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ABSTRACT

Background Phase | experts recommend revisiting
dose-limiting toxicity (DLT) definition to include chronic
and cumulative toxicities induced by new molecularly
targeted therapies. Patient’s assessment of late toxicities’
tolerability is, however, unknown.

Materials and methods A prospective survey on
adverse events (AEs) tolerability on 23 National Cancer
InstituteCommon Terminology Criteria for Adverse Event,
Version 4 (NCI-CTCAE.v4) items was conducted at
Gustave Roussy’s Phase | department. Patients’ maximum
tolerability duration was recorded at baseline, during trial
and at trial completion. Results were compared with the
corresponding physicians’ survey.

Results 52 patients enrolled in 27 Phase | trials between
May 2014 and November 2015 completed 102 forms. At
baseline, the most feared G2/G3 AEs were haematuria
(74%), vomiting (71%) and hyperglycemia (64%)/dry
mouth (94%), hyperglycemia (92%) and vomiting (92%).
At trial completion, the most feared G2/G3 AEs were
personality change (83.3%), haematuria (82%) and fever
(80%)/dry mouth, fever and dizziness (100% each).
Tolerability score did not differ over time. More previous
treatments and occurrence of severe AEs were associated
with better tolerability at study completion (p=0.0234 and
p=0.0153, respectively, in multivariate analysis). Patient’s
tolerability differed from physician’s assessment.
Gonclusion AEs considered intolerable by patients are
toxicities that directly impact their quality of life and
differ from those feared by physicians or included in DLT
definition. Patient-reported tolerability of AEs may help in
optimising drug development.

INTRODUCTION

The primary objective of phase 1 studies is to
define the maximum tolerated dose (MTD)
and recommended phase 2 dose (RP2D) of
novel agents or combinations. This deter-
mination is based on a predefined target
percentage of dose-limiting toxicities (DLTs),
defined traditionally as G4 haematological
toxicities and G3-4 non-haematological
toxicities." The assessment of DLT5 is, there-
fore, critical. However, there is currently no
consensus on what constitutes a DLT, and a
surprising heterogeneity in DLT definition
has been observed among phase 1 trials.” A
recentwork from Le Tourneau et al,”’ reviewing

Key questions

What is already known about this subject?

» The traditional definition of dose-limiting toxicity
(DLT) usually assessed during phase 1 first cycle
does not suit the delayed, cumulative or chronic
adverse events (AEs) induced by new molecularly
targeted agents.

» The DLT-TARGETT Survey highlighted that phase
1 experts recommend considering longer DLT
assessment and certain G2 adverse events.

» Patient-reported assessment of toxicity and
tolerability in unknown.

What does this study add?

» To the best of our knowledge, this is the first study
to focus on patients’ reported tolerability during
phase 1 trials.

» There is a consensus among patients on G3 AEs that
are deemed to be intolerable.

» Specific grade 1, such a vomiting, personality
change and confusion, is deemed intolerable when
prolonged >7 days for one-third of patients, whereas
grade 2 vomiting, hyperglycaemia and haematuria
were not tolerable for two-thirds of patients.

» Number of previous chemotherapies and occurrence
of severe toxicities on trial were linked to better
tolerability.

» There is a gap between patient assessment of
tolerability and experts’ definition of AES to consider
as DLT.

How might this impact on clinical practice?

» Our study reinforces the need to readapt DLT
definition in phase 1 trial design. Patient-reported
assessment of tolerability and toxicity may help
to better adapt this new DLT to best define the
recommended phase 2 dose.

155 phase 1 trials evaluating 111 different
molecularly targeted agents (MTAs), revealed
that differences in DLT definition involved
toxicity type and duration, but also that the
need to delay treatment, to reduce dose-in-
tensity, or the degree of reversibility of the
toxicity were very infrequently considered.
MTASs, as compared with conventional cyto-
toxic chemotherapy, are characterised by a
different toxicity profile (they present lower
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haematological toxicities), a broader therapeutic window
(the optimal biological dose may not always be the highest
one) and a continuous administration schedule (which
reinforces the importance of chronic or cumulative toxic-
ities).* MTD determination methods, which have been
established in the era of cytotoxic agents, are therefore
not valid anymore and need to be refined to better suit to
these agents’ characteristics.”°

In this context, recent initiatives have emerged from
phase 1 experts, aiming at establishing novel recom-
mendations for optimising drug development. First,
the international DLT-TARGETT task force proposed
updated recommendations for DLT definition and RP2D
determination, based on the retrospective analysis of all
toxicity data from 54 centrally reviewed phase 1 trials.
They concluded that, although the DLT period should
not be lengthened to keep the trials fast and efficient,
more attention should be paid to dose-intensity reduc-
tions, toxicities occurring beyond cycle one and toxicity
causality. A 15-question survey, conducted in parallel on
65 international phase 1 experts, revealed that 76% of
them recommended incorporating selected G2 toxici-
ties in the DLT definition as well as considering toxicity
duration.” However, there was no consensus on which
G2 toxicities should be added, and for which toxicity
duration these should score as DLITs. Also, toxicities’
tolerability was based on physicians’ assessment, which
may differ from the patient’s one.” In order to investigate
this, we conducted a prospective phase 1 patient survey
on toxicities tolerability and compared the results with
the corresponding physicians’ questionnaire.

MATERIALS AND METHODS
Study design

A prospective patient survey on adverse events (AEs)
tolerability was conducted at Gustave Roussy’s Drug
Development Department. Patients had to fill the ques-
tionnaire at three time points: baseline, during study
(cycle 2day 1) and after trial completion. Results were
compared with corresponding physicians’ answers
(DLT-TARGETT Survey).’

Questionnaire

The questionnaire investigated 29 Common Terminology
Criteria for Adverse Event, Version 4 (CTCAE.v4) items
adapted in lay terms (online supplementary material.
Three degrees of severity were evaluated for each item:
‘mild’, moderate’ or ‘severe’, corresponding to CTCAE
grades 1, 2 and 3, respectively. The latter were defined
according to their impact on the instrumental or self-
care activities of daily living. For each item, we asked: (1)
whether the patient already experienced the AE and (2)
what was their estimate of the maximum duration (less
or more than 7 days) for which this AE would be toler-
able if experienced during trial. The questionnaire had
to be modified two times, after an intermediary analysis
that showed a low completion rate of some items. These

readjustments were designed so that all information
collected on previous versions could be exploited.

Patients’ characteristic and eligibility

The survey was distributed to patients entering phase
1 trials in DITEP (Département d’Innovation Théra-
peutique et des Essais Précoces) between May 2014 and
October 2015. No specific selection was made; only
patients with cognitive impairment were excluded. Base-
line patient characteristics as well as worst AE presented
on trial were recorded.

Objectives of the study

The primary objective was to describe patients’ assessment
of AEs tolerability throughout the trial. Secondary objec-
tives were (1) to analyse toxicities tolerability according
to patients’ and trials’ characteristics and (2) to compare
patients’ answers with those of the corresponding physi-
cians’ DLT-TARGETT survey.

Statistical analysis

‘Tolerability assessment’ was defined as the proportion
of patients who considered specified AE tolerable for less
or more than 7 days. The patient ‘Tolerability score’ vari-
able was defined as the proportion of items assessed to be
tolerable for more than 7 days; it was analysed according
to demographical characteristics using linear regression
models. Comparison of Tolerability scores between the
different time points was done using paired Wilcoxon
test.

Descriptive analyses include data from three items
(other eye disorder, dysthyroidism and acute kidney
injury), which were absent on the last questionnaire
version, as their completion rate over the entire popula-
tion was >30%. Analytical statistics excluded items absent
on the last version (mucositis, peripheral sensory neurop-
athy, eye disorder, dysthyroidism and acute kidney injury)
and were done using R software (version 3.1.3).

RESULTS

Patients and trials
Fifty-two patients enrolled in 27 phase 1 trials participated
between May 2014 and October 2015 (figure 1).

Median age was 60 years, 28 patients (54%) were male
(table 1); median time on trial was 13.2 weeks. Thirty-six
patients (70%) went off-study for progressive disease, and
four patients (8%) went off-study for DLT. Thirty patients
completed the questionnaire at C2D1, and 20 after study
completion. Four patients received >11 months of exper-
imental treatment and were still on trial at the time of
the database closure; they were censored at that time and
completed a questionnaire, which was counted as ‘trial
completion’ questionnaire.

Trials evaluated antibodies (n=9) and/or small mole-
cules (n=19), targeting DNA repair (n=1), intracellular
signalling pathways (n=17), immunity (n=5), epigenetic
pathways (n=3) and others (n=1) (table 1).
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Adaptation in lay vocabulary of the physicians'

toxicity tolerability questionnaire

Y

52 questionnaires completed

at baseline

vy

30 questionnaires completed

during study

Y

20 questionnaires completed

at study completion

v

» 22 patients did not answer at cycle 2

10 patients did not answer at study
» completion (death or no reply to the
reminders)

Analysis of 8874 answers, categorised in 29 items according to the toxicity type and grade;

Median completion rate = 81.4%

Figure 1 Consort diagram of the study design 52 patients were enrolled and completed 102 questionnaires (median
completion rate of 81%). Among the 20 patients who completed the questionnaire at study completion, four were still

receiving treatment and had been on drug for >11 months.

Questionnaires completion
A total of 102 forms were collected: 52 at baseline, 30
during trial and 20 at trial completion, representing a
total of 8874 answers (figure 1). Median time between
the first and the second questionnaire was 3.1 weeks; it
was 35.9 weeks between the first and the last one. Median
completion rate was 5726/7038 (81.4%) questions,
after exclusion of six items that were removed from the
last two versions. Questions for which completion rate
was the lowest were cardiac toxicity, hyperglycaemia,
hypertension and personality change (with completion
rates of 64.7%, 66.7%, 70% and 71.6%, respectively).
Interindividual variability in responses was significantly
lower at study completion than at baseline or during
the study for G3 AEs (analysis by comparison of vari-
ances: p values=0.0009199and 0.0003622, respectively)
(online supplementary figure 1).

Comparison of toxicities tolerability at baseline, during the
trial and at study completion

At baseline, G1 AEs that were deemed to be intoler-
able for >7 days were vomiting, personality change and
confusion (33%, 30% and 24% of the patients, respec-
tively), whereas it was vomiting (46%), nausea (33%)
and haematuria (33%) during study, and personality

change (58%), dizziness (44%) and vomiting (43%) at
trial completion (figure 2A). The most feared G2 AEs
were haematuria (74%), vomiting (71%) and hyper-
glycemia (64%) at baseline, whereas it was vomiting
(79%), haematuria (76%) and hyperglycaemia (70%)
on study, and personality change (83%), haematuria
(82%) and fever (80%) at trial completion (figure 2B).
For G3 AEs, dry mouth (94%), hyperglycemia (92%)
and vomiting (92%) were deemed to be intolerable
for >7 days at baseline, whereas haematuria (95%),
other eye disorder (93%) and renal failure (93%) were
the most feared AEs on study. At trial completion, seven
toxicities were judged not tolerable for >7 days by all
patients (100%): confusion, dry mouth, fever, person-
ality change, headaches, dizziness and other cardiac
toxicities (figure 2C).

When looking at each individual patient, concor-
dance in tolerability assessment between baseline and
study completion varied from 57% (cardiac toxicity)
to 100% (peripheral motor neuropathy) for G3 AEs,
and from 40% (constipation) to 83% (headache) for
G2 AEs (figure 3). When considering the entire popu-
lation, Tolerability score was not statistically different
between baseline and study completion (p=0.4569), nor
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Table 1 Patient and trials characteristics (52 patients, 27
trials)
n (o/o)
Age (years)
Median 60
Range 25-83
Sex
Male 28 (54)
Female 24 (46)

Number of previous chemotherapy
Median 2
Primary tumour site

Colorectal 10 (19)
Lung 6 (12)
Breast 4 (8)
Others 32 (62)
Time on trial (weeks)
Median 13
Number (%) of patients experiencing worse
AE during trial
Grade 1 AE 14 (27)
Grade 2 AE 15 (29)
Grade 3 or 4 10 (19)
Worse AE category
Skin disorder 19 (27)
Digestive 18 (25)
General 18 (25)
Metabolic 5(7)
Haematological 4 (6)
Respiratory 3 4)
Eye disorder 34
Cardiovascular 1(1)
Total 71 (100)
Type of drug
Antibody 9 (33)
Small molecule 19 (67)
Drug’s target
Signalling pathway 17 (63)
DNA repair 14)
Immunity 5(19)
Other 4 (15)

AE, adverse event.

was the assessment of intolerable G3 AEs (p=0.1438).
Interestingly, Tolerability score of Gl and G2 AEs
was statistically different between baseline and study
completion (p=0.0001352and p=0.000318, respec-
tively). Dizziness and personality change were the two
G1 AEs for which difference in Tolerability score was

the widest, whereas it was renal failure and dysthy-
roidism for G2 AEs (figure 2A,B). However, in paired
analysis, the global, GI, G2 and G3 AEs Tolerability
score did not significantly change between baseline and
study completion (p=0.3683, p=0.5712, p=0.7841 and
p=0.04967, respectively).

Evaluation of Tolerability score according to patients’
characteristics

At baseline, no patient characteristic was statistically
associated with Tolerability score (table 2A). At study
completion, a higher number of previous chemother-
apies was associated with a better AEs Tolerability score
(p=0.00755 and p=0.0234 in univariate and multivariate
analysis, respectively) (table 2B). Surprisingly, a higher
grade of the worst AE presented on trial was also associated
with a better Tolerability score (p=0.0049 and p=0.0153
in univariate and multivariate analysis, respectively). The
patient’s expected Tolerability score increased by 0.05241
with each additional previous line of chemotherapy; it
increased by 0.11794 between G2 and G3 as the worst
toxicity experienced by the patient on trial. No statisti-
cally significant association was found between tolerability
and age, sex, type of primary cancer, number of previous
targeted therapies, previous enrolment in phase 1 trial,
trial duration or type of experimental drug.

Comparison with physicians’ answers in DLT-TARGETT
survey

Mostfeared mild (G1) or moderate (G2) AEs by physicians
were eye disorders, confusion and blurred vision (15%,
14% and 8.6% of clinicians for G1 AEs, and 39%, 42.5%
and 34% of them for G2 AEs, respectively) (figure 4). For
GI1 toxicities, the biggest differences in AEs tolerability
between physicians and patients were vomiting, diarrhoea
and fever (SD=0.212, 0.145 and 0.145, respectively). For
G2 toxicities, the biggest difference in AEs tolerability
between physicians and patients were haematuria, hyper-
glycaemia and acneiform rash (SD=0.453, 0.415 and
0.371, respectively).

DISCUSSION

The main objective of phase 1 trial is to select the optimal
drug dosage to be used in later phase trials. Once deter-
mined, the recommended dose will almost never be
re-evaluated, and accurate determination is therefore
key. MTAs have raised specific toxicity tolerability issues,
mainly as a result from their highly diverse toxicity profile
and continuous administration schedule—which associ-
ates with chronic and cumulative toxicities. Physicians
have therefore recently highlighted the need to revisit
the traditional assessment method of DLTs, notably by
incorporating G2 toxicity items in the DLT definition.
Whether toxicities that physicians anticipate as intoler-
able are similar to the ones that patients identify as such
is unknown. Here, we report the responses of 52 phase
1 patients to a self-assessment questionnaire on toxicity
tolerability and compare it with the answers of a similar
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Figure 2 Patients’ most feared AEs reported to be intolerable when lasting more than 7 days at baseline, on study and at
study completion (% patients); (A) grade 1 AEs, (B) grade 2 AEs and (C) grade 3 AEs. AE, adverse event.

survey performed in phase 1 experts. This single-centre
survey shows that the patients” most feared AEs are
gastrointestinal toxicities, neurological toxicities and
personality change, which differs from the physicians’
most feared toxicities. It also reveals that the most signif-
icant predictors of AEs tolerability are the number of
previous treatment lines and the grade of the most severe
toxicity experienced on study.

To our knowledge, this is the first study evaluating
toxicity tolerability based on a self-assessment survey

in phase 1 patients. Patients were representative of the
usual phase 1 population and presented various cancer
treatment and medical history. With a median question-
naire completion rate of 81%, we can hope that results
of this survey can be applied to a broader phase 1 popu-
lation. However, this was a single-centre study, and there
is no doubt that other factors—such as ethnicity, family
support and access to alternative treatment options—may
also influence AEs tolerability. A revalidation in larger
and international populations is therefore warranted.
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Figure 3 Change in individual tolerability assessment between baseline and study completion. Change in tolerability
assessment is represented for grade 2 (A) and grade 3 (B) adverse events (AEs). Each AE is represented by two columns: the
first column represents the tolerability assessment at baseline, whereas the second one represents the change in tolerability
assessment between baseline and study completion. In the first column, patients who assess the AE as tolerable >7 days

at baseline are depicted in green; those considering it as tolerable <7 days are represented in red. In the second column,

the same colour code is kept for patients who did not change their assessment at study completion; patients who changed
their tolerability assessment during the study are represented in grey; patients who tolerated the AE <7 days at baseline but
eventually considered it tolerable more than 7 days at study completion are represented in light grey; patients who changed
their tolerability assessment in the opposite direction are represented in dark grey.

Table 2 Patient and trials characteristics associated with AEs Tolerability score in univariate and multivariate analyses

Factors Univariate analysis Multivariate analysis
At baseline

Age p=0.88379

Sex p=0.717

Type of primary tumour
Number of previous chemotherapies
Number of previous targeted therapies
Previous phase 1 trial enrolment

At study completion
Age
Sex
Type of primary tumour
Number of previous chemotherapies
Number of previous targeted therapies
Previous phase 1 trial enrolment
Worst AE grade
Trial duration
Type of drug

p2=0.439/p3=0.690/p4=0.166
p=0.0521
p=0.0532
p=0.0647

p=0.17470

p=0.39370
p2=0.56729/p4=0.42879
p=0.00755"*

p=0.635

p=0.374

p=0.0049**

p=0.647

p=0.48045

p2=0.6612/p3=0.7686/p4=0.100
p=0.1360
p=0.0781
p=0.6824

p=0.0234*

p=0.0153*

p2 refers to the comparison of lung cancers with CRCs, p3 refers to the comparison of breast cancers with CRCs and p4 refers to the

comparison of other types with CRCs.
*p<0.05, **p<0.01.
AE, adverse event; CRC, colorectal cancer.
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Figure 4 Comparison of tolerability assessment between patients and phase 1 experts’ tolerability of grades 2 (A) and 3
(B) AEs according to patients (left blue column) and physicians (right yellow column). AE, adverse event; DLT, dose-limiting

toxicity.

Results of this survey revealed a relative consensus
among patients regarding intolerable moderate (G2) or
severe (G3) AEs. For G2 AEs, the three most feared toxic-
ities (personality change, haematuria and vomiting) were
selected by more than three out of four patients, whereas
seven consensual G3 AEs were deemed not to be tolerable
by all patients. This is in stark contrast with the results
of the equivalent physician’s survey’ where no consensus
could be found for G2 AEs that should be considered
as DLTs. In the latter survey, retinopathy, confusion and
blurred vision were the most frequently chosen G2 AEs
(by 47%, 39% and 38% of the physicians, respectively)
for being implemented in the DLT definition. This high-
lights that if experts seem to fear mostly AEs for which a
specialised medical consulting is needed or for which no
treatment can be rapidly administered, patients are more
concerned by AEs affecting their daily quality of life.
Interestingly, most patients reported that toxicity tolera-
bility would highly depend on the reversibility of the AE,

a point that was also raised by many physicians. If imple-
mentation of a ‘reversibility’ criteria in the DLT definition
cannot be envisioned—as it would significantly lengthen
the DLT period and trial duration—it would nonetheless
deserve careful attention when recommending the phase
2 dose.

As almost all small molecules are developed as oral
drugs and for a prolonged administration schedule
(until resistance occurs), optimising patient adherence
to the treatment is key. Gleevec (imatinib, Novartis) is
usually a well-tolerated treatment, for which efficacy and
survival benefit has been directly related to dose inten-
sity and, therefore, adherence. However, the ADAGIO
study revealed that one-third of the patients were consid-
ered to be non-adherent to the drug, and that only
15% of them were perfectly adherent with 100% of the
prescribed dosage taken.” In this example of well-toler-
ated drug, bothersome of symptoms explained only a very
limited proportion of non-adherence. We can therefore

Henon C, et al. ESMO Open 2017;2:¢000148. doi:10.1136/esmoopen-2016-000148
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anticipate that adherence would be even worse for drugs
displaying side effects that directly impact patient’s
quality of life. Adherence is indeed an important issue,
which is currently the focus of an increasing number of
studies.'”'" Therefore, evaluating drug tolerability using
patient’s self-assessment, in parallel of the clinician’s one,
may have added value for the phase 2 dose recommenda-
tion process.

Patient assessment of toxicity tolerability is a field of
growing interest.”” Patientreported outcomes (PROs)
could indeed allow covering the ‘subjective’ part of
AEs tolerability, thereby improving the quality of the
trials data. In this purpose, the National Cancer Insti-
tute and the National Institute of Health developed the
PRO-CTCAE (Patient-Reported Outcomes Version of the
Common Terminology Criteria for Adverse Events), which
is designed to be used as a companion to the CTCAE and
clinician-based data reporting, in order to improve accu-
racy of AEs reporting in phase 3 trials.” ” As this tool did
not include any toxicity duration variable and covered all
NCI-CTCAE items, we designed our own specific question-
naire that was matching the previous physician’s survey.
Also, in our study, patients were asked to assess the toxicity
tolerability even if they did not experience it—and thereby
sometimes had to imagine the AE. This differs from the
PRO studies, where patients have to report AEs when they
experience it. It would however be interesting to test the
PRO-CTCAE reporting system in the phase 1 setting and
compare it with physicians’ reports, or to create a specific
phase 1 PRO, which would notably incorporate a toxicity
duration variable and quality of life assessments.'* A shared
limitation between our questionnaire and PROs is the high
degree of patient engagement and compliance required.
In our study, 58% and 66% of enrolled patients filled in
the questionnaire at C2D1 and at trial completion, respec-
tively, and the overall completion rate was 81%. Causes of
this attrition rate include mainly physical patient inability to
answer (death or palliative situations), and loss in follow-up,
despite several reminders.

To conclude, in a medical era where cancer is becoming
a chronic disease associated with continuous therapies
and where patients are more involved in their treat-
ment, paying more attention to the impact of toxicities
on patients’ quality of life is key. This subjective part of
toxicities tolerability deserves being assessed and taken
into account in the dose recommendation process, as a
complementary information to data provided by the physi-
cian’s objective toxicity reporting. In this single-centre
study, patients’ reported toxicity tolerability differed from
the physician’s one. As physicians agree that drug devel-
opment methods and DLT definition should be revisited,
performing a similar study in wider populations and
implementing a phase l-specific PRO should be further
considered.
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