for the treatment of prior can-
cer, only 4% of the final cohort had treatment of their prior
cancer within the last two years. The ASCO and Friends of
Cancer Research guidelines also call for extending eligibility
criteria to all patients with concurrent malignancy in clinical
trials, providing that it is clinically stable and does not re-
quire tumor-directed treatment. Due to the small numbers of
patients, we are unable to conclude patients with concurrent
cancers that are clinically stable; however, this is a patient
subset that deserves further study.

There are several limitations to our study. First, this is
a retrospective observational study that carries the inher-
ent limitations of such an approach. The size of the final
cohort of patients was small; however, calculated 95% con-
fidence intervals were narrow. Further, patients may have
been ineligible for clinical trial participation for reasons
unrelated to prior cancer, which were not captured in this
study. However, the selection of patients who received full
dose, the standard of care systemic therapy helped mitigate
this concern. In fact, 26% of patients in this cohort did go
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on a clinical trial at some point during follow-up. Patients
with prior cancer were located using our institutional can-
cer registry, which does not track all prior cancers, such as
past non-melanoma skin cancer or in-situ cancers. Finally,
the eligibility criteria reported on clinicaltrials.gov may
not reflect the eligibility criteria in the final protocol of
some clinical trials.

If validated in larger data sets, the following criteria could
be considered to select patients with prior cancer for the clin-
ical trial: no evidence of prior cancer on imaging, physical
exam or laboratory studies, normal tumor marker levels for
prior cancer, not on anti-cancer therapy for prior cancer, and
no clinician uncertainty as to the presence of concomitant
prior cancer and NSCLC. Our results would suggest patients
meeting these criteria have a low likelihood of having prior
cancer affect clinical trial results.
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