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Background Adverse event reporting in oncology trials lacks temporal description. We propose a toxicity summariz-
ing method that incorporates time.

Methods Patients recruited in a phase III trial (NCT01279135) that compared three-dimensional conformal radio-
therapy (3DCRT) and intensity modulated radiotherapy (IMRT) for late toxicity in cervical cancer were included.
Adverse events were reported using Common Terminology Criteria for Adverse Events (CTCAE) v3.0 and quality of
life (QOL) with EORTC QLQ-C30 and CX24. A total of six symptoms with a related QOL question (diarrhoea,
abdominal pain, anorexia, urinary incontinence, frequency and fatigue) were included. Month and severity score
[MOSES=

P
(CTCAE grade x proportionate time)] was calculated. Cumulative-MOSES (C-MOSES) was calculated

by summating these 6 individual MOSES. QoL was categorized as "substantially symptomatic" or “not”. Receiver
operator curve analysis was performed to determine the MOSES cut off that predicts for substantial QOL symptoms.
CTCAE and MOSES were tested for accurately categorizing QOL impact.

Findings In the construction dataset, 201/300 patients had symptoms. MOSES > 0.20 had higher accuracy than
CTCAE for predicting impact on QOL related to diarrhoea (85% vs. 69%), anorexia (61% vs 51%), abdominal pain
(71% vs. 57%), urinary incontinence (72% vs. 61%) and frequency (62% vs. 59%). C-MOSES > 0¢70 correlated with
reduction in role functioning and global QOL. While no difference was seen in CTCAE grade ≥1 Gastrointestinal
(GI) toxicity between 3DCRT or IMRT arm, 3DCRT had higher C-MOSES than IMRT (HR=0.64;95% CI 0.41
−0.99, p = 0.04).

Interpretation MOSES has higher accuracy than CTCAE in categorizing symptom specific and functional QOL.
These results require further external validation.
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Introduction
The last two decades have witnessed a rapid evolution of
radiation technology, systemic therapies including tar-
geted agents and immunotherapy, and increasing
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Research in Context

Evidence before this study

We searched MEDLINE, Embase, the JBI Evidence-based
Practice Database, and the Cochrane Database of Sys-
tematic Reviews from 1990 to 2021. Search terms
included [MeSH Terms] “late toxicity reporting”, “sum-
marizing late toxicity”, “toxicity in oncology trials” and
“alternative toxicity reporting methods”. We observed
that late toxicity reporting in most of the oncology trials
was based on reporting the moderate to severe grade
of toxicity in different organ systems with limited infor-
mation on evolution of adverse effects and their tempo-
ral course. Furthermore, lower grades of toxicity
(persistent or otherwise) are seldom reported. Adverse
event reporting systems like TAME, Tox-T and LAPERS
have been developed and used for a more comprehen-
sive description sometime also reflecting impact on
QOL.

Added value of this study

We developed a new method of summarizing physi-
cian-reported toxicity to predict patient-reported QOL.
MOSES allows for summation of time weighted toxicity
scores across organ systems leading to a cumulative
numerical toxicity burden score (C-MOSES). New scores
like these, which can summate multisystem events, also
have the possibility of providing a more comprehensive
differentiation of treatment interventions and can possi-
bly be complementary to CTCAE.

Implications of all the available evidence

MOSES incorporates the dimension of time, the multi-
plicity of events and provides weightage to persistent
lower grades of toxicity and hence, provides a more
complete, longitudinal numerical depiction of adverse
events than CTCAE including the possibility to summate
overall symptom burden into a single score. The initial
methodological development and internal validation
has been performed. However, further external valida-
tion is needed to further test it’s robustness and
performance.
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combination treatments.1-7 Also, in recent years, there
has been an increased focus on radiation dose escalation
and an increase in the use of abbreviated or hypo-frac-
tionated schedules.8-10 Strategies to improve disease
outcomes or reduce the treatment duration are likely to
be associated with an increase in treatment-related toxic-
ity burden. When different treatment options are avail-
able, the choice of treatment is based on the
intervention effect that also includes risk-benefit (or
therapeutic) ratio. Therefore, it is important to summa-
rize overall adverse events to represent the overall mor-
bidity that any treatment entails. While most
randomized trials report adverse events using common
terminology criteria for adverse events (CTCAE), it's
often summarized as the maximum grade of toxicity
across an organ system. It does not take into consider-
ation the multiplicity of events within an organ system
and the temporal course of events. This is important for
adverse events that persist and could therefore impact
the patients long term quality of life (QOL). While late
adverse events are observed with many oncological
interventions their occurrence is best reported in
patients receiving radiation treatment. However, cur-
rently, there is no recommended method to account for
persistence or change in the severity of toxicity during
long term follow up. Also, when patients experience
multi-organ symptoms (e.g. diarrhoea and urinary
incontinence) or multiple symptoms within an organ
system (e.g. nausea, diarrhoea and bleeding per rec-
tum), there is no straightforward way of summarizing
the combined impact of adverse events. Another impor-
tant aspect of adverse event reporting is the need to
incorporate patient-reported outcome measures in the
final adverse events summary. Multiple studies have
demonstrated the discordance between physician and
patient-reported events.8,9 The current methods of QOL
reporting focus on reporting QOL as "before-after" or at
"predefined multiple time point based analysis" for the
entire cohort.8-12 While the existing clinical reporting
methods may provide crude incidence and snapshots of
toxicity related endpoints, comprehensive adverse event
reporting that takes temporal trends of multi-organ sys-
tems into account is desirable. This may possibly be
more representative of the patient's QOL and help in
better understanding of impact of any treatment inter-
vention on morbidity.

Innovative methods for summarizing toxicity have
also been reported in the past. TAME method13 integra-
tes time and multiplicity with the severity of toxicity. It
summarizes adverse-event data by assigning three dif-
ferent scores- T-score for acute toxicity (T), A-score for
late toxicity (A), M score for mortality risk (M) due to
toxicity, and finally combining all of them to generate
results (E). TAME method concluded that CTCAE maxi-
mum grade method excluded 29−70% of acute adverse
events. There was a 500% increase in the relative toxic-
ity burden when different treatment regimens were
compared, which standard methods of reporting did not
encompass. The Toxicity over Time (ToxT)14 approach
used area under the curve (AUC) analyses to summa-
rize adverse event profiles over the entire course of a
study.8 However, limitations of this methodology were
statistical complexity, heterogeneity, and absence of
interpretability. More recently, for summarizing late
toxicity in gynaecological cancers LAPERS15 (Late, per-
sistent, substantial, treatment-related symptoms after
radiotherapy) system was developed. LAPERS is a
binary scoring system that categorizes patients as
LAPERS or non-LAPERS depending upon the deteriora-
tion of symptoms from baseline. It is assessed in each
patient and for each symptom separately and can be
www.thelancet.com Vol 47 Month May, 2022
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used for both physicians or patients reported symptoms.
It takes the duration of symptoms into account by defin-
ing the persistence of substantial symptoms in half of
the follow-ups and therefore rare adverse events. Limita-
tions of LAPERS include the binary categorization, and
as may be expected, all LAPERS or non-LAPERS
patients do not have the same burden of toxicity. Also, it
is limited in reflecting the lower grade persistent, iso-
lated severe symptoms and temporal course of toxicity.

To overcome the limitations of the above toxicity
reporting systems, we developed themonth and severity
score (MOSES) system that imputes time weightage to
the CTCAE score. We hypothesize that such a method
of summarizing adverse events in addition to CTCAE
could predict with higher accuracy the impact of thera-
peutic intervention on a patient's QOL. In this paper,
we report the methodological development and initial
validation of MOSES.
Methods

Study design
For the purpose of the study patients recruited into the
PARCER trial, a phase III RCT of postoperative image-
guided intensity-modulated radiotherapy (IG-IMRT) vs
three-dimensional conformal radiation therapy (3D-
CRT) for late toxicity reduction (NCT01279135) were
included.4 The primary endpoint of the PARCER trial
was physician reported grade ≥ 2 late gastrointestinal
(GI) toxicity.4 A total of 300 patients were randomized
to 3D-CRT and IG-IMRT. Patients received after surgery
50 Gy/25#/5weeks along with concurrent weekly cis-
platin (40 mg/m2) followed by 2 # of high dose rate
brachytherapy of 6 Gy each. Prospectively data on acute
and late adverse events were recorded for GI, Genito-
urinary (GU) and haematolymphoid system using
CTCAE reporting. In addition, lymphedema, fatigue
and constitutional symptoms were assessed at time
points of pre-treatment, during radiation treatment and
on each scheduled follow-up (every 3 monthly for the
first 2 years and 6 monthly thereafter). GI adverse event
assessment included diarrhoea, perforation, obstruc-
tion, distension, anorexia, malabsorption, nausea, vom-
iting, necrosis, ulcer, haemorrhage, pain and
constipation. GU toxicities included cystitis, urinary fis-
tula, frequency, incontinence and bladder spasm.
EORTC QLQ-C30 and QLQ-CX24 modules were used
for QOL assessment at corresponding time points. The
final study analyses that used CTCAE maximum grade
method demonstrated the lower late GI grade ≥2 toxic-
ity with IG-IMRT and were recently reported.4
Data collection
Institutional ethics committee approval was obtained to
access the study database for development of MOSES
www.thelancet.com Vol 47 Month May, 2022
system. Patients consented for participation in the index
trial and provided permission of use of toxicity data.
Additional consent was not needed for this study. The
methodological development did not employ interven-
tion attribution and included all patients with adverse
events irrespective of allocated intervention in the index
trial. Out of all the available adverse events, we selected
a total of six different late toxicities - three GI toxicities
(diarrhoea, abdominal pain and anorexia), two GU toxic-
ities (urinary incontinence and urinary frequency) and
fatigue (Figure 1). These also constituted the most com-
mon late adverse events and had a corresponding QOL
question in EORTC QLQ-C30 or QLQ-CX24.

For inclusion in the present study, patients should
have been symptomatic either on physician assessment
(CTCAE grade >0) or on patient-reported assessment
(QOL) that was performed > 90 days of treatment com-
pletion.11 The last date of adverse events data collection
for this study corresponded to the most recent clinical
follow up in the absence of disease relapse. In patients
with disease relapse, the adverse event and QOL data at
the time of relapse was excluded therefore making
adverse event and QOL available only until the preced-
ing follow up (at least 90 days before disease relapse).
This was done to ensure that disease and adverse events
symptoms do not overlap for assessment. Patients who
had no adverse events on either physician or patient-
reported assessment or had clinical follow up of <12
months or disease relapse before 12 months were
excluded. For the present study, the maximum CTCAE
grade for GI, GU and fatigue subscales was recorded
from the trial database.
MOSES calculation
In the proposed methodology, two types of scores were
allocated to each adverse event-proportional time score
(P) for the duration of time spent in a particular grade
of adverse event (proportion of the number of months
of follow up) and severity score (S) for the grade of toxic-
ity (CTCAE grade). For allocating a score to an individ-
ual patient, the total duration of follow up was first
calculated in months, and then proportional time score,
i.e. the proportion of duration spent in different grades
of toxicity, was calculated. For each proportional dura-
tion of follow up, a severity score (S) was assigned for
each symptom based on the corresponding CTCAE
grade in the database. The final score was then calcu-
lated as Ʃ (P x S). For example, a patient who spends 12
out of 24 months in Grade 1 toxicity and 12 months
without any toxicity will have a proportionate score of
12/24= 0¢50 and severity score of 1 corresponding to
CTCAE grade 1, which will assign a final score of
0.50 £ 1 = 0¢50. Another patient who spends two out of
24 months in Grade 3, two out of 24 months in grade 2
and one out of 24 months in grade 1 toxicity will have a
final score of (2/24 £ 3 + 2/24 £ 2 + 1/24 £ 1) =0¢45.
3



Figure 1. Flow diagram describing selection of patients and process for the development of MOSES reporting system.
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Examples of calculation of MOSES is summarised in
supplementary Table 1. Using similar weightage for
each of the six toxicities, a cumulative MOSES (C-
MOSES) score was calculated by summating MOSES of
individual adverse event items [C-MOSES= MOSES
(Diarrhoea+ Anorexia+ Pain+ Urinary Frequency+ Uri-
nary Incontinence+ Fatigue)].
QOL scoring
QOL scoring was performed as per the standard recom-
mendations using the corresponding questions from
EORTC QLQ-C30 and QLQ-CX24 questionnaires for
specific toxicities.11 Higher scores in the functional
domain suggested a higher level of functioning, and a
higher score in the symptom’s domain suggest more
www.thelancet.com Vol 47 Month May, 2022
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symptoms. Traditional QOL scoring evaluates symptom
changes over time, and patients QOL at different prede-
fined time points is assessed to understand the impact
of an intervention.11,12 However, in between these prede-
fined time-points, there could be an improvement or
deterioration in QOL. Therefore, to evaluate the perfor-
mance of MOSES, we categorized QOL as “substantially
symptomatic on QOL reporting” and “insignificant
change in QOL”, where substantially symptomatic on
QOL reporting was defined as “symptomatic with any
score for at least 50% of follow-ups.”

For the purpose of this study, missing CTCAE and
QOL data was considered as missing at random. The
missing data was imputed only if the duration of miss-
ing consecutive follow-ups was ≤12 months. In such a
case the scores of preceding and subsequent follow up
was assumed for each half of the missing follow up. If
follow up was not attended for >12 consecutive months,
data collection was censored at last such time point of
consecutive follow up to avoid over imputation. For
example, if patient attended 36 months of follow up and
then directly came after 24 months for regular follow
up. In such a case only 36 months of CTCAE and QOL
data was considered for this study.
Analysis of intervention effects using CTCAE and
MOSES
Though the MOSES development did not assume inter-
vention effect or attribution, we reanalysed the gastroin-
testinal adverse events index trial (PARCER) to
internally validate MOSES within the construction data
set. The PARCER trial4 was designed to determine dif-
ference in late GI grade ≥ 2 toxicities between 3DCRT
and IG-IMRT. As MOSES development included all
grades of toxicity therefore for this exploratory valida-
tion, we used all grades of CTCAE GI toxicity therefore
categorizing CTCAE as grade ≥ 1 vs. not and GI C-
MOSES as ≥0.70 and <0.70.
1 TAH+BSO: Total abdominal hysterectomy with bilateral sal-

pingooophrectomy; CTRT: Chemoradiation; RT: Radiation;3D:

Three dimensional;IMRT: Intensity Modulated Radiation

Therapy;VMAT:Volumetric Modulated Arc Therapy.
Statistical analysis
Considering patient-reported QOL as the gold standard,
both MOSES and CTCAE system were tested for identi-
fying patients who were “substantially symptomatic on
QOL reporting”. With MOSES as the “test factor” and >
50% symptomatic QOL status as the “event of interest”,
the cut-off score of MOSES to predict deterioration in
QOL was assessed using receiver operator characteris-
tics (ROC) analysis. All patients, including those with
MOSES score of zero (i.e. no physician-reported adverse
events but with patient-reported symptoms on QOL),
were included. A cut off was selected that provided a bal-
ance between sensitivity and specificity. All adverse
event MOSES were categorized across the selected
threshold for further analysis. While there was a minor
variation in this cut off for various toxicity endpoints,
www.thelancet.com Vol 47 Month May, 2022
the score was rounded off to a uniform value of 0¢20 for
ease of applicability. For the cumulative MOSES (C-
MOSES), the chosen cut off was 0¢70 as a vast majority
of symptomatic patients have 3−4 symptoms related to
GI. To assess stability of the chosen cut off sensitivity
analysis for the choice of cut-offs was performed using
MOSES cut off between a 0.15−0.25 and QOL categori-
zation definition of >25%,>50%, and >75%.

CTCAE was categorized Grade ≥1 or grade 0. Chi-
square test was used to test the discriminatory ability of
CTCAE and MOSES in categorizing patients as
“substantially symptomatic on QOL reporting or not”.
p-value < 0¢05 was considered statistically significant.
Similarly, C-MOSES and CTCAE maximum grade was
tested for their ability to predict substantial change in
QOL (symptom scales and functional scales). Accuracy
of CTCAE was calculated as the number of patients
with [CTCAE Grade ≥ 1 with substantial QOL
change + CTCAE Grade = 0 with insignificant QOL
Change]/ total number of patients. Similarly, the accu-
racy of MOSES was calculated as =number of patients
with [MOSES ≥ 0¢2 with substantial QOL
change + MOSES<0¢2 with insignificant QOL Change]/
total number of patients.

The GI adverse events in the index trial were reana-
lysed using cumulative incidence (1-Kaplan Meier)
method both with CTCAE and C-MOSES. The interven-
tions (3DCRT or IG-IMRT) were compared for their
impact on late GI toxicity for each of the toxicity report-
ing methods.
Role of the funding source
No specific funding was obtained for this study. The pri-
mary data set was acquired from the database of the
phase III trial, and its funders had no role in this study
design, analysis, interpretation or writing of this report.
The principal investigator (SC) and designated study
staff had access to the complete dataset along with the
final responsibility to submit this manuscript for publi-
cation.
1Results
Out of the 300 patients randomized in the phase III
trial, 201 patients who had any of the six listed long-
term adverse events either in physician or patient-
reported outcomes were included [supplementary Table
2]. Table 1 shows the baseline characteristics of the
study population. As per the CTCAE method, a total of
371, 51, 8 and 1 grade 1,2,3,4 adverse events [Table 2]
were reported with a total of 431 events [median of
5



Age, median in years (range) 50 years (31−83)

BMI Mean (range) 24 (13¢7−37¢1)
≥ 24 100 (49¢8%)

<24 101 (50¢2%)

Comorbidities at diagnosis 33 (16¢4%)

Hypertension 24 (12%)

Diabetes Mellitus 15 (7¢5%)

Histology

Squamous cell carcinoma 78¢1%
Adenocarcinoma 19¢4%
Adeno-squamous cell carcinoma 2¢5%
Type of surgery

Simple hysterectomy 40%

Wertheim hysterectomy 45%

TAH+BSO 7%

Adjuvant treatment

CTRT 78%

RT alone 22%

EBRT technique

3D conformal 49%

IMRT/VMAT 51%

Overall Treatment time, Mean(Range, in days) 51 (38−77)
a

Table 1: Patient, disease and treatment characteristics (n = 201).
a BMI: Body Mass Index; TAH+BSO: Total abdominal hysterectomy

and bilateral salpingoophrectomy; CTRT: Chemoradiation; RT: Radiation;

3D: Three Dimensional; IMRT: Intensity Modulated Radiotherapy;

VMAT: Volumetric Modulated Arc Therapy.

CTCAEToxicity No¢ of patientsa (out of 300) Grade 0b

Diarrhoea 80 55

Anorexia 100 67

Abdominal Pain 162 29

Urinary frequency 123 59

Urinary incontinence 82 42

Fatigue 157 21

Table 2: Distribution of CTCAE grades for various adverse events amon
a These are patients who either had physician or patient reported toxicity in

CTCAE recording were 2 (0−6).
b The grade 0 patients are those who were scored grade 0 by the physician but

Symptom Diarrhoea Abdominal pain Anorexia

CTCAE Grade 1 0.14(0.04−0.32) 0.19 (0.03−0.61) 0.20(0.03−0.65)

CTCAE Grade 2 0.46(0.18−0.63) 0.43 (0.14−0.91) NA

CTCAE Grade 3 0.85(0.23−2.13) 1.23 (1.04−1.43) NA

CTCAE Grade 4 NA NA NA

Table 3: Mean MOSES of each grade of all adverse event items tested fo
NA=Not applicable.
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2 events/patient (range 0−6)] . Additionally, many
patients reported impaired QOL, whereas, on CTCAE,
grade 0 was allocated by the physician. [Table 2]
Symptom specific MOSES
GI toxicity. Table 3 summarizes the mean MOSES
across different CTCAE grades of GI toxicity. As a first
example, the temporal course (evolution and resolution)
of toxicity in patients with CTCAE grade 1−3 diarrhoea
is summarized in Figure 2a-b. For each of these
patients, CTCAE grade and their corresponding MOSES
is depicted in Figure 3. As seen in Table 3, MOSES for
CTCAE grade 3 diarrhoea ranges from 0¢23 to 2¢13,
which is almost a 10-fold change within the same
CTCAE grade that can be attributed to the duration
spent with symptoms of toxicity (Figure 3). Similarly, in
patients with CTCAE grade 2 diarrhoea, MOSES had a
range of 0¢18 to 0¢63, almost a 3-fold change. MOSES
predicted with higher accuracy diarrhoea related impact
on QOL than CTCAE (85% vs. 69%, p value= 0.001).

For abdominal pain, MOSES across different CTCAE
grades are shown in Table 3 and supplementary figure
1a-d, in which the variation and overlap of scores can be
observed. Both CTCAE and MOSES correlated signifi-
cantly with QOL (Table 4), but the accuracy of CTCAE
in predicting impact on QOL was lower than MOSES
(57% and 71%, respectively). For anorexia, 100 patients
with symptoms were included of which 67% had grade
0 allocated by physicians on CTCAE and 33% had grade
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

17 4 4 0 0

33 0 0 0 0

107 24 2 0 0

57 6 0 1 0

37 2 1 0 0

120 15 1 0 0

gst study population.
the entire study cohort. The median number of symptoms per patient on

have reported any symptom on patient reported QOL questionnaire.

Urinary incontinence Urinary frequency Fatigue

0.16 (0.03−0.56) 0.17 (0.04−0.56) 0.27 (0.04−1)

0.40 (0.39−0.41) 0.40 (0.13−1.04) 0.54 (0.14−1.17)

0.67 (0.67) NA 0.71 (0.71)

NA 0.45 (0.45) NA

r the study.

www.thelancet.com Vol 47 Month May, 2022



Figure 2. (a) Longitudinal profile of CTCAE grading for patients with diarrhoea on physician reporting for the duration of their
scheduled clinical follow up. Colours reflect the physician reported CTCAE grade 0 (light green), grade 1 (light blue), grade 2 (dark
blue), and grade 3 (dark red). Missing colour blocks represent missed clinical follow up. (b) Longitudinal profile of QOL responses of
patients with diarrhoea as per scheduled clinical follow up. Colours reflect the EORTC answers “not at all” (light green), “a little” (light
blue), “quite a bit” (dark blue),“very much” (dark red). Missing blocks represent missing clinical follow up or missing QOL scoring.
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Figure 3. Distribution of MOSES across different grades of diarrhoea. For grade 1, MOSES range was from 0.04 to 0.32, for Grade 2
MOSES ranges from 0.18 to 0.63 and MOSES for Grade 3 ranges from 0.23 to 2.13.

QOL Symptoms CTCAE maximum grade method MOSES Method

Sensitivity Specificity Accuracy p-value (’*) Sensitivity Specificity Accuracy p-value (’*) AUC

Diarrhoea 50% 73% 69% 0.096 (0.186) 43% 94% 85% 0¢001 (0¢42) 0.67

Anorexia 25% 63% 51% 0¢24 (0¢11) 9% 85% 61% 0¢4 (0¢02) 0.45

Abdominal Pain 88% 24% 57% 0¢046 (0¢156) 58% 85% 71% 0¢001 (0¢45) 0.76

Urinary incontinence 65% 59% 61% 0¢04 (0¢226) 30% 91% 72% 0¢01 (0¢27) 0.65

Urinary frequency 63% 56% 59% 0¢045 (0¢18) 21% 91% 62% 0¢06 (0¢16) 0.63

Fatigue 90% 24% 76% 0.03 (0¢165) 63% 70% 64% 0¢001 (0¢27) 0.71

QOL functional Domains CTCAE maximum grade Cumulative-MOSES

Physical function 87% 13% 70% 0¢982 (0.002) 56% 65% 58% 0¢003 (0¢213) 0.67

Role function 86% 13% 31% 0¢892 (0.10) 46% 80% 72% 0¢001 (0¢256) 0.68

Social function 85% 10% 67% 0¢088 (0¢153) 27% 100% 28% 0¢22 (0¢085) 0.77

Global health status/QOL 22% 90% 38% 0¢446 (0.54) 32% 92% 47% 0¢001 (0¢235) 0.59

Table 4: Sensitivity, Specificity and Accuracy of CTCAE, MOSES and C-MOSES in predicting substantial QOL symptoms and functional
scales.
* ’ − phi value is used to measure effect size where 0¢2, 0¢5 and 0¢8 represents small medium and large effect size (Cohen,1988), area under curve compar-

ison not feasible for both methods as CTCAE uses categorical and MOSES uses continuous data.
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1 anorexia. Both CTCAE and MOSES did not correlate
with QOL (p = 0¢24 and 0¢90 respectively). The accu-
racy of CTCAE and MOSES in predicting anorexia was
51% and 61% respectively (Table 4).

Fatigue. Out of the 157 patients included for fatigue,
grade 1, 2 and 3 fatigue was reported by 120,15 and 1
patient respectively. MOSES for the grade 2 patients
ranges from 0¢14 to 1¢17 while for grade 1 patients, it
ranges from 0¢04 to 1, which is almost 25-fold. In this
case, the accuracy of CTCAE was higher than MOSES,
however, the AUC of MOSES was also high (0.71) and
was acceptable for reporting (Table 4).
GU toxicity. For Genito-urinary toxicity assessment,
urinary incontinence and urinary frequency were
included. Out of a total of 82 patients with urinary
incontinence, 37 patients had grade 1 CTCAE events for
which MOSES varied from 0¢03 to 0¢56. The distribu-
tion of the MOSES score for urinary frequency and
incontinence is depicted in supplementary figures 5 and
6. Only two patients had grade 2 toxicity, and one
patient had grade 3 toxicity. The accuracy of MOSES
was better than CTCAE for predicting QOL impact of
urinary incontinence (61% for CTCAE and 72% for
MOSES). For urinary frequency, 57 patients had CTCAE
grade 1 toxicity, with MOSES ranging from 0¢04 to
0¢56, a 14-fold difference. The accuracy of CTCAE and
MOSES in predicting QOL impact was 59% and 62%,
respectively (Table 4). Area under curve (AUC) of
MOSES for urinary incontinence and frequency was
0.65 and 0.63 respectively (Table 4).
Cumulative moses (C-MOSES). To estimate the cumula-
tive burden of toxicity among patients, we first deter-
mined the number of symptoms per patient and
cumulative MOSES was estimated for all 201 patients
for these 6 most common toxicities. The summary of C-
MOSES scores across CTCAE grades is summarised in
supplementary Table 3. On investigating the correlation
between C-MOSES and the number of adverse events/
patients, we recognized that though patients with multi-
ple adverse events (>2) should have a greater probability
of higher C-MOSES, however a substantial proportion
of patients (40%) with multiple adverse events did not
necessarily have C-MOSES >0.70. This observation
supports the need for summating both grade and tem-
poral duration for estimating impact. Accuracy of
CTCAE in predicting role functioning and global QOL
domains was 31% and 38% respectively whereas for C-
MOSES it was 72% and 47% respectively (Table 4).
Sensitivity analysis
As the results could be influenced by choice of either
MOSES cut off, or the definition of "substantial QOL
www.thelancet.com Vol 47 Month May, 2022
impact, " we performed sensitivity analysis using differ-
ent cut-offs from ROC analysis for MOSES. The use of
different cut-offs for MOSES between 0¢15 and 0¢25 did
not improve the accuracy of predicting QOL impact
hence a cut off of 0.20 was retained and recommended
for individual CTCAE symptom items. We also evalu-
ated the accuracy of MOSES by excluding patients who
did not have a MOSES grade (i.e. CTCAE grade 0) but
had reported symptoms on QOL. Though this approach
improved sensitivity (50 to 85%) and accuracy (68¢7% to
80%) for reporting diarrhoea and some other symp-
toms, we continued to include all 201 patients to mini-
mize the optimistic bias.

We also performed a sensitivity analysis for the cut
off for QOL assessment, i.e. symptomatic on patient-
reported outcomes >25%, >50% or >75% of follow up
visits. The highest accuracy of MOSES was observed
when patients reported symptoms in >75% to follow up
visits. Only a minor difference was observed for func-
tional scales at the cut off of 50 and 75% (supplementary
Table 4,5). However, as choice of "symptomatic>75%
follow up time" could exclude many patients with symp-
toms; hence, for QOL correlation, the original definition
and cut-offs were retained.
Reanalysis of GI events with MOSES
While CTCAE method reported no difference in cumu-
lative incidence of late GI grade≥ 1 adverse events
between the 3DCRT and IG-IMRT arms
(HR=0.98;95% CI 0.75−1.28, p = 0.88), C-MOSE
S ≥ 0.70 reported statistically significant difference in
GI adverse events in two arms (HR=0.64;95% CI 0.41
−0.99, p = 0.04) [Figure 4].
Discussion
MOSES is a new toxicity summarising method that is
developed from longitudinal CTCAE data. MOSES
incorporates the dimension of time, severity and multi-
plicity of events. It also takes into account persistence of
low-grade events, thereby providing a longitudinal
depiction of physician-reported late adverse events
using CTCAE. MOSES is summarised as a mathemati-
cal score that describes the burden of late adverse
events. In this methodological development study, six
most commonly reported adverse events that were sub-
jective (anorexia, fatigue, pain) and objective (diarrhoea,
urinary frequency and incontinence) were included to
test the performance of MOSES across the range of
most common late adverse events after pelvic radiother-
apy. MOSES and CTCAE were further compared for
accurately identifying "substantially symptomatic
patients" on QOL assessment.

We observed a wide variation of MOSES across each
allocated CTCAE grade, and at the same time, there was
a significant overlap in the MOSES scores of patients
9



Figure 4. (a) Figure depicting cumulative incidence of grade ≥ 1 Late GI toxicity by treatment arm, (b) Figure depicting cumulative
MOSES for GI toxicity by treatment arm.
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with different CTCAE grades. Many patients with
CTCAE grade 1 had MOSES higher than in a patient
who was allocated CTCAE grade 2 or 3. This suggests
that there could be a significant impact of lower grade
toxicities if they persist for a substantial duration and
one-time point CTCAE grade allocation may not
completely describe the spectrum of adverse events.
These limitations of CTCAE reporting using maximum
grade also possibly contributes to the lack of agreement
between physician and patient-reported outcomes.
While we observed a relatively higher accuracy of
MOSES to predict the impact on QOL, we observed that
the sensitivity of MOSES in detecting symptomatic
patients on QOL was low as compared to its' specificity.
This could be attributed to the inclusion of patients that
had MOSES score of zero (but had a corresponding
QOL symptom reported). However, to minimize the
optimistic bias, we report the sensitivity, specificity and
accuracy after including all patients.

Similar to the limitations in the CTCAE reporting,
the methodology of reporting and summarizing QOL
hinges on reporting changes in QOL from baseline to
predefined times points during follow up. For example,
a patient who reports "not at all" for QOL item of pain
for up to 24 months of follow up but "very much" at 36
months and after that "not at all" could be labelled to
have significant deterioration of QOL in the before-after
analysis if limited to baseline and 36 months. In con-
trast, in real life the deterioration has been only for a
fraction of follow up. To overcome these limitations, we
categorized patients QOL scores as "substantially symp-
tomatic or not" on follow up based on whether patients
reported symptoms in at least 50% of their follow up
duration. In addition to providing a summary of longi-
tudinal QOL, this method also compares physician and
patient-reported outcomes per patient rather than at the
study level. Almost a similar approach of categorizing
CTCAE and QOL is previously reported.15

Overall, MOSES provided higher accuracy for identi-
fying QOL impact for a vast majority of common
adverse events with good AUC, suggesting that imput-
ing temporal trends and severity weightage can improve
the congruence of physician and patient assessment.
Also, C-MOSES was more accurate than CTCAE in pre-
dicting functional and global QOL (Table 4). MOSES
cut-offs that we utilized and proposed in this study
www.thelancet.com Vol 47 Month May, 2022
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could be different in a separate cohort of patients based
on how patients report their QOL in different socio-cul-
tural environments. In an attempt to internally validate
MOSES, we reanalysed all gastrointestinal toxicities in
PARCER study by defining CTCAE grade≥ 1 toxicity as
an event. The difference between two treatment arms i.e.,
3DCRT and IG-IMRT were not observed if all CTCAE
grades of GI toxicity were included. However, using C
-MOSES difference in treatment intervention was very
clear and favoured IG-IMRT. This suggests that IG-IMRT
not only reduce moderate to severe toxicity (as in index
trial) but also the duration of toxicity which was not nec-
essarily captured using CTCAE method (Figure 4). Exter-
nal validation of MOSES is therefore needed to test it’s
ability in discriminating intervention effects of advanced
radiation techniques as compared to CTCAE.

MOSES has certain limitations. It is developed from
physician reported CTCAE grading, and inter-observer
variation in grading is well known. Therefore, MOSES
has an inherent limitation of physician scoring bias
which can be minimized by asking two physicians to
provide scoring. Unfortunately, multi-physician scoring
was not available in this study. Though MOSES
accounts for the duration spent in all toxicity grades, it
does not directly reflect the interventions and their
impact on adverse event severity and duration. It also
does not reflect severity of CTCAE grade 5 events accu-
rately. Furthermore, if a patient has a small period of a
serious adverse event that resolves after the interven-
tion, it is likely that MOSES will allocate a lower score to
such a patient. Therefore, MOSES should be used in
addition to CTCAE to understand the severity and tem-
poral course of the toxicity. Though we report higher
accuracy of MOSES than CTCAE it’s important to recog-
nise that QOL is a multidimensional evaluation that
may not be governed by physician's assessment of time
and severity. An additional parameter of weightage of
symptom burden could likely further improve the per-
formance of MOSES. Nevertheless, the differences in
the patient and the physician-reported outcome would
continue to be there as objective scoring systems may
not have a perfect method of imputing the patient's
adaptability to the new circumstances. Secondly,
MOSES is derived from patients receiving postoperative
(chemo) radiation. It’s relevance as compared to CTCAE
needs to be further tested in patients undergoing inter-
ventions that have higher frequency of acute or short
term adverse events rather than late adverse events (e.g.
surgery or chemotherapy when administered as a stand-
alone treatment). Missing follow up data can also pose a
challenge in the calculation of MOSES. Also, during
patient’s follow-up, the start and end date of adverse
events can be unclear and can have a bearing on the cal-
culation of the score. While the performance of this
metric could be improved by making follow up calls to
assess the resolution or evolution of adverse effects in
between planned follow-ups, the trial database currently
www.thelancet.com Vol 47 Month May, 2022
does not have such an information. Also an important
limitation of MOSES is it’s lack of direct applicability in
routine day to day care of patients where decisions are
often made on an individual case basis. However, it
could be very effectively used as a supplement to
CTCAE to understand the symptom burden in clinical
trials or deployed in survivorship clinics.

In summary, we developed a method of summating
and reporting toxicity that has potential to provide a bet-
ter correlation with patient-reported symptoms and can
be a valuable complement to CTCAE. External valida-
tion is needed in the future to test the robustness and
applicability in summarising data in clinical trials.
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