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Research Article

Introduction

With the current rise in cancer incidence, technological 
advances in cancer screening, diagnosis, and treatment have 
led to a growing number of cancer survivors around the 
world.1 Cancer survivors refer to a group of patients who 
have successfully completed the initial cancer treatment, 
and they are generally expected to regain their functions at 
the level before their cancer diagnosis.2 However, symp-
toms experienced by cancer survivors may worsen their 
function and quality of life,3 of which cancer-related fatigue 
(CRF) is one of the frequently reported symptoms.2 Current 
studies reported that 17% to 53% of cancer survivors expe-
rienced fatigue which affects their daily living.4-6 Variations 
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Abstract
Objective: Current guidelines have different recommendations on applying pharmacological interventions for managing 
cancer-related fatigue (CRF) among cancer survivors. This systematic review aims to synthesize clinical evidence on 
pharmacological interventions for managing CRF. Methods: Five databases were searched for potential randomized 
controlled trials (RCTs) from their inception until October 2020. RCTs assessing the effect of pharmacological treatments 
for CRF among cancer survivors were considered eligible. Clinical significance was determined by comparing the estimated 
effect with that of minimal important difference (MID). The risk of bias of each included RCT was appraised using the 
Cochrane risk of bias tool for randomized trials 2. Data were synthesized using random-effect pairwise meta-analyses. 
Results: A total of 15 RCTs (1238 participants) were included. The majority presented some concerns of bias arising 
from the randomization process and selection of the reported results. Meta-analysis showed that psychostimulant and 
wakefulness agents had statistically significant while clinically insignificant effects on the treatment of CRF (pooled weighted 
mean difference [WMD]: 2.8, 95% confidence interval [CI]: 0.2-5.4, I2: 0%, 3 RCTs, MID: 3.0-6.0). Three natural products, 
including Renshen Yangrong Tang (mean difference [MD]: −16.1, 95% CI: −8.9 to −23.3, MID: −17.3 to −11.4), Tualang 
honey (MD: 11.2, 95% CI: 7.1-15.3, MID: 3.0-6.0), and Shenmai injection plus Peptisorb (MD: −1.6, 95% CI: −2.1 to −1.1, 
MID: −1.1 to −0.8) demonstrated statistically and clinically significant effect in reducing CRF. Conclusions: Existing 
evidence showed promising effects of 3 natural products in reducing CRF among cancer survivors. The results from this 
study need to be further confirmed with well-designed and adequately powered RCTs that use validated instruments for 
the measurement of CRF.
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in scales used for measuring CRF might contribute to the 
discrepancy reported in the publications,4 as several scales 
have been developed to measure CRF, with no standardized 
measurement scale for CRF.

As the first step for management, current guidelines 
recommend identifying and treating the potential causes of 
fatigue.4,7 If fatigue persists after addressing all potential 
root causes (eg, anemia, sleep disturbance, pain, and men-
tal disorders), non-pharmacologic interventions including 
physical activity and psychosocial interventions should be 
considered.1,4,7 As a second-line treatment, both the 
American Society of Clinical Oncology1 and the National 
Comprehensive Cancer Network (NCCN)4 recommend 
psychostimulants (eg, methylphenidate) if non-pharmaco-
logic interventions fail.

Indeed, the latest version of the NCCN guidelines men-
tioned that evidence supporting the effectiveness of methyl-
phenidate in reducing CRF is limited.4 The current NCCN 
recommendation is based on evidence from randomized 
controlled trials (RCTs), nonetheless, a systematic review 
that summarizes the most up-to-date evidence is lacking.4 
That might due to the following factors: (1) systematic 
reviews on pharmacological treatments for managing CRF 
are outdated,8-13 with the latest literature search conducted 
in 201711; (2) there is only one systematic review summa-
rizing evidence on pharmacological interventions specifi-
cally for CRF among cancer survivors, and only thyroid 
cancer survivors were included.13 Indeed, pharmacological 
interventions are not recommended by the Pan-Canadian 
guideline as they are considered experimental.7

Besides methylphenidate, the American Society of 
Clinical Oncology1 also recommends wakefulness agents 
(eg, modafinil), but it is not recommended by the NCCN 
in 20204 as two RCTs failed to demonstrate a significant 
effect.10,14 Based on evidence summarized by the Oncology 
Nursing Society, there are multiple pharmacological inter-
ventions (eg, psychostimulant, natural products, donepezil) 
that have been tested for managing CRF, but their effec-
tiveness is yet to be confirmed.15

In view of these conflicting recommendations, there is a 
need to clarify the potential role of pharmacological inter-
ventions based on up-to-date clinical evidence. This sys-
tematic review and meta-analysis aims to synthesize the 
latest evidence on pharmacological interventions for reduc-
ing CRF among cancer survivors.

Methods

The protocol of this systematic review has been registered 
in PROSPERO (registration number: CRD42018102347).

Eligible Criteria

Types of RCTs. To be included in this systematic review, 
RCTs must report quantitative results and satisfy the 

eligibility criteria in the aspects of participants, interven-
tions, and outcome of interest, as described below.

Types of participants. RCTs recruited patients with any type 
of cancer who had completed cancer treatment, with ≤50% 
of recruited patients in Stage III/IV or Grade III/IV of the 
TNM Classification of Malignant Tumors, were eligible for 
inclusion. With this criterion, we would be able to focus 
mainly on cancer survivors.

Types of interventions. We included RCTs evaluating six 
common pharmacological interventions14,16 including (i) 
psychostimulants and wakefulness agents, (ii) natural 
products, (iii) hormonal therapies, (iv) acetylcholinester-
ase inhibitors, (v) antidepressants, and (vi) somatostatins. 
Comparisons with placebo, no treatment, and any other 
pharmacological interventions or non-pharmacological 
interventions are considered eligible.

Types of outcome measures. The eligible RCTs should report 
CRF as a primary or secondary outcome measured with any 
of the validated instruments listed in Supplemental File, 
Appendix 1.17

Search Strategy

Five electronic databases (CENTRAL, MEDLINE, 
EMBASE, CINAHL Plus, and AMED) were searched for 
potential RCTs from their inception until October 2020. 
Validated, sensitivity maximized search filters for RCTs 
were applied in MEDLINE and EMBASE searches.18,19 
The searches were limited to human studies and no lan-
guage restriction was applied. Seven additional sources 
were searched to identify additional records, including 
Global Health, NHS Health Technology Assessment 
Database, Digital Dissertation Consortium, Clinical Trials.
gov, Drugs@FDA, European Medicines Agency Public 
Assessment Reports, and Pharmaceuticals and Medical 
Devices Agency of Japan. The search strategies of this 
systematic review are presented in Supplemental File, 
Appendix 2.

Literature Selection

Two reviewers (XS and YC) independently screened titles 
and abstracts of search results, evaluated potential full texts, 
and determined eligibility. Discrepancies were resolved by 
consensus between 2 reviewers. A third reviewer (IW) was 
invited for consensus adjudication when unresolvable dis-
crepancies occurred.

Data Extraction and Management

The following data were extracted from each included RCT 
by two reviewers (XS and WC) independently: 
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year of publication, the number of patients randomized and 
analyzed, patient characteristics, types of cancer, the scale 
of fatigue measurement, and characteristics of interventions 
in treatment and control groups, duration after cancer diag-
nosis and treatment, follow-up duration, and adverse events. 
Discrepancies were resolved by consensus between the two 
reviewers, with reference to the original publications.

Risk of Bias Assessment

Two reviewers (XS and YC) independently assessed the 
risk of bias of each included RCT using the Cochrane risk 
of bias tool for randomized trials 2 (RoB 2).20 Discrepancies 
in assessments were resolved by discussion and consensus 
between the two reviewers, adjudication was sought from 
the third reviewer (IW) when disagreement persisted. 
Domains of the risk of bias assessment included: bias aris-
ing from the randomization process, bias due to deviations 
from intended interventions, bias due to missing outcome 
data, bias in the measurement of the outcome, and bias in 
the selection of the reported result. Grading judgment of 
“low,” “high,” or “some concerns” risk of bias was made 
for each domain based on the information provided by the 
included publications.

Data Synthesis

Using Review Manager Version 5.3, a random effect pair-
wise meta-analysis was performed to synthesize data 
extracted from included RCTs with the same interventions, 
similar follow-up duration (differences in follow-up dura-
tion ≤4 weeks), and the same assessment scales. The pooled 
weighted mean difference (WMD) with its 95% confidence 
interval (CI) was used to synthesize continuous outcomes. 
Conversions were applied so that a positive WMD can rep-
resent the superiority of the pharmacological treatment 
group. I-square (I2) values were calculated for quantifying 
heterogeneity among RCTs. I2 values of <30%, 30% to 
60%, >60% were regarded as low, moderate, and high het-
erogeneity respectively.21

Minimal important difference (MID) was extracted 
from a related systematic review,22 which generally sum-
marized MID for a specific scale (eg, Multidimensional 
Fatigue Inventory [MFI], Functional Assessment of 
Chronic Illness Therapy [FACIT]) from a range of related 
primary studies. When the systematic review22 did not pro-
vide MID for a specific scale, an alternative approach for 
calculating MID, which was taken half of the standard 
deviation of the baseline value.23 Through the aforemen-
tioned methods, we determined all the MIDs as shown in 
Table 2. With the presence of statistical significance, the 
clinical significance of each intervention was assessed by 
comparing mean difference (MD) or pooled WMD with 
the MID of the corresponding scales. If the MD/pooled 

WMD was larger than the upper limit of the range of the 
MID, we concluded that the intervention effect had clinical 
significance. On the other hand, if the MD/pooled WMD 
was within the range of the MID, we concluded that the 
intervention effect was considered to be of potential clini-
cal significance.

Sensitivity analysis was planned by including only RCTs 
with a low overall risk of bias. However, this was not per-
formed due to the unavailability of RCTs with a low risk of 
bias. The presence of publication bias was evaluated by 
Begg’s test and Egger’s test when more than 10 RCTs were 
included in a meta-analysis.24,25 A two-tailed statistical level 
of 0.05 was considered as significant.

Results

Study Selection

The literature search identified 9880 records. Eventually, 
15 RCTs were included in the qualitative synthesis,26-40 
of which five were included in the meta-analysis.26,28,29,34,35 
Details of the literature search and RCT selection can be 
found in Figure 1.

Characteristics of Included RCTs

Participants. Characteristics of included RCTs are summa-
rized in Table 1. The 15 RCTs included a total of 1238 
patients. The average age of participants ranged from 48.2 
to 74.0 years. The sample size among included RCTs ranged 
from 18 to 443, with 13 RCTs (86.7%) recruiting less than 
100 participants.26-28,30-39 Among three RCTs providing 
related information, the average duration after completing 
cancer treatment ranged from 1.9 to 6.5 years.

Types of cancer. Ten out of the 15 included RCTs focused on 
a specific type of cancer patients, including breast cancer37,39 
(2 RCTs), primary brain tumors26,28 (2 RCTs), head and neck 
cancer31,32 (2 RCTs), pancreatic cancer40 (1 RCT), gastric 
cancer33 (1 RCT), prostate cancer35 (1 RCT), and multiple 
myeloma34 (1 RCT). The remaining five RCTs27,29,30,36,38 
included patients with multiple cancer diagnosis. Supple-
mental File, Appendix 3 displays for details on types of 
cancer each trial has recruited.

Interventions. Types of pharmacological interventions included 
psychostimulant and wakefulness agents (5 RCTs),26,28,29,34,35 
natural products (5 RCTs),27,30-33 hormonal therapies  
(2 RCTs),36,37 acetylcholinesterase inhibitor (1 RCT),39 
antidepressants (1 RCT),38 and somatostatin analog  
(1 RCT).40 Placebo was adopted as the control in all but two 
RCTs,26,28-36,38-40 of which no treatment was offered to con-
trol group patients in these two RCTs.27,37 Intervention 
duration ranged from 1 to 52 weeks. Detailed descriptions 
of the treatments are reported in Table 1.
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Outcome measurement. Nine instruments were used for 
assessing CRF among the included RCTs, including FACIT-
F (8 RCTs),27,29,32,34-36,38,39 Cancer Quality of Life Question-
naire (QLQ C-30, 4 RCTs),26,30,37,40 Brief Fatigue Inventory 
(BFI, 3 RCTs),31,34,38 Visual Analogue Scale for Fatigue 
(VAS-F, 2 RCTs),27,33 Profile of Mood States-Fatigue 
(POMS-F, 2 RCTs),33,36 MD Anderson Symptom Inventory 
(MDASI, 1 RCT),30 MFI-20 (1 RCT),26 Checklist Individ-
ual Strength (CIS, 1 RCT),28 and Visual Analog Scale for 
Energy (VAS-E, 1 RCT).36 Follow-up duration for the out-
come assessment ranged from three days to 52 weeks, with 
only three RCTs (20%) reporting a follow-up duration 

>12 weeks.26,37,39 Results on the estimation of treatment 
effects of each included RCTs are presented in Table 2.

Risk of Bias of Included RCTs

The results of the risk of bias assessment are presented in 
Figure 2. Among these 15 RCTs, seven had a high overall 
risk of bias27,28,31-33,35,37 and the remaining eight had some 
concerns.26,29,30,34,36,38-40 No RCT was rated as having low 
overall risk of bias. The majority of RCTs presented some 
concerns of bias arising from the randomization process 
and selection of the reported results. Detailed results on risk 
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of bias assessment along with supports for judgments are 
reported in Supplemental File, Appendix 4.

Effectiveness of Pharmacological Interventions 
for Cancer-Related Fatigue Among Cancer 
Survivors

Psychostimulant and wakefulness agents. The psychostimu-
lant and wakefulness agents evaluated by the five RCTs 
were dexamphetamine, armodafinil, methylphenidate, 
modafinil, and dexmethylphenidate (Table 2).26,28,29,34,35 
Result of a pairwise meta-analysis of three RCTs with four 
to eight weeks follow-up duration measured by FACIT-F 
showed that psychostimulant and wakefulness agents statis-
tically reduced CRF when compared to placebo (pooled 
WMD: 2.8, 95% CI: 0.2-5.4, I2: 0%) (Figure 3). However, 
the magnitude of effect was below the MID value of the 
FACIT-F (3.0-6.0).23 The two remaining RCTs did not 
show any significant effect of psychostimulant or wakeful-
ness agents in reducing CRF when compared to placebo. 
Due to the limited number of included RCTs (<10), we 
were not able to assess the potential of publication bias.

Natural products. Five types of natural products were 
assessed in five separate RCTs (Table 2).27,30-33 Meta-analy-
sis was not conducted for a significantly high level of het-
erogeneity observed (I2 = 85%) among the five RCTs. 
Renshen Yangrong Tang (MD: −16.1, 95% CI: −8.9 to 
−23.3, MID: −17.3 to −11.4), Tualang honey (MD: 11.2, 
95% CI: 7.1-15.3, MID:3.0-6.0), and Shenmai (Ginseng-
Ophiopogon) injection plus Peptisorb (MD: −1.6, 95% CI: 
−2.1 to −1.1, MID: −1.1 to −0.8) were significantly and 
clinically more effective than control intervention; The MD 
value of Renshen Yangrong Tang was very close to the 
upper limit of MID, so we considered its effectiveness had 
clinical significance. On the other hand, results from small 
sample size RCTs (n ≤ 40) indicated that American ginseng 
and Bojungikki-tang (also known as Bu-Zhong-Yi-Qi-Tang 
or Hochu-ekki-to) did not offer statistically significant alle-
viation in CRF when compared to control, although point 
estimation on the effect of Bojungikki-tang (MD = 10.1) 
was larger than the upper limit of MID (8.5).

Hormonal therapies. Two hormonal therapies were assessed 
by two RCTs with a small sample size (n < 50) (Table 2).36,37 

Figure 2. Risk of bias among included randomized controlled trials.
I, bias arising from the randomization process; II, bias due to deviations from intended interventions; III, bias due to missing outcome data; IV, bias in 
the measurement of the outcome; V, bias in the selection of the reported result.
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Figure 3. Psychostimulants and wakefulness agents versus placebo in reducing fatigue among cancer survivors: meta-analysis.
Follow-up duration: trials used FACIT-F: 4 to 8 weeks; trial used MFI-20: 13 weeks; trial used CIS: 6 weeks.
Abbreviations: FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue Scale; MD, mean difference; MFI-20, Multidimensional Fatigue 
Inventory; CIS, checklist individual strength.

Neither thyrotropin-releasing hormone nor menopausal hor-
mone therapy showed statistically significant improvement 
in CRF when compared to control treatment, although the 
point effect estimation (MD = 6.9) on thyrotropin-releasing 
hormone was higher than the upper limit of MID (6.0).

Other pharmacological interventions. The effect of acetyl-
cholinesterase inhibitor (donepezil),39 antidepressants 
(bupropion),38 and somatostatin analog (pasireotide)40 for 
CRF was assessed by comparing to placebo separately in 
three different RCTs (Table 2). No statistically significant 
alleviation effect was found for the three aforementioned 
interventions, although bupropion (MD: 5.1, 95% CI: −0.1 to 
10.3) showed a potential clinically significant effect (MID: 
3.0-6.0) in reducing CRF when compared to placebo.

Adverse Events

Adverse events were explicitly reported in twelve 
RCTs.26-30,32,34-36,38-40 Among those twelve RCTs, two cases 
of serious adverse events (ptosis and pneumonia) were 
reported by one RCT, and these adverse events were deemed 
to be unrelated to the treatment.34 Details of adverse events 
reported among included RCTs can be found in Supplemental 
File, Appendix 5.

Discussion

This systematic review comprehensively summarized the 
updated evidence on pharmacological interventions for 
CRF among cancer survivors, with only one third of  
the RCTs overlapping with the previous systematic  
review,27,29,34,35,39 and ten additional RCTs were identified  
in this systematic review. Our updated meta-analysis 

indicating that psychostimulant and wakefulness agents, 
including armodafinil, methylphenidate, and dexmethyl-
phenidate, only provide slight, clinically insignificant ben-
efit over placebo at four to eight weeks follow-up. Three 
natural products, including Renshen Yangrong Tang, 
Tualang honey, and Shenmai injection plus Peptisorb dem-
onstrated statistically and clinically significant effects on 
reducing CRF among cancer survivors. It is worth noted 
that the risk of bias of the included RCTs is not satisfactory, 
with no RCT being judged as low overall risk of bias. In 
addition, information related to side effects of Shenmai 
injection plus Peptisorb was not mentioned in the RCT.39

It is worth noted that preliminary results from small 
RCTs indicated potential clinically significant improve-
ment in CRF among patients treated with Bojungikki-tang, 
thyrotropin-releasing hormone, and bupropion when com-
pared to placebo or no treatment,35,36,38 although statistical 
significance was not reached. Future well-designed RCTs 
with appropriate power are needed to confirm these find-
ings as the aforementioned RCTs included sample sizes 
≤40 patients. Indeed, lack of statistical power is a common 
limitation among the included RCTs, with 13 out of 15 
RCTs reporting a sample size less than 100.

The follow-up duration of included RCTs is generally 
short, with 80% lasting for less than 9 weeks. However, 
CRF might affect the quality of life among cancer survivors 
for years. For example, it is reported that CRF lasted for 
more than 5 years.41 Future research should explore and 
define a clinically relevant follow-up duration for assessing 
the effect of pharmacological interventions on CRF.

Fatigue is a complex symptom that covers multiple 
aspects, including physical, psychological, and mental 
components.5 Single item instruments such as BFI, which 
has been used in three out of the 15 included RCTs, are not 
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recommended as outcome measurement as it will not be 
able to assess CRF in a comprehensive manner.8,17 However, 
there is no international consensus on what constitutes a 
core outcome set for CRF, and thus a wide range of instru-
ments have been used among RCTs. In this systematic 
review, three RCTs were excluded for not using a validated 
instrument on fatigue.42-44 Although the QLQ C-30 was rec-
ommended by the European Organization for Research and 
Treatment of Cancer for its feasibility, it might not be sensi-
tive enough to detect changes between groups.17 This may 
explain the lack of significant difference between pasireo-
tide and placebo in one of the included RCTs.40 The 
FACIT-F was recommended when a unidimensional instru-
ment is considered, and The Fatigue Questionnaire (FQ) 
(also called the Chalder Fatigue Scale) was recommended 
when a multidimensional instrument is considered.17

It is well recognized that safety is an important issue in 
clinical decision-making for adopting a new interven-
tion. However, information about adverse events was not 
reported in three out of the 15 included RCTs.31,33,37 For 
example, an RCT indicated that Shenmai injection plus 
Peptisorb showed statistically and clinically significant 
effects when compared to placebo. However, the lack of 
safety information prohibits recommendations on their use, 
or whether further large-scale RCT on this intervention 
should be conducted.33 Future RCTs are suggested to 
report safety related information in accordance with the 
extension of CONSORT statement on harms.45

This systematic review has several strengths. First, a 
comprehensive literature search was conducted to identify 
the most up-to-date RCTs. Second, we only focused on can-
cer patients in the survivor stage, which is in line with the 
guideline recommendation.1,4 Third, meta-analysis was 
conducted among RCTs with similar follow-up duration, 
same CRF assessment scale, and within the same drug 
classes, so as to ensure the homogeneous and clinical inter-
pretation of the results.

Several limitations among included RCTs should be 
addressed in future studies. First, although comprehensive 
literature searches were conducted, we were unable to 
assess the potential of publication bias due to the limited 
number of included RCTs for meta-analysis (<10). Second, 
there is no head-to-head comparison across different treat-
ments among the included RCTs. Although placebo was 
used as the control across many included RCTs, variation in 
follow-up duration and measurements for CRF prohibited 
the potential of conducting network meta-analysis for com-
paring the comparative effect across different treatments. 
Third, MID varies across different scales, or even within the 
same scale based on methods used for determining MID. 
Hence, there was no uniform MID. In this study, we extracted 
scale-specific MID from a systematic review,22 which was 
presented as a range extracted from different primary stud-
ies. That might affect the assessment and interpretation of 

clinical significance. Last but not the least, risk of bias 
among the included RCTs might jeopardize the validity of 
the results generated from this systematic review.

Conclusion

Results from this meta-analysis suggested that psycho-
stimulant and wakefulness agents had limited effect in 
reducing CRF among cancer survivors. Preliminary 
results showed beneficial effects of Renshen Yangrong 
Tang, Tualang honey, and Shenmai injection plus 
Peptisorb for treating CRF among cancer survivors. 
Further RCTs are suggested to (i) confirm the results 
identified in this study with adequate sample size, proper 
instruments that cover multiple aspects of fatigue, and 
appropriate follow-up duration, and (ii) improve the 
internal validity by taking strategies to ensure allocation 
concealment, blinding of outcome assessment, and non-
selective reporting of results.
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