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Treating oncology patients with potentially toxic drugs is balanced with the 
premise of ‘do no harm.’ Most drugs are approved by the US FDA based 
on analysis of the clinical benefit-to-risk ratio. As such, adverse event 
(AE) reporting is a crucial aspect of oncology clinical trials. Attribution 
of symptoms can be difficult because there can be a lack of clarity 
concerning what is disease-related, treatment-related, a co-morbid illness 
or a combination of all three. Additionally, as cancer progresses, both the 
symptoms and treatments evolve, resulting in a complex, time-dependent 
relationship. If toxicities that are not actually the result of an investigational 
agent are inappropriately attributed to that agent during Phase  I 
development, further study of a potentially useful drug may be delayed or 
abandoned. In contrast, if there is an underreporting of drug-attributable 
AEs in Phase  I development, there will be unnecessary patient risk and 
expense with subsequent clinical development when the relationship 
between the AEs and the drug emerges. Given the large amount of data 
generated from clinical trials, the reliability of collecting and recording these 
results in modern multimodality oncology trials is increasingly complicated. 
Accurate toxicity reporting is integral for a true assessment of drug efficacy, 
economic evaluation and regulatory decision making.
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Most patients with advanced cancer have a median of 13 symptoms or complaints; 
this symptom burden decreases a patients’ quality of life (QOL) [1,2]. Adverse events 
(AEs) arising in oncology clinical trials may reflect the toxicity of therapy or be a sign 
of the underlying disease. Documentation of symptom status is essential in under-
standing the benefit and safety of a new drug or treatment regimen and can have a 
significant long-term economic impact on the regulatory and funding environment 
for that agent’s development. AEs in oncology clinical trials are considered as side 
effects, complications, toxicity and/or morbidity of a tested compound or a regimen, 
and can occur in the acute setting or as a late complication. AEs can be symptoms, 
physical exam finding, abnormal laboratory results or irregular radiology reports. In 
general, while many AEs may have no direct impact on a patient’s QOL and may 
not be associated with specific symptoms, any event that may eventually lead to an 
undesirable experience should be considered an AE. Examples of this might be an 
abnormal laboratory value not associated with symptoms, such as an elevated serum 
alkaline phosphatase or thrombocytopenia without bruising or bleeding.

Cancer clinical trial protocols typically detail a defined list of specific AEs that 
investigators prospectively evaluate. Prospectively defined AEs of interest on a proto-
col should typically include known drug-related side effects, such as heart failure for 
trastuzumab or pulmonary fibrosis with bleomycin. There is also a system for reporting 
unexpected and emergent AEs as well, but without a prospective plan for querying 
these latter AEs, collection and attribution are likely to be less accurate and complete.
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Table 1. Development of the common terminology criteria for adverse events.

Year Name Adverse events terms (n) Notes

1982 CTC v1.0 >40 Acute adverse events of chemotherapy

1998 CTC v2.0 >300 Expansion of terms

2003 CTCAE v3.0 >1000 Inclusion of adverse events relevant to all modalities
(medical, surgical and radiation) as well as special 
populations (pediatrics)

2009 CTCAE v4.0 >3000 Updated mapping to MedDRA†; minor edits
†MedDRA is a proprietary coding scheme only available by paid subscription. 
CTC: Common terminology criteria; CTCAE: Common Terminology Criteria for Adverse Events; MedDRA: Medical Dictionary for Regulatory 
Activities.

AEs are represented by a medical documentation sys-
tem to designate the organ system affected. Once the 
affected organ system is selected, an investigator must 
assign a grade to designate the severity of the AE. While a 
general paradigm of mild/moderate/severe/life threaten-
ing/fatal corresponds to grades 1/2/3/4/5 for AE grading, 
in reality, each AE grading scale is unique to that par-
ticular symptom or finding. For laboratory- or symptom-
based AE grades, the numerical severity assignment may 
not be closely linked to the above paradigmatic associa-
tion. Severe AEs that are usually assigned as grade 3 or 
higher should not be confused with the largely regula-
tory term. A serious AE (SAE) in this case is specifically 
defined as an AE that: results in death; is life threatening; 
requires inpatient hospitalization or prolongation of exist-
ing hospitalization; results in persistent or significant dis-
ability; or any congenital abnormality or birth defect [3].

Finally, the investigator must attribute the AE as a 
result of the protocol-specific intervention or another 
cause (that is: unrelated to drug; unlikely related to 
drug; possibly related to drug; probably related to drug; 
or definitely related to drug). Of course, this attribution 
can be highly subjective.

AEs are useful for monitoring the safety of drug dos-
ing and scheduling regimens. However, one must keep 
in mind that the commonly used AE scales such as the 
Common Terminology Criteria for AEs (CTCAE) 
were developed for clinical trial purposes and may not 
actually reflect or be applicable to real-world patient 
experiences outside the context of therapeutic clinical 
trials. For example, some agents may be associated with 
a plethora of AEs according to laboratory assay criteria, 
but these so-assigned AEs based on clinical trial data 
may not have an actual impact on patient health or well-
being. Historically, both objective data (i.e., white blood 
cell count or AST/ALT levels) and subjective data (i.e., 
muscle aches or fatigue), as observed and documented by 
investigators, were the basis for AE assignment, grading 
and attribution. More recently it has been the practice 
to attempt to use patient-reported outcomes (PROs) of 

the subjective AEs to improve the accuracy, efficiency 
and patient relevance of AE data collection (to be dis-
cussed below). 

Several questions arise when considering the col-
lection and reporting of AEs: first, who are AEs for? 
Initially, AEs, as specified in formal AE grading tools, 
were used by clinical researchers and drug developers 
to determine the toxicity burden of a new treatment. 
Second, are these AE capture tools validated? Third, is 
the collection of data best performed by the investiga-
tor or do patient-reported outcomes enhance the qual-
ity of data? In addition, AE reporting will be different 
based on the focus of the trial (therapeutic vs. supportive 
interventions) as well as the size of the trial (i.e., a large 
Phase III vs a small pilot Phase I). This article aims is to 
provide an overview of the development of the current 
AE reporting criteria in use with oncologic therapeutic 
trials and outline a general discussion of limitations and 
future directions of AE capture, reporting and analysis.

Defining patient symptoms & AEs
AEs range from minor subjective complaints and asymp-
tomatic clinical changes to life-threatening injuries or 
death. In 1979, the WHO came out with a handbook 
and guidelines in order to standardize the data reported 
for investigational agents as well as to determine the ben-
efits of a particular therapy versus the cost in toxicity [4]. 
This was a first attempt to develop a common language to 
describe the outcome and response to cancer treatments 
and was developed as the result of several international 
conferences and research organizations. 

In the USA, the NCI established the Common 
Toxicity Criteria system (CTC v1.0) in 1983 in order 
to evaluate toxicities of chemotherapy (Table 1) [5,6]. Its 
goal was to provide standards for the description and 
exchange of safety data reported in oncologic clinical 
trials. Grading criteria for the CTC v1.0, while often 
subjective, were designed to separate what is tolerable 
injury from life-threatening events (Table 2). According 
to the CTC scale, grade 1 events are minor, asymptomatic 
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occurrences and do not impair functional end points. 
Interventions or medications are generally not required. 
Grade 2 events are moderate in nature, usually symptom-
atic and local treatment or outpatient medications may be 
used. These events may limit some patient function but 
should not impair activities of daily living. Grade 3 events 
are severe and consist of multiple distressing symptoms. 
Often hospitalization, intravenous medications or even 
surgery may be necessary. Grade 4 events are life threat-
ening, may be disabling and can include the loss of an 
organ or organ function. Grade 5 events result in death. 
One major exception to this grading system is laboratory-
based grade assignment. For example, a patient may have 
an absolute neutrophil count of <500 cells/mm3, and 
this would be assigned a grade 4 severity, even though a 
particular patient may experience no actual undesirable 
experience from this level of neutropenia. Additionally, 
the CTC grading system does not account for possible 
worsening of the severity grade, but merely captures the 
initial severity experienced by the patient. 

Additional guidelines, such as the Late Effects of 
Normal Tissue Scale, were developed in 1995 in order 
to try to capture late toxicity effects focused on radia-
tion therapy trials [7,8]. Similarly, the Radiation Therapy 
Oncology Group (RTOG) and the European Orga-
nization for Research and Treatment of Cancer devel-
oped AE guidelines to monitor the acute and late side 
effects associated with radiotherapy [9]. While these two 
radiation therapy-specific scales enhanced investigators’ 
understanding of AEs within individual trials, compar-
ing results between trials was not possible because there 
was no straightforward ‘translation’ or mapping of AEs 
across these multiple grading severity scales. Thus, the 
need for a comprehensive AE monitoring system was 
clearly identified. 

In 1998, an updated CTC v2.0 contained a more 
comprehensive dictionary of AEs including those associ-
ated with radiotherapy treatments; however, this version’s 
radiation relevant AEs focused only on acute radiotherapy 
injuries [5]. In 2003, CTCAE v3.0 was further revised to 
evaluate pediatric, surgical and late AEs and to improve 
AE-reporting mechanisms [10]. The name of the NCI AE 
tool was changed from CTC to CTCAE to emphasize 
that AEs were not necessarily toxicities. It was believed 
at the time that ‘toxicity’ was a biased expression in 
terms of AE attribution that might have led to skewed 
AE reporting and assignment. Additional v3.0 guideline 
recommendations included acute and late effects criteria 
merged into a single AE without a time-based reference 
and instead investigators were urged to report all events 
as they occurred during treatment. AEs should be applied 
globally and not have a specific modality identification 
(except for certain intra-operative injury AEs). Duration 
of AEs would not be captured within the CTCAE but 
instead by iterative evaluations over time and the CTCAE 
should not be used to rank AEs (i.e., AEs should only 
describe the specific AE; grade 2 diarrhea is not neces-
sarily better or worse than grade 2 nausea or grade 2 
thrombocytopenia).

In 2009, CTCAE v4.0 was redesigned for the adop-
tion of the Medical Dictionary for Regulatory Activities 
(MedDRA), a set of medical terminology agreed upon 
by the NCI, industry and regulatory agencies including 
the US FDA and European Medicines Agency (formerly 
the European Agency for the Evaluation of Medicinal 
Products) [11]. This system, developed by the Interna-
tional Conference on Harmonization, defines AEs as any 
unfavorable and unintended sign, symptom or disease 
temporally associated with the use of a medical treat-
ment or procedure that may or may not be relevant to 

Table 2. Common terminology criteria for adverse events v4.0 grading scale examples.

Grade Generic adverse events Nonanalytical adverse events 
(anorexia)

Analytical adverse events 
(hypokalemia)

0 No adverse events or 
within normal limits

– –

1 Mild Loss of appetite without alteration of 
eating habits

<LLN–3.0 mmol/l

2 Moderate Oral intake altered without significant 
weight loss or malnutrition; oral 
nutritional supplements indicated

<LLN–3.0 mmol/l; symptomatic; 
intervention indicated

3 Severe, not life 
threatening

Associated with significant weight loss 
or malnutrition; tube feedings or TPN 
indicated

<3.0–2.5 mmol/l; hospitalization 
indicated

4 Life threatening, urgent 
intervention required

Life-threatening consequences; urgent 
intervention indicated

<2.5 mmol/l; life-threatening 
consequences

5 Death Death Death
LLN: Lower limit of normal; TPN: Total parental nutrition.
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the medical treatment or procedure. MedDRA allows for 
more descriptive mapping of medical terms, but lacks the 
severity scales previously associated with the CTCAE. As 
a result, AE terms in MedDRA are organized into System 
Organ Class (SOC) groupings (Box 1). SOC groupings 
are based on anatomical, physiological, etiology or pur-
pose (i.e., laboratory values). The CTCAE v4.0 has been 
reorganized along SOC lines so that CTCAE terms are 
easily mappable to MedDRA terms. CTCAE subsections 
are then used to designate a severity grading scale, which 
are not in the MedDRA definitions. Furthermore, the 
SOC naming system is dynamic and can be expanded 
or modified as the need arises.

AE categories cover a diverse spectrum of data includ-
ing laboratory values, radiologic findings and subjective 
patient symptoms. Since there is no duration param-
eter in either the CTCAE or MedDRA, there must be 
another layer of data capture, requiring multiple AE 
assessments over time, in order to best capture the time-
dependent nature and severity of an AE. Until recently, 
the practice was to collect and report only the ‘worst 
grade/severity’ in a particular ‘treatment cycle’ or span 
of time. This methodology led to under representation 
of the AE burden especially for ongoing AEs or AEs 
that recur in the specified time interval. For example, 
the clinical relevance of a grade 4 oral mucositis during 

radiation for 7 days duration is obviously less severe than 
the same grade AE lasting 4 weeks, but until recently 
these events would be captured and reported as identi-
cal, unless there were prespecified plans to capture the 
AE burden over time. One such AE evaluation scheme 
developed by Trotti et al. called ‘TAME’ demonstrated 
the increasing toxicity burden to altered fractionation 
and chemoradiation treatments for head and neck can-
cer patients had gone undetected with the traditional 
AE capture methods [12]. In addition, this slant toward 
‘worst grade/severity’ case reporting may result in ‘AE 
migration’ and an under representation of low-grade, but 
early and persistent AEs.

Grading the severity of AEs follows the general prin-
ciples, as mentioned above, of grades 0–5, with grades 1–4 
representing the vast majority of events. However, certain 
toxicity findings require special analysis and often these 
evaluations have not been completely validated. Cut-offs 
between severity grades for many AEs are arbitrary and 
are not necessarily clinically relevant. As an example, what 
makes diarrhea of seven small volume stools per day (a 
grade 3 AE) worse than diarrhea of six large volume stools 
per day (a grade 2 AE)? Additionally, what is the impact 
of revisions to the CTCAE lexicon when evaluating AEs? 
Liu et al. evaluated oral mucositis by CTCAE v3.0 ver-
sus CTCAE v4.0 using validated head and neck QOL 
surveys with respect to oral mucositis in a population 
of nasopharyngeal patients treated with induction che-
motherapy followed by chemoradiation [13]. They found 
that CTCAE v4.0 had higher correlation coefficients to 
the QOL surveys than CTCAE v3.0, but one must also 
keep in mind that no formal gold standard for objectively 
measuring oral mucositis is presently available.

Another example, is hearing impairment (ototoxicity) 
which has often been difficult to quantify clinically as 
well as objectively. Two recent published standards (The 
Chang Scale and The Brock Scale) for evaluating ototox-
icity in the pediatric population have been published, but 
there is no universal gold standard that is known to be val-
idated with respect to clinically relevant outcomes [14,15]. 
CTCAE v3.0 determines hearing impairment based on 
the numeric loss of decibels of hearing at any frequency; 
however, the revised CTCAE v4.0 now includes decibel 
loss at specific adjacent frequencies, as the loss of lower 
frequency hearing ranges has a larger impact on patient 
symptoms than the loss of higher frequencies [16]. It is 
also important to note that the lack of gold standards 
when determining grade severity has resulted in many 
AE definitions being based on consensus recommenda-
tions from committee review rather than from results of 
evidence-based medicine trials.

Another underdeveloped area of the CTCAE is patient-
based input on subjective symptom reporting. During the 
medical interview, a physician will frequently categorize 

Box 1. Common terminology criteria for adverse 
events V4.0: system organ classes. 

■■ Blood and lymphatic system disorders
■■ Cardiac disorders
■■ Congenital, familial and genetic disorders
■■ Ear and labyrinth disorders
■■ Endocrine disorders
■■ Eye disorders
■■ Gastrointestinal disorders
■■ General disorders and administration site conditions
■■ Hepatobiliary disorders
■■ Immune system disorders
■■ Infections and infestations
■■ Injury, poisoning and procedural complications
■■ Investigations (laboratory tests)
■■ Metabolisms and nutritional disorders
■■ Musculoskeletal and connective tissue disorders
■■ Neoplasms benign, malignant, and unspecified
■■ Nervous system disorders
■■ Pregnancy, puerperium and perinatal complications
■■ Psychiatric disorders
■■ Renal and urinary disorders
■■ Reproductive system and breast disorders
■■ Respiratory, thoracic and mediastinal disorders
■■ Skin and subcutaneous tissue disorders
■■ Social circumstances
■■ Surgical and medical procedures
■■ Vascular disorders
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patient symptomatic complaints. Data demonstrate that 
this method of recording subjective data results in an 
under-reporting of the severity of patient symptoms [17,18]. 
A symptom can be defined as a patient-observed subjec-
tive evaluation of disease or a physical alteration. The 
severity of those symptoms on the patient and the impact 
on normal function are considered as the ‘symptom bur-
den’ [19], but an investigator functioning as interpreter 
and collector often applies a filter, consciously or not, to 
the subjective data from the patient.

PROs have been demonstrated to improve the accuracy 
of AE reporting. Several studies had found that physicians 
and nurses underestimate symptom onset, frequency and 
severity in comparison with patient reports. Fromme et al. 
found that physician evaluation of chemotherapy-related 
symptoms in prostate cancer patients was neither specific 
nor sensitive in detecting AEs [20]. Many AEs are quite 
subjective and only the patient can appropriately quan-
tify these symptoms. As such, the NCI has developed a 
web-based platform to collect patient reports of symptoms 
during treatment to enhance AE reporting [101]. Currently, 
81 symptoms from CTCAE v4.0 have been evaluated as 
appropriate for patient reporting. The goal of the PRO-
CTCAE system is to generate a patient-reported AE sys-
tem within cancer trials that is widely accepted and used 
by clinicians, investigators and regulatory bodies [21,22].

In 2006, Kirkova et al. performed a meta-analysis of 
assessment tools to collect oncology patient symptoms 
and found 21 instruments, ranging from the collection of 
two symptoms to 75 symptoms, with approximately 15 
studies having undergone some type of validation testing 
[23]. Items such as pain, fatigue and anorexia were the 
most common symptoms included and instruments were 
a combination of numerical, visual or verbal scale assess-
ments. One of the limitations of the majority of these tools 
was establishing appropriate timelines of symptoms with 
many focused on ‘at the present time’ or ‘within the last 
few weeks’ and included poor documentation of symp-
tom duration. No single instrument was determined as 
‘ideal’ for assessing oncologic symptoms; however, several 
of the tools were able to demonstrate benefit in specific 
symptom-focused assessments. Recently, an indepen-
dent working group (Assessing the Symptoms of Cancer 
Using Patient-Reported Outcomes) has also established 
guidelines and recommendations for the measurement 
of cancer-related fatigue in clinical trials as well as to 
include patient symptoms as an end point measurement 
in oncology clinical trials [19,24,25].

QOL assessments have been used previously to monitor 
patient-perceived outcomes in a variety of trials. However, 
two limitations exist. First, not all QOL tools fully cap-
ture AEs [26]. In addition, some AEs such as anemia or 
thrombocytopenia are not patient reportable and may be 
under-reported. In contrast, the CTCAE approach to AEs 

does not directly capture a true QOL measure. Spitzer 
et al. developed a visual scale to represent patient-perceived 
QOL within the last week, which has been validated; 
but this tool does not provide any details of symptoms or 
patient experience [27,28].

One must ask, what is relationship between QOL and 
AEs? Huschka et al. found a broad range of agreement 
between QOL assessment and AE evaluation in a pooled 
analysis of lung cancer clinical trials. Using multi-item 
assessments the range was 44–74%. Interestingly, the AE 
with the least agreement to QOL rating was anorexia, 
while the AE with the highest agreement to QOL was 
constipation [26]. AE evaluations are not designed to report 
patient-perceived problems, but to record the incidence 
and severity of AEs observed by clinicians that would 
require medical intervention or lead to a change in the 
design of clinical trials. QOL studies often also evaluate 
the dimensions of emotional and spiritual events that can-
not be reflected as AEs. Clearly, QOL assessment and AE 
reporting have areas of overlap as well as distinct areas of 
separation; however, a further discussion of these topics 
would require a separate review.

Due to the large amount of data that could be col-
lected from patient-reported symptoms, some clinicians 
have identified a subset of symptoms that are similar across 
many cancer types and are associated with significant 
patient distress [19]. Symptoms such as fatigue, pain, poor 
appetite, nausea, distress, disturbed sleep and depression 
are often considered as sentinel symptoms [29–34]. A bal-
ance between limited patient reporting of symptoms as 
well as some general measure of QOL should be included 
in the full evaluation of AEs encountered during a clinical 
trial. It is likely that for each trial, if prospectively deter-
mined PROs, clinical and laboratory AEs are selected, the 
choice will be trial specific, as a generic set of symptoms is 
not likely to be optimal for most clinical trials.

Data collection instruments for AEs
One significant question around use of the CTCAE is 
whether the system has been formally validated. While 
CTCAE had not undergone a formal validation analysis, 
its widespread use for over 30 years supports its relevance 
and usefulness as a tool in oncology clinical trials. Accu-
racy of CTCAE data is highest with objective data, such 
as laboratory values and lowest with subjective events. 
Data collection typically occurs during unstructured 
patient interviews. Often patient symptoms are recorded 
by physicians, extracted from paper or electronic medi-
cal records (EMRs), transcribed into trial databases and 
frequently reported to trial sponsors for placement into 
another database. Each step uses time and resources and 
could possibly introduce several sites for errors. The phy-
sician collection methods can be thought of as a passive 
collection tool. In contrast, a formal structured survey 
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provided to the patient to collect a specific list of AE 
items would be considered as an active collection tool.

The symptom tracking and reporting (STAR) system 
has been used by patients to directly report disease- 
and treatment-related symptoms [35]. PRO measures will 
often require upfront training sessions as well as moni-
toring of compliance. Through the STAR system, phy-
sicians have been able to review patient-reported data 
and modify as indicated to complete CTCAE grad-
ing. Basch and colleagues have reported that clinicians 
agreed with patient assessment of AEs approximately 
92% of the time, lowering severities 5% of the time and 
raising them 3% of the time [36]. A recent report using 
the STAR system in an active clinical trial demonstrated 
that patients were able to complete on-site web-based 
questionnaires approximately 99% of the time and cli-
nicians were able to review data and complete CTCAE 
assessments over 98% of the time. Additionally, they felt 
the STAR system was easy to use and spent an average 
of 3 min reviewing and assigning CTCAE grades [37].

Dorr et  al. performed a review of several clinical 
trials of imatinib to compare the quality of clinically 
documented SAE outcomes to those reported from 
institutional review board AE documentation [38]. SAE 
descriptions were more complete (95 vs 40.3%) and 
were more able to assign causality (93 vs 26%) in the 
primary clinical data than reports from the institutional 
review board AE descriptions. These quality differences 
were primarily due to unstructured AE reporting forms. 
Earley et al. demonstrated that in a random sampling of 
clinical trial records, multiple instances of missing data 
as well as discrepancies in deaths reported in the clinical 
trials records versus the final publications were noted 
[39,102]. Scharf and Colevas reviewed 22 clinical trials 
and found that 27% of the published AEs could not be 
matched to agent-attributable AEs in the NCI clinical 
data update system [40]. Furthermore, in 14 out of the 22 
articles, the number of high-grade AEs in clinical data 
update system differed by 20% or more when compared 
with the published trial data. Another concern is the 
reporting of AEs after a clinical trial has been com-
pleted and FDA has approved the drug. As an example 
of under-reporting of AE events in a postclinical trial, 
nononcologic setting, Moore et al. determined that only 
approximately 1% of >33,000 AEs with warfarin were 
formally reported to the FDA monitoring system [41].

As the authors are aware, technology in medicine has 
made significant advances with the EMR as well as a 
variety of web-based recording tools and databases. Sur-
prisingly, many centers still use a large volume of paper 
forms when collecting data for clinical trials. Many dif-
ferent groups including local institutions, governmental 
agencies, as well as commercial entities, have developed 
a wide variety of electronic record-tracking systems for 

clinical trials. London et al. reported that an automated, 
computer-based AE tracking system resulted in faster 
confirmation by the principle investigator, improved 
workflow and resulted in more comprehensive AE 
reporting [42]. Within the NIH and NCI, an automated 
clinical trials suite was developed (Cancer Biomedical 
Informatics Grid), and a separate module, the cancer 
AE reporting system [103], was implemented to track 
AEs based on the CTCAE and MedDRA lexicons. It 
is likely that in the future there will be more and more 
direct extraction of AEs from the patient via PROs 
collected electronically, as well as more sophisticated 
extraction of clinical and laboratory AEs from EMRs.

Analytic tools for AEs & metrics
Presenting AE data was traditionally through the use of 
summary tables of incidence. Data across multiple time 
points are frequently compressed into a ‘worst grade/
severity’ approach. This method, while simplifying the 
data, does not reflect multiple or sequential events and 
results in bias and a systematic under-reporting of toxic-
ity reflecting on treatment regimens that may appear less 
toxic than they actually are. A complete analysis of tox-
icity may report the general incidence of an AE event, 
group AEs into general subsections (i.e., hematologic 
vs nonhematologic), and/or present AEs grouped by 
reporting by low grade versus high grade events.

Limitations of current AE recording systems are that 
they are unable to fully capture AEs generated at dif-
ferent time points (duration) and poorly capture inter-
mittent, dynamic events (number of episodes) during a 
course of treatment. For example, Machtay et al. found 
that over 40% of head and neck cancer patients treated 
on RTOG protocols experienced late toxicity events that 
were not captured in AE assessments during the origi-
nal trial [43]. Trotti and Bentzen found that using three 
different grading systems of late AEs in head and neck 
patients undergoing chemoradiation found the reporting 
of grade 3 or 4 toxicity to be between 14 and 82% [44]. 
In addition, there is no current method of summarizing 
AEs into specific patient risk definitions. TAME ana
lysis was developed to focus on short-term acute toxicity, 
adverse long-term events, treatment-related mortality 
and to present results in an end-result summary format 
[11]. Analysis of five RTOG trials in patients with head 
and neck cancer found an increase of approximately 
500% of acute toxicity burden compared with prior 
analysis methods. Wang et al. demonstrated the devel-
opment of four unique temporal clustering of symptoms 
during the course of treatment in a population of non-
small-cell lung cancer patients undergoing chemoradia-
tion [45]. Thus, the use of a longitudinal assessment of 
symptoms during multimodality treatment is useful to 
clearly define patient-reported experiences. 
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Statistical comparisons of incidence of AEs either intra- 
or inter-trial have not been formally assessed. If reporting 
of AEs was standardized, then inter-trials comparisons 
could have more validity when, for example, comparing 
data from two separate Phase II trials in order to com-
pare toxicities of new agents or comparing toxicities of 
particular sequences of therapy. Obviously, additional 
rigorous research is required to confirm these concepts.

Conclusion
Capturing all grade and durations of AEs in multi
modality cancer treatment is not necessary or even pos-
sible. The aim of AE reporting is to provide estimates of 
risk to help with both investigational and clinical deci-
sion making. Trials are likely to become more complex as 
combinations of standard chemotoxic drugs, molecularly 
targeted agents and biological modulators become the 
norm. In addition, the implementation of rapid ‘real-
time’ toxicity monitoring programs will be necessary 
for earlier recognition of AE patterns to allow for rapid 
change in trial designs concerning patient interventions 
[46]. It is likely that as tools for PROs and automated 
prospective collection and analysis of AE data directly 
from EMRs becomes widespread, investigators and clini-
cians will face both the benefit of a more accurate and 
complete AE dataset and the challenge of interpreting 
and digesting much larger datasets.

The authors would like to provide the following 
general recommendations for the clinical investigator:

■■ Collect all severe AEs without regard to causality;

■■ Collect only intervention-associated low-grade AEs;

■■ Specify in advance the subset of trial-specific AEs of 
high priority;

■■ Develop a systematic tool to investigate high priority 
AEs;

■■ High-priority AE tools should use patient-reported 
outcomes for nonanalytical AEs;

■■ Collect AEs at baseline, with every treatment cycle 
and after treatment completion;

■■ Ensure there is a plan for determining recurrent 
versus persistent high-grade AEs;

■■ Ensure all AE data collected are reported consistently 
in the literature and to regulatory authorities;

■■ AEs should be presented consistently regardless of 
trial outcome.

Of course, some of these recommendations may need 
to be adapted based on the intent of the trial (support-
ive vs therapeutic) as well as size of the trial or purpose 

of the trial (Phase I vs III). Being aware of AEs or toxic-
ities from preclinical or Phase 0/I trials may help focus 
intervention-associated AEs in later phase trials. Thus, 
many questions still remain to be answered about the 
best methods to evaluate, capture and report AEs in 
oncology clinical trials. Research is ongoing to deter-
mine if patient-reported outcomes are better for certain 
subjective AEs; two recent editorials by Basch et al. 
stress the importance of patient-reported outcomes and 
recommendation for PRO instruments to be developed 
for trials and to additionally have PRO performance 
measures to evaluate outcomes for accountability and 
quality improvement [47,48].

While AE-capturing systems have entered the digital 
age, no uniform or standard approach has been identi-
fied. Furthermore, the analysis of AE reporting tech-
niques as well as the use of patient symptoms or AEs 
as clinical trial end points is a current area of research 
in need of additional development. It is important to 
remember that the CTCAE is only a lexicon used to 
define AEs and assign severity. Additional guidelines 
addressing the collection, presentation and analytical 
methods of AE evaluation in oncology clinical trials 
are needed to capture comprehensive AE data in order 
to provide useful results for the research community.

Future perspective
Therapeutic clinical trials are necessary to confirm the 
benefit of experimental drugs with acceptable levels 
of toxicity. Large trials are becoming more and more 
expensive to implement, and thus, trials need to be 
optimally designed, which includes capturing AEs 
from both patient reports and investigator evaluations. 
The authors predict that over the next 5–10 years the 
vast majority of trials will be captured electronically 
with a focus on patient reported outcomes. Electronic 
collection will increase the accuracy of documenting 
AEs and through appropriately designed interfaces, 
both the patient, investigator and regulatory oversight 
should be able to be performed with high levels of effi-
ciency. The authors feel that new technology such as 
touch-screen tablets and secure cloud computing will 
become standard tools for assessing and monitoring 
AEs in oncology clinical trials.
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Executive summary

Defining patient symptoms & adverse events
■■ The NCI established the common terminology criteria for adverse events (AEs) to capture AEs in therapeutic clinical trials as a 
result of chemotherapy, surgical or radiation treatments.

■■ AEs cover a spectrum of patient symptoms, laboratory values, clinical findings and radiologic examinations.
■■ Particular AEs are classified by grade or severity, which is specific to that individual AE.

Data collection instruments for AEs
■■ The growth of the electronic medical record has allowed for easier collection of AEs.
■■ However, currently there are no standard guidelines for reporting AEs in clinical trial publications.

Analytic tools for AEs & metrics
■■ Reporting of ‘worst’ grade or severity of AEs results in bias and frequently under-reports the true toxicity of an intervention.
■■ The use of the common terminology criteria for adverse events has limitations on effectively evaluating AEs over time or from 
multimodality treatments.

■■ Statistical comparisons of AEs between published trials has not been addressed.
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