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Abstract
Context. Summarizing longitudinal symptomatic adverse events during clinical trials is necessary for understanding treat-

ment tolerability. The Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-
CTCAE) provides insight for capturing treatment tolerability within trials. Tolerability summary measures, such as the maxi-
mum score, are often used to communicate the potential negative symptoms both in the medical literature and directly to
patients. Commonly, the proportions of present and severe symptomatic adverse events are used and reported between treat-
ment arms among adverse event types. The toxicity index is also a summary measure previously applied to clinician-reported
CTCAE data.

Objectives. Apply the toxicity index to PRO-CTCAE data from the COMET-2 trial alongside the maximum score, then pres-
ent and discuss considerations for using the toxicity index as a summary measure for communicating tolerability to patients and
clinicians.

Methods. Proportions of maximum PRO-CTCAE severity levels and median toxicity index were computed by arm using all
trial data and adjusting for baseline symptoms.

Results. Group-wise statistical differences were similar whether using severity level proportions or the toxicity index. The
impact of adjusting for baseline symptoms was equivalently seen when comparing arms using severity rates or the toxicity index.

Conclusion. The toxicity index is a useful method when ranking patients from those with the least to most symptomatic
adverse event burden. This study showed the toxicity index can be applied to PRO-CTCAE data. Though as a tolerability sum-
mary measure, further study is needed to provide a clear clinical or patient-facing interpretation of the toxicity index. J Pain
SymptomManage 2022;63:311−320. © 2021 The Authors. Published by Elsevier Inc. on behalf of American Academy of Hospice and Pallia-
tive Medicine. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction
Cancer clinical trials have utilized the National Can-

cer Institute’s (NCI) Common Terminology Criteria
for Adverse Events (CTCAE) for decades to facilitate a
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standardized process for clinicians to observe and rate
therapeutic toxicities, or side effects, impacting patient
health. In this setting, toxicity generally refers the level
of damage an experimental treatment can have on the
body’s organs or entire system. Though the CTCAE is
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critical for tracking toxicity, clinicians may miss up to
half of symptomatic burden related to treatment side
effects compared to routine patient self-reporting.1,2 As
such, a Patient-Reported Outcomes (PRO) version of
the Common Terminology Criteria for Adverse Events
(PRO-CTCAE) was developed. The PRO-CTCAE is a
self-administered library of 124 items evaluating the fre-
quency, severity, interference, or presence of 78 symp-
tomatic adverse events. More broadly, patient reported
outcomes (PROs) are reports directly made by the
patient about their health status without inference
from an observing clinician.3 In cases where PROs
encompass symptoms related to treatment side effects
such as the PRO-CTCAE, these PROs provide valuable
information about toxicity. In a trial, information about
toxicity is one of the contributing factors in under-
standing the extent to which overt adverse events affect
a patient’s willingness and ability to continue the treat-
ment regimen.4,5 This is referred to as treatment tolera-
bility. Implementing a trial-specific subset of the PRO-
CTCAE library allows clinicians and investigators a
more comprehensive understanding of tolerability
from a patient’s point of view, specifically the negative
impacts of treatment so it can be weighed against a
demonstrated efficacy.

Continued use of patient-centered health outcome
measures motivated the NCI Cancer Moonshot Initia-
tive to accelerate improvements in toxicity and tolera-
bility reporting and analysis methods. Traditional
methods of reporting clinical trial tolerability consist of
aggregating a patient’s overall adverse event experi-
ence into a single numeric value. Typically, these toler-
ability summary measures reflect the single most severe
symptomatic adverse event during a trial period for
each patient. Conveying tolerability by treatment arm
can then be achieved by reporting the proportion of
patients, whom at worst, responded with present or
severe symptomatic adverse events (e.g., “45% of
patients experienced grade 3 or higher pain severity
while on Treatment X”). These unambiguous dichoto-
mizations of severity levels provide clinicians an easily
interpretable metric for communicating with patients
in a way they are likely to understand. This may enable
patients to set appropriate expectations, empower
them to take part in the treatment plan, and anticipate
potential symptom management.

There is a tradeoff in using a simple proportion for
the purposes of interpretability. From an analytical
point of view, this single worst adverse event summary
measure can fall short in reflecting the fluctuation of
symptoms during treatment. This can be most evident
when statistically discriminating tolerability between
arms. Temporal profiles of symptomatic adverse event
burden are often indistinguishable among acute,
chronic, cumulative, cyclic, or late incipient treatment
toxicity.5 Incorporating these longitudinal profiles can
be critical for fully characterizing tolerability as both
isolated-severe and persistent-moderate symptoms have
been shown to correlate with decrements in quality of
life.6

There are various graphical techniques and statisti-
cal strategies proposed in the literature that attempt
to capture broader aspects of adverse event data
beyond the maximum grade.7 Graphical approaches
enable a deep dive into longitudinal profiles via visual
inspection within individual adverse event categories.
A more holistic interpretation of tolerability can be
accessible this way; however, it is not suitable for a suc-
cinct reporting of all adverse events. Although neces-
sary, even the more complex statistical strategies can
be constrained by the difficult or narrow interpreta-
tion of the results. A summary measure that aims to
overcome these challenges is the toxicity index. The
toxicity index was designed to incorporate the most
severe grade and the frequency of all lower grade
adverse events, resulting in a single summary measure
for each patient.8 Recent applications of the toxicity
index using CTCAE data show potential gains in statis-
tical power when using a probability index modeling
approach.9,10 To date, the toxicity index has not been
applied to PRO-CTCAE data. Given the high rate of
symptoms reported by patients at baseline, methods
for accounting for pre-existing symptoms are likely
needed when applying the toxicity index to PRO-
CTCAE data.11

In this study, we present an application of the toxic-
ity index to PRO-CTCAE tolerability data alongside a
typical application of the maximum score. We apply a
standard baseline adjustment approach to account for
pre-existing symptoms to both summary measures side-
by-side with the unadjusted results. Finally, we discuss
considerations for reporting and interpreting the toxic-
ity index as a summary measure when applied to PRO-
CTCAE tolerability data.
Methods

Study Data
The toxicity index summary measure was investi-

gated using PRO-CTCAE data from the COMET-2 trial
− a phase 3, 1:1 randomized, double-blind, placebo-
controlled trial with a primary pain endpoint compar-
ing cabozantinib and mitoxantrone-prednisone among
men with previously treated symptomatic castration-
resistant prostate cancer. In one arm, cabozantinib was
administered as the experimental treatment with
mitoxantrone-matched placebo infusion, plus predni-
sone-matched placebo. In the other arm, mitoxantrone
was administered, plus prednisone and cabozantinib-
matched placebo. Details on clinical findings and trial
design are reported elsewhere.12



Table 1
Example Calculation of the Toxicity Index

Patient A Patient B

Score Accrued Toxicity Score Accrued Toxicity

4 (cycle 2) 4.000 4 (cycle 2) 4.000
3 (cycle 1) + 0.600 3 (cycle 1) + 0.600
3 (baseline) + 0.150 2 (baseline) + 0.100
2 (cycle 3) + 0.025 − −

Toxicity Index: 4.775 4.700

Adverse event scores are show here ordered descending in severity to further illustrate the calculation, with each associated time point in parentheses; i.e., score
(time point).
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PRO-CTCAE items were assessed at baseline, one
and two months, and every two months thereafter over
the study period. PRO-CTCAE items included constipa-
tion, decreased appetite, diarrhea, fatigue, insomnia,
nausea, numbness or tingling in the hands or feet,
pain, shortness of breath, and vomiting. Respective
symptom item frequency, severity, and/or interference
attributes were evaluated as specified per NCI PRO-
CTCAE Item Library Version 1.0. PRO-CTCAE com-
posite grades were computed from the individual items
scores.13 The PRO-CTCAE composite grades create a
single grade per PRO-CTCAE symptom item group on
a scale akin to other common adverse event tools like
CTCAE or MedDRA.
Evaluating Tolerability
The toxicity index is a summary measure aimed at

ranking patients within a clinical trial by their respec-
tive adverse event experience over the trial. Those with
more severe and frequent adverse events will have a
higher toxicity index than those with less severe and
infrequent adverse events. To construct the toxicity
index for an individual patient, their observed adverse
event grades over the study period are first ordered
descending in severity, then Formula 1 is applied to
these ordered data.

Formula 1. Toxicity Index Statistic

X

i�m

xiQ
j< i 1þ xj

� �
Where m is the number of observed adverse events
for a given patient, xi¼1 is the largest adverse event
grade, xi¼2 is the second largest adverse event, and so
on, up to the smallest adverse event grade, xi¼m. A
detailed example of this calculation has been reported
previously.8 The resulting toxicity index statistic has
two components: an integer and decimal portion. The
integer portion is the patient’s maximum adverse event
grade. The decimal portion is considered the addi-
tional adverse event experience that this summary mea-
sure seeks to capture and allows for the patients to be
ranked as such. For example, Patient A with observed
PRO-CTCAE pain severity scores of 3, 3, 4, and 2 will
have a toxicity index of 4.775, and Patient B with pain
severity scores of 2, 3, and 4 will have a toxicity index of
4.700 (example calculation shown in Table 1). Thus,
Patient A is ranked as having worse pain severity over
the trial than Patient B. With possible PRO-CTCAE
item scores of 0, 1, 2, 3, or 4, and composite grades of
0, 1, 2, or 3, the toxicity index statistic for PRO-CTCAE
items and composite grades range from 0 to 4.999. . .
and 0 to 3.999. . ., respectively. By design of the toxicity
index, the accrual of additional adverse event experi-
ence will never result in the toxicity index increasing to
the next whole unit score or grade above the maximum
score or grade. This is convenient as interpreting a
grade above the natural range of an adverse event mea-
sure (e.g., PRO-CTCAE, CTCAE, MedDRA) is not
meaningful. As a result, PRO-CTCAE item and compos-
ite grade toxicity index estimates reported here are not
rounded to their respective upper bounds (e.g., a toxic-
ity index estimate of 4.999 will be reported as 4.99 in
lieu of rounding to 5.00). Those reporting the toxicity
index may consider following this rounding exception
to avoid interpretation-related confusion.

Adjusting for Baseline Symptoms
A variety of methods are available to account for pre-

treatment symptomatic burden measured at baseline
using summary measures.14 The typical approach is to
compare the adverse event rates of only the most severe
grade per patient after the baseline trial time point
(post-baseline maximum). This approach incorporates
all symptoms experienced during treatment, regardless
of presumed pathology. Another method is to adjust
this post-baseline maximum for pre-existing adverse
events (baseline-adjusted maximum). Here emphasis is
placed on adverse events worsening during treatment
relative to the baseline trial time point and are deemed
treatment emergent. The baseline-adjusted maximum
is defined as the maximum grade post-baseline if there
was at least a 1-grade increase in adverse event grade
from baseline; otherwise the baseline-adjusted grade of
0 is given. With CTCAE grading, clinicians typically do
not report an adverse event unless it is new or has wors-
ened from baseline. Thus, this direct adjustment for
patients’ presenting symptomatic burden closely



Table 2
Example of Baseline-Adjusted Toxicity Index Procedure (1) and Subsequent Calculation (2)

(1) PRO adverse event scores overtime for Patient A and B

Patient A Patient B

Time point Score Worse than baseline? Score Worse than baseline?

Baseline 3 - 2 −
Cycle 1 3 No 3 Yes
Cycle 2 4 Yes 4 Yes
Cycle 3 2 No − −

(2) Baseline-adjusted toxicity index (only include scores worse than baseline)

Patient A Patient B

Score Accrued Toxicity Score Accrued Toxicity

4 (cycle 2) 4.000 4 (cycle 2) 4.000
3 (cycle 1) − 3 (cycle 1) + 0.600
3 (baseline) − 2 (baseline) −
2 (cycle 3) − − −

Toxicity Index: 4.000 4.600

PRO = Patient reported outcome. Within sub-table (2), adverse event scores are show here ordered descending in severity to further illustrate the calculation, with
each associated time point in parentheses; i.e., score (time point).
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mimics how clinical adverse events are collected. This
approach has previously been applied to these PRO-
CTCAE data in the COMET-2 trial by Dueck and
colleagues.15

Along with the unadjusted toxicity index, novel post-
baseline and baseline-adjusted versions of the toxicity
index were evaluated. The post-baseline toxicity index
only included observed PRO-CTCAE scores after the
baseline trial time point. The baseline-adjusted toxicity
index was defined as expressed in Formula 1 after
including only those grades that were worse than the
adverse event grade at baseline (similarly to the base-
line-adjusted maximum). The baseline grade and sub-
sequent grades that were not worse than the baseline
value are excluded from the calculation of the base-
line-adjusted toxicity index. An example of this calcula-
tion is shown in Table 2.

Statistical Analysis
The proportions of patients with post-baseline and

baseline-adjusted maximum PRO-CTCAE score 0 or
higher, and 3 or higher, were compared between treat-
ment arms using Fisher’s exact tests. Nonparametric
methods (Wilcoxon rank-sum tests) were utilized to
compare toxicity indexes between arms, due to its mul-
timodal distribution and inherent rank nature. For the
same reason, the median was chosen to convey central
tendency when summarizing at the arm level. The dis-
tributions of the decimal portion of the toxicity index
were evaluated within each integer portion using Kol-
mogorov-Smirnov tests where appropriate. All pre-
sented P values are unadjusted for multiple testing and
are provided for reference only. The intention is side-
by-side presentation of the toxicity index summary
measure applied in various fashions. Analyses were per-
formed using the statistical software SAS version 9.4
(SAS Institute Inc., Cary, NC). PRO-CTCAE composite
grades and longitudinal bar charts presented later and
in Supplemental 1 were created using the statistical
software R and the ProAE package.16
Results
The COMET-2 trial enrolled a total of 119 male par-

ticipants randomized to study treatment (cabozantinib
n=61 or mitoxantrone-prednisone n=58). Of those
enrolled, 107 completed a baseline PRO-CTCAE evalu-
ation and at least one follow-up PRO-CTCAE evalua-
tion (cabozantinib n=53 and mitoxantrone-prednisone
n=54). Results here reflect these 107 participants.
Among them, the number of PRO-CTCAE question-
naires completed ranged from 2 to 17 per participant,
with 75% of participants completing five or more ques-
tionnaires. Figures showing all PRO-CTCAE individual
item and composite grade distributions across trial
time points can be found in Supplemental 1, as well as
violin plots with overlaid density histograms displaying
the toxicity index summary measure distributions.
Demographic and disease-related characteristics for
the COMET-2 trial are available elsewhere.12,15

PRO-CTCAE tolerability rates for present and severe
adverse events (scores > 0 and scores ≥ 3, respectively)
are reported by arm in Table 3. The mitoxantrone-
prednisone arm showed generally favorable tolerability
among individual PRO-CTCAE items compared to
cabozantinib in both present and severe PRO adverse
event rates. Tolerability rates among PRO-CTCAE com-
posite grades were significantly higher (worse) in the



Table 3
Rates of PRO-CTCAE Item Scores and Composite Grades Greater Than 0 and 3 or Higher, by Treatment Arm

Post-baseline maximum score Baseline-adjusted maximum score

Score > 0 Score ≥ 3 Score > 0 Score ≥ 3

PRO-CTCAE item
group

Cabozantinib
(Cabo) N

Mitoxantrone-
prednisone (Mito) N

Cabo n (%) Mito n (%) p Cabo n (%) Mito n (%) P Cabo n (%) Mito n (%) P Cabo n (%) Mito n (%) P

Constipation
Severity 53 54 50 (94) 47 (87) 0.32 19 (36) 11 (20) 0.09 25 (47) 16 (30) 0.08 14 (26) 7 (13) 0.09
Composite 53 54 50 (94) 47 (87) 0.32 19 (36) 11 (20) 0.09 24 (45) 16 (30) 0.11 13 (25) 7 (13) 0.14

Decreased Appetite
Severity 52 54 50 (96) 48 (89) 0.27 27 (52) 10 (19) 0.0005 34 (65) 18 (33) 0.0017 20 (38) 8 (15) 0.0079
Interference 52 54 48 (92) 39 (72) 0.0103 23 (44) 11 (20) 0.0122 34 (65) 19 (35) 0.0034 18 (35) 9 (17) 0.0449
Composite 52 54 50 (96) 48 (89) 0.27 18 (35) 7 (13) 0.0116 32 (62) 17 (31) 0.0033 14 (27) 5 (9) 0.0228

Diarrhea
Frequency 52 54 48 (92) 34 (63) 0.0004 23 (44) 6 (11) 0.0002 42 (81) 26 (48) 0.0006 23 (44) 6 (11) 0.0002
Composite 52 54 48 (92) 34 (63) 0.0004 9 (17) 1 (2) 0.0075 38 (73) 21 (39) 0.0005 9 (17) 1 (2) 0.0075

Fatigue
Severity 53 54 53 (100) 54 (100) >.99 39 (74) 32 (59) 0.15 24 (45) 17 (31) 0.17 19 (36) 14 (26) 0.30
Interference 53 54 53 (100) 54 (100) >.99 40 (75) 35 (65) 0.29 27 (51) 19 (35) 0.12 23 (43) 17 (31) 0.23
Composite 53 54 53 (100) 54 (100) >.99 34 (64) 28 (52) 0.24 18 (34) 10 (19) 0.08 12 (23) 8 (15) 0.33

Insomnia
Severity 53 54 44 (83) 47 (87) 0.60 10 (19) 8 (15) 0.61 20 (38) 22 (41) 0.84 7 (13) 7 (13) >.99
Interference 53 54 36 (68) 41 (76) 0.40 10 (19) 10 (19) >.99 15 (28) 22 (41) 0.22 5 (9) 7 (13) 0.76
Composite 53 54 44 (83) 47 (87) 0.60 6 (11) 5 (9) 0.76 14 (26) 23 (43) 0.10 3 (6) 4 (7) >.99

Nausea
Frequency 52 54 49 (94) 38 (70) 0.0018 25 (48) 11 (20) 0.0039 35 (67) 20 (37) 0.0021 23 (44) 10 (19) 0.0061
Severity 52 54 49 (94) 36 (67) 0.0004 21 (40) 9 (17) 0.0094 39 (75) 20 (37) 0.0001 20 (38) 8 (15) 0.0079
Composite 52 54 49 (94) 38 (70) 0.0018 18 (35) 5 (9) 0.0020 35 (67) 18 (33) 0.0009 17 (33) 5 (9) 0.0038

Numbness/
Tingling in
Hands/Feet
Severity 52 54 44 (85) 40 (74) 0.23 16 (31) 7 (13) 0.0341 28 (54) 18 (33) 0.0495 12 (23) 4 (7) 0.0307
Interference 52 54 34 (65) 26 (48) 0.08 11 (21) 5 (9) 0.11 24 (46) 16 (30) 0.11 7 (13) 4 (7) 0.35
Composite 52 54 44 (85) 40 (74) 0.23 9 (17) 4 (7) 0.1463 22 (42) 19 (35) 0.55 6 (12) 3 (6) 0.32

Pain
Frequency 53 54 53 (100) 54 (100) >.99 44 (83) 44 (81) >.99 10 (19) 11 (20) >.99 10 (19) 11 (20) >.99
Severity 53 54 53 (100) 54 (100) >.99 32 (60) 36 (67) 0.55 10 (19) 17 (31) 0.18 10 (19) 16 (30) 0.26
Interference 53 54 53 (100) 54 (100) >.99 26 (49) 33 (61) 0.25 12 (23) 16 (30) 0.51 9 (17) 13 (24) 0.47
Composite 53 54 53 (100) 54 (100) >.99 33 (62) 37 (69) 0.55 5 (9) 10 (19) 0.27 5 (9) 9 (17) 0.39

Shortness of Breath
Severity 50 54 40 (80) 43 (80) >.99 8 (16) 9 (17) >.99 29 (58) 21 (39) 0.08 7 (14) 7 (13) >.99
Interference 50 54 36 (72) 37 (69) 0.83 12 (24) 12 (22) >.99 29 (58) 20 (37) 0.0488 10 (20) 9 (17) 0.80
Composite 50 54 40 (80) 43 (80) >.99 7 (14) 7 (13) >.99 28 (56) 20 (37) 0.08 7 (14) 6 (11) 0.77

Vomiting
Frequency 52 54 40 (77) 26 (48) 0.0027 6 (12) 4 (7) 0.52 33 (63) 18 (33) 0.0033 6 (12) 4 (7) 0.52
Severity 52 54 37 (71) 20 (37) 0.0005 11 (21) 4 (7) 0.05 33 (63) 12 (22) <.0001 11 (21) 4 (7) 0.05
Composite 52 54 40 (77) 26 (48) 0.0027 4 (8) 2 (4) 0.43 33 (63) 18 (33) 0.0033 4 (8) 2 (4) 0.43

PRO-CTCAE = Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events. P values reflect Fisher’s exact tests comparing frequencies between treatment arms. P values less than 0.05 are
bolded.
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cabozantinib arm for decreased appetite, diarrhea,
nausea, and vomiting, for both post-baseline and base-
line-adjusted rates.

Differences in toxicity index between treatment
arms shown in Table 4 were directionally consistent
with tolerability rate comparisons, as expected. Among
significantly different toxicity index distributions across
PRO-CTCAE item groups, higher median toxicity
indexes were observed in the cabozantinib arm for con-
stipation, decreased apatite, diarrhea, numbness or tin-
gling in hands or feet, and vomiting. Similar to rate
comparisons, the cabozantinib arm had higher median
toxicity index among composite grades for appetite,
diarrhea, nausea, and vomiting, in both post-baseline
and baseline-adjusted versions.

The median toxicity index was substantially reduced
between post-baseline and baseline-adjustment meth-
ods within the constipation, fatigue, insomnia, and
pain PRO-CTCAE item groups. For example, the post-
baseline median pain severities were 3.50 and 3.67 for
cabozantinib and mitoxantrone-prednisone, respec-
tively. This indicates at least 50% of all participants
reported multiple pain episodes with at least one being
severe after the baseline visit. However, the baseline-
adjusted medians for pain severity are each 0, indicat-
ing that 50% or more of participants did not experi-
ence treatment emergent pain. Unsurprisingly, this
differing impact of baseline adjustment methods is
equivalently observed in Table 3 using the dichoto-
mous tolerability rates (i.e., scores > 0 and scores ≥ 3).
The post-baseline tolerability rates for pain severity
with maximum score 3 or higher were 60% and 67%
for cabozantinib and mitoxantrone-prednisone, respec-
tively. Again, this is consistent with the toxicity index
result as roughly 50% or more reported at least one
severe pain episode after baseline. Among the baseline-
adjusted rates, the proportion of participants with max-
imum score greater than 0 were 19% and 30% for
cabozantinib and mitoxantrone-prednisone, respec-
tively (each arm below 50% incidence of treatment
emergent pain). Reading the COMET-2 participants’
symptomatic pain in this way shows that similar infor-
mation in percentile description can be gathered from
the toxicity index and PRO adverse event rate and are
equivalently impacted by the baseline adjustment
methods. Fig. 1 shows the longitudinal profiles of pain
frequency, severity, and interference scores, as well as
composite grade during the trial. Fig. 2 shows the distri-
butions of the toxicity index summary measure.

To further evaluate the characteristics of the toxicity
index, the distribution of the decimal portion among
unadjusted toxicity index estimates was assessed within
each integer portion (Fig. 3). The histograms in Fig. 3
incorporate 3210 toxicity index estimates (one estimate
for each of 30 PRO-CTCAE items and composite
grades among the 107 participants). This graphically
demonstrates how the toxicity index accumulates the
additional toxicity (decimal portion) at differing rates
within each maximum score (integer portion). Specifi-
cally, the set of possible ranks varies within each integer
portion. Since interpreting arm medians with differing
integer portions may be precarious as the decimal por-
tions are scaled differently, comparisons of decimal
portion distributions between treatment arms were car-
ried out individually within integer groups. In the
COMET-2 trial, the only statistically significant differen-
ces seen in decimal portion between treatment arms
were that of decreased appetite within the maximum
score groups of 3 (for severity, interference, and com-
posite) and 4 (for interference).
Discussion
In this study, the toxicity index was applied to PRO-

CTCAE data for the first time with adjustment for each
patient’s pre-existing symptoms and evaluated as a tol-
erability outcome in univariate analyses. Broad agree-
ment was observed between the toxicity index and
more typical summary measures like maximum score.
However, the median and range of the toxicity index
reported by arm were often challenging to interpret.
We see this when comparing values between Tables 3
and 4. Admittedly, care must be taken when reporting
typical group estimates of the toxicity index directly
(mean, median, etc.). Since the distribution of the dec-
imal portion varies within each integer portion, a
representation of the decimal portion such as the
median toxicity index is not necessarily interpreted
equivalently across integer portions. It remains unclear
what group-level summary estimates of the toxicity
index are most interpretable.

Capturing the longitudinal toxicity experience
remains an emerging area of methodological research
in treatment tolerability analysis. The toxicity index
introduced by Rogatko and colleagues in 2004 is an
innovative summary measure accounting for both the
multiplicity and severity of adverse events. Rogatko
demonstrated that it has useful potential in early-phase
clinical trials by creating more sensitive dose limiting
toxicity thresholds.8 Some purposive methods have
since been demonstrated to highlight amenable
approaches accommodating the rank and multimodal
nature of the toxicity index. For example, using
CTCAE grades, Gresham et al showed that the toxicity
index has increased power when using a probability
index modeling approach9 and Razaee et al present a
novel framework showing increased power when using
their derived method testing for a difference in mean
Poisson-limit vector parameters between treatment
arms.10 Each of these methodologies are valued addi-
tions to the adverse event literature and may be consid-
ered when statistically discriminating treatment arms is



Table 4
Toxicity Index for PRO-CTCAE Item Scores and Composite Grades, by Treatment Arms
Toxicity index Toxicity index - Post baseline Toxicity index - Baseline adjusted

Cabozantinib Mitoxantrone Cabozantinib Mitoxantrone Cabozantinib Mitoxantrone

PRO-CTCAE Item Group n median (range) n median (range) P Value n median (range) n median (range) P Value n median (range) n median (range) P Value

Constipation
Severity 53 3.25 (0.00-4.95) 54 2.67 (0.00-4.96) 0.0421 53 2.58 (0.00-4.95) 54 2.00 (0.00-4.79) 0.08 53 0.00 (0.00-4.92) 54 0.00 (0.00-4.00) 0.0436
Composite 53 3.25 (0.00-3.98) 54 2.67 (0.00-3.99) 0.0371 53 2.58 (0.00-3.98) 54 2.00 (0.00-3.98) 0.08 53 0.00 (0.00-3.94) 54 0.00 (0.00-3.94) 0.07

Decreased Appetite
Severity 53 3.67 (0.00-4.99) 54 2.78 (0.00-4.73) 0.0006 52 3.13 (0.00-4.98) 54 2.33 (0.00-4.70) <.0001 52 2.67 (0.00-4.95) 54 0.00 (0.00-4.60) 0.0002
Interference 53 2.98 (0.00-4.80) 54 2.17 (0.00-4.58) 0.0045 52 2.91 (0.00-4.79) 54 1.50 (0.00-4.53) <.0001 52 2.00 (0.00-4.79) 54 0.00 (0.00-4.00) 0.0008
Composite 53 2.83 (0.00-3.99) 54 2.33 (0.00-3.92) 0.0043 52 2.72 (0.00-3.99) 54 1.75 (0.00-3.67) <.0001 52 2.00 (0.00-3.99) 54 0.00 (0.00-3.50) 0.0007

Diarrhea
Frequency 53 2.93 (0.00-4.96) 54 1.50 (0.00-4.56) <.0001 52 2.63 (0.00-4.96) 54 1.00 (0.00-4.47) <.0001 52 2.54 (0.00-4.95) 54 0.00 (0.00-4.00) <.0001
Composite 53 1.88 (0.00-3.94) 54 1.50 (0.00-3.44) <.0001 52 1.81 (0.00-3.93) 54 1.00 (0.00-3.38) <.0001 52 1.63 (0.00-3.91) 54 0.00 (0.00-3.00) <.0001

Fatigue
Severity 53 3.93 (2.65-4.99) 54 3.81 (2.33-4.96) 0.13 53 3.88 (2.00-4.99) 54 3.50 (1.00-4.95) 0.05 53 0.00 (0.00-4.96) 54 0.00 (0.00-4.80) 0.15
Interference 53 3.94 (1.75-4.99) 54 3.88 (1.00-4.99) 0.68 53 3.88 (1.50-4.99) 54 3.58 (1.00-4.99) 0.16 53 1.94 (0.00-5.00) 54 0.00 (0.00-4.96) 0.13
Composite 53 3.75 (1.97-3.99) 54 3.68 (1.50-3.99) 0.30 53 3.63 (1.75-3.99) 54 3.00 (1.00-3.99) 0.15 53 0.00 (0.00-3.94) 54 0.00 (0.00-3.75) 0.09

Insomnia
Severity 53 2.66 (0.00-4.99) 54 2.67 (0.00-3.98) 0.91 53 2.00 (0.00-4.96) 54 2.33 (0.00-3.94) 0.47 53 0.00 (0.00-3.67) 54 0.00 (0.00-3.75) 0.53
Interference 53 2.33 (0.00-4.80) 54 2.42 (0.00-4.73) 0.74 53 1.50 (0.00-4.80) 54 2.00 (0.00-4.53) 0.40 53 0.00 (0.00-4.75) 54 0.00 (0.00-4.00) 0.15
Composite 53 2.50 (0.00-3.99) 54 2.33 (0.00-3.94) 0.82 53 1.75 (0.00-3.99) 54 2.00 (0.00-3.92) 0.54 53 0.00 (0.00-3.67) 54 0.00 (0.00-3.75) 0.0463

Nausea
Frequency 53 3.50 (0.00-4.95) 54 2.63 (0.00-4.96) 0.0264 52 2.96 (0.00-4.95) 54 2.00 (0.00-4.96) 0.0008 52 2.72 (0.00-4.95) 54 0.00 (0.00-4.80) 0.0016
Severity 53 2.88 (0.00-4.70) 54 2.54 (0.00-4.47) 0.0121 52 2.81 (0.00-4.70) 54 1.88 (0.00-4.40) 0.0002 52 2.67 (0.00-4.70) 54 0.00 (0.00-4.40) 0.0001

Composite 53 2.78 (0.00-3.93) 54 2.33 (0.00-3.98) 0.0108 52 2.67 (0.00-3.92) 54 1.63 (0.00-3.98) 0.0004 52 2.17 (0.00-3.88) 54 0.00 (0.00-3.94) 0.0003
Numbness/Tingling in
Hands/Feet
Severity 53 2.50 (0.00-4.95) 54 2.33 (0.00-4.96) 0.06 52 2.33 (0.00-4.92) 54 1.75 (0.00-4.79) 0.0367 52 1.00 (0.00-4.80) 54 0.00 (0.00-3.92) 0.0173
Interference 53 1.75 (0.00-4.99) 54 1.00 (0.00-4.78) 0.0443 52 1.50 (0.00-4.99) 54 0.00 (0.00-4.78) 0.0280 52 0.00 (0.00-3.81) 54 0.00 (0.00-4.75) 0.07
Composite 53 1.88 (0.00-3.99) 54 1.75 (0.00-3.98) 0.14 52 1.75 (0.00-3.99) 54 1.50 (0.00-3.97) 0.06 52 0.00 (0.00-3.98) 54 0.00 (0.00-3.94) 0.31

Pain
Frequency 53 3.97 (2.78-4.99) 54 4.59 (2.96-4.99) 0.18 53 3.88 (2.00-4.99) 54 3.88 (2.00-4.99) 0.47 53 0.00 (0.00-4.00) 54 0.00 (0.00-4.96) 0.70
Severity 53 3.75 (2.50-4.91) 54 3.90 (2.67-4.95) 0.56 53 3.50 (1.50-4.72) 54 3.67 (2.00-4.80) 0.34 53 0.00 (0.00-4.00) 54 0.00 (0.00-4.00) 0.12
Interference 53 3.71 (1.75-4.99) 54 3.75 (1.00-4.99) 0.38 53 2.99 (1.00-4.99) 54 3.50 (1.00-4.99) 0.40 53 0.00 (0.00-4.99) 54 0.00 (0.00-4.96) 0.49
Composite 53 3.75 (2.50-3.99) 54 3.89 (2.67-3.99) 0.58 53 3.50 (1.50-3.99) 54 3.69 (2.00-3.99) 0.46 53 0.00 (0.00-3.75) 54 0.00 (0.00-3.94) 0.16

Shortness of Breath
Severity 53 2.00 (0.00-4.95) 54 2.54 (0.00-4.75) 0.46 50 2.00 (0.00-4.93) 54 2.00 (0.00-4.00) 0.95 50 1.00 (0.00-4.92) 54 0.00 (0.00-4.00) 0.11
Interference 53 1.75 (0.00-4.95) 54 2.17 (0.00-4.80) 0.57 50 1.91 (0.00-4.95) 54 1.97 (0.00-4.69) 0.93 50 1.00 (0.00-4.95) 54 0.00 (0.00-4.60) 0.10
Composite 53 1.75 (0.00-3.93) 54 2.16 (0.00-3.91) 0.33 50 1.81 (0.00-3.93) 54 1.92 (0.00-3.87) 0.80 50 1.00 (0.00-3.92) 54 0.00 (0.00-3.75) 0.13

Vomiting
Frequency 53 1.50 (0.00-4.20) 54 1.00 (0.00-3.90) 0.0443 52 1.00 (0.00-4.00) 54 0.00 (0.00-3.81) 0.0039 52 1.00 (0.00-4.00) 54 0.00 (0.00-3.75) 0.0021
Severity 53 1.00 (0.00-4.00) 54 0.50 (0.00-4.72) 0.0372 52 1.00 (0.00-4.00) 54 0.00 (0.00-4.65) 0.0009 52 1.00 (0.00-4.00) 54 0.00 (0.00-4.60) 0.0001
Composite 53 1.50 (0.00-3.91) 54 1.00 (0.00-3.90) 0.0278 52 1.00 (0.00-3.91) 54 0.00 (0.00-3.81) 0.0018 52 1.00 (0.00-3.91) 54 0.00 (0.00-3.75) 0.0016

PRO-CTCAE = Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events. P values reflect Wilcoxon rank-sum tests comparing ranks between treatment arms. P values less than 0.05 are
bolded.
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Fig. 1. Distribution of the PRO-CTCAE Pain item group at successive time points during the COMET-2 trial and maximum
score post-baseline without and with baseline adjustment.
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of paramount concern. However, specifically for the
purposes of communicating comparative tolerability
with patients and reporting to a wider scientific audi-
ence, we feel the trade-off between interpretability and
statistical complexity for the sake of increased power is
substantial. Simpler dichotomizations or categoriza-
tions of tolerability may have more practical communi-
cative utility than the toxicity index.

It is evident that this ranking measure is statistically
convenient where patients with similar adverse event
profiles can be precisely ordered by rank. The toxicity
index appears most useful for statistical comparisons
between treatment arms or between subgroups where
interpreting tolerability is of lesser importance relative
to statistical power. Though, additional work is needed
for more comprehensive applications of the toxicity
index and to assess its ability to support clinical deci-
sion making. Direct interpretation and associated
effect size recommendations need to be outlined. Con-
siderations should also be defined for applying the tox-
icity index to serial versus episodic adverse event
evaluations in the clinical trial setting. For example,
PRO-CTCAE evaluations are more likely to record non-
zero scores at scheduled visits, while CTCAE evalua-
tions (when captured in a log-style format) typically
record a single toxicity grade until the adverse event
worsens or reoccurs after resolution. Approaches for
handling missing data should also be investigated. A
patient with any missing non-zero adverse event scores
will have a lower toxicity index than if that data were
observed. This implies that the existence of any missing
symptomatic adverse event data will result in an



Fig. 2. Violin plots with overlaid density histograms of the unadjusted toxicity index summary measure distribution for the PRO-
CTCAE Pain item group.

Fig. 3. Histograms of the toxicity index decimal portion by
integer portion, across all patients and PRO-CTCAE items
and composites.
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underestimation of toxicity index. Simulations of the
toxicity index’s decimal portion accrual may illuminate
these interests in repeated PRO-CTCAE evaluations,
interpretable effect sizes, and missing data impacts.
This evaluation of the toxicity index has some limi-
tations, several stemming from the characteristics
which make PRO-CTCAE unique from CTCAE. For
example, the maximum score summary measure is
computed from a single observation, whereas a sum-
mary measure like the toxicity index is computed
from a series of observations. This raises computa-
tional questions when applying the baseline adjust-
ment approach and whether it should be applied at
the summary measure level or applied to raw data
prior to the calculation of the summary measure. Add-
ing to this, patients on study for longer periods or hav-
ing more frequent serial PRO-CTCAE evaluations will
inherently have more opportunity to accrue toxicity
index (e.g., weekly versus monthly evaluations per
annum). This coupled with the self-reported nature of
PRO data, trial participants with more frequent visits
and better adherence to fully completing PRO-
CTCAE questionnaires may be biased towards a
higher toxicity index; specifically, within the decimal
portion of the statistic where toxicity is accrued. The
impact of missing data on the toxicity index was also
not evaluated here. As referred to previously, PRO-
CTCAE and CTCAE evaluations observe the absence
of symptomatic adverse events differently. This incon-
sistency in how the respective tools collect data also
extends to the means by which missing data are gener-
ated. We believe these potential impacts do not jeop-
ardize this study’s evaluation of treatment tolerability
using toxicity index and are not yet addressed in the
literature.
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This study showed that it is possible to apply the tox-
icity index to PRO-CTCAE data, incorporate in tabular
reporting of symptomatic adverse events in cancer clin-
ical trials and be adjusted for patients’ pre-existing
symptoms. An appropriate interpretation of the toxicity
index as well as foundational work to understand
impacts of PRO assessment schedules and missing data
are needed for a broader implementation of the toxic-
ity index with PRO adverse event data.
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