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Abstract
Purpose  Missing scores complicate analysis of the Patient-Reported Outcomes version of the Common Terminology Cri-
teria for Adverse Events (PRO-CTCAE) because patients with and without missing scores may systematically differ. We 
focus on optimal analysis methods for incomplete PRO-CTCAE items, with application to two randomized, double-blind, 
placebo-controlled, phase III trials.
Methods  In Alliance A091105 and COMET-2, patients completed PRO-CTCAE items before randomization and several 
times post-randomization (N = 64 and 107, respectively). For each trial, we conducted between-arm comparisons on the 
PRO-CTCAE via complete-case two-sample t-tests, mixed modeling with contrast, and multiple imputation followed by 
two-sample t-tests. Because interest lies in whether CTCAE grades can inform missing PRO-CTCAE scores, we performed 
multiple imputation with and without CTCAE grades as auxiliary variables to assess the added benefit of including them in 
the imputation model relative to only including PRO-CTCAE scores across all cycles.
Results  PRO-CTCAE completion rates ranged from 100.0 to 71.4% and 100.0 to 77.1% across time in A091105 and COMET-
2, respectively. In both trials, mixed modeling and multiple imputation provided the most similar estimates of the average 
treatment effects. Including CTCAE grades in the imputation model did not consistently narrow confidence intervals of 
the average treatment effects because correlations for the same PRO-CTCAE item between different cycles were generally 
stronger than correlations between each PRO-CTCAE item and its corresponding CTCAE grade at the same cycle.
Conclusion  For between-arm comparisons, mixed modeling and multiple imputation are informative techniques for handling 
missing PRO-CTCAE scores. CTCAE grades do not provide added benefit for informing missing PRO-CTCAE scores. 
ClinicalTrials.gov Identifiers: NCT02066181 (Alliance A091105); NCT01522443 (COMET-2).
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Plain English summary

Safety and treatment tolerability have historically been 
assessed solely by clinicians via the Common Terminology 
Criteria for Adverse Events (CTCAE). However, clinician 
reports under-detect symptoms relative to patient reports. 
Therefore, the National Cancer Institute contracted devel-
opment of the Patient-Reported Outcomes version of 
the CTCAE (PRO-CTCAE) item library, which is now 
widely implemented in cancer clinical trials. However, 
missing PRO-CTCAE responses from patients complicate 
reporting and analysis. As with other patient-completed 
questionnaires, patients with and without missing PRO-
CTCAE responses may systematically differ, thus jeop-
ardizing the validity and generalizability of clinical trial 
results. For example, patients with more severe symptoms 
might miss PRO-CTCAE assessments more often than 
patients with less severe symptoms, potentially leading to 
invalid conclusions being drawn from analyses based on 
only the remaining patients’ PRO-CTCAE responses. This 
paper focuses on analysis of the PRO-CTCAE when some 
patients’ responses are missing (Alliance A151912), with 
application to 2 randomized, double-blind, placebo-con-
trolled, phase III trials: Alliance A091105 and COMET-2. 
In each trial, we applied various methods for comparing 
patient-reported symptoms across treatment arms while 
addressing missing PRO-CTCAE responses. We found 
that optimal methods use patients’ responses to the PRO-
CTCAE at other time points to provide information about 
their would-be responses to the PRO-CTCAE at the time 
point of interest. Clinicians’ CTCAE grades did not pro-
vide useful information about patients’ missing PRO-
CTCAE responses.

Introduction

To incorporate the patient perspective into assessments of 
symptomatic adverse events, the National Cancer Insti-
tute contracted development of the Patient-Reported Out-
comes version of the Common Terminology Criteria for 
Adverse Events (PRO-CTCAE) [1]. The PRO-CTCAE is 
a library of 124 items assessing the frequency, severity, 
interference, amount, and/or presence of 78 symptomatic 
adverse events drawn from the CTCAE (http://​healt​hcare​
deliv​ery.​cancer.​gov/​pro-​ctcae). Patients complete a subset 
of items based on symptomatic adverse events most rel-
evant to the treatment(s) under investigation. The National 
Cancer Institute recommends reporting patients’ PRO-
CTCAE scores in conjunction with clinicians’ CTCAE 
grades to improve the evaluation of symptomatic adverse 

events in cancer clinical trials [2]. Relative to clinician 
reports, patient reports show greater sensitivity to changes 
in daily functioning or symptom burden, thus allowing 
for improvements in safety monitoring, symptom manage-
ment, and even survival [3, 4]. Furthermore, the PRO-
CTCAE may be better able to capture when treatments 
produce less severe but more chronically bothersome 
adverse events relative to the CTCAE (where grades 4 and 
5 correspond to life-threatening adverse events and death, 
respectively), and thereby enable better understanding of 
treatment tolerability from the patient perspective.

However, missing scores complicate reporting and analy-
sis of the PRO-CTCAE. Patients with and without missing 
scores may systematically differ, thus jeopardizing the valid-
ity and generalizability of clinical trial results. For example, 
patients with more severe symptomatic adverse events might 
drop out or feel too unwell to complete PRO-CTCAE assess-
ments, such that these patients miss PRO-CTCAE assess-
ments more often than patients with less severe sympto-
matic adverse events. Analyses based on only the remaining 
patients’ PRO-CTCAE scores may result in biased parameter 
estimates and invalid conclusions.

This paper focuses on optimal analysis methods for 
incomplete PRO-CTCAE items (Alliance A151912), with 
application to 2 randomized, double-blind, placebo-con-
trolled, phase III trials: Alliance A091105 and COMET-2. 
We conduct between-arm comparisons within each trial 
while comparing the following strategies for addressing 
missing PRO-CTCAE scores: complete-case two-sample 
t-test, mixed modeling with contrast, and multiple imputa-
tion followed by a two-sample t-test. Because interest lies in 
whether CTCAE grades can inform missing PRO-CTCAE 
scores, we then perform multiple imputation with and with-
out CTCAE grades as auxiliary variables to assess the added 
benefit of including CTCAE grades in the imputation model 
relative to only including PRO-CTCAE scores across all 
cycles.

Methods

Patients, measures, and procedures

In A091105, patients with desmoid tumors or deep fibroma-
tosis were randomized 2:1 to receive sorafenib or placebo 
by mouth once daily. Upon confirmation of progression, 
patients assigned to the placebo arm were allowed to cross 
over to open-label use of sorafenib. The primary endpoint 
was progression-free survival (NCT02066181; see Gounder 
et al. [5] for results). English-speaking patients were invited 
to participate in a correlative study of patient-reported pain, 
symptomatic adverse events, and quality of life while on 
randomized treatment. Patients enrolled in the correlative 

http://healthcaredelivery.cancer.gov/pro-ctcae
http://healthcaredelivery.cancer.gov/pro-ctcae
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study completed 19 PRO-CTCAE items via paper book-
lets prior to randomization and after each 4-week cycle for 
eight cycles while on randomized treatment (i.e., weeks 
4, 8, 12, 16, 20, 24, 28, and 32). The PRO-CTCAE items 
assessed the frequency (F), severity (S), interference (I), 
and/or presence (P) of the following symptoms: insomnia 
(SI), constipation (S), pain (FSI), fatigue (SI), nausea (FS), 
vomiting (FS), diarrhea (F), rash (P), hand-foot syndrome 
(SI),1 decreased appetite (SI), and mouth or throat sores (S). 
Clinicians graded patients’ fatigue, papulopustular rash, 
palmar-plantar erythrodysesthesia syndrome, diarrhea, 
anorexia, nausea, vomiting, abdominal pain, mucositis oral, 
hypertension, arthralgia, and myalgia via the CTCAE v4.0 
at each cycle. For adverse events beyond those solicited at 
each cycle, clinicians reported grade 1 and 2 adverse events 
with attributions of possible, probable, or definite and all 
grade 3+ adverse events regardless of attribution. The insti-
tutional review board or ethics committee at each participat-
ing site approved the protocol, and patients provided written 
informed consent.

In COMET-2, patients with metastatic castration-resist-
ant prostate cancer and narcotic-dependent pain from bone 
metastases who had progressed after treatment with doc-
etaxel and either abiraterone or enzalutamide were rand-
omized 1:1 to receive cabozantinib by mouth once daily 
or mitoxantrone every 3 weeks plus prednisone by mouth 
twice daily (with matching placebos in each arm). The pri-
mary endpoint was pain response at week 6 confirmed at 
week 12 (NCT01522443; see Basch et al. [6] for results). 
Patients completed 21 PRO-CTCAE items via an interactive 
voice response system prior to randomization; at weeks 3, 
6, and 12; and every 6 weeks thereafter until progression. 
The PRO-CTCAE items assessed the frequency (F), sever-
ity (S), interference (I), and/or presence (P) of the follow-
ing symptoms: insomnia (SI), constipation (S), pain (FSI), 
fatigue (SI), nausea (FS), vomiting (FS), diarrhea (F), rash 
(P), decreased appetite (SI), numbness or tingling in hands 
or feet (SI), mouth or throat sores (S), and shortness of 
breath (SI). Clinicians graded patients’ adverse events via 
the CTCAE v4.0 while recording start/stop dates for each 
adverse event. The institutional review board or ethics com-
mittee at each participating site approved the protocol, and 
patients provided written informed consent.

Statistical analysis

All analyses were performed separately for A091105 and 
COMET-2. As recommended by the Setting International 

Standards in Analyzing Patient-Reported Outcomes and 
Quality of Life Endpoints Data (SISAQOL) Consortium 
[7], the PRO-CTCAE completion rate and available data 
rate were calculated at each cycle. The available data 
rate was calculated as the ratio of the number of patients 
with observed PRO-CTCAE scores to the total number of 
patients. The completion rate was calculated as the ratio of 
the number of patients with observed PRO-CTCAE scores to 
the number of patients eligible to complete the PRO-CTCAE 
assessment at that time point. That is, the completion rate’s 
denominator excluded patients who were no longer required 
to complete the PRO-CTCAE assessment per the protocol 
(e.g., due to death or going off randomized treatment). In 
A091105, reported reasons for missing PRO-CTCAE scores 
were summarized at each cycle.

Between-arm comparisons on the PRO-CTCAE at week 
122 were conducted using the following strategies: complete-
case two-sample t-test, mixed modeling with contrast, and 
multiple imputation followed by a two-sample t-test. The 
complete-case two-sample t-test assumes a missing com-
pletely at random mechanism, meaning the probability of 
missingness is unrelated to the observed and missing scores. 
Excluding patients with missing scores yields unbiased 
parameter estimates under a missing completely at random 
mechanism because the observed scores can be regarded as 
a random subsample of the hypothetical complete scores. 
Mixed modeling and multiple imputation assume a miss-
ing at random mechanism, meaning the probability of 
missingness is unrelated to the missing scores after con-
ditioning on the observed scores. The missing at random 
mechanism is a much more plausible assumption than the 
missing completely at random mechanism. Mixed modeling 
uses maximum likelihood estimation and includes patients’ 
responses to a PRO-CTCAE item at all available cycles, 
such that patients with any observed scores contribute to 
the mixed model. In doing so, mixed modeling accounts 
for missing PRO-CTCAE scores using patients’ responses 
to the same PRO-CTCAE item at different cycles (but not 
patients’ responses to other PRO-CTCAE items or clini-
cians’ CTCAE grades). Multiple imputation involves creat-
ing multiple copies of the dataset with different imputed 
scores (imputation phase), analyzing the imputed datasets 
as though they were complete datasets (analysis phase), and 

1  The PRO-CTCAE does not include an item on interference of 
hand-foot syndrome with usual or daily activities. However, this item 
was written to mimic other PRO-CTCAE items.

2  In A091105, we conducted between-arm comparisons on the 
PRO-CTCAE at week 12 because week 12 was a time point of inter-
est for evaluating patient-reported pain palliation. In COMET-2, we 
conducted between-arm comparisons on the PRO-CTCAE at week 
12 because the primary endpoint was pain response at week 6 con-
firmed at week 12. However, the analyses and results presented here 
are intended to illustrate different missing data strategies and not to 
replace results reported in other A091105 and COMET-2 publica-
tions.
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pooling the parameter estimates and standard errors across 
the imputed datasets to yield a single set of results (pooling 
phase). Multiple imputation quantifies uncertainty due to the 
missing scores and inflates the standard errors accordingly 
based on changes in the imputed scores across the imputed 
datasets.

Multiple imputation was performed with and without 
CTCAE grades as auxiliary variables to assess the added 
benefit of including CTCAE grades in the imputation model 
relative to only including PRO-CTCAE scores across all 
cycles. To impute the missing scores, multiple imputa-
tion uses available information about patients’ would-be 
responses to the incomplete PRO-CTCAE items. This infor-
mation may include patients’ responses to the same PRO-
CTCAE item at different cycles, patients’ responses to other 
PRO-CTCAE items, and/or clinicians’ CTCAE grades (i.e., 
so-called auxiliary variables). For example, a patient who 
reports no pain at Cycle 2 may be more likely to report no 
pain at Cycle 3. A patient who reports severe insomnia at 
Cycle 3 may be more likely to report severe fatigue at Cycle 
3. If a clinician reports grade 1+ vomiting at Cycle 3, then 
the patient may be more likely to report severe vomiting at 
Cycle 3. This information helps multiple imputation make 
plausible guesses about what patients’ missing scores would 
have been had they completed the PRO-CTCAE assess-
ment. In the imputation model, auxiliary variables correlate 
with an incomplete PRO-CTCAE item and/or missingness. 
Auxiliary variables that correlate with an incomplete PRO-
CTCAE item improve power by providing information about 
the missing scores; auxiliary variables that correlate with an 
incomplete PRO-CTCAE item and its missingness indica-
tor (0 = missing, 1 = observed) reduce bias [8]. In general, 
the imputation model should include auxiliary variables 
that correlate at ≥ 0.40 (in magnitude) with both an incom-
plete PRO-CTCAE item and its missingness indicator or 
correlate at ≥ 0.50 (in magnitude) with an incomplete PRO-
CTCAE item [8–11]. Auxiliary variables generally should 
not have more than 10% of their scores concurrently missing 
with the incomplete PRO-CTCAE item [9, 12]. For exam-
ple, in A091105, most patients who did not complete the 
PRO-CTCAE item on insomnia severity at Cycle 3 also did 
not complete the PRO-CTCAE item on fatigue severity at 
Cycle 3 due to missing the PRO-CTCAE assessment alto-
gether. Thus, our imputation model only included patients’ 
responses to the same PRO-CTCAE item at different cycles 
and clinicians’ CTCAE grades as auxiliary variables.

All analyses were performed in SAS 9.4 (SAS Institute 
Inc., Cary, NC). The complete-case two-sample t-test was 
conducted using the TTEST procedure (for PRO-CTCAE 
items assessing frequency, severity, or interference); complete-
case logistic regression was conducted using the LOGISTIC 
procedure (for the PRO-CTCAE item assessing presence). 
Mixed modeling was performed using the MIXED procedure 

(for PRO-CTCAE items assessing frequency, severity, or 
interference) or GLIMMIX procedure (for the PRO-CTCAE 
item assessing presence). Each mixed model included a fixed 
intercept; fixed effects for time, arm, and arm by time inter-
action; and autoregressive (lag 1) residual covariance matrix 
that accounts for repeated PRO-CTCAE assessments within 
patients. Time was treated as nominal, such that the mixed 
models did not make assumptions about the trajectory of 
patients’ PRO-CTCAE scores over time. A logit link function 
was specified within the mixed model for the PRO-CTCAE 
item assessing presence. Multiple imputation was conducted 
twice for each PRO-CTCAE item using the MI procedure. 
In the first imputation model, each PRO-CTCAE item was 
imputed based on patients’ responses to that PRO-CTCAE 
item at all available cycles. In the second imputation model, 
each PRO-CTCAE item was imputed based on patients’ 
responses to that PRO-CTCAE item at all available cycles 
plus relevant CTCAE grades at week 12 (Table 1). Because 
clinician-reported adverse events were collected by start/stop 
dates in COMET-2, CTCAE grades for ongoing adverse events 
at week 12 (± 1 week) were used as auxiliary variables. For 
example, in A091105, the PRO-CTCAE item on hand-foot 
syndrome severity was imputed based on patients’ responses to 
that PRO-CTCAE item at all available cycles plus clinicians’ 
CTCAE grades for palmar-plantar erythrodysesthesia syn-
drome at week 12. Similarly, in COMET-2, the PRO-CTCAE 
item on numbness or tingling in hands or feet was imputed 
based on patients’ responses to that PRO-CTCAE item at all 
available cycles plus clinicians’ CTCAE grades for peripheral 
neuropathy at week 12. Using a fully conditional specification, 
50 imputed datasets were generated while setting the num-
ber of burn-in iterations (i.e., the number of iterations prior 
to saving each imputed dataset) to 1000. A two-sample t-test 
was performed on each imputed dataset using the REG proce-
dure (for PRO-CTCAE items assessing frequency, severity, or 
interference) or LOGISTIC procedure (for the PRO-CTCAE 
item assessing presence), and results were pooled across the 
imputed datasets using the MIANALYZE procedure.

To assess similarity of results, estimates of average treat-
ment effects at week 12 and statistical efficiency were com-
pared across strategies for addressing missing PRO-CTCAE 
scores. Statistical efficiency was measured by confidence 
interval width, with narrower confidence intervals indicating 
greater statistical efficiency.

Results

Patient demographic and disease characteristics

Of the 87 patients enrolled in A091105, 64 consented to 
participate in the correlative study. Of these 64 patients, 
36 (56.3%) were randomized to the sorafenib arm and 28 
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(43.8%) were randomized to the placebo arm. The rand-
omization ratio was not 2:1 (sorafenib:placebo) as speci-
fied in the protocol due to a randomization algorithm error 
that was detected and corrected partway through enrollment 
[5]. Patients were 65.6% female. Median age was 36.5 years 
(range = 18 to 68 years). Baseline ECOG performance status 
was 0 for 39 (60.9%) patients and 1 for 25 (39.1%) patients. 

Intraabdominal disease was present in 21 (32.8%) patients. 
Disease status was newly diagnosed for 32 (50.0%) patients, 
recurrent for 30 (46.9%) patients, and not reported for 2 
(3.1%) patients. Patients were unblinded on November 17, 
2017, and those receiving placebo were allowed to cross 
over to open-label use of sorafenib if progression had not 
yet occurred.

Table 1   CTCAE grades used as auxiliary variables in the imputation models

PRO-CTCAE item
A091105 COMET-2

CTCAE grades Week 12 
correlation CTCAE grades Week 12 

correlation
Insomnia (S) – – Insomnia 0.034
Insomnia (I) – – Insomnia − 0.027
Constipation (S) – – Constipation 0.320

Pain (F)
Abdominal pain, 
Arthralgia, 
Myalgia

0.205, 0.242, 
0.100

Back pain, Pain in 
extremity, 
Arthralgia

0.168, 0.140, 
0.312

Pain (S)
Abdominal pain, 
Arthralgia, 
Myalgia

0.151, 0.141, 
0.059

Back pain, Pain in 
extremity, 
Arthralgia

0.127, 0.088, 
0.133

Pain (I)
Abdominal pain, 
Arthralgia, 
Myalgia

0.142, 0.014, 
0.167

Back pain, Pain in 
extremity, 
Arthralgia

0.109, 0.111, 
0.222

Fatigue (S) Fatigue 0.360 Fatigue − 0.070
Fatigue (I) Fatigue 0.436 Fatigue − 0.102
Nausea (F) Nausea 0.447 Nausea 0.209
Nausea (S) Nausea 0.325 Nausea 0.112
Vomiting (F) Vomiting 0.246 Vomiting 0.427
Vomiting (S) Vomiting 0.441 Vomiting 0.445
Diarrhea (F) Diarrhea 0.096 Diarrhea 0.361

Rash (P) Papulopustular 
rash 0.302 Rash − 0.064

Hand-foot syndrome (S)  Palmar-plantar 
erythrodysesthesia
syndrome

0.487

Hand-foot syndrome (I)  Palmar-plantar 
erythrodysesthesia 
syndrome

0.395

Decreased appetite (S) Anorexia 0.374 Decreased appetite − 0.068

Decreased appetite (I) Anorexia 0.359 Decreased appetite − 0.056

Mouth/Throat sores (S) Mucositis oral 0.627 Mucositis oral 0.307

Numbness/Tingling (S) Peripheral 
neuropathy 0.225

Numbness/Tingling (I) Peripheral 
neuropathy 0.046

Shortness of breath (S) Dyspnea 0.367

Shortness of breath (I) Dyspnea 0.315

Gray shading indicates that the PRO-CTCAE item was not administered in that trial. The column of correlations provides correlations between 
each patient-reported adverse event at week 12 and its corresponding clinician-reported adverse event at week 12. In A091105, N = 51 for all 
PRO-CTCAE items at week 12 except frequency and severity of pain (N = 50). In COMET-2, N = 76 for all PRO-CTCAE items at week 12 
except severity and interference of shortness of breath (N = 75)
PRO-CTCAE Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events, CTCAE Common Terminology Cri-
teria for Adverse Events, F frequency, S severity, I interference, P presence
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Of the 119 patients enrolled in COMET-2, 107 completed 
the baseline PRO-CTCAE assessment and at least one post-
baseline PRO-CTCAE assessment and were thus included 
in this analysis. Of these 107 patients, 53 (49.5%) were 
randomized to the cabozantinib arm and 54 (50.5%) were 
randomized to the mitoxantrone-prednisone arm. Median 
age was 65 years (range = 44 to 80 years). Baseline ECOG 
performance status was 0 or 1 for 94 (87.9%) patients. All 
patients had undergone at least two prior lines of systemic 
treatment for castration-resistant metastatic prostate cancer.

PRO‑CTCAE completion

In A091105, 100.0 to 52.8% and 100.0 to 39.3% of those 
randomized to the sorafenib and placebo arms, respectively, 
completed the PRO-CTCAE assessment between baseline 
and week 32 (Table 2). When excluding patients who were 
no longer required to complete the PRO-CTCAE assess-
ment per the protocol, completion rates ranged from 100.0 to 
70.4% and 100.0 to 73.3%, respectively (Table 2). At week 

12, 13 patients did not complete the PRO-CTCAE assess-
ment due to being off randomized treatment (n = 7), not hav-
ing a clinic visit (n = 2), staff not administering the question-
naire booklet (n = 2), or unspecified reason (n = 2). Of the 
51 patients who completed the PRO-CTCAE assessment at 
week 12, 50 completed all 19 items and 1 missed 5 of the 19 
items due to skipping a page of the questionnaire booklet.

In COMET-2, 100.0 to 28.3% and 100.0 to 22.2% of 
those randomized to the cabozantinib and mitoxantrone-
prednisone arms, respectively, completed the PRO-CTCAE 
assessment between baseline and week 24 (Table 2). When 
excluding patients who were no longer required to complete 
the PRO-CTCAE assessment per the protocol, comple-
tion rates ranged from 100.0 to 68.2% and 100.0 to 81.0%, 
respectively (Table 2).

Comparison of missing data strategies

Tables 3 and 4 summarize between-arm comparisons on 
the PRO-CTCAE at week 12 based on a complete-case 

Table 2   PRO-CTCAE completion rates and available data rates

The completion rate was calculated as the ratio of the number of patients with observed PRO-CTCAE scores to the number of patients eligible to 
complete the PRO-CTCAE assessment. The available data rate was calculated as the ratio of the number of patients with observed PRO-CTCAE 
scores to the total number of patients. The PRO-CTCAE was collected after week 24 in COMET-2, but these time points were excluded from 
analysis due to fewer than 10 patients per arm still participating
PRO-CTCAE Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events
“#Completed” refers to patients who completed the PRO-CTCAE assessment, “#Eligible for completion” refers to patients who remained eligi-
ble to complete the PRO-CTCAE assessment, and “#Consented” refers to patients who consented to participate

Time point Completion rate
(#Completed/#Eligible for completion)

Available data rate
(#Completed/#Consented)

A091105

Sorafenib Placebo Sorafenib Placebo

Baseline    36/36 (100.0%)    28/28 (100.0%)    36/36 (100.0%)    28/28 (100.0%)
Week 4    34/36 (94.4%)    26/28 (92.9%)    34/36 (94.4%)    26/28 (92.9%)
Week 8    35/36 (97.2%)    24/27 (88.9%)    35/36 (97.2%)    24/28 (85.7%)
Week 12    30/34 (88.2%)    21/23 (91.3%)    30/36 (83.3%)    21/28 (75.0%)
Week 16    29/30 (96.7%)    19/22 (86.4%)    29/36 (80.6%)    19/28 (67.9%)
Week 20    28/30 (93.3%)    19/20 (95.0%)    28/36 (77.8%)    19/28 (67.9%)
Week 24    27/29 (93.1%)    14/19 (73.7%)    27/36 (75.0%)    14/28 (50.0%)
Week 28    25/28 (89.3%)    16/16 (100.0%)    25/36 (69.4%)    16/28 (57.1%)
Week 32    19/27 (70.4%)    11/15 (73.3%)    19/36 (52.8%)    11/28 (39.3%)

COMET-2

Cabozantinib Mitoxantrone-Prednisone Cabozantinib Mitoxantrone-Prednisone

Baseline    53/53 (100.0%)    54/54 (100.0%)    53/53 (100.0%)    54/54 (100.0%)
Week 3    52/53 (98.1%)    52/54 (96.3%)    52/53 (98.1%)    52/54 (96.3%)
Week 6    46/52 (88.5%)    49/53 (92.5%)    46/53 (86.8%)    49/54 (90.7%)
Week 12    37/41 (90.2%)    39/42 (92.9%)    37/53 (69.8%)    39/54 (72.2%)
Week 18    25/27 (92.6%)    17/21 (81.0%)    25/53 (47.2%)    17/54 (31.5%)
Week 24    15/22 (68.2%)    12/13 (92.3%)    15/53 (28.3%)    12/54 (22.2%)
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two-sample t-test, mixed modeling with contrast, and mul-
tiple imputation followed by a two-sample t-test in A091105 
and COMET-2, respectively. In both trials, mixed modeling 
and multiple imputation provided the most similar esti-
mates of the average treatment effect at week 12 for PRO-
CTCAE items assessing frequency, severity, or interference 
(Tables 3 and 4). In A091105, differences between these 
estimates ranged from − 0.313 to 0.131 when comparing 
the complete-case two-sample t-test and mixed modeling, 
− 0.265 to 0.103 when comparing the complete-case two-
sample t-test and multiple imputation, and − 0.060 to 0.068 
when comparing mixed modeling and multiple imputation. 
In COMET-2, differences between these estimates ranged 
from − 0.158 to 0.132 when comparing the complete-case 
two-sample t-test and mixed modeling, − 0.194 to 0.174 
when comparing the complete-case two-sample t-test and 
multiple imputation, and − 0.065 to 0.085 when comparing 
mixed modeling and multiple imputation.

In A091105, the sample size used for analysis was con-
sistently 64 (i.e., all patients enrolled who consented to par-
ticipate in the correlative study) for mixed modeling and 
multiple imputation, whereas the sample size used for analy-
sis was 50 or 51 (i.e., patients who consented to participate 
in the correlative study and completed the relevant PRO-
CTCAE item at week 12) for the complete-case two-sample 
t-test (Table 3). Mixed modeling yielded confidence inter-
vals that were 96.5% as wide as those generated by a com-
plete-case two-sample t-test, multiple imputation yielded 
confidence intervals that were 106.3% as wide as those 
generated by a complete-case two-sample t-test, and mixed 
modeling yielded confidence intervals that were 91.2% as 
wide as those generated by multiple imputation, on aver-
age, for PRO-CTCAE items assessing frequency, severity, or 
interference. In COMET-2, the sample size used for analysis 
was consistently 107 for mixed modeling and multiple impu-
tation, whereas the sample size used for analysis was 75 or 

Table 5   CTCAE grades at week 
12

CTCAE Common Terminology Criteria for Adverse Events

CTCAE term CTCAE grade

0 1 2 3 4 5

A091105
 Fatigue 40 21 2 1 – –
 Papulopustular rash 54 10 – – – –
 Palmar-plantar erythrodysesthe-

sia syndrome
46 15 3 – – –

 Diarrhea 54 8 1 1 – –
 Anorexia 55 7 2 – – –
 Nausea 49 13 2 – – –
 Vomiting 60 3 1 – – –
 Abdominal pain 58 3 2 1 – –
 Mucositis oral 61 3 – – – –
 Arthralgia 57 7 – – – –
 Myalgia 60 4 – – – –

COMET-2
 Insomnia 97 6 3 1 – –
 Constipation 79 16 10 2 – –
 Back pain 93 2 7 5 – –
 Pain in extremity 97 4 5 1 – –
 Arthralgia 96 5 6 – – –
 Fatigue 69 10 24 4 – –
 Nausea 77 17 11 2 – –
 Vomiting 93 10 3 1 – –
 Diarrhea 89 13 5 – – –
 Rash 103 3 1 – – –
 Decreased appetite 79 16 10 2 – –
 Peripheral neuropathy 96 5 6 – – –
 Mucositis oral 98 6 2 1 – –
 Dyspnea 92 12 2 1 – –
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76 for the complete-case two-sample t-test (Table 4). Mixed 
modeling yielded confidence intervals that were 87.8% as 
wide as those generated by a complete-case two-sample 
t-test, multiple imputation yielded confidence intervals that 
were 99.1% as wide as those generated by a complete-case 
two-sample t-test, and mixed modeling yielded confidence 
intervals that were 88.7% as wide as those generated by mul-
tiple imputation, on average, for PRO-CTCAE items assess-
ing frequency, severity, or interference.

CTCAE grades as auxiliary variables

Table  5 provides CTCAE grades for A091105 and 
COMET-2 at week 12. Notably, the proportion of nonzero 
CTCAE grades in A091105 was very low for several 
clinician-reported adverse events. In A091105, correla-
tions between the PRO-CTCAE items and corresponding 
CTCAE grades at week 12 varied widely (range = 0.014 
to 0.627; Table 1). The strongest correlation occurred 
between patient-reported severity of mouth or throat sores 
and clinician-reported mucositis oral (r = 0.627), though 
this correlation was inflated due to observing very few 
nonzero CTCAE grades for mucositis oral at week 12 (i.e., 
3/64, 4.7%; Table 5). Other strong correlations occurred 
between patient-reported severity of hand-foot syndrome 
and clinician-reported palmar-plantar erythrodysesthe-
sia syndrome (r = 0.487), patient-reported frequency of 
nausea and clinician-reported nausea (r = 0.447), patient-
reported severity of vomiting and clinician-reported vomit-
ing (r = 0.441), and patient-reported interference of fatigue 
and clinician-reported fatigue (r = 0.436). The weakest 
correlations occurred between patient-reported interfer-
ence of pain and clinician-reported arthralgia (r = 0.014), 
patient-reported severity of pain and clinician-reported 
myalgia (r = 0.059), and patient-reported frequency of 
diarrhea and clinician-reported diarrhea (r = 0.096).

Relative to A091105, COMET-2 had a much higher 
proportion of nonzero CTCAE grades due to targeting a 
more advanced cancer patient population and adminis-
tering a more toxic chemotherapy regimen (Table 5). In 
COMET-2, correlations between the PRO-CTCAE items 
and corresponding CTCAE grades at week 12 varied 
widely (range = − 0.102 to 0.445; Table 1). The strongest 
correlations occurred between patient-reported frequency 
and severity of vomiting and clinician-reported vomit-
ing (r = 0.427 and 0.445, respectively). Clinician-reported 
insomnia, fatigue, decreased appetite, and peripheral neu-
ropathy did not strongly correlate with their patient-reported 
counterparts (range = − 0.102 to 0.046; Table 1).

In both trials, between-arm comparisons on the PRO-
CTCAE at week 12 were similar regardless of whether 
CTCAE grades were included in the imputation model 
(Tables 3 and 4). Including clinicians’ CTCAE grades did 

not consistently narrow the confidence intervals associated 
with these average treatment effects (Tables 3 and 4). In 
A091105, on average, multiple imputation with auxiliary 
variables yielded confidence intervals that were 98.0% as 
wide as those generated by multiple imputation without aux-
iliary variables. When included in the imputation model, 
the CTCAE grades with the weakest correlations with the 
PRO-CTCAE scores widened the confidence intervals (max-
imum = 106.7% as wide as the confidence interval generated 
by multiple imputation without auxiliary variables). Simi-
larly, in COMET-2, on average, multiple imputation with 
auxiliary variables yielded confidence intervals that were 
101.3% as wide as those generated by multiple imputation 
without auxiliary variables. These results are consistent with 
the correlation patterns observed among the PRO-CTCAE 
items and CTCAE grades in this sample. That is, correla-
tions for the same PRO-CTCAE item between different 
cycles were generally stronger than correlations between 
each PRO-CTCAE item and its corresponding CTCAE 
grade at the same cycle. These results are also consistent 
with the data sparseness observed for several clinician-
reported adverse events. That is, in A091105, most CTCAE 
grades equaled 0 or 1 at week 12 (Table 5).

Conclusion

Properly handling missing PRO-CTCAE scores supports 
more accurate and generalizable causal inferences regarding 
treatment tolerability. In this paper, we conducted between-
arm comparisons while applying the following strategies 
for addressing missing PRO-CTCAE scores in A091105 
and COMET-2: complete-case two-sample t-test, mixed 
modeling with contrast, and multiple imputation followed 
by a two-sample t-test. In both trials, mixed modeling and 
multiple imputation provided the most similar estimates of 
the average treatment effect. These results are unsurprising 
because, unlike a complete-case two-sample t-test, mixed 
modeling and multiple imputation provide unbiased param-
eter estimates under a missing at random mechanism and do 
not exclude patients with missing scores—highly desirable 
features per the SISAQOL Consortium [7].

We also performed multiple imputation with and with-
out CTCAE grades as auxiliary variables to assess the 
added benefit of including CTCAE grades in the imputa-
tion model relative to only including PRO-CTCAE scores 
across all cycles. Our results suggest that CTCAE grades 
can inform missing PRO-CTCAE scores for any adverse 
events that show strong agreement between clinician and 
patient reports, though model simplicity and computational 
ease may warrant use of other strategies. In A091105 and 
COMET-2, inclusion of CTCAE grades in the imputation 
model was not worthwhile because the strongest correlations 
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occurred among the same PRO-CTCAE item at different 
cycles. These results make sense because the information 
provided by patients often differs from the information pro-
vided by clinicians. Thus, we recommend using patients’ 
PRO-CTCAE scores for the same symptom at different 
cycles to inform patients’ missing PRO-CTCAE scores. 
This can be accomplished via mixed modeling or multiple 
imputation. Although multiple imputation is widely avail-
able in statistical software packages, multiple imputation is 
much more demanding procedurally than mixed modeling. 
The user must examine convergence diagnostics; ensure the 
imputation model includes all the analysis variables; create, 
manage, and analyze multiple imputed datasets; and pool 
the results. The extent to which statistical software packages 
automate this procedure varies. Conducting mixed modeling 
for PRO-CTCAE items assessing frequency, severity, or 
interference is consistent with recommendations outlined 
by the SISAQOL Consortium [7]. However, multiple impu-
tation may outperform mixed modeling for PRO-CTCAE 
items assessing presence as mixed modeling can result in 
convergence issues with binary endpoints.

Limitations of this work include our focus on two phase 
III trials with modest sample sizes. Examining other phase 
II and phase III trials as well as other patient populations 
may improve the generalizability of these results. However, 
the A091105 and COMET-2 sample sizes are not atypical 
for plausible applications of these strategies for addressing 
missing PRO-CTCAE scores. Another limitation is our focus 
on the similarity of parameter estimates and differences in 
statistical efficiency across the complete-case two-sample 
t-test, mixed modeling with contrast, and multiple imputa-
tion followed by a two-sample t-test. Because we did not 
simulate the data, we cannot calculate bias of the parameter 
estimates. However, our results can serve as the basis for a 
future simulation study evaluating strategies for addressing 
missing PRO-CTCAE scores.

In summary, using patients’ PRO-CTCAE scores for the 
same symptom at different cycles to inform patients’ miss-
ing PRO-CTCAE scores can mitigate problems associated 
with missing scores. Accurately evaluating patients’ PRO-
CTCAE scores promotes the safety and tolerability of treat-
ments as well as improves the implementation and interpre-
tation of cancer clinical trials.

Author contributions  GLM and ACD formulated the research ques-
tion and designed the study. MMP, BG, ad AJZ prepared the data for 
analysis. MMP and GLM analyzed the data. GLM led the writing of the 
manuscript. MMP created the tables. MMG, GKS, MRM, EB, ACD, 
BG, and AJZ contributed to the conduct and primary analysis of Alli-
ance A091105. EB and ACD contributed to the conduct and primary 
analysis of COMET-2. All authors interpreted the results as well as 
reviewed and approved the manuscript for publication.

Funding  Research reported in this publication was supported by 
the Daniel J. Sargent, Ph.D., Career Development Award in Cancer 
Research and by the National Cancer Institute of the National Institutes 
of Health under the Award Number U01CA233046 (Analyzing and 
Interpreting PRO-CTCAE with CTCAE and Other Clinical Data to 
Characterize Drug Tolerability), UG1CA189823 (Alliance for Clinical 
Trials in Oncology NCORP Grant), UG1CA233373, UG1CA232760, 
and UG1CA233290. Alliance A091105 was supported in part by Bayer. 
COMET-2 was sponsored and funded by Exelixis, Inc. The content is 
solely the responsibility of the authors and does not necessarily repre-
sent the official views of the National Institutes of Health (https://​ackno​
wledg​ments.​allia​ncefo​und.​org).

Data availability  Alliance A091105 data are available by request 
through the Alliance for Clinical Trials in Oncology. Regarding 
COMET-2, the policy of Exelixis is to make clinical data available 
upon reasonable request.

Code availability  SAS 9.4 code for these analyses are available by 
request through the corresponding author.

Declarations 

Conflict of interest  The authors declare that they have no competing 
interests pertaining to this analysis. Competing interests pertaining to 
Alliance A091105 were reported in Gounder et al. Competing interests 
pertaining to COMET-2 were reported in Basch et al.

Ethical approval  Alliance A091105 and COMET-2 were conducted in 
accordance with the Declaration of Helsinki and Good Clinical Prac-
tice guidelines. The Alliance A091105 and COMET-2 protocols were 
approved by the institutional review board or ethics committee at each 
participating site.

Consent to participate  All Alliance A091105 and COMET-2 patients 
provided written informed consent for participation.

Consent for publication  Alliance A091105 and COMET-2 patients 
provided written informed consent for publication.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Basch, E., et al. (2014). Development of the National Cancer Insti-
tute’s Patient-Reported Outcomes version of the Common Termi-
nology Criteria for Adverse Events (PRO-CTCAE). Journal of the 
National Cancer Institute. https://​doi.​org/​10.​1093/​jnci/​dju244.

	 2.	 National Cancer Institute Division of Cancer Control and 
Population Sciences. (2019). Patient-Reported Outcomes ver-
sion of the Common Terminology Criteria for Adverse Events 

https://acknowledgments.alliancefound.org
https://acknowledgments.alliancefound.org
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/jnci/dju244


1080	 Quality of Life Research (2022) 31:1069–1080

1 3

(PRO-CTCAE). Retrieved January 1, 2018 from https://​healt​hcare​
deliv​ery.​cancer.​gov/​pro-​ctcae/.

	 3.	 Basch, E. (2010). The missing voice of patients in drug-safety 
reporting. The New England Journal of Medicine, 362(10), 
865–869.

	 4.	 Basch, E., et al. (2017). Overall survival results of a trial assessing 
patient-reported outcomes for symptom monitoring during routine 
cancer treatment. Journal of the American Medical Association, 
318(2), 197–198.

	 5.	 Gounder, M. M., et al. (2018). Sorafenib for advanced and refrac-
tory desmoid tumors. New England Journal of Medicine, 379(25), 
2417–2428.

	 6.	 Basch, E. M., et al. (2019). Cabozantinib versus mitoxantrone-
prednisone in symptomatic metastatic castration-resistant prostate 
cancer: A randomized phase 3 trial with a primary pain endpoint. 
European Urology, 75(6), 929–937.

	 7.	 Coens, C., et al. (2020). International standards for the analysis of 
quality-of-life and patient-reported outcome endpoints in cancer 
randomised controlled trials: Recommendations of the SISAQOL 
Consortium. The Lancet Oncology, 21(2), e83–e96.

	 8.	 Collins, L. M., Schafer, J. L., & Kam, C.-M. (2001). A compari-
son of inclusive and restrictive strategies in modern missing data 
procedures. Psychological Methods, 6(4), 330–351.

	 9.	 Enders, C. K. (2001). The impact of nonnormality on full infor-
mation m aximum-likelihood estimation for structural equation 
models with missing data. Psychological Methods, 6(4), 352–370.

	10.	 Enders, C. K. (2010). Applied missing data analysis. Guilford 
Press.

	11.	 Graham, J. W., & Collins, L. M. (2012). Using modern missing 
data methods with auxiliary variables to mitigate the effects of 
attrition on statistical power. In J. W. Graham (Ed.), Missing data: 
Analysis and design (pp. 253–275). Springer.

	12.	 Enders, C. K. (2008). A note on the use of missing auxiliary vari-
ables in full information maximum likelihood-based structural 
equation models. Structural Equation Modeling, 15(3), 434–448.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://healthcaredelivery.cancer.gov/pro-ctcae/
https://healthcaredelivery.cancer.gov/pro-ctcae/

	Missing data strategies for the Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE) in Alliance A091105 and COMET-2
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Plain English summary
	Introduction
	Methods
	Patients, measures, and procedures
	Statistical analysis

	Results
	Patient demographic and disease characteristics
	PRO-CTCAE completion
	Comparison of missing data strategies
	CTCAE grades as auxiliary variables

	Conclusion
	References




