
Abstract. Background/Aim: The frequency of adverse
events (AEs) in clinical trials without control arms is difficult
to interpret. Materials and Methods: This is a systematic
literature review of AEs reported from the placebo arms of
randomized cancer trials in PubMed between 2008 and
2020. Results: We found 80 placebo patient cohorts in 73
publications, describing 17,968 subjects who received
placebo. Headaches were reported in 35 patient cohorts with
an average frequency of 12.3% (+/– SD=8.0, range=0.4-
34.1), and were more common in cohorts with a median age
between 45 and 50 years, with higher performance status,
and breast cancer (average 29.8% +/– SD=6.1). AEs
leading to discontinuation were reported in 5% of cohorts
(+/– SD=5.1, range=0-22.7). Conclusion: Considering
covariates allows more accurate interpretation of the
observed AE frequencies in cancer trials.

The overall benefit of oncology medicines can be seen as the
net after side effects have been subtracted from efficacy. During
oncology drug development, the therapeutic index in preclinical
experiments (1) is translated into a formal benefit risk
evaluation in clinical trials (2). Both compare the findings of
the drug with those without the drug. However, there is a gap
in the data production during early drug development, when
clinical trials have no placebo control arms (3). It is reasonable
to assume a benefit of the drug, when a tumor shrinks in
response to a novel agent. However, it is much harder to judge

the observed frequency of an adverse event (AE) without a
control group. The observation could be compared to the
expected frequency in the patient population without the agent
under investigation– if only that baseline was known. 
AEs observed in placebo arms of randomized trials are

potential sources and AE literature reviews have recently
contributed to drug development (4). Interestingly, there was
a high level of heterogeneity, and a correlation between AE
frequencies in placebo groups and those in treatment arms
(5). This could reflect the effect of the diagnosis and patient
demographics (6). 
A previous similar analysis of AEs in placebo arms (5)

identified 10 trials published between 2006 and 2018; the
most frequent grade 3 to 4 AEs in placebo patients was
hypertension (2.8%). We aimed to build upon these findings,
analyzing specific AEs in more granularity, and hypothesized
that demographic variables of the patient population
influence the reporting even among placebo arms. To address
this hypothesis, we expanded the data collection, and
selected one specific AE: headache. Headache is among the
most commonly reported AEs, there are only three grades,
and synonyms are rarely used. 

Materials and Methods
The selection of included publications built upon a previous meta-
analysis 2000-2018 (5), and used the 10 publications listed there. In
addition, the search was updated for Jan 2018 - Nov 2020 in PubMed
using the same method with one notable expansion: patient cohorts
with measurable tumors were not excluded. We found a total of 1,597
titles, which eventually resulted in the inclusion of 73 publications.
The search algorithm and list of included articles is available from the
corresponding author. SPSS (Statistical Package for Social Studies,
IBM version 23.0) and Excel (7) were used to conduct the analyses. 
All analyses were exploratory in nature, and p-values were not

considered confirmatory. We used ANOVA to compare the
frequency of AEs among subgroups defined by categorical
variables, such as cancer indication. For quantitative variables, we
used linear regression and visual evaluation in scatter plots; and we
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transferred the quantitative variables to categorical variables to use
ANOVA. This was first done for data from the placebo arms only,
and then repeated as sensitivity analysis for all data, including the
treatment arms of the studies. 

Results

The selection resulted in 73 publications describing 161
cohorts (study arms) with a total sum of 41,836 documented
persons. Among those were 35 placebo arms, in which
headaches were reported. The grade of headache was
reported in different ways: Most commonly the authors
combined all grades as a single number (grade 1 and higher:
22 of 80 placebo arms), others reported individual grades,
which allowed calculating the same value in further 12,
resulting in 34 study cohorts with a total number of 8,212
subjects for the main part of this analysis.
Interestingly, we found some smaller studies with accurate

AE listing (8), whereas larger studies often applied a cut off
of either a 5% or 10% frequency. Rare terms “feeling jittery”
appear more often in studies with small numbers, that report
every single patient complaint (8). In blinded studies, the
investigators are not aware if the patient received the active
drug, nonetheless AEs apparently caused by the drug are also
reported in the placebo arms (9). The following analysis was
restricted to AE frequencies regardless of causality.
Among the placebo monotherapy treated cohorts, the

tumor status at treatment start was: no measurable tumor:
31.3%, measurable tumor: 28.7%, and mixed tumor status:
40%. Cohorts with newly diagnosed malignancies reflected
37.5% of the database, relapsed or refractory (R/R) disease
47.5%, and in 10% both were allowed. Healthy volunteers,
and cancer prevention studies represented 2.5% each. Most
of the cohorts documented no prior therapy lines (n=28),
while 17 studies had a median of one prior treatment line,
four had a median of 2, three cohorts had a median of 3 and
one trial had a median of 4 prior treatment lines. 
The diagnoses and cancer locations were colorectal, liver,

and lung: 9 each; hematologic and ovaries: 7 each; kidney,
prostate, skin, and soft tissue: 5 each; breast: 4; brain, bone,
gastric, gastrointestinal stromal tumor (GIST) pancreas, and
no cancer (prevention): 2 each; bladder, head and neck, and
esophagus: 1 each. The gender distribution was reported in
73 cohorts with an average of 55.2% male (range 0 in ovarian
cancer to 100 in prostate cancer). The median age was
documented in 76 cohorts, and the average was 57.7 years
(range=7.1-74, SD=12.4 years). The performance status at
study entry was described in 65 cohorts by Eastern
Cooperative Oncology Group (ECOG) status (10). ECOG
status of 0 was reported between 5.2% and 100% with an
average of 57.3% (SD=24.6%). Placebo was provided by
mouth (PO) in 73.8%, intravenous (IV) in 17.5%,
subcutaneous (SC) in 5%, intramuscular (IM) in 2.5%, and

intradermal (ID) in 1.3%. The studies were classified as phase
I, phase II, or phase III in 2.5, 27.5, and 70%, respectively.
Among the 80 placebo cohorts, the most commonly

reported adverse event was fatigue [56], followed by nausea
[57], vomiting [45], diarrhea [45], decreased appetite [37],
headache [35], anemia [34], constipation [33], hypertension
[32], and cough [32]. Among the 81 non-placebo cohorts,
headache was reported with similar frequency [35 cohorts] but
the other AEs differed: There was a trend for a higher
frequency of diarrhea [63 cohorts], vomiting (49], constipation
[40], thrombocytopenia [33], and neutropenia [26]. 
The average frequency of headache reported in the placebo

arms was 12.3% (+/– SD=8.0, range=0.4-34.1). When this
value was weighted by patient numbers, the average was
similar: 11.6%. The estimator of effect size and heterogeneity
using meta-analysis methods indicated that most of the
variability was caused by real heterogeneity rather than
chance: I2=97.4%, random model effect size 0.0809 (8%).
The frequency of treatment discontinuation caused by AEs
was reported in 54 of the placebo arms with an average of
5.03%, (range=0-22.7, SD=5.1%). Severe adverse event
(SAE) frequencies were reported in 37 cohorts: average
18.3% (range=0-42, SD=12.1%). Among cohorts with
investigational drugs, AE related discontinuation was 15%
(SD=14.4), and SAEs 23.7% (SD=13.8). 
None of the included publications reported headache as an

adverse drug reaction to the investigational agent, and within
each study, the rate did not differ significantly between
treatment and control arms. However, the average of the
headache rates was moderately higher in the treatment
groups (average % 17.4 vs. 12.6). In comparison, the
frequency of treatment discontinuation for AEs differed
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Figure 1. Influence of age on headache reporting in placebo arms only. 



largely between treatment and placebo arms (14.4% in
treatment arms vs. 5.1 in placebo, exploratory p=0.000004). 
Evaluating the influence of demographics on headache,

revealed notable influence by three variables among the placebo
arms: cancer diagnosis, median age (Figure 1), and performance
status. In contrast, we found no robust influence of study type
(phase 1/2/3), measurable tumor, newly diagnosed versus
relapsed/refractory, route of treatment, year of publication,

previous lines of treatments, and total n of study population.
SAEs were more common in studies with newly diagnosed
tumors (6.1% versus 4.9%), in studies that enrolled patients
with measurable disease (26.3%) versus no measurable disease
(9.8%), and in studies with male majority (22.7 vs. 10%). 
The middle age group of cohorts with a median age between

45 and 50 had the highest rate of headache reporting (n=8,
mean=20.6%, SD=9.2), whereas the next younger or older group
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Figure 2. Eastern Cooperative Oncology Group (ECOG) status presented as % patients with ECOG 0 versus adverse events among patient cohorts
with placebo monotherapy. A) Headache, B) Severe adverse events (SAE).



had notable lower rates (<45 years of age: n=6, average=14.5,
SD=7.3; 50-65 years: n=18, average=9.8, SD=5.5 exploratory
p=0.004 ANOVA). Repeating the analyses for headache
frequency including all cohorts (treatment and placebo) resulted
in the same trends, similar numbers, and even lower p-value
(0.000009). In contrast, SAEs were most common in the oldest
age group (placebo cohorts with median age >65 years: 18.3%).
Performance status (PS) was commonly reported as

ECOG PS (12). A healthy person is documented in these
categories as “ECOG 0”. In linear regression, the frequency
of ECOG=0 correlated with headache reporting (Pearson
correlation 0.497, p=0.036, n=18, Figure 2A) indicating
more headaches in persons with normal PS. There was no
such correlation among the corresponding treatment cohorts;
and the SAE frequency had the opposite correlation: more
SAEs reported among cohorts with lower PS (Pearson
correlation –0.4, p=0.014, Figure 2B). 
The tumor diagnosis had a large influence on all of the

AEs: Breast cancer had the highest rate of headache followed
by colorectal carcinoma, and the lowest was pancreatic
carcinoma (Figure 3). This distribution was similar in the
placebo and non-placebo arms. Interestingly, the distribution
of SAEs had a largely different pattern among diagnoses. 

Discussion

We found that the rate of AEs reported in placebo-treated
subjects was related to demographics. Cancer diagnosis,
median age, and PS were particularly impactful for headache

reporting. The frequency of ECOG 0 correlated with the
frequency of headache reporting, indicating a higher frequency
of headache among healthier subjects. The frequency of SAE
was inversely correlated: higher among patients with poor PS. 
The decision to discontinue treatment for AEs implies the

assumption of causality. If the drug is placebo, then this
assumption was an error. This phenomenon occurred in 5%.
In the treatment arms of the same studies, the rate was 15%.
In analogy, this suggests that among studies without
randomization and control arm, an investigator’s opinion of
causality to the drug is correct only in two thirds of the cases. 
We found patients with higher tumor burden, later

treatment line, reduced PS, and higher age to be more likely
to experience SAEs. This confirms the intuitive prediction
that patients with more severe illness are also more likely to
be admitted to the hospital, and validates the method.
However, counterintuitively, headache was reported more
often with a higher PS. This might be explained by reporting
fatigue in the context of high symptom burden: Severe
complications and symptoms of the underlying malignancy
might make headache less relevant to patients and
investigators. The same phenomenon might explain the
lower headache reporting in elderly, and it might have an
impact on the disease specific findings. 
It is not surprising that the pattern of AEs depends on the

underlying diagnosis: Myelodysplastic syndrome patients
with thrombocytopenia report a high rate of skin
hemorrhages (11). Others have shown high I2 values for
placebo arms, indicating large heterogeneity and a general
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Figure 3. Cancer diagnosis and headache, in treatment and placebo arms. 



correlation of AEs between treatment and placebo control
(5). Our data confirmed these findings; and they are very
consistent with the well-known fact that symptoms are
specific to the cancer organ. It is harder to explain why
headache is more common among breast cancer patients, and
why brain tumor patients rank among the lowest when it
comes to headache reporting (Figure 3) (12). Exhaustion
from reporting in clinical trials may potentially also explain
this finding: Some patients might consider it irrelevant to
report headaches to their physician, when she/he already
knows that the patient has a brain tumor. 
The data reported here support a novel approach of

utilizing external controls to interpret AE data of single arm
studies. However, given the large heterogeneity, a single
bench mark AE frequency should be discouraged versus a
model that takes demographics into account. For headache,
such models should include tumor diagnosis, median age,
and PS. An SAE model should also include: the line of
treatment (newly diagnosed versus RR), and the frequency
of measurable tumors.
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