
Abstract. Background/Aim: Fatigue and asthenia are common
in patients with cancer; and identifying the cause as drug
toxicity versus cancer progression is difficult, particularly in
clinical trials without control arms. Materials and Methods: We
carried out a systematic literature review of fatigue in placebo
arms of randomized cancer trials reported in PubMed from
2000 to 2021. Results: Fatigue/asthenia were reported in 100
out of 134 placebo cohorts, and the average of reported
frequencies was 22.8%, with a range of 0-83%. Grade 3 or
higher fatigue/asthenia was reported in 2.3% (0-17%).
Fatigue/asthenia was positively correlated with nausea
(R=0.683) Conclusion: For detection of drug toxicity,
observations should be flagged when they are higher than the
maximum reported in the placebo arm, and the assessment
should be supplemented by comparing observations in early
oncology trials to literature placebo arms, including both
sample sizes and event numbers. 

Fatigue may be the first specific symptom leading to a cancer
diagnosis, and often remains a key component of the burden
patients carry throughout cancer treatment. The symptom may
be caused by a wide variety of mechanisms, including anemia,
insomnia, or hypothyroidism. Nonetheless, in many cases of
fatigue, the mechanism remains elusive, and for some cancer
therapeutics such as lomustine (1) and bromodomain
extraterminal domain (BET) inhibitors (2), the symptom may
trigger the need for treatment reductions or discontinuation. 

For quantitative comparisons, the grading and definition
and of fatigue is of the utmost importance. The Common

Terminology Criteria for Adverse Events (CTCAE) define
fatigue as: “A disorder characterized by a state of generalized
weakness with a pronounced inability to summon sufficient
energy to accomplish daily activities” (3). The descriptions
of grades has changed over the years: Version 2 published in
1999 used the Eastern Cooperative Oncology Group (ECOG)
status (4), and the Karnofsky and Lansky scales for
definition (Table I). Version 3 published in 2006 included a
comparison to baseline in grade 2, and defined grade 4 as
disabling. The grading in versions 4 and 5 relate the severity
to the activities of daily living (Table I). 

There are other terms closely related to fatigue: Malaise
is defined in CTCAE as: A disorder characterized by a
feeling of general discomfort or uneasiness, an out-of-sorts
feeling. Lethargy is defined as: A disorder characterized by
a decrease in consciousness characterized by mental and
physical inertness. Asthenia is not differentiated from
fatigue: In CTCAE versions 2 and 3, it is listed together with
fatigue with identical definitions and grades; in versions 4
and 5, asthenia is not mentioned. 

In general, when reporting AEs in clinical trials, not all
symptoms are listed separately. Instead, among closely
related terms, the investigators select those that describe the
nature of the event best. Thus, an event would typically not
be described by both fatigue and asthenia, even when both
terms are accurate descriptions. 

The frequency of AEs may be compared between
treatment and placebo arms of randomized clinical trials to
determine if they are caused by the investigational agent.
However, in trials that have no control arm, such judgement
relies on comparison to an expectation of how often the AE
would have occurred without the drug. This study aimed to
support these expectations with data focusing on benchmarks
for expected frequencies of AEs in oncology trials. The
database and technology matured in the process (5-7). For
the analysis of fatigue, a broad search of the publication year
2016 was added to the database, and the terms fatigue and
asthenia were combined. 
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Materials and Methods 
The data collection integrated results of previous studies. Those
included a narrow search among publications from January 2000 to
April 2018 (8), supplemented with broad searches for January 2018
to November 2020 (5), January 2020 to March 2021 (6), and 2017
(7). For this analysis, a further broad search for the publication year
2016 was added. 

The search algorithm was unchanged from previous work (5, 6),
combining three topics by “AND”, namely cancer, randomized, and
adverse events, with each of the topics described by its own list of
Medical Subject Heading terms combined with “OR”. It resulted in
374 hits for the publication year 2016. Of those, 308 articles were
excluded by manual review of the title and bibliographic data. The
most common exclusion criteria in this step were (a) trials not with
patients with cancer, (b) not randomized trials, (c) the randomized
treatments did not include a placebo monotherapy arm, (d) meta-
analysis or Cochrane review, and (e) description of trial design without
actual data. The remaining 66 publications were reviewed in detail and
compared to what was entered already in the database, resulting in the
exclusion of a further 44 articles (already included in existing data:
20; placebo treatment-emergent AE table missing: 16; placebo arm
was not monotherapy: 12; placebo arm missing: four; not a cancer
study: one; too many discrepancies in the AE data: one (9); more than
one category of exclusion may apply to individual publications). 

The user interface for data entry was an Excel spreadsheet
(Microsoft Corporation, Redmond, WA, USA). It included columns
to identify the data source and clinical trial (n=7), study type and
data selection methods (n=5), demographic and patient population
(n=11), treatment (173 drugs), and AEs by reported grade (6,554
columns). At data entry, synonymous AE terms such as
“neutropenia” and “neutrophil count decreased” were summarized,
and numeric values were converted to the percentage of patients. At
this step, fatigue and asthenia were entered separately. The large
number of AE columns was in part caused by the 11 different ways
the grades of each AE were reported in the medical literature (6, 7). 

The data were then exported from Excel into SPSS (SPSS
Version 23.0; IBM, Armonk, NY, USA). A cleaning program
followed focusing on common spelling errors and adjusting
categorical labels in text fields. Filling in missing values started
with an automated step of logical deduction – as previously
described (5-7). For instance, when the publication reported no
AEs leading to death, yet grade 5 data entry was missing from the
treatment-emergent AE table, then grade 5 was recorded as 0% for
all AEs. Next, the terms fatigue and asthenia were combined into
one field “fatigue/asthenia”. When both terms were reported, the
higher number was used in the combined field. For further
imputation of missing values, linear regression-based models were
used to calculate missing values for specific grades based upon
other reported grades of the same patient cohort. To determine
which pairs of data could be used for such imputation, Pearson
correlation coefficients were calculated in all possible
combinations, and those with R>0.8, and p<10-10 were
implemented. Quality controls followed, and included a manual
review of every single datum for 1% of the lines, as well as
automated steps ensuring that the sums of variables were
consistent (7). By the nature of linear regression, the sums of
values for individual grades imputed by various models may not
add up to 100%. Discrepancies were evaluated, including source
data review and reconsiderations of the imputation algorithms.
This led to restricting some of the models by excluding non-
predictive outliers, and to the complete elimination of one of the
models. The models finally used were: model 1: Grades ≥3 related
to grades 3+4; model 2: grade ≥3 related to grade 3 (excluding 0%
and >30%); model 3: grades 1+2 related to grades ≥1 excluding
0%; and model 4: grade 4 related to grades 4+5 (excluding grade
4+5 of 0%). Eventually, remaining numeric discrepancies were
corrected in the final imputation step by proportionally adjusting
the imputed values such that the sums of values were consistent.
Finally, validity was assessed comparing aggregated
fatigue/asthenia frequencies with other variables, and comparing
these findings between raw data and imputed data. 
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Table I. Definitions of fatigue grade by Common Terminology Criteria for Adverse Events (CTCAE) (3).

                                                                                                                           CTCAE 

Grade                    Version 2                                                                              Version 3                                                       Versions 4 and 5

0                            None                                                                                     Not defined for any AE                                Not defined for any AE
1                            Increased fatigue over baseline,                                         Mild fatigue over baseline                           Fatigue relieved by rest
                             but not altering normal activities
2                            Moderate (e.g., decrease in performance                           Moderate or causing difficulty                    Fatigue not relieved by rest,
                             status by 1 ECOG level or 20% Karnofsky                       performing some ADL                                 limiting instrumental ADL
                             or Lansky) or causing difficulty 
                             performing some activities
3                            Severe (e.g., decrease in performance status                    Severe fatigue interfering                            Fatigue not relieved by rest, 
                             by ≥2 ECOG levels or 40% Karnofsky or                        with ADL                                                      limiting self care ADL
                             Lansky) or loss of ability to perform 
                             some activities)
4                            Bedridden or disabling                                                        Disabling                                                       Not defined for fatigue
5                            Not defined for any AE                                                       Not defined for fatigue                                 Not defined for fatigue

ADL: Activities of daily living; ECOG: Eastern Cooperative Oncology Group.



The influence of demographic variables and the relationships
between different AEs were assessed in various ways as described
previously (5-7). In this process, fatigue/asthenia was first described
as a binary variable (yes/no) when any frequency higher than 0%
was reported. Quantitative data were then combined for grade 1 and
higher, and expressed as a percentage for each published patient
cohort. At least two methods were used for each pair of variables.
For quantitative variables, Pearson regression (% fatigue versus
demographic variable) and the SPSS algorithm “compare means”
(quantitative variable among patient cohorts with or without fatigue
reported) were used. For categorical variables analysis of variance
and chi-square tests were used. Additionally, data were presented
visually in scatter plots, and box plots. These exploratory analyses
were performed for each of the four cut-offs (grade 1 and higher,
grade 2 and higher, etc.). All analyses and p-values were exploratory. 

The data selections for the various calculations differed: Raw
data without imputation were used for creating the binary terms
fatigue/asthenia listed as yes/no. The correlation of grades to each
other was derived after logical deduction of missing values. The
influence of demographics and relation of AEs to each other was
analyzed after maximal imputation and quality control. The
calculation of benchmarks used the same data but restricted them to
placebo arms only and excluded data from healthy volunteers and
cancer-prevention studies. As sensitivity analysis, these calculations
were also repeated in the other data selections. Statistical analyses
were carried out using SPSS.

The complete method description and the items listed in the
Preferred Reporting Items for Systemic Reviews and Meta-Analyses
(10) are available from the corresponding author upon request, and
include the search algorithm, the complete list of included articles,
and the list of synonyms. 

Results
The search retrieved 123 publications describing 134 cohorts
of placebo monotherapy with 26,685 individuals. The core
analysis to create benchmarks of fatigue/asthenia frequencies
was restricted to 92 cohorts and summarizing 19,360
individuals (excluding studies without fatigue data, cancer-
prevention studies, and studies with healthy volunteers). The
average reported median age was 58 years, 54% were male,
53% had an Eastern Cooperative Oncology Group (ECOG)
performance status of 0, and 70% of the studies were phase III.
The most common diagnoses were hematologic, colorectal,
breast and lung cancer. Eligibility criteria included measurable
cancer in 43% of the reported cohorts and newly diagnosed
malignancies in 47%. Placebo was given per os in 78%.
Further details of the demographics are given in Table II. 

Fatigue and asthenia were described in various ways:
Among placebo-monotherapy controlled randomized trials,
44.8% described fatigue only, 3.5% asthenia only, and 22%
both terms separately. Among those that reported both terms,
the percentage of individuals reported with fatigue did not
correlate with those reported with asthenia (R=0.012,
p=0.903, N=105). Neither of the terms was reported in 25.9%
of the patient cohorts, and 3.8% used a combined term of
fatigue/asthenia. This example was followed for the further

data described here: Fatigue and asthenia were considered
synonymous with respect to their grading and frequency –
consistent with CTCAE versions 2 and 3. The variable was
named “fatigue/asthenia” and it was assigned the value
reported in the source regardless of whether the data source
listed it as “fatigue” or “asthenia” or “fatigue or asthenia”. The
multistep imputation (7) resulted in more data available for
analyses. For instance, in raw data, a higher frequency of
fatigue was detected in treatment versus placebo arms (27.4%
N=67 versus 21% N=59, chi-square test p=0.017) when
analyzing fatigue grade 1 and higher. The equivalent
comparison among the imputed variables showed the same
phenomenon but with overall higher fatigue frequency, and
based upon a larger number of data (treatment 29% N=100,
versus placebo 22.8% N=92, p=0.014). Furthermore, the
imputation also allowed similar analyses for other grade cut-
offs such as grade 3 or higher (3.4% vs. 2.3%, p=0.007), while
the same comparison in raw data only showed a trend but no
significance (3.7% vs. 2.3% p=0.13). 

The influence of demographics on fatigue/asthenia
reporting among placebo arms was minimal for most
variables. The exception to this was the variable “cancer
organ”, which grouped treatment indications by primary
cancer type (Figure 1): The probability of differences for
grade ≥1, 2, 3, and 4 were 0.04, 0.02, 0.03, and 0.21,
respectively, in analysis of variance tables. There were no
differences in grade 5 (death), since all those values were 0.
Among the cancer organ categories, “no cancer organ” (n=4)
had the lowest frequency with no fatigue/asthenia reported
(0% of patients). This category “no cancer organ” included
publications with healthy volunteers, and cancer-prevention
studies. Benchmarks for individual organ systems were
calculated considering eight patient cohorts as the minimum
number for calculating meaningful averages. This resulted in
specific benchmarks calculated as mean frequency (±
standard deviation) of fatigue/asthenia (all grades) for the
following organ systems: Liver (26.1±7.7%, N=10),
colorectal (23.2±20%, N=10), breast (21.7±27.7%, N=8),
hematological (18.9±9.3%, N=13), and lung (17.7±9.0%,
N=8). None of the other demographics significantly
influenced fatigue among placebo arms. This included
ECOG performance status, gender, median age, relapsed
refractory versus newly diagnosed cancer, previous lines of
treatment, measurable cancer, route of medication, study
phase, year of publication, and CTCAE version. For some of
these variables, the findings from placebo arms differed from
those of the treatment arms: Among treatment arms, cases of
newly diagnosed cancer were reported to have less fatigue,
intravenous therapy application was linked to a higher rate
of fatigue than per os, the frequency of ECOG 0 correlated
negatively with grade ≥3 fatigue/asthenia (N=279: R=−0.24,
p=0.000052), and use of later CTCAE version led to reports
of lower frequency of fatigue. 
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Table II. Demographics of study patients.

Variable                                                                                             Placebo arms                     Placebo arms selected                         Treatment
                                                                                                          (134 cohorts)                          for benchmarks                                    arms
                                                                                                                                                             (92 cohorts)                               (152 cohorts)

Number of patients                        Mean (range)                           199.1 (7-2,253)                       192.2 (10-1,933)                         238.5 (5-2,256)
Year                                                                                               2018 (2009-2021)                    2018 (2009-2021)                       2018 (2009-2021)
Phase                                                                                                      n=134                                        n=92                                           n=152 
                                                        1                                                         3%                                            0%                                             6.6%
                                                        2                                                      29.1%                                       29.3%                                          28.3%
                                                        3                                                      67.9%                                       70.7%                                          65.1%
Age, years                                       Median (range)                    57.2, 7.1-74, n=129                  58.1, 7.1-74, n=88                   56.1, 9.5-74.5, n=146
Male, %                                          Mean (range)                    54.7%, 0-100%, n=125             54.4%, 0-100%, n=84               55.5%, 0-100%, n=142
ECOG 0, %                                    Mean (range)                     55.4%, 0-100%, n=93              53.2%, 0-100%, n=62               58.3%, 0-100%, n=102
Lines of previous therapy, n          Median (range)                         0.9, 0-4, n=92                            1, 0-4, n=65                               1, 0-4, n=103
CTCAE version, %                                                                                 n=96                                          n=72                                           n=106
                                                        2                                                         1%                                           1.4%                                            0.9%
                                                        3                                                        25%                                         26.4%                                          25.5%
                                                        4                                                      71.9%                                       69.4%                                          71.7%
                                                        5                                                        2.1%                                         2.8%                                            1.9%
Cancer diagnosis, n (%)                Colorectal                                   18 (13.4%)                               10 (10.9%)                                  20 (13.2%) 
                                                        Hematological                             16 (11.9%)                               13 (14.1%)                                  16 (10.5%)
                                                        Liver                                              12 (9%)                                  10 (10.9%)                                   14 (9.2%)
                                                        Breast                                           11 (8.2%)                                   7 (7.6%)                                     13 (8.6%)
                                                        Lung                                             11 (8.2%)                                   8 (8.4%)                                     11 (7.2%)
                                                        Prostate                                        10 (7.5%)                                  7 (7.6%)                                     10 (6.6%)
                                                        Ovary                                            9 (6.7%)                                   5 (5.4%)                                      9 (5.9%)
                                                        Soft tissue                                     8 (6.0%)                                   7 (7.6%)                                      8 (5.3%)
                                                        Skin                                               6 (4.5%)                                   5 (5.4%)                                      6 (3.9%)
                                                        Gastric                                           5 (3.7%)                                   4 (4.3%)                                      5 (3.3%)
                                                        Kidney                                          5 (3.7%)                                   3 (3.3%)                                      8 (5.3%)
                                                        No organ system                          4 (3.0%)                                     0 (0%)                                      10 (6.6%)
                                                        Brain                                             3 (2.2%)                                   1 (1.1%)                                      4 (2.6%)
                                                        Bladder                                          2 (1.5%)                                   2 (2.2%)                                      2 (1.3%)
                                                        Bone                                              2 (1.5%)                                   1 (1.1%)                                      2 (1.3%)
                                                        GIST                                             2 (1.5%)                                   2 (2.2%)                                      2 (1.3%)
                                                        Pancreas                                        2 (1.5%)                                   2 (2.2%)                                      2 (1.3%)
                                                        Uterus                                            2 (1.5%)                                   2 (2.2%)                                      2 (1.3%)
                                                        Esophagus                                     2 (1.5%)                                   1 (1.1%)                                      2 (1.3%)
                                                        Thyroid                                         2 (1.5%)                                   2 (2.2%)                                      2 (1.3%)
                                                        Other endocrine                            1 (0.7%)                                     0 (0%)                                       3 (2.0%)
                                                        Head and neck                              1 (0.7%)                                     0 (0%)                                       1 (0.7%)
Tumor status                                   No measurable cancer                37 (27.6%)                                 23 (25%)                                   46 (30.3%)
                                                        Measurable                                 51 (38.1%)                               40 (43.5%)                                   55 (36%)
                                                        Mixed tumor status                    45 (33.6%)                               28 (30.4%)                                  48 (31.6%)
                                                        Newly diagnosed                        53 (39.6%)                               43 (46.7%)                                  58 (38.2%)
                                                        R/R                                              61 (45.5%)                               41 (44.6%)                                  66 (43.4%)
                                                        Mixed new-R/R                           13 (9.7%)                                  8 (8.7%)                                     13 (8.6%)
                                                        Healthy volunteers                       5 (3.7%)                                   0 (0.0%)                                     11 (7.2%)
                                                        Prevention                                     2 (1.5%)                                   0 (0.0%)                                      4 (2.6%)
                                                        Not provided                                 1 (0.7%)                                   1 (1.1%)                                      3 (2.1%)
Route of medication                      Oral                                             104 (77.6%                               72 (78.3%)                                 112 (73.7%)
                                                        IV                                                19 (14.2%)                               15 (16.2%)                                  27 (17.8%)
                                                        SC                                                 6 (4.5%)                                   1 (1.1%)                                      8 (3.9%)
                                                        IM                                                 2 (1.5%)                                   2 (2.2%)                                      4 (2.6%)
                                                        ID                                                  2 (1.5%)                                   2 (2.2%)                                      2 (1.3%)
                                                        IV+SC                                           1 (0.7%)                                   0 (0.0%)                                      1 (0.7%)

Placebo arms: Includes all cohorts treated with placebo monotherapy regardless availability of fatigue data; Placebo arms selected for benchmarks:
excludes healthy volunteers, and patients cohorts with neither fatigue nor asthenia described. Hematological: leukemia/lymphoma; No organ system:
studies enrolling regardless of cancer diagnosis and studies with health volunteers; No measurable cancer: studies enrolling only patients in remissions;
Measurable: studies enrolling only patients with measurable disease; mixed status: studies enrolling patients regardless of remission status; R/R: relapsed
or refractory malignancy; mixed new-R/R: studies enrolling both patients with newly diagnosed and relapsed or refractory disease; Prevention: cancer
prevention studies enrolling patients at risk but without cancer diagnosis; IV: intravenous; SC: subcutaneous; IM: intramuscular; ID: intradermal. 
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Figure 1. Fatigue/asthenia reported according to cancer organ. Data were restricted to placebo arms of randomized trials with no other cancer
therapeutic. Asthenia and fatigue are combined as one variable, regardless of which term was used in reporting. GIST: Gastrointestinal stroma tumors.

Figure 2. Correlation of nausea with fatigue/asthenia reported in randomized clinical trials. Asthenia and fatigue were combined as one variable, regardless
of which term was used in reporting. Percentage values reflect the sum of all grades (grade 1 or higher). The line of best fit was plotted for the total data.
The correlation between nausea and fatigue/asthenia was significant among all data, and among subgroups of both treatment and placebo groups.  



When relating fatigue/asthenia to other AEs, no negative
correlations were found, i.e., in none of the comparisons was
a higher rate of fatigue/asthenia related to a lower rate of
another AE. In contrast, there were several significant
positive correlations. The strongest among those were with
nausea, diarrhea, reduced appetite, and anemia. For instance,
grade ≥1 fatigue/asthenia was correlated with grade ≥1
nausea with R=0.683 (N=81, p=2.1×10−12; Figure 2), and the
equivalent for grade 3 and higher resulted in R=0.463
(N=75, p=0.000029). There was also a positive correlation
with insomnia when grade 3 or higher was considered
(N=31: R=0.38, p=0.034) but only a trend for grade 1 or
higher insomnia (p=0.065). Similarly, grade 3 and higher
fatigue/asthenia were positively correlated with the
frequencies of severe AEs (R=0.696, N=54, p=5×10−9) and
discontinuation for drug toxicity (N=75: R=0.359, p=0.002),
while the equivalent analyses for grade 1 and higher
remained insignificant. 

For the final analysis to create benchmarks for cancer
studies without a control arm, publications with healthy
volunteers and cancer-prevention studies were excluded.
Among 92 patient cohorts treated with placebo monotherapy,
the average reported frequency of grade 1 of higher
fatigue/asthenia was 22.8±15.9% (Table III). This is the
average of the averages, giving relatively more weight to
patients in smaller studies. An alternative way to determine
the overall frequency is derived from the sum of individual
patient numbers. Among placebo arms that described
fatigue/asthenia, grade 1 or higher was documented for 3,742
out of 17,679 patients (21.17%). The frequencies calculated
in the same way for the other cut-offs were: Grade 2 or
higher: 3.1%, grade 3 or higher: 1.7%, grade 4 or higher:
0.04%, and grade 5: 0%, respectively. Further details are
given in Table III. 

Discussion

This study combined the data of placebo arms of randomized
clinical trials of patients with cancer of any age, and determined
the overall frequency of fatigue/asthenia to be 21.2%. 

Placebo is the Latin word for “I will please”, describing the
therapeutic effect of the physician’s expectation transmitted to
the patient’s observation and reporting, and it is considered
positive: the placebo effect typically reduces the reported
symptom burden. The placebo effect is more likely to occur
for AEs that mostly rely on the patient’s sensation, such as
fatigue. However, in clinical trials, placebo is an actual
medication, which might indeed have adverse effects, even
though there is no active agent. Injections cause pain and
possibly infection even when the drug itself does not. Niwa
and colleagues described a case of severe fatigue caused by
an oral medication that was thought to be an inactive placebo,
but the capsule included caprylocaproyl polyoxylglyceride,

now suspected to be the causative agent of the fatigue (11).
The data provided here do not allow determination of whether
a placebo reduces or increases symptoms. However, for the
purpose of determining baseline data to judge observations
made in drug-development studies, such findings are
irrelevant. In any case, data derived from placebo arms are a
better data source than those without placebo: Preparations
with active agents also have placebo effects, and in the goal
to determine the potential causality of the active agent, the
placebo effect is an unwanted influencing factor. Using study
data from placebo arms as comparator allows some degree of
control over the undesired data effect. 

Fatigue and asthenia have an overlapping meaning. The
Medical Dictionary for Regulatory Activities MEDRA lists
both as ‘preferred terms’ under the high-level term “Asthenic
conditions”, the high-level group term “General system
disorders” and the System Organ Class “General disorders
and administration site conditions”. The word “fatigue” is
more commonly used, and not just in medicine: In
mechanical engineering it describes weakness of metals
occurring after repeated mechanical stress. When describing
symptoms of a patient with cancer, typically the patient might
be described by both “fatigue” and “asthenia” or none of the
terms. The overlapping meaning makes it unnecessary to use
both in documentation or to analyze them separately when
both terms had been used anyway, In fact, in aggregating AE
data as percentage of patients, the use of two almost
synonymous terms will result in inaccurate, low values for
each of the terms. We found the two terms not to be
correlated, which further confirms that investigators typically
pick one of them. In summary, our findings create doubts in
the wisdom of listing both words as ‘preferred terms’. For the
purpose of using frequencies to infer drug causality in the
context of oncology drug development, we recommended
combining the two terms as one quantitative variable.  

Fatigue/asthenia can be treated when a somatic cause such
as the tumor itself, anemia, hypothyroidism or other hormone
disorder is known. Treatment of fatigue/asthenia becomes
more difficult in the absence of a treatable cause. Among
patients with primary brain tumor, a literature analysis found
insufficient evidence for any pharmacological or non-
pharmacological treatments for fatigue (12). In contrast,
fatigue in menopause was reported treatable with armodafinil
(13), and among patients with cancer, exercise and
behavioral therapy was reportedly effective (14). Similarly,
cognitive behavioral therapy for insomnia was effective in
cancer survivors (15). Our data support the concept of
treating insomnia to address fatigue, since we found a
correlation between the frequency of insomnia and grade 3
and higher fatigue. Furthermore, we found an even closer
correlation between fatigue and nausea, which may prompt
the hypothesis that antiemetics might also be effective
against fatigue in the context of cancer. 
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Matching of influencing variables is a key component
when comparing frequencies in aggregated data. Typically,
the assumption is that a tumor response is dependent on the
molecular profile of the tumor cells, while AEs are more
dependent on demographic variables such as age and
comorbidity (5). We found a relevant influence of cancer
diagnosis on reporting of fatigue/asthenia. However, other
demographic variables remained surprisingly insignificant.
Of note, comorbidity may be considered the most influential
covariant for AE frequencies, and fatigue might be
influenced by various psychological factors. Unfortunately,
it was not possible to extract data from the medical literature
to address the hypothesis that comorbidities influence
fatigue. Thus, the most appropriate benchmarks to be
generated from these data may take cancer diagnosis into
account, as far as sufficient data are available, but none of
the other covariates can be included. 

Drug causality is assessed in various workflows. Signal
detection often relies on thresholds that can easily be
implemented by automated processes monitoring large
databases. Any frequency of fatigue/asthenia that is higher than
the highest ever reported in placebo arms should be considered
drug-related, and flagged. These benchmarks are: 83%, 19%,
17%, and 1% for grade ≥1, ≥2, ≥3, and ≥4 (Table III).
Unfortunately, the ranges of reported frequencies were very
large, limiting the usefulness of these upper limits of normal. A
more sophisticated approach would be to use the actual numbers
of patients reported in placebo arms (Table III) and compare
them to the study observations, implementing exploratory chi-
square tests or more advanced mathematical methods. 

Various limitations of aggregating data from published AE
tables have been observed over this series of analyses (5-7).
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 (16). It can be avoided when
confounding variables and causal relations are appropriately
addressed. We found cancer diagnosis to be a significant

covariant, enabling corrections for this variable. Other
interesting observations were made which may also appear
as limitations for certain interpretations. Most of these can
be summarized as being the result of the information flow,
starting with reporting of the AE by the patient, followed by
grading and data entry by the local investigator, and after
further steps ending in publishing customs: We showed more
reporting of headache in healthier patients (5) and a lack of
correlation between fatigue and asthenia. Both findings are
likely caused by systematically unequal reporting: headache
might not be worth mentioning in patients with cancer who
have numerous, more severe, symptoms, and asthenia is not
entered when fatigue is already documented. Moreover, the
degree of reporting diligence varies widely – publications
with thorough AE reporting have higher frequencies for all
AEs, and combining these data with those generated less
diligently will create artificially positive correlations, we
even found correlations for opposing medical concepts, such
diarrhea and constipation (7). None of these findings reflect
actual biological or medical phenomena. However, they
accurately reflect clinical study data given the current AE
classification and data aggregation methods. Newly
documented phase II study data are subject to the same
environment. Therefore, when external controls are
necessary, those should be derived from clinical trials to
allow comparison of frequencies under the same conditions. 

Conclusion

The findings reported here support the novel approach of
utilizing published trial data as external controls to interpret
AE frequencies of single-arm studies. For fatigue and
asthenia, we recommend that these two closely related terms
be combined, results that exceed the highest-ever-reported
frequencies in placebo arms should be flagged, and absolute
values for reported AEs and total patient numbers should be
used (Table III) for more precise assessments. 

Hauch et al: Fatigue in Cancer (Review)

51

Table III. Frequency of fatigue/asthenia among cohorts selected for benchmark calculations aggregated in two different ways. 

                                                               Placebo                                                                                             Treatment

Grade of fatigue/       No. of              Study arms:                             Patient                     No. of              Study arms:                            Patient
asthenia                     cohorts         Mean±SD (range)                      count (%)                   cohorts         Mean±SD (range)                     count (%)

1 or higher                     92          22.8±15.9% (0-83%)       3,742 of 17,679 (21.2%)          100          29±18.9% (0-89%),       6,438 of 24,403 (26.4%)
2 or higher                     31            3.3±4.9% (0-19%)             171 of 5,509 (3.1%)               37           4.2±8.2% (0-48%)            182 of 6,417 (2.8%)
3 or higher                  103            2.3±2.9% (0-17%)            329 of 19,189 (1.7%)            113           3.4±3.4% (0-18%)           925 of 27,638 (3.3%)
4 or higher                     77          0.09±0.29% (0-1.6%)          7 of 1,5201 (0.04%)               82          0.2±0.44% (0-2.2%)           45 of 22,800 (0.2%)
5                                   127                0±0% (0-0%)                    0 of 24,405 (0%)                137           0±0.02% (0-0.2%)           1 of 33,759 (0.003%)

Study arms describe aggregation of averages as reported, not taking the cohort size (patient numbers) into account. This gives higher relative weight
to patients treated in smaller studies but allows the calculation of range and standard deviations. The patient counts aggregate the absolute patient
numbers, resulting in a single frequency for all publications.
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