
Abstract. Background/Aim: Adverse events (AEs) in cancer
trials may be caused by the investigational agents or the
underlying disease. Determining the causality is challenging,
especially in early cancer drug development when a control
arm is lacking. Materials and Methods: We carried out a
systematic literature review of AE frequencies in placebo arms
of randomized trials for malignant solid tumors and
hematologic malignancies reported in PubMed from 2016 to
January 2022. Results: Among 148 placebo arms, the AEs with
the highest reported mean frequencies among all publications
were: Fatigue (20.1%), nausea (16.3%), diarrhea (14.3%),
abdominal pain (12.4%), and anemia (10.9%); AEs resulting in
drug discontinuation were reported in 5.6% of placebo-treated
patients and serious AEs in 18.7% of placebo patients.
Conclusion: The data presented here may be used as a
benchmark to help assess drug causality in early development
cancer studies without a control arm. 

When drug development moves from preclinical assessment to
human trials, the first goals are to describe the toxicity profile,
determine the recommended phase 2 dose, and optimal biologic
dose of the investigational medicinal product. In oncological
drug development, this is typically conducted initially with
patients for whom multiple previous treatment attempts have
failed. New symptoms might be caused by cancer progression,
the investigational agent, or other causes such as pre-existing

comorbidities. In the very first subjects of a first-in-human trial,
temporality is one of the most helpful tools to identify whether
adverse events (AEs) are caused by the drug. Drug causality is
strongly suggested when an effect occurred after the drug was
started (treatment-emergent), improved when the drug was
stopped (dechallenge), and reoccurred when the drug was
restarted (rechallenge). However, in real life, observations are
typically more difficult to interpret. To separate the description
of what occurred from the interpretation of why it occurred, the
International Conference of Harmonization defined an AE
independent of causality (1). In randomized phase 3 trials with
placebo arms, a significantly higher frequency in the treatment
arm may support drug causality. However, in earlier phases,
control arms and placebo arms are typically lacking. For those,
a predetermined expected frequency of AEs in a patient
population without the investigational agents can be a useful
tool to put the reported AE frequency into context. 

Clinical trial data are not identical with real-world data. The
study patient populations differ, mainly regulated by eligibility
criteria. Moreover, AE documentation differs. Treatment-
emergent AEs used in clinical trials describe only those AEs that
occurred after the drug/investigational medicinal product was
started or became worse since. Furthermore, in clinical trials,
AEs are typically coded following Medical Dictionary for
Regulatory Activities, a dictionary with a five-level hierarchy
(2). Among those, preferred terms are typically used in AE
tables. AEs are then graded by the Common Terminology
Criteria for Adverse Events (3). For the purpose of creating
benchmarks to assess AE frequencies in clinical trials, data
which are generated in the same way need to be used as sources,
and placebo arms of randomized clinical trials are probably the
best source of information (4-7). 

Recently, Cochrane methodology (3) and Bayesian
Network Meta-Analysis (4, 5, 8, 9) are increasingly used to
summarize AE frequencies across various studies, and to
identify findings that would not have been obvious in any of
the individual studies. For instance, the incidence of acute
myeloid leukemia or myelodysplastic syndrome occurring
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after exposure to poly (ADP-ribose) polymerase inhibitor was
higher than among placebo-treated patients (10). Anti-
cytotoxic T-lymphocyte–associated antigen-4 plus anti-
programmed death-1 were associated with higher risk of renal
AEs than anti-programmed death-1 alone (3, 4). However, the
purpose of these studies is typically to support treatment
choices from among various approved drugs, while frequency
tables of AEs to create benchmarks supporting early
oncological drug development remain an unmet need (11).

Materials and Methods 

The PubQuant database was generated during several analyses each
focusing on one specific AE (4-7). For the current analysis of all AEs,
the database was further updated to include publications until January
2021. The search algorithm was unchanged from previous work (7),
combining three topics by AND, namely, “cancer’’, “randomized’’, and
“adverse events’’. Each of the topics was further described by its own
list of Medical Subject Heading terms combined with OR. In January
2022, this search resulted in 554 hits for the publication years 2021 and
2022. Of these, 438 articles were excluded by manual review of the title
and bibliographic data. The most common exclusion in this step was of
trials that did not include patients with cancer, and the trial design was
not randomized. The remaining 116 publications were reviewed in detail
and compared to what was entered already in the database, resulting in
the exclusion of a further 93 articles (placebo was not monotherapy but
added to other anticancer therapy for 43, the trial was already included
in existing data for 22; for further details, see Figure 1). In the following
analyses, the specific questions determined the data selection. For
evaluating the influence of covariant such as age or Eastern Cooperative
Oncology Group (ECOG) status, all placebo arms of studies with cancer
drugs were included. For comparison between placebo and treatment
arms, all treatment cohorts were added in which the study had a placebo
arm. The data selection was further restricted for the calculations
determining the benchmarks for the frequencies of specific AEs, serious
AEs (SAEs), and AEs leading to discontinuation. For these calculations,
studies were only included for which a cancer diagnosis was part of the
eligibility criteria, thereby excluding phase 1 studies with healthy
volunteers, and cancer-prevention studies. 

The data were analyzed using SPSS (SPSS Version 23.0, IBM,
Armonk, NY, USA) as previously described (4-6, 7). This included a
multiple step imputation process to fill in frequencies of Common
Terminology Criteria for Adverse Events grades for those cohorts
where they could be determined from original values (7). Pearson
correlations were used to describe the relation of quantitative variables,
and analysis of variance to describe the influence of categorical
variables on AE frequencies. All p-values are considered exploratory.
The complete method description and the items listed in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (12) are
available from the corresponding author upon request and consist of
the search algorithm and the complete list of included articles. 

Results

After the database was updated with the new search, the
combined PubQuant database contained 149 publications
including cancer drugs that matched the criteria and described
160 cohorts of placebo monotherapy with 30,374 individuals.

Among those were 11 publications (12 cohorts) describing
2,387 individuals without cancer diagnosis. Those were
placebo-controlled randomized cancer-prevention studies and
studies with healthy volunteers, which were of value when
exploring the influence of covariates, but they were excluded
from the benchmark calculations for cancer studies. The
details of the demographic distribution are described in Table
I. As an overview: The average reported median age was 57.1
years, 56.4% were male, 56.5% had an ECOG performance
status of 0, and 66.9% were phase 3 studies. The most
common diagnoses were hematological, colorectal, breast and
lung cancer. Eligibility criteria included measurable cancer in
38.1% of the reported cohorts and relapsed/refractory
malignancies in 44.4%. Placebo was given per os in 75.6%. 

The most commonly reported treatment-emergent AEs among
placebo-treated cohorts of patients with cancer (both
hematological and solid tumors) was fatigue. This preferred term
was reported in 102 out of 148 cohorts, with an average
[±standard deviation (SD)] of 20.1±14.1% per cohort. In the
same data, the preferred term of ‘asthenia’, which is a medical
concept very similar to fatigue (12), was reported less frequently.
Most of the specific AEs reported were gastrointestinal
symptoms: Nausea, diarrhea, abdominal pain, constipation,
decreased appetite, vomiting, and stomatitis were reported with
averages above 5% per cohort. All three of the hematological
AEs of cytopenia were among the most commonly reported:
Anemia, neutropenia, and thrombocytopenia. Pyrexia (fever)
was more common than febrile neutropenia. The respiratory
system (cough), musculoskeletal system (arthralgia, back pain),
nervous system (headache), and skin (rash) were represented
with one preferred term each among those >5%. For details, see
Table II. The order of frequency was different among more
severe AEs. Among AEs of grade 3 and higher, the most
common AEs were anemia (3.0±3.8%), abdominal pain
(2.2±3.4%), and neutropenia (2.2±4.6%). 

The treatment arms in general had significantly more AEs
reported than the placebo arms among patients with cancer.
This was particularly prominent among the AEs diarrhea
(placebo: 14.3±9.8%, treatment: 29.9±21.0%; p=1.1×10−11),
thrombocytopenia (placebo: 5.0±6.9%, treatment: 16.8±15.4%;
p=0.000001), rash (placebo: 6.5±7.0%, treatment: 16.5±14.4%;
p=0.000009), and weight loss (placebo: 5.7±4.8%, treatment:
17.1±16.6%; p=0.000006). 

SAEs were reported in 83 placebo-treated cohorts of
cancer drug studies, with an average frequency of 16.5%
(range=0-47%, SD=13.3%). Among patients enrolled after
cancer diagnosis, the frequency was higher: 18.7% (range=0-
47%, SD=12.7%). The SAE frequency was correlated with
median age (Pearson correlation R=0.546, p=1.3×10−7,
N=81), proportion of patients with ECOG status 0
(R=−0.516, p=0.00002, n=62), male sex (R=0.322, p=0.004,
n=77), and previous lines of therapy (R=0.380, p=0.003,
n=61). SAEs were less commonly reported among the eight
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randomized phase 1 studies (p=0.001). Among various
diagnoses, SAEs were more commonly reported in liver,
gastric, and thyroid malignancies, and less in uterine, breast,
gastrointestinal stromal tumor, ovarian cancer, and among
individuals without cancer diagnosis. The average SAE
frequency was higher among studies that enrolled only
patients with measurable disease (24.6±13.8%, n=30) than
those enrolling only those without measurable disease
(7.5±8.1%, n=26, p=0.000003). SAEs were 1.3-fold higher
among patients with cancer receiving cancer drugs than those
receiving placebo (24.7±14.6%, range=0-57%).

AEs leading to discontinuation were reported in 100 out
of the 160 placebo-treated cohorts of cancer drug studies, at
an average frequency of 5.2±5.2% (range=0-28.4%). The
frequency was higher when the analysis was restricted to
cohorts of patients enrolled after cancer diagnosis: 5.6±5.2%
(range=0-28.4%). This variable was positively correlated
with the median age of the cohorts (Pearson correlation
R=0.321, p=0.001, N=106), as cohorts with older patient
populations reported more common AEs leading to
discontinuation. Discontinuation caused by AEs was reported
more commonly among phase 3 studies (analysis of variance
p=0.012). The frequency was also dependent on the
diagnosis, with patients with gastric, liver, kidney, and
hematological cancer reporting more common AEs leading

to discontinuation; and in cancer-prevention studies, with
esophageal, brain, ovarian, and thyroid malignancies being
less common (p=0.0004, Figure 2). Other variables remained
without significant influence. Among those were the year of
publication, number of patients per cohort, phase of the trial,
sex, ECOG status, median lines of previous treatment, tumor
status (measurable disease yes/no), and treatment route.
Among treatment arms, AEs leading to discontinuation were
2.9-fold more frequent (15.3±12.3%, range=0-74%) than
among corresponding placebo arms.

Discussion

This study combined published data of placebo arms of
randomized clinical cancer trials, described the frequency of
the most commonly reported treatment-emergent AEs (Table
II), the overall mean frequency of SAEs (16.5%), and AEs
leading to discontinuation (5.3±5.2%). 

Gastrointestinal AEs were common among placebo-treated
patients with cancer. The effect of oral chemotherapeutic
agents on the gastrointestinal tract are well known and
several mechanisms have been identified. The mucosa as a
rapidly proliferating tissue might be a direct target of
anticancer agents and the loss of mucosal integrity may
cause painful oral mucositis (stomatitis), or diarrhea (13).
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Figure 1. Study flow diagram. The data collection grew over several published projects addressing specific adverse events (left side of the Figure).
For this report, which combines all common adverse events, the publication year 2021 was added. The additional literature search is described on
the right side of the Figure. TEAE: Treatment-emergent adverse event. 



Microbiota dysbiosis and inflammatory processes (14) are
additional mechanisms of toxicity. However, the data in this
study focused on the placebo arms. The patients in these
arms did not receive chemotherapy, yet stomatitis, diarrhea,
constipation, nausea, and vomiting were still among the most

commonly reported AEs. Other drugs provided as supportive
care, cancer location in the intestinal tract, age-related
comorbidities or resurgence of drug side-effects from
previous treatments might explain such high rates. Of note,
the specific AEs varied in their relation to treatment drugs.
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Table I. Demographic data of all cohorts included in the study of adverse events. All cohorts in placebo arms were treated with placebo monotherapy
regardless of availability of adverse event data. 

Variable                                                                                                      Placebo arms                                                              Treatment arms

Mean no. of patients (range)                                                          189.84 (6-2,253) (N=160)                                            237.6 (5-2,256) (N=172)
Phase
   1                                                                                                                      5%                                                                               7.6%
   2                                                                                                                   28.1%                                                                           28.5%
   3                                                                                                            66.9% (N=160)                                                             64% (N=172)
Median age (range), years                                                                 57.1 (7.1-74) (N=155)                                               56.3 (9.5-74.5) (N=166)
Male: Mean (range)                                                                        56.4% (0-100%) (N=149)                                           55.7% (0-100%) (N=162)
ECOG 0: Mean (range)                                                                  56.5% (0-100%) (N=112)                                           58.4% (0-100%) (N=119)
Mean no. of previous Tx lines                                                             0.9 (0-4) (N=112)                                                        0.8 (0-4) (N=123)
Cancer-affected organ, n (%)
   Colorectal                                                                                                 19 (11.9%)                                                                   19 (11.0%)
   Hematological                                                                                         18 (11.3%)                                                                   18 (10.5%)
   Lung                                                                                                         16 (10.0%)                                                                    17 (9.9%)
   Liver                                                                                                          14 (8.8%)                                                                     14 (8.1%)
   Breast                                                                                                        12 (7.5%)                                                                     16 (9.3%)
   Prostate                                                                                                     11 (6.9%)                                                                     11 (6.4%)
   Ovary                                                                                                        10 (6.3%)                                                                     10 (5.8%)
   Soft tissue                                                                                                    5% (8)                                                                                
   No organ system                                                                                         5% (8)                                                                                
   Kidney                                                                                                       7 (4.4%)                                                                       8 (4.7%)
   Skin                                                                                                            6 (3.8%)                                                                       6 (3.5%)
   Thyroid                                                                                                      6 (3.8%)                                                                       6 (3.5%)
   Gastric                                                                                                        5 (3.1%)                                                                       5 (2.9%)
   Brain                                                                                                          3 (1.9%)                                                                       4 (2.3%)
   Bladder                                                                                                       3 (1.9%)                                                                       3 (1.7%)
   Bone                                                                                                           2 (1.3%)                                                                       2 (1.2%)
   Esophagus                                                                                                  2 (1.3%)                                                                       3 (1.7%)
   GIST                                                                                                          2 (1.3%)                                                                       2 (1.2%)
   Pancreas                                                                                                     2 (1.3%)                                                                       2 (1.2%)
   Uterus                                                                                                         2 (1.3%)                                                                       2 (1.2%)
   Other endocrine                                                                                         2 (1.3%)                                                                       2 (1.2%)
   Head and neck                                                                                           1 (0.6%)                                                                       1 (0.6%)
Eligibility, n (%)
   No measurable cancer                                                                             43 (26.9%)                                                                   49 (28.5%)
   Measurable                                                                                              61 (38.1%)                                                                   63 (36.6%)
   Mixed tumor status                                                                                 55 (34.4%)                                                                   57 (33.1%)
   Tumor status not provided                                                                        1 (0.6%)                                                                       3 (1.7%)
   Newly diagnosed                                                                                     61 (38.1%)                                                                     39% (67)
   R/R                                                                                                           71 (44.4%)                                                                   72 (41.9%)
   Mixed new-R/R                                                                                        10% (16)                                                                      16 (9.3%)
   Healthy volunteer                                                                                      9 (5.6%)                                                                      14 (8.1%)
   Prevention                                                                                                  3 (1.9%)                                                                       3 (1.7%)

GIST: Gastrointestinal stromal tumor; Hematological: leukemia/lymphoma; Measurable: studies enrolling only patients with measurable disease;
Mixed new-R/R: studies enrolling both newly diagnosed and those with relapsed or refractory disease; Mixed tumor status: studies enrolling patients
regardless of remission status; N: total number of cohorts; Newly diagnosed: eligibility criteria only included patients with first diagnosis of this
cancer including maintenance studies when the experimental treatment followed induction chemotherapy; No measurable cancer: studies enrolling
only patients in remission; No organ system: studies enrolling regardless of cancer diagnosis and studies with health volunteers; Prevention: cancer-
prevention studies enrolling patients at risk but without cancer diagnosis; R/R: relapsed or refractory malignancy.



For instance, while both diarrhea and constipation were
common, only diarrhea was more common in treatment
arms, indicating this AE to be worthy of particular attention
in oncology trials. 

SAE reporting is one of the most commonly used
approaches to establish safety in drug development. The term
is defined by specific criteria, independent of causality, as
any AE that led to death, disability or permanent damage,
hospitalization, congenital anomaly/birth defect, or was life-
threatening, or required intervention to prevent permanent
impairment or damage (15). Within the context of cancer,
hospitalization is the definition that most commonly applies.
The data provided here show that SAEs are very frequent
events in cancer trials, with an average of overall reporting
of 16.5% even when the patient is only treated with placebo.
The frequency was higher in studies with older patients,
when measurable tumor was present at enrollment, and when
the patients had been treated with more previous lines of
therapy; all of these findings can be viewed as descriptions
of more vulnerable patient populations. It is to be expected
that these patients are also more commonly admitted to a

hospital. Drug-related side-effects can add further SAEs.
However, the average frequency observed in the treatment
arms of the same studies was only higher by a factor of 1.3
than in placebo arms. This suggests that the SAE frequency
in cancer trials is only a modestly effective tool to determine
drug causality, and optimal dose.

Drug discontinuations due to an AE imply the assessment
of possible drug causality. This differentiates this parameter
significantly from SAE frequencies. Consistent with this, the
average frequency was lower (5.3%) and less dependent on
the general health of the patient than were SAEs. Moreover,
the frequency among treatment arms was 2.6-fold higher
than in placebo arms. This suggests the frequency of AEs
leading to drug discontinuation to be a more useful
instrument for the detection of drug toxicity. However, the
clinical investigator’s causality assessment is not always
perfect. One in 20 patients discontinued the placebo
treatment, suggesting also that one-third of those
discontinuing active drugs do this by an erroneous
assumption of drug causality. This confirms findings of a
recent review also concluding that the attribution process

Wolff et al: Adverse Events in Placebo Arms (Review)

2809

Table II. Frequency of adverse events (AEs) in randomized oncology trials. Data are absolute numbers of patients reported with the AE summed
over all patient cohorts and total number of patients with the AE in these columns, with the mean frequency percentage (range) for each patient
cohort. For this table, studies with healthy volunteers and cancer prevention studies were excluded. Using benchmarks for the assessment of AE
frequencies in oncology studies without a control arm: Drug causality is not supported when the frequency of the AE is lower than the average
percentage among placebo arms. Drug causality is likely when the observed frequency is higher than the highest reported frequency in placebo
arms (upper limit of the range). For observations that are higher than the placebo average but lower than the placebo maximum, statistical methods
to include the denominator are recommended, and the absolute numbers may be used as control values. 

                                                                        Placebo arms                                                                                 Treatment arms

                                                 Any grade                                Grade 3 or higher                              Any grade                            Grade 3 or higher

AE                                 Number            Frequency          Number           Frequency          Number            Frequency           Number           Frequency 
                                                                  (range)                                        (range)                                          (range)                                         (range)

Fatigue                        4,013/19,927    20.1% (0-64%)    314/21,247      1.8% (0-17%)     6,977/27,098     26.8% (0-89%)      931/29,703      3.2% (0-18%)
Nausea                        3,651/16,858    16.3% (0-51%)      99/17,780      0.78% (0-12%)   7,173/24,005     26.1% (0-77%)      299/25,772      1.1% (0-10%)
Diarrhea                      3,784/21,247    14.3% (0-56%)    166/24,387     0.8% (0-7.3%)    9,268/28,831   29.9% (0-95.1%)  1,807/33,143    3.9% (0-40%)
Anemia                         630/7,266       10.9% (0-47%)      237/9,882       3.0% (0-17%)     2,227/11,319   19.5% (0-96.3%)   1106/15,283     6.8% (0-31%)
Abdominal pain            968/8,429       12.4% (0-41%)    142/10,667      2.2% (0-15%)     1,886/11,879     15.7% (0-48%)      234/14,430      1.8% (0-13%)
Constipation               1,808/12,004   10.8% (0-32.5%)    45/12,185       0.46% (0-5%)     2,770/16,996     15.0% (0-48%)       79/17,368       0.54% (0-7%)
Arthralgia                   2,989/16,418    10.1% (0-50%)    133/16,418      0.38% (0-3%)     3,743/20,190     14.2% (0-61%)      214/20,190       0.7% (0-7%)
Reduced appetite       1,080/12,320    10.2% (0-38%)      80/14,150       0.92% (0-8%)     2,989/17,339     18.7% (0-76%)      290/19,591      1.8% (0-10%)
Cough                          1,019/8,941     10.3% (0-38%)       10/8,941      0.09% (0-1.7%)   1,878/13,289     12.9% (0-42%)       24/13,289       0.17% (0-3%)
Vomiting                     2,032/15,978   10.8% (0-100%)   122/17,109     0.75% (0-18%)   4,578/22,056    17.2% (0-100%)    384/24,290      1.4% (0-17%)
Headache                    2,317/16,965    9.1% (0-29.2%)     98/18,914     0.37% (0-8.5%)   3,396/21,268     13.9% (0-41%)      231/23,241     0.76% (0-15%)
Neutropenia                  607/6,816        7.4% (0-42%)       572/9,699       2.2% (0-24%)      2.297/9,627      24.4% (0-82%)    1,592/13,045   11.4% (0-60%)
Back pain                   1,314/11,066    8.3% (0-28.6%)    143/12,999      0.76% (0-7%)     2,077/15,617     10.1% (0-29%)      352/17,558       1.8% (0-7%)
Asthenia                        687/8,691        8.3% (0-47%)        81/9,113        0.87% (0-7%)     1,511/12,960     13.4% (0-72%)      245/13,804       0.8% (0-6%)
Pyrexia                          621/7,316        8.0% (0-28%)        29/7,316       0.58% (0-11%)    2,092/11,414     13.2% (0-63%)       74/11,414        0.8% (0-6%)
Rash                             889/11,400      6.5% (0-32.1%)     17/12,047        0.1% (0-1%)      2,944/15,710     16.5% (0-86%)      396/17,052      1.7% (0-22%)
Weight loss                   440/6,765      5.6% (0-18.2%)      16/6,765        0.31% (0-7%)     1,566/11,115     17.1% (0-78%)      107/11,115      1.5% (0-15%)
Thrombocytopenia       344/7,239        5.0% (0-27%)       100/7,387      0.97% (0-21%)    1,773/11,149     16.8% (0-61%)      687/11,629      5.2% (0-34%)
Stomatitis                      239/5,107        3.9% (0-37%)         2/5,047         0.08% (0-3%)      1,142/7,972      16.7% (0-86%)       113/7,972      1.57% (0-11%)



was more unreliable than expected (16), highlighting the
need for more tools to support the process. 

The frequency of treatment-emergent AEs provides one
such tool. The most powerful version of this variable applies
to randomized trials, when the frequencies can be compared
directly in the same patient population reported by the same
investigators through identical reporting mechanisms. Based
upon the experience of the project (4-7), we recommend
prioritizing two numerical values for each preferred term:
The frequency of any reported AE, and the frequency of
those of grade 3 or higher. The other grades did not add
further insights (4-7). In first-in-human oncology trials, there
is typically no control arm. This study aimed to develop
benchmarks which may be used to fill this gap, to provide
an exploratory tool for interpreting emerging safety data in
first-in-human cancer trials. For those AEs listed in Table II,
there should not be a concern when the observed frequency
is lower than the average reported for placebo-treated arms.
Conversely, a concern may be raised when the observed
frequency is higher than the maximum frequency reported
among placebo-treated arms – i.e., higher than the upper
limit of the range reported in Table II. Unfortunately, the

ranges are large, and the two limits leave a significantly large
area of uncertainty. For remaining uncertain situations,
statistical comparison will be necessary between the
literature-reported placebo data and trial observations. A
preferred term not listed in Table II which has an average
frequency among placebo-treated arms of less than 5%
should be evaluated in detail when observed in oncological
patients treated with investigational drugs. 

This study has limitations, several of which were
described in the earlier analyses of this series (2-5) and by
other groups (17). The frequency of AEs differed between
placebo-treated arms of various trials, which might be
associated with reporting diligence, visit frequencies, and
observation times. Simpson’s paradox is the phenomenon in
which a trend appears in several groups of data but
disappears or reverses when the groups are combined (18).
In practice, it would be ill-advised to consider the provided
numerical averages as a reflection of symptom frequencies
in the real world of patient care. The provided data are the
result of reporting rules and common practice of clinical
trials, which may be viewed as a filter quite likely to alter
average frequencies. However, the clinical trial data
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Figure 2. Box plot of the frequency of adverse events resulting in drug discontinuation among patients with different cancer diagnoses. Only
diagnoses with more than 20 cohorts of patients available are shown. The box size represents the second and third quartile, and the line within it
represents the median. The whiskers represent the first and fourth quartile (excluding outliers). Circles and stars indicate the outliers of the datasets.



assessed have been produced by the same mechanism and
were subject to the same filters as published clinical arms.
Therefore, data from placebo-treated arms are the closest
comparator available. 

Further refinement of the methods is possible. For some
cancer indications, such as lung and breast cancer, sufficient
data might be available to create disease-specific
benchmarks. We hypothesize that normalizing the observed
frequency of the AE of interest by a frequently other reported
AE in the same trial will eliminate the bias caused by factors
that influence the entire study. A similar technique is used
successfully in post-market pharmacovigilance of approved
drugs (19). In classical disproportionality analyses, the
frequency of an AE reported for one drug is normalized by
the frequency reported for other drugs, eliminating various
influences on the reporting frequency, and making the
indicator independent of the number of patients receiving the
drug (20). In parallel, in the setting of early oncology trials,
normalizing the frequency of a specific AE to other AEs
within the same trial will eliminate reporting diligence and
observation time as influencing variables. The hypothesis
that such normalization will improve the detection of drug
causality is testable with data of early oncology trials of
drugs that have since completed their subsequent phase 3
studies. However, this will require additional data collection
and goes well beyond the scope of this study. 

Conclusion

In oncology, the frequency of specific treatment-emergent
AEs observed in placebo-treated arms provides a tool for
assessing the emerging safety profile of drugs in
development which otherwise may be difficult to interpret.
The frequency of AEs leading to drug discontinuation may
be a more helpful tool for causality assessments compared
to the frequency of SAEs. 
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