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The accurate determination of the frequency and severity of treatment-related complica-
tions is vital to informing patients and clinicians in their decision-making process. In pub-
lished studies, complications are assed via administrative data, patient-reported outcomes,
and physician-graded toxicity, each with their strengths and limitations. Administrative
data provide a vast, accessible history of patient data, but are limited in the ability to accu-
rately capture diagnosis and causality, and are subject to differing interpretations of billing
codes. Patient-reported outcomes provide direct and nuanced descriptions of both symp-
toms and bother; but are by definition subjective, affected by nonrespondents, and results
(scores) are often difficult to interpret for patients and clinicians alike. Physician-graded
toxicity is a relatively more objective measure, but relies on both clinicians fully assessing
all relevant symptoms and patients accurately reporting them to the clinician. Understand-
ing these strengths and limitations will help clinicians become more informed readers of
the published literature.
Semin Radiat Oncol 29:333−337 � 2019 Elsevier Inc. All rights reserved.
Introduction

Accurately assessing the frequency and severity of side
effects from cancer treatment is an important goal for

comparative effectiveness research, and important for
informing patients and physicians in their treatment deci-
sion-making process. In the published literature, three com-
mon ways of assessing side effects include analyzing
secondary data sources (eg, administrative claims data),
patient-reported outcomes, and physician-graded toxicity.
In this article, we review the strengths and limitations of
each method, using published studies in prostate cancer to
serve as examples.
Secondary Data Sources

Secondary data analysis describes the use of any cohort gen-
erated through the collection and reporting of patient-
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specific information prior to the design of any particular
research study.1 These include administrative, claims-based
or registry-based data. For administrative data like the
National Surgical Quality Improvement Program (NSQIP),
information on patient complications and outcomes are
reported directly to a government or health care agency.2

Patient-specific information may also be collected from
health insurance billing claims. These claims-based data can
be sourced from public insurers (eg, Medicare), private
insurers (eg, United Health) or a mix of the two (eg,
MarketScan).3

Utilizing secondary data sources requires careful study
design, with proper capture of events, statistical methods to
minimize confounding, and data reporting. Administrative
data like NSQIP is generated through manual chart abstrac-
tion by trained professionals for a predetermined number of
adverse events.2 However, in claims data, researchers must
use billing codes generated from patient encounters. For
instance, hematuria in NSQIP is directly captured in a prede-
termined data field whereas using Medicare claims data,
complications are indirectly accounted for by diagnosis
codes (eg, gross hematuria) or procedure codes (eg, cystos-
copy with fulguration). With over 13,000 Current Proce-
dural Terminology codes and almost 72,000 International
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Classification of Diseases codes, selecting the correct codes is
challenging.4,5

Advantages
Secondary data draw information from large segments of the
population, allowing the study of wider patient populations
than those enrolled in clinical trials. These data sets with
large numbers of patients also facilitate examination of toxic-
ity outcomes over time, accounting for the learning curve
often associated with new technologies. For example, initial
studies from Surveillance, Epidemiology, and End Results
(SEER)-Medicare data demonstrated increased genitourinary
morbidity in robot-assisted radical prostatectomy compared
to the open surgical approach.6 However, following the first
SEER-Medicare study, the risks of robot-assisted radical
prostatectomy were reassessed in later years, and demon-
strated a progressive annual decrease in the frequency of
genitourinary complications.7 The primary genitourinary
complication reported was anastomotic stricture, which
decreased by almost 40% over the study period.

Another advantage of administrative data analysis is the
ability to capture medical events continuously, across all
health care facilities involved in a patient’s care; in contrast
to clinical trials where toxicities are assessed at discrete time
points and only at the primary facility which enrolled the
patient. There is also less patient attrition with claims-data
analysis, especially Medicare data for which changes in insur-
ance coverage are uncommon. In contrast, for studies which
collect patient-reported outcomes, missing data can be a
common issue that threatens study validity.
Limitations
Claims data analysis is prone to multiple potential sources of
error in coding practices. Coding practices are subjective,
lack guidelines, can be dependent on the specific electronic
health record system used at each facility, and may be dele-
gated to billing mangers − all of these factors contribute to
inconsistent classification. For patients under 65, switching
health care insurance can limit the completeness of claims-
based longitudinal follow-up.
Table 1 Commonly Used Instruments in Prostate Cancer-Specific Q

Instrument Number of
Domains

Number of
Elements

Dis
Sta

ESCAP-CDV 9 34 All
EORTC QLQ-PR25 6 25 All
EPIC 4 50 Ear
FACT-P 1 12 All
PC-QoL 10 52 Ear
PCSI 8 29 Ear
PORPUS 1 10 All
UCLA-PCI 6 20 Ear

Instruments: EPIC, expanded prostate cancer index composite; EORTC QL
cer Quality of Life Group-Prostate Cancer Module; ESCAP-CDV, Estud
tional assessment of cancer therapy-prostate cancer module; PC-QoL
symptom indices; PORPUS, patient-oriented prostate utility scale; UCLA
Use of procedure codes to characterize complications has
varying sensitivity. In a study of SEER-Medicare patients
with prostate cancer, Medicare claims were 83% sensitive
and 95% specific for the presence of urethral strictures as
compared to linked survey data from the Prostate Cancer
Outcomes Study.8,9 However, claims data were only 29%
and 12% sensitive for incontinence and impotence, respec-
tively. Claims data are more likely to capture severe condi-
tions which require surgical intervention and/or those in
which the patient persistently pursues the health problem
with provider(s) who ultimately code the condition. In cases
of low sensitivity, misses can also be due to unbilled services
(bedside bladder irrigation).

The sensitivity of International Classification of Diseases
codes for procedure identification also varies widely.4 As an
example, the use of endoscopy procedure codes to assess
gastrointestinal toxicity following prostate cancer treatments
poses significant challenges. It is difficult to determine
whether “screening” endoscopies constitute routine colon
cancer screening or an investigation of symptoms of rectal
toxicity. One study found that eliminating codes for screen-
ing endoscopy from inclusion criteria for rectal toxicity
decreases the observed incidence of gastrointestinal toxicity
by almost 50%.10 Yet, if all prostate cancer survivors who
have a screening colonoscopy are counted as having rectal
toxicity, this would lead to many false positives. Thus, these
considerations must be taken into account when evaluating
study design and interpreting outcomes.
Patient-Reported Outcomes

Patient-reported outcomes (PRO) data sources are created
through the distribution of survey materials to patients. Mul-
tiple disease-specific instruments exist to quantify symptom
severity and disease-specific health-related quality of life in
prostate cancer, which are described in Table 1. Among the
most popular are the expanded prostate cancer index and
the University of California Los Angeles-Prostate Cancer
Index.11 The surveys themselves are often validated in indi-
vidual patient cohorts and comparative assessments of
uality of Life

ease
ge

Dedicated
Bowel
Domain

Dedicated
Sexual
Domain

Dedicated
Urinary
Domain

X X X
ly X X X

ly X X X
ly X X X

ly X X X

Q-PR25, European Organization for Research and Treatment in Can-
io sobre la Calidad de Vida en el C�ancer de Pr�ostata; FACT-P, func-
, prostate cancer quality of life instrument; PCSI, prostate cancer
-PCI, University of California Los Angeles-Prostate Cancer Index.
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survey quality may be performed using the Evaluating Meas-
ures of Patient-Reported Outcomes tool, which includes
domains of reliability, burden on the patient, and interpret-
ability in addition to general validity.12

Advantages
A major advantage is that PRO data often reveal a higher prev-
alence (higher sensitivity) of complications than administrative
claims data or physician-reported toxicity. This is likely
because physicians may neglect to code all relevant diagnoses
in a medical encounter, and patients may be hesitant to report
all complications to their doctors. For example, a study of can-
cer patients privately surveyed through the SEER-MHOS
found that only between 35% and 57% of those who self-
reported symptoms of urinary incontinence indicated that
they had discussed these issues with their doctor.13

PRO data are often analyzed in scales − and the granular
scores facilitate statistical analysis to compare outcomes
across groups and examine changes over time. These scales
allow for the characterization of both functional symptoms
as well as assessments of bother. Studies using patient-
reported outcomes have helped establish time trends of
treatment-related side effects: radical prostatectomy is associ-
ated with significant decreases in urinary and sexual function
and bother which may slowly recover; whereas external
beam radiation therapy causes less incontinence, but impacts
bowel function and bother which may develop as late
sequelae of treatment.11 Symptom improvement that is often
revealed by PRO data cannot be assessed using claims data.
Limitations
Limitations of PRO data include missing data (eg, patient non-
response or drop-out), patient accuracy, and reproducibility.
High rates of attrition should be a caution when assessing the
validity of results; missing data may not be random if nonres-
pondents are clinically different than respondents.14

Patients with different baseline functional status may
introduce another bias. For example, patients with no erec-
tile function prior to treatment would not have worsening in
function after treatment. Including these men in analyses of
Table 2 Selected Comparative Studies of Prostate Cancer Treatmen
Follow-Up Time Points Are Reported per Study

Study Follow
Up (years)

Radical
Prostatectom

Incontinence
(%)

Sexual
Dysfunc
(%)

21Barocas et al. 2017 1 15 74
3 14 70

22Schapira et al. 2001 1 44 89
23Resnick et al. 2013 2 9.6 78.8

5 13.4 75.7
15 18.3 78.0

24Potosky et al. 2000 2 28.3 82.1
25Potosky et al. 2004 5 28.6 79.3
the mean decrease in function may improperly blunt treat-
ment effects.15

Patient accuracy in reporting functional status is also
a potential limitation; although this is likely an even
bigger problem with physician-graded toxicity. First,
pretreatment expectations have been shown to affect
post-treatment assessment of quality of life, with those
experiencing worse complications than expected report-
ing significantly worse quality of life.16 Studies that
require patients to recall their functional status over a
prolonged period of time are subject to an additional
error: in recall, patients can overestimate or underesti-
mate their pretreatment function as compared to their
actual self-reported baseline.17 Different studies have
variously shown that patient recall underestimated uri-
nary and bowel function,18,19 overestimated urinary
function,19 and overestimated erectile function.18,20

While the granular scores of PRO data facilitate statistical
analysis, interpretation of these results can be difficult. To
illustrate this, Table 2 summarizes several studies which
directly compared the rates of urinary, sexual, and bowel tox-
icity between radical prostatectomy and radiation therapy.21-25

The frequency of urinary incontinence at one year after prosta-
tectomy across studies ranges from 15% to 44%,21,22 and this
variation is likely at least partly due to a difficulty in interpret-
ing PRO data. For example, while questionnaires often contain
several items to assess urinary incontinence (eg, frequency and
severity of incontinence, and pad use)− studies often dichoto-
mize these complex data into “yes” vs “no” incontinence; and
utilizing different cutoffs can directly lead to different study
conclusions. Yet, such dichotomization is necessary because
without this it is impossible to communicate the meaning of
PRO score differences to patients and physicians.
Physician-Graded Toxicity

The most common instrument used for physician-graded
toxicity is the National Cancer Institute’s Common Termi-
nology Criteria for Adverse Events, which provides a 5-point
scale for the severity of complications.26 Physician-graded
t Complications Using Patient-Reported Outcomes. Multiple

y
Radiation
Therapy

tion
Bowel
Bother
(%)

Incontinence
(%)

Sexual
Dysfunction
(%)

Bowel
Bother
(%)

3 6 72 8
3 5 71 6
- 8 75 -
2.9 3.2 60.8 7.9
4.4 4.4 71.9 5.8
5.2 9.4 93.9 16.0
4.1 2.5 50.3 5.7
4.8 4.2 63.5 4.0



Table 3 Advantages and Limitations of Claims Data and Patient Report

Advantages Limitations

Claims and registry data � Large sample size
� Potential for continuous and long-term
follow-up

� Can assess trends over time and thereby
account for learning curve of new
technologies

� Difficult to attribute causation of
complications

� Retrospective data analysis subject to con-
founding

� Prone to errors and variation in coding

Patient-reported outcomes �Most sensitive method for capturing
treatment-related toxicity

� Data granularity (scores) facilitate
statistical analysis and maximize
statistical power to detect differences
across groups

� Able to assess improvements in patient
symptoms over time

� Prolonged recall increases errors in patient
reporting

� Prone to missing data and bias introduced
by non-respondents

� Subjective
� Results (scores) are difficult to interpret,
but dichotomizing scores to facilitate
interpretation introduces bias and variation

Physician-graded toxicity � Relatively objective
� CTCAE results can be compared across
diseases

� Complications may be directly attributed
to disease or treatment

� Dependent on comprehensive assessment
by physicians and accurate patient report

� It is well-documented that physician-graded
toxicity routinely under-captures the fre-
quency and severity of symptoms
compared to patient-report
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toxicity relies upon the physician to accurately and com-
prehensively gather information from the patient, and
the patient accurately reporting this information to the
physician.

Advantages
Physician-graded toxicity is often considered an “objective”
measure of treatment-related toxicity, in contrast to patent-
reported outcomes which are sometimes viewed as being “sub-
jective.” Physicians are also able to infer causation in a patient’s
symptoms, screening out issues unrelated to treatment (such
as diarrhea due to infection rather than radiotherapy).

An advantage of Common Terminology Criteria for
Adverse Events is that it can be used across all diseases.
Thus, a specific symptom experienced by a prostate cancer
patient is graded on the same scale as the same symptom
experienced by a bladder cancer patient. In contrast, many
patient-reported outcomes instruments are disease-specific,
which makes comparisons across studies and across cancers
difficult or impossible.
Limitations
Multiple studies have consistently shown that clinicians
typically report fewer symptoms overall,27,28 of a lower
severity29,30 than patients. There are several potential rea-
sons for this, including patient inaccurate reporting of
complications (eg, patients being hesitant to tell their
physicians about all of their complications), failure by
the physician to attribute symptoms to the disease or
treatment, as well as general limitations due to limited
clinical encounter time and communication barriers. In
prostate cancer treatment specifically, overall physician
agreement with patient-reported toxicities range from
14% to 64%, with one study showing physicians failing
to capture 81% of patient reports of sexual dysfunction.31
Conclusion

While secondary data sources are often the largest and most
readily accessed, they are usually the least sensitive for the
detection of prostate cancer treatment complications. Com-
plications with clear and specific treatments, such as urethral
stricture, are the easiest to measure; while erectile dysfunc-
tion, incontinence, and rectal toxicity require a more
nuanced approach. Physician-graded toxicity is often consid-
ered an objective measure, but multiple studies have consis-
tently shown that physicians under-capture and under-
report toxicities compared to patient-reported outcomes.
Patient-reported outcomes are prone to nonrandom missing
data, inaccuracies due to prolonged recall, and PRO scores
are often difficult to interpret clinically. Table 3 summarizes
the advantages and limitations of each method for capturing
treatment-related toxicity. Clinicians should be familiar with
these strengths and limitations in their interpretation of pub-
lished studies to help counsel patients in the treatment deci-
sion-making process.
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