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Abstract
Purpose Cancer-related fatigue (CRF) is the most frequent and debilitating symptom in patients with advanced cancer. 
There are limited effective treatments for CRF. The objective of this prospective longitudinal study was to evaluate the 
change in CRF at Day 43 after treatment with combination therapy of oral Anamorelin 100 mg daily with physical activity 
and nutrition counseling.
Methods In this study, patients with CRF [≤ 34 Functional Assessment of Chronic Illness Therapy-Fatigue subscales(FACIT-
F)] received Anamorelin 100 mg orally daily with standardized physical activity and nutrition counseling for 43 days. Func-
tional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), Anorexia Cachexia(FAACT-ACS), Multidimensional 
Fatigue Symptom Inventory-Short Form(MFSI-SF), Patient-Reported Outcomes Measurement Information System(PROMIS-
Fatigue), body composition, and physical performance tests were assessed at baseline, Day 15, 29, and 43. Frequency and 
type of side effects were determined by NCI CTAE 4.0.(NCT03035409).
Results 28/45 (62%) of patients dosed were evaluable at Day 43. The mean, SD for FACIT-F subscale improvement from 
baseline was 4.89 (± 13.07), P = .058, MFSI-SF (G) − 3.46 (± 6.86), P = 0.013, PROMIS-fatigue − 4.14 (± 7.88), P = 0.010, 
FAACT ACS 3.48 (± 8.13), P = 0.035. Godin Liesure-Time physical activity questionnaire 7.41 (± 16.50), P = 0.038. Weight 
(kg) 1.81 (± 2.63), P = 0.005, and Lean Body Mass 1.54 (± 1.85), P = 0.001, IGF-1 36.50 (± 48.76), P = 0.015. There was 
no significant improvement in physical performance outcomes. No adverse events > grade 3 related to the study drug were 
reported.
Conclusion The use of the combination therapy was associated with improvement of CRF (FACIT-F fatigue, PROMIS-
fatigue, MFSI-SF-general), activity (Godin-leisure time), anorexia (FAACT), body composition, and IGF-1 levels. Further 
studies using combination therapy for CRF are justified.
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Introduction

Cancer-related fatigue (CRF) is a frequent and serious con-
sequence of cancer and cancer-related treatment [1, 2]. The 
frequency of CRF varies from 60 to 90% [3, 4]. Moderate to 
severe fatigue in advanced cancer patients is associated with 
poor quality of life outcomes, performance status scores, 
frailty, and poor overall survival [5–7]. Despite the preva-
lence and severity of CRF and its effects on the quality of 
life of patients with cancer, the number and efficacy of avail-
able treatment options are limited [8].

Several strategies have been proposed for the manage-
ment of CRF, including physical activity, erythropoietin 
stimulating agents, and psychostimulants [8]. However, 
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there are few pharmacological studies which show sustained, 
clinically relevant benefits. Our group has shown that anti-
inflammatory agents such as dexamethasone can result in 
clinically significant improvement of fatigue; however, due 
to their side-effect profile, steroids can only be given for a 
short duration [9, 10]. Physical activity is one of the best 
evidence-based approaches in patients with cancer, but its 
effect size for clinically relevant improvement of CRF has 
been low to modest at the best [11, 12].

Prior studies found that a selective ghrelin receptor ago-
nist, Anamorelin, was an effective therapeutic agent in the 
treatment of cancer cachexia in NSCLC patients [9–13]. 
The rationale for this study was based on the improvement 
in CRF in prior randomized control studies investigating 
Anamorelin for lean body mass, and anorexia [9–17]. How-
ever, there were major limitations in terms of the assessment 
of CRF in these studies. The limitations include (a) None of 
these prior studies were conducted using the change in CRF 
as a primary outcome, or co-primary outcome; (b) Factors 
such as patients’ physical activity and diet, which can have 
beneficial effects for cachexia and CRF, were not controlled 
in the design of these studies; and (c) Patient population was 
not well characterized (e.g. patients with fatigue potentially 
stemming from multiple mechanisms, such as depression, 
anxiety, inflammation, or anemia, were included).

On the basis of its known mechanisms — specifically, 
effects on inflammation, improvement in lean body mass, 
and appetite via ghrelin activity — we hypothesized that 
Anamorelin, in combination with a standardized physical 
activity intervention and nutrition counseling, could improve 
CRF [15, 16, 18]. Therefore, the goal of this study was to 
evaluate the effects of a combination of oral Anamorelin 
(100 mg daily) with physical activity and nutrition coun-
seling on the change in CRF scores at day 43.

Materials and methods

The University of Texas MD Anderson Cancer Center Insti-
tutional Review Board approved the protocol, and all patients 
were provided written informed consent (NCT03035409).

Patients

In this longitudinal prospective study, consecutive patients 
were approached by a research nurse in the outpatient 
centers for supportive care and oncology at the University 
of Texas MD Anderson Cancer Center in Houston, Texas. 
Patients’ eligibility for this study included: (a) Presence of 
advanced cancer (metastatic, or recurrent, incurable can-
cer), (b) Presence of fatigue as assessed using the Func-
tional Assessment of Chronic Illness Therapy-Fatigue 
(FACIT-F) of ≤ 34 on a 0 to 52 scale (in which 52 = no 

fatigue, and 0 = worst possible fatigue), (c) Presence of 
fatigue for a minimum of 2 weeks prior to screening, (d) 
Presence of C-reactive protein (CRP) levels ≥ 3 mg/l in 
the absence of any other more likely cause of increased 
CRP (like an infection or an autoimmune disorder), (e) No 
evidence of moderate to severe depression as determined 
by a score ≤ 13 on the Hospital Anxiety Depression Scale 
(HADS) or uncontrolled pain, (f) Presence of uninten-
tional weight loss ranging from ≥ 2 to ≤ 15% at any time 
within the last 12 months, (g) Hemoglobin level of ≥ 9 g/
dl, and (h) No contraindications to Anamorelin, and physi-
cal activity including uncontrolled diabetes milletus. We 
excluded patients with hypothyroidism, pregnant or lactat-
ing women, male patients with history of hypogonadism, 
prostate cancer, and patients who are regularly engaged 
in moderate or vigorous-intensity exercise at least 5 times 
a week.

Interventions

Eligible patients who agreed to participate in the study 
were given a 43-day supply of Anamorelin 100-mg tab-
lets (Helsinn Therapeutics, Iselin, NJ, USA). Patients were 
prescribed to take 1 tablet orally daily while fasting (at 
least 1 h before a meal). All patients receiving Anamore-
lin also received a standardized exercise prescription and 
nutritional support. The rationale for standardized physi-
cal activity and nutritional support was that these are two 
important, evidence-based interventions for the manage-
ment of fatigue [8, 10], but both have only modest effects 
on improvement of CRF [10],11]. Thus, Anamorelin was 
used to potentiate the effects of these interventions so to 
provide a robust response.

Exercise prescription

The standardized exercise prescription for this study 
was based on the American College of Sports Medicine 
(ACSM) exercise recommendations for cancer patients to 
ensure safety and maximal benefit [19]. The exercise inter-
vention included (a) resistance training 3 days per week, 
and (b) moderate intensity walking for up to 150 min per 
week. At the first supervised session the patient performed 
the resistance exercises, and moderate intensity walking 
up to 30 min, depending on the patient’s tolerance. The 
resistance exercise program was designed to strengthen 
the major muscles of the lower body, including the quadri-
ceps, hamstrings, gluteus maximus, and hip flexor group. 
These exercises included (but were not be limited to) 
squats, lunges, leg extensions, leg curls, and hip exten-
sions. We used resistance tubes as our mode of provid-
ing resistance exercises. These tubes are color-coded to 
indicate their specific resistance level: light, moderate, or 
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hard. The resistance exercise sessions are to be completed 
3 days a week, allowing at least 48 h between each session. 
The participant began with 1 set of 10 to 12 repetitions at 
the lightest resistance progressing to 2 sets of 12 repeti-
tions as exercise tolerance increases. Resistance was then 
increased as the participant’s endurance and strength pro-
gressed. For the graded resistance program the individual 
began with a lighter resistance and progressed to heavier 
resistance once a level has been mastered. The partici-
pant began with 2 sets of 12 repetitions at the next estab-
lished intensity level. Since the level of aerobic fitness was 
expected to vary among participants, the frequency and 
duration of the walking program were established based 
on the exercise physiologist’s assessment of the partici-
pant’s baseline aerobic fitness level using the six-minute 
walk test [20]. To encourage and monitor adherence to the 
walking program, we provided participants with a pedom-
eter and an exercise log to record their resistance exercise 
sessions, time spent in moderate intensity walking, and 
the number of steps they take each day. Participants were 
asked to walk a minimum of 5 days a week at the duration 
established by the exercise physiologist. In the first week 
of the intervention and Day 21(± 3 days), the exercise 
physiologist met with each participant in person to evalu-
ate his or her current strength and aerobic fitness level 
and supervise the assigned exercises. Each week, the exer-
cise physiologist assessed their progress on telephone and 
helped them identify and overcome any barriers to com-
pleting the exercise program, and to evaluate for adverse 
events or health problems. The frequency, intensity, and 
duration of the assigned exercises were also be evaluated 
and adjusted as necessary.

Nutrition counseling

All patients enrolled in this study received 2 sessions of 
detailed nutritional counseling encounters by a dietitian. 
One session was conducted at baseline and the  2nd at day 
21(± 3). The plan was to achieve a goal of 1.5 × Resting 
Energy Expenditure (REE) as estimated by the Mifflin St. 
Jeor method [21]. Frequent small meals that are calorie 
dense were recommended. Patients with taste disturbance 
received a trial of Zinc 220 mg orally daily for 4 weeks. 
Commercially available specific amino acids preparations 
rich in arginine, glutamine, and leucine-related products, 
such as Beta hydroxyl Beta methylbutyrate, were advised 
by a nutritionist to assist patients achieve calorie goals and 
maintain lean body mass [22].

Adherence to the Anamorelin was calculated by the pro-
portion of prescribed pills (43 pills) taken during the study 
period (6 weeks). Adherence to PA was calculated by the 
percentage completion of total prescribed counseling (7 ses-
sions), resistance exercises (at least 2 sets of exercises every 

week), and walking minutes (at least 90 min every week) 
for 6 weeks. Adherence to nutritional counseling sessions 
and dietary recommendation was calculated by the percent-
age completion of the counseling sessions prescribed (2 
sessions) for 6 weeks, and actual percentage intake of pre-
scribed calories, and protein per day at Day 21 and Day 43.

Outcome measures

Patients’ demographic data, including age, sex, ethnicity, 
cancer diagnosis, and education level were recorded at 
the time of study entry. The FACIT and its fatigue sub-
scale (FACIT-F), the Multidimensional Fatigue Symptom 
Inventory-Short Form (MFSI-SF), the Patient Reported 
Outcome Measurement Information System-fatigue 
(PROMIS-fatigue), the Edmonton Symptom Assessment 
Scale (ESAS)-fatigue item, Godin Leisure-Time physi-
cal activity questionnaire, and the Functional Assess-
ment of Anorexia-Cachexia Therapy Anorexia/Cachexia 
Scale (FAACT-A/CS) were assessed at baseline, Day 
15, Day 29, and Day 43. Body composition, and labora-
tory correlates including prealbumin, albumin, fasting 
blood glucose, Insulin-like growth factor-1 (IGF-1), and 
C-reactive protein were measured. Exploratory outcomes 
included the ESAS, HADS, Pittsburgh Sleep Quality 
Index (PSQI), physical performance outcomes, mean 
daytime activity assessed by Actigraphy, and Global 
symptom evaluation.

FACIT‑F fatigue subscale

The FACIT-F fatigue subscale allows patients to rate the 
intensity of their fatigue using a 0–4 scale (0 = not at all, 
4 = very much) during the previous 7 days. Test–retest relia-
bility coefficients for this scale ranges from 0.84 to 0.90, and 
minimally clinically important difference is 3.5 points [23].

MFSI-SF consists of 30 items designed to assess the mul-
tidimensional nature of fatigue [24]. Ratings are summed 
to obtain scores for 5 subscales (general fatigue, physical 
fatigue, emotional fatigue, mental fatigue, and vigor) during 
the previous week.

PROMIS The PROMIS F-SF consists of seven items 
that measure both the experience of fatigue and the interfer-
ence of fatigue on daily activities over the past week [25]. 
Response options are on a 5-point Likert scale, ranging from 
1 = never to 5 = always, with higher scores indicating greater 
fatigue [25].

The FAACT-A/CS subscale is a 12-item symptom-spe-
cific subscale designed to measure patients’ symptoms and 
concerns about their anorexia /cachexia during the previ-
ous 7 days. The FAACT has internal consistency and a 
reliability coefficient (Cronbach’s alpha) of 0.88 for the 12 
components [26].
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The ESAS measures 10 common symptoms in the past 
24 h (pain, fatigue, nausea, depression, anxiety, drowsiness, 
shortness of breath, appetite, sleep, and feeling of well-
being).This questionnaire has been found to be valid and 
reliable in cancer populations [27].

The PSQI is a 19-item questionnaire and is a validated 
instrument in measuring the quality and patterns of sleep 
[28]. The PSQI global score ranges from 0 to 21, with a 
score of 5 or greater indicating significant sleep disturbance.

Global symptom evaluation

At the end of the study (Day 43), patients were asked about 
their fatigue (worse, about the same, or better) after starting 
the intervention.

Physical performance tests

The 30 s sit-to-stand task was used to assess lower body 
strength [29]. On the start signal, the participant rises to a full 
stand and then returns to a fully seated position. The patient 
completes as many full stands as possible within a 30 s period.

In the six-minute walk test, participants were asked to 
walk as fast and as far as they can for six minutes, and the 
distance walked is measured. [30]. The six minute walk test 
was performed as per the ATS guidelines (https:// www. thora 
cic. org/ state ments/ resou rces/ pfet/ sixmi nute. pdf.)

Actigraphy

We analyzed mean daytime activity (MDTA) assessed using 
actigraphy (ActiGraph wGT3X, Actigraph, Pensicola, Florida).

The Godin Leisure-Time physical activity question-
naire asks participants how many times per week on average 
do they participate in strenuous, moderate and mild exercises 
for more than 15 min during their free time [31].

Body composition

All patients were assessed for body composition using the 
InBody 770 (Inbody Co., LTD, Cerritos, CA, USA), at 
baseline and Day 43 [32, 33].The InBody utilizes bioim-
pedence impedance analysis (BIA) method to measure body 
composition. The InBody 770 is a direct segmental (right 

Fig. 1  CONSORT diagram 
depicting patient flow through-
out the study

Approached (N=883)

2016-0655 Anamorelin Consort Diagram

Reasons Not Consented/Enrolled (N= 754)
Not Interested in Study (N=239) Symptom Burden (N=7)
No fa�gue (N=227) Other (N=7)
Not Eligible at this �me (N=117) On other Clinical Trial (N=6)
Too Busy (N=41) Pa�ent Refused (N=5)
Exercises (N=32) Recent fall/fall risk (N=4)
Unable to finish exercise (N=24) Failed HADS (HADS>13) (N=3)
Trea�ng MD/Nurse did not recommend (N=15) Unable to swallow Pills (N=3)
Wants to think about it (N=11) Hgb<9 g/dl (N=2)
Transporta�on Issues (N=9)                    Wants to Lose Weight (N=2)

Consented/Enrolled (N=129)
Reasons Not Dosed/ Screen Failure (N=84)
CRP too low (N=34) Fall Risk (N=1)
Pa�ent changed mind to not par�cipate (N=20) HADS>13 (N=1)
Trea�ng Oncologist  did not approve (N=7) Hgb too low (N=1)
Pa�ent on another Clinical Trial (N=4) Hospitaliza�on (N=1)
No Fa�gue for 2 weeks prior (N=3) Insurance Concerns (N=1)
EC Admission (N=2) Low cell counts (N=1)
Pa�ent in Hospice (N=2) Admi�ed to ICU (N=1)
Pa�ent Afraid to gain weight (N=1) Unable to ambulate (N=1)
Es�mated Life span <4 months (N=1) Deceased (N=1)
Weight Loss>15% (N=1)Dosed-Study Medica�on (N=45)

Reasons Not Completed the Study / Terminated (N= 15)
Pa�ent deceased (N=2) Didn't like taking drug (N=1)
Pa�ent Declined to con�nue (N=2) Extensive drowsiness (N=1)
Non-Compliant to Study Medica�on (N=2) Increased fa�gue (N=1)
Aspartate aminotransferase increased (N=1) Nausea and Vomi�ng (N=1)
Did not like ques�onnaires or exercise (N=1)               Hypoglycemia and increased fa�gue ( N=1)
Pa�ent was  ji�ery - felt blood sugar was low (N=1) Extreme fa�gue and increased pain (N=1)

Reasons Not Adherent to Study Interven�on, but Adherent to only Study Assessments  (N=2)
Pa�ent was in Distress (N=2)Completed Study (N=28)
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Table 1  Baseline demographics, clinical, and laboratory characteristics

Characteristic N (%),(N = 28)

Age in years (Median) 64
Gender
Male 18 (64.3)
Race
White 23 (82.1)
African American 3 (10.7)
Asian 2 (7.1)
Marital status
Single/Never married 2 (7.1)
Married 21 (75.0)
Divorced 3 (10.7)
Widowed 2 (7.1)
Employment status
Full time 12 (46.2)
Retired 8 (30.8)
Homemaker 1 (3.9)
Unemployed 5 (19.2)
Primary diagnosis
Lung Cancer
- Non-Small Cell Lung cancer 13 (46.4)
- Small Cell Lung Cancer 2 (7.14)
- Other Type of Lung Cancer 2 (7.14)
Gastrointestinal
Bile duct 2 (7.14)
Colon 2 (7.14)
Pancreas 2 (7.14)
Breast Cancer 2 (7.14)
Gynecological 2 (7.14)
Head & Neck 1 (3.6)
Currently receiving treatment
Currently on Chemotherapy 16 (64.0)
Currently on Immunotherapy 5 (20.0)
Recently on Radiation therapy (in past 30 days) 3 (12.0)
Currently on Targeted therapy 1 (4.0)
Surgery 0 (0.0)
No Treatments 0 (0.0)
Zubrod Performance Status
0 1 (3.6)
1 15 (53.6)
2 12 (42.8)
Assessments Mean (SD) Median (IQR)
FACIT-F Subscale 23.0 (± 7.7) 21.5 (17.5, 28.8)
MFSI-SF
General fatigue 15.5 (± 4.6) 15.5 (12.0, 18.5)
Physical fatigue 7.5 (± 3.9) 6.5 (5.0, 9.8)
Emotional fatigue 4.6 (± 4.0) 4.0 (1.0, 7.8)
Mental fatigue 5.9 (± 4.2) 6.0 (2.25, 8.8)
Vigor 10.3 (± 3.6) 10.0 (8.0, 12.0)
MFSI-Total 23.3 (± 14.8) 23.5 (12.3, 32.3)
PROMIS
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arm, left arm, trunk, and right leg, left leg), multifrequency 
BIA system.

Laboratory correlates

Laboratory correlates including prealbumin, albumin, fast-
ing blood sugar, C-reactive protein (CRP), and Insulin 
growth factor-1 (IGF-1) [15, 17]. Frequency and type of side 
effects were determined by NCI CTAE 4.0.

Statistical analysis

Standard summary statistics were used to summarize the 
demographic and clinical characteristics for all patients 
enrolled in the pilot study. We calculated the mean change 
in FACIT-F fatigue subscale, MFSI-SF, ESAS fatigue 
item, and PROMIS-fatigue from baseline to Day 43. Simi-
lar analyses were calculated for the secondary subjective 
outcomes. A sample size of 30 evaluable was used as we 
can detect a mean change = 4.0 (assuming Normal data, 

Abbreviations: FACIT-F, Functional Assessment of Chronic Illness Therapy–Fatigue subscale; MFSI-SF, Multidimensional Fatigue Symptom 
Inventory-Short Form; PROMIS, Patient-Reported Outcomes Measurement Information System-Fatigue; ESAS, Edmonton Symptom Assess-
ment Scale; HADS, Hospital Anxiety Depression Scale; PSQI, Pittsburgh Sleep Quality Index; IGF-1, Insulin-Like Growth Factor-1; IQR, inter-
quartile range; SD, Standard Deviation
a Ratio of Extracellular Water to Total body water = Extra cellular water/Total body water

Table 1  (continued)

Characteristic N (%),(N = 28)

PROMIS-Fatigue 61.4 (± 4.6) 60.6 (57.8, 65.9)
ESAS
Fatigue 5.5 (± 2.8) 6 (3.25, 7)
HADS
Anxiety 5.0 (± 3.5) 4.5 (2.0, 6.0)
Depression 6.3 (± 3.7) 6.0 (3.25, 8.75)
HADS Total 11.3 (± 6.4) 12.0 (6.0, 14.0)
PSQI (N = 15) 9.8 (± 3.8) 10.0 (7.0, 12.0)
Physical performance measures
Godin Leisure-Time Physical Activity Questionnaire 12.3 (± 10.7) 9 (3,19)
30 s sit and stand test 9.2 (± 4.0) 10 (7, 12)
Six-minute walk test 441.9 (± 121.6) 440 (390.3, 515)
Actigraphy
Mean Daytime Activity (MDTA) 367 (± 188.8) 349 (245, 425)
Body composition (Inbody Measures)
Weight (kg) 77.3 (± 18.1) 75.1 (64.9, 89.9)
BMI 25.5 (± 4.9) 26.1 (21, 28.4)
Body fat % 29.9 (± 10.2) 27.9 (22.3, 37.6)
Body fat mass (kg) 23.6 (± 10.9) 23.0 (16.0, 29.3)
Fat-free mass (kg) 16.7 (± 14.6) 13.9 (11.8, 16.9)
Lean body mass (kg) 52.4 (± 11.7) 51.3 (43.1, 63.9)
Skeletal muscle mass (kg) 28.4 (± 6.8) 27.4 (22.7, 34.8)
Skeletal muscle mass index 9.6 (± 1.5) 9.6 (8.5,10.3)
Total body water (kg) 39.0 (± 8.5) 37.9 (32.5, 47.4)
Ratio of Extracellular Water to Total body  watera 0.4 (± 0.01) 0.4 (0.3, 0.4)
Whole body phase angle 4.3 (± 0.6) 4.25 (3.80, 4.65)
Caloric intake 1572.1 (± 370.5) 1570 (1405, 1795)
Resting energy expenditure 304.9 (± 377.7) 228 (200, 270)
Laboratory correlates
Albumin, g/dL 4.1 (± 0.4) 4.1 (3.8, 4.4)
Prealbumin, mg/dL 20.7 (± 6.0) 20.8 (17.6, 24.5)
Fasting blood glucose, mg/dL 123.3 (± 42.7) 106.0 (95.0, 140.0)
IGF-1, mcg/mL 126.9 (± 66.7) 133.0 (69.5, 156.0)
C-reactive protein, mg/L 24.7 (± 33.1) 8.4 (5.4, 32.9)
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80% power and a two-sided 5% alpha, and a 7.5 standard 
deviation of differences) [13]. A Cohen’s D was analyzed 
to assess the preliminary effects of combination therapy. 
A linear mixed model was also conducted to assess an 
overall time trend of FACIT-F fatigue subscale scores. A 
p-value of ≤ 0.05 was considered statistically significant. 
All statistical analysis was performed using Stata/MP v16.0 
(College Station, TX, USA), or IBM SPSS 26 (Armonk, 
NY, USA).

Results

Figure 1 shows complete details of patient study enrollment 
and completion.

129 patients were consented to evaluate eligibility and, 
if eligible, to participate in this study. Of those, 84 did not 
meet the eligibility criteria.

As described above, 28 patients were evaluable for 
the primary outcome measures (fatigue) at Day 43. The 
mean % adherence (SD) to study medication was 95% 
(± 9.7), physical activity [counseling 81% (23) walking 
exercise 67.3% (± 32.9), resistance exercise using resist-
ance tube 56% (± 35.2)], nutritional counseling was 98.2 

(± 9.4), dietary recommendation was 78.6% (± 25.5%) 
for calories/day, and 61.7%(± 23.5%) for protein/day on 
Day 21 (3 weeks); 91.6% (± 23.4%) for calories/day, and 
72.4% (± 20.0%) for protein/day on Day 43 (6 weeks). 
Table 1 summarizes patient demographic characteristics 
and baseline symptoms. Majority of the patients were 
have ECOG performance status of 1 (n = 15, 54%) or 2 
(n = 12, 43%) at baseline. The baseline FACIT-F fatigue 
subscale [median (IQR)] was 21.5 (17.5, 28.8); MFSI-SF 
general was 15.5 (12.0, 18.5); and PROMIS-fatigue was 
60.6 (57.8, 65.9).

Table 2 shows the mean change values for fatigue meas-
ures. The mean (SD) change for the FACIT-F Fatigue sub-
scale was 4.89 (± 13.07), P = 0.058 (0.37); the mean change 
for the MFSI-SF general fatigue was − 3.46 (± 6.86), P = 0.013 
(− 0.51). For PROMIS-fatigue, the mean change was − 4.14 
(± 7.88), P = 0.010 (− 0.53). Supplementary Fig. 1 shows mean 
fatigue scores over time from baseline to Day 43.

Supplementary Fig. 2 shows the linear mixed model 
adjusted prediction of FACIT-F over time. We found that 
there was a significant time effect with FACIT-F increas-
ing on average of 0.11 (95% CI: 0.03–0.19; P = 0.007) 
units per day. Similarly, when time was added as a cat-
egorical variable in our model, our 43-day measure had 

Table 2  Changes in cancer-related fatigue from baseline at Day 15, Day 29, and Day 43 after combination therapy

Abbreviations: FACIT-F, Functional Assessment of Chronic Illness Therapy–Fatigue subscale; ESAS, Edmonton Symptom Assessment Scale; 
MFSI-SF, Multidimensional Fatigue Symptom Inventory-Short Form; PROMIS, Patient-Reported Outcomes Measurement Information System–
Fatigue; SD, Standard Deviation; CI, Confidence Interval, Lower and Upper Confidence Interval; *P-values are derived using Paired sample 
t-test; aP values were derived using Wilcoxon Signed Rank Test. Bolded P-value indicates statistically significant

Outcome measure Day 15—Baseline (N = 28) Day 29—Baseline (N = 28) Day 43—Baseline (N = 28)

Mean (± SD),
(CI)

P-value*
(Cohen’s D)

Mean (± SD),
(CI)

P-value*
(Cohen’s D)

Mean (± SD),
(CI)

P-value* 
(Cohen’s 
D)

FACIT-F Fatigue Subscale 3.89 (± 8.71),
(0.52, 7.27)

0.025
(0.45)

6.32 (± 9.53),
(2.63, 10.02)

0.002
(0.66)

4.89 (± 13.07),
(− 0.18, 9.96)

0.058
(0.37)

ESAS-Fatigue  − 0.68 (± 2.87),
(− 1.79, 0.43)

0.22
(− 0.24)

 − 0.75 (± 2.70),
(− 1.80, 0.30)

0.15
(− 0.28)

 − 0.81 (± 2.87),
(− 1.95, 0.32)

0.15
(− 0.28)

MFSI-SF
General fatigue  − 2.25 (± 4.53),

(− 4.01, − 0.49)
0.014
(− 0.50)

 − 4.18 (± 5.74),
(− 6.40, − 1.95)

0.001
(− 0.73)

 − 3.46 (± 6.86),
(− 6.21, − 0.81)

0.013
(− 0.51)

Physical fatigue  − 0.71 (± 3.69),
(− 2.15, 0.72)

0.31
(− 0.19)

 − 0.50 (± 4.43),
(− 2.22, 1.22)

0.56
(− 0.11)

 − 0.39 (± 5.03),
(− 2.34, 1.56)

0.68
(− 0.08)

Emotional fatigue  − 0.43 (± 2.20),
(− 1.28, 0.43)

0.31
(− 0.19)

0.14 (± 3.15),
(− 1.08, 1.36)

0.81
(0.05)

1.04 (± 4.36),
(− 0.65, 2.73)

0.22
(0.24)

Mental fatigue  − 0.93 (± 2.57),
(− 1.92, 0.07)

0.07
(− 0.36)

 − 1.39 (± 2.90),
(− 2.52, − 0.27)

0.017
(− 0.48)

 − 0.36 (± 4.12),
(− 1.95, 1.24)

0.65
(− 0.09)

Vigor 0.46 (± 2.89),
(− 0.65, 1.58)

0.40
(0.16)

0.39 (± 3.46),
(− 0.95, 1.73)

0.55
(0.11)

 − 1.11 (± 5.28),
(− 3.15, 0.94)

0.28
(− 0.21)

MFSI-SF totals  − 4.79 (± 9.59),
(− 8.50, − 1.07)

0.017 a
(− 0.50)

 − 6.32 (± 12.41),
(− 11.53, − 1.51)

0.012
(− 0.51)

 − 2.07 (± 17.59),
(− 8.89, 4.75)

0.54
(− 0.12)

PROMIS-Fatigue  − 2.74 (± 6.12),
(− 5.11, − 0.37)

0.025
(− 0.45)

 − 3.64 (± 8.22),
(− 6.82, − 0.45)

0.027
(− 0.44)

 − 4.14 (± 7.88),
(− 7.19, − 1.08)

0.010
(− 0.53)
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a significant increase from baseline of 4.89 (95% CI: 
0.67–9.11); P = 0.023.

Tables  3 and 4 show body composition and related 
outcomes. From baseline to Day 43, the mean change for 
FAACT ACS was 3.48 (± 8.13), P = 0.035 (0.43), and for the 
Godin Leisure-time physical activity questionnaire was 7.41 
(± 16.50), P = 0.038 (0.45). Among the physical measures, 
the mean change in weight (kg) was 1.81 (± 2.63), P = 0.005 
(0.69), in Lean Body Mass was 1.54 (± 1.85), P = 0.001 
(0.84), and in level of IGF-1 was 36.50 (± 48.76), P = 0.015 
(0.75). No significant improvements from baseline in the 
physical performance and actigraphy measure for daytime 
active (mean daytime activity) were found. Global Symp-
tom evaluation scores show that 22/25 (88%) reported that 
the combined interventions were better or same (Table 3). 
No adverse > grade 3 events related to the study drug were 
reported (Table 5).

Discussion

The results of this preliminary study showed that the 
combination of Anamorelin, physical activity and nutri-
tion counseling was safe, tolerable. The results also sug-
gested that patient reported subjective outcomes for CRF, 
appetite, leisure-time physical activity, and body compo-
sition improved with combination therapy for 6 weeks. 
The results of this study, performed in advanced cancer 
patients with mixed cancer types, are consistent with the 
results in the anorexia and body composition measures 
observed in previous studies on cachexia using Anamore-
lin in lung cancer patients [14–18]; however, these previ-
ous cachexia-focused studies did not control for exercise 
and nutritional counseling.

The effect size (0.37) for improvement in CRF was sig-
nificantly larger in our study, compared to previous work 

Table 3  Changes in exploratory measures at Day 15, Day 29, and Day 43 after combination therapy

Abbreviations: FACT-G, Functional Assessment of Cancer Therapy-General; FAACT , Functional Assessment of Anorexia and Cachexia Ther-
apy-Anorexia/Cachexia Scale; ESAS, Edmonton Symptom Assessment Scale; PSQI, Pittsburgh Sleep Quality Index; IGF-1 Insulin Like growth 
factor-1; SD, Standard Deviation; CI, Confidence Interval, Lower and Upper Confidence Interval; * P-values derived using Paired sample t-test; 
aP-values derived using Wilcoxon Signed Rank Test. Bolded P-value indicates statistically significant

Outcome measure Day 15—Baseline (N = 28) Day 29—Baseline (N = 28) Day 43—Baseline (N = 28)

Mean (± SD),
CI

P-value*
(Cohen’s D)

Mean (± SD),
CI

P-value*
(Cohen’s D)

Mean (± SD),
CI

P-value*
(Cohen’s D)

FACT-G Total 0.59 (± 9.17),
(− 2.96, 4.15)

0.74
(0.06)

1.31 (± 8.97),
(− 2.17, 4.79)

0.45
(0.15)

 − 1.10 (± 10.71),
(− 5.26, 3.05)

0.59
(− 0.10)

FAACT-A/CS Total 1.70 (± 4.89),
(− 0.23, 3.64)

0.082
(0.35)

4.53 (± 5.54), 
(2.34, 6.72)

 < 0.001
(0.82)

3.48 (± 8.13),
(0.27, 6.70)

0.035 a
(0.43)

ESAS-Appetite  − 0.43 (± 3.06),
(− 1.62, 0.76)

0.47
(− 0.14)

 − 1.04 (± 3.19),
(− 2.27, 0.20)

0.097
(− 0.32)

 − 0.56 (± 3.07),
(− 1.77, 0.66)

0.35
(− 0.18)

PSQI (N = 15) -0.09 (± 4.18),
(-2.90, 2.72)

0.94
(-0.02)

-0.09 (± 2.12),
(-1.51, 1.33)

0.89
(-0.04)

Godin Leisure Test 
Total

7.41 (± 16.50),
(0.09, 14.72)

0.038 a
(0.45)

Global Symptom Evaluation
 − Better N (%) 13 (52%)
 − About the same N (%) 9 (36%)
 − Worse N (%) 3 (12%)
Laboratory measure Day 21—Baseline (N = 28) Day 43—Baseline (N = 28)

Mean (± SD),
(CI)

P-value*
(Cohen’s D)

Mean (± SD),
(CI)

P-value* (Cohen’s D)

Albumin, g/dL  − 0.10 (± 0.23),
(− 0.20, − 0.01)

0.036
(− 0.45)

 − 0.05 (± 0.36),
(− 0.20, 0.10)

0.47 (− 0.15)

Prealbumin, mg/dL -0.07 (± 3.94),
(− 1.82, 1.68)

0.94
(− 0.02)

0.10 (± 3.83),
(− 1.70, 1.89)

0.91 (0.02)

Fasting Blood glucose, 
mg/dL

22.92 (± 61.52),
(− 2.47, 48.31)

0.07
(0.37)

7.04 (± 44.4),
(− 11.71, 25.79)

0.45 (0.16)

IGF-1, mcg/mL 58.4 (± 59.4),
(− 24.05, 92.67)

0.001 a
(0.98)

36.50 (± 48.76), (8.35, 64.65) 0.02 a (0.75)

C-Reactive Protein, 
mg/L

3.52 (± 47.61),
(− 16.13, 23.18)

0.71
(0.07)

2.11 (± 48.36), (− 17.85, 
22.07)

0.31 a (0.04)
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where effect sizes were 0.16 in the Romana 1 study, 0.008 
in the Romana 2 study, and 0.057 in a study by Katakami 
et al. [14–18]. The larger effect size we observed could 
be due to several differences between our study and these 
previous works. In our study, the change in CRF was the 
primary outcome, so we studied a more homogeneous 
patient population: only patients with clinically signifi-
cant fatigue, along with inflammation (increase in C-reac-
tive protein), weight loss, and low levels of pain, anxiety, 
and depression, were selected. Other relevant differences 
include the timepoint assessed (the ROMANA study uti-
lized week 12) and the cancer types included (ROMANA 
and Katakami included only patients with non-small cell 
lung cancer) [15, 16]. However, the most obvious differ-
ence in the study described here is the addition of a stand-
ardized exercise intervention and nutritional counseling, 
which may reduce variability in physical activity and 
dietary intake among participants and work with Anamo-
relin to potentially maximize its benefits. This strongly 
suggests that the addition of a standardized physical 
activity intervention and nutritional counseling in com-
bination with Anamorelin may be partially responsible 
for this improvement of effect size. Our results suggest 
that future studies of Anamorelin’s impact on CRF are 
warranted and should be conducted in combination with 
physical activity and nutritional supplementation. It was 
encouraging that the combination therapy significantly 
improved patient reported CRF, Godin Leisure-Time 
physical activity scores, body composition, and anorexia 
scores [34]. However, further randomized controlled stud-
ies are needed to understand the mechanism of action of 
combination therapy on CRF.

Prior studies conducted by our team and others found 
significant improvement in CRF with the use of anti-inflam-
matory agents such as corticosteroids (effect size 0.59); how-
ever, this benefit is limited to two weeks of use due to side-
effects [12]. Thus, there are additional advantages to using 
Anamorelin instead anti-inflammatory agents like corticos-
teroids: first, Anamorelin can be used for longer periods; and 
second, Anamorelin can be used in the increasing number of 
patients receiving immunotherapy, since corticosteroids are 
avoided in patients receiving immunotherapy due to poten-
tial interactions. This second characteristic of Anamorelin 
makes it a promising agent at a time when the majority of 
cancer patients receive immunotherapy at some point in the 
trajectory of their disease. Compared to prior studies, our 
study using a combination of Anamorelin with physical and 
nutritional counseling found improvements in body compo-
sition including lean body mass, but our results differ from 
other studies due to possible reasons which include: (a) a 
very focused population of advanced cancer patients with 
mixed cancer types; (b) Eligibility criteria that specified the 
presence of clinically significant fatigue, weight loss, and 
inflammation [10, 12, 13].

In our study, even though we found significant 
improvement in the Godin Leisure-Time physical activ-
ity questionnaire (subjective), we did not observe any 
significant improvement in the physical performance 
tests and mean daytime activity (an activity meas-
ure assessed using actigraphy) associated with the use 
of the combination therapy. Prior studies by our team 
and others found a similar disconnect between subjec-
tive and objective measures in prior fatigue studies [35, 
36]. This finding suggest that activity alone might not 

Table 4  Changes in Body 
Composition Scores (Inbody 
Measures) from Baseline at Day 
43 after Combination  Therapyb

Abbreviations: SD, Standard Deviation; CI, Confidence Interval, Lower and Upper Confidence Interval; 
* P-values were derived using Paired sample t-test; aP values were derived using Wilcoxon Signed Rank 
Test. BMI, Body Mass Index; bAssessed using InBody Measures

Inbody measures Day 43—Baseline (N = 28)

Mean (± SD), (CI) P-value* (Cohen’s D)

Weight (kg) 1.81 (± 2.63), (0.61, 3.00) 0.005 (0.69)
BMI 0.60 (± 0.80), (0.23, 0.96) 0.003 (0.74)
Body Fat % 0.01 (± 2.23), (− 1.01, 1.02) 0.98 (0.00)
Body Fat Mass (kg) 0.49 (± 2.04), (− 0.44, 1.42) 0.28 (0.24)
Fat free Mass (kg)  − 2.95 (± 14.48),(− 9.55, 3.64) 0.36 a (-0.20)
Lean body Mass (kg) 1.54 (± 1.85), (1.50, 5.31) 0.001 (0.84)
Skeletal Muscle mass (kg) 0.96 (± 1.10), (0.45, 1.48 0.001 (0.87)
Skeletal Muscle Mass Index 0.32 (± 0.35), (0.15, 0.48) 0.001 (0.90)
Total Body Water (kg) 1.16 (± 1.35), (0.53, 1.79) 0.001 a (0.86)
Ratio of water to body water 0.18 (± 0.80), (− 0.20, 0.55) 0.33 (0.22)
Whole body angle 0.07 (± 0.23), (− 0.04, 0.18) 0.19 (0.30)
Caloric intake 246.4 (± 416.9), (15.55, 477.25) 0.038 a (0.59)
Resting Energy Expenditure  − 102.1 (± 470.1), (− 373.47, 169.33) 0.27 (0.56)
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be an optimal outcome to pursue for future clinical tri-
als using Anamorelin, but subjective outcomes and lean 
body mass, which appear to have consistently improved 
in our study and others, may be more productive. Further 

studies are needed to identify the ideal objective way to 
measure activity in patients with cancer.

Patients with significant fatigue, cachexia and inflam-
mation such as those selected by our eligibility criteria 

Table 5  Frequency and severity 
of adverse events (AE) reports 
in the combination therapy 
 studya (N = 28)*

a For a given patient there may be multiple adverse events at different time points. b X(X/N), X = num-
ber of patients with particular AE ≤ 3 grade; Y(Y/N), Y = number of patients with particular AE ˃3 grade, 
N = total number of patients, 28. cAdverse events were assessed using Common Terminology Criteria for 
Adverse Events (CTCAE) version 4; cNo severe (≥ grade 3) adverse events related to the study drug were 
reported. No patient had to dose reduce due to the study intervention

Any AE Grade ≤ 3 Events Any AE Grade > 3

Adverse  eventc No. of patients with 
AE (X (X/N)b

Total no. of 
AE = 137

No. of patients with 
AE (Y (Y/N)b

Total no. 
of AE = 4

Diarrhea 5 (18) 10 0 0
Fatigue 10 (36) 10 0 0
Hyperglycemia 4 (14) 10 1(4) 1
Anorexia 6 (21) 8 0 0
Insomnia 6 (21) 8 0 0
Nausea 7 (25) 8 0 0
Dizziness 4 (14) 7 0 0
Dyspnea 4 (14) 5 0 0
Abdominal pain 3 (11) 4 0 0
Fever 3 (11) 4 0 0
Pain 1 (4) 4 0 0
Pain in extremity 3 (11) 4 0 0
Paresthesia 3 (11) 4 0 0
Upper respiratory infection 3 (11) 4 0 0
Arthralgia 3 (11) 3 0 0
Back pain 3 (11) 3 0 0
Constipation 2 (7) 3 0 0
Peripheral sensory neuropathy 2 (7) 3 0 0
Rash maculopapular 2 (7) 3 0 0
Chest wall pain 1 (4) 2 0 0
Cough 2 (7) 2 0 0
Death NOS 0 0 2 (7) 2
Dry eye 1 (4) 2 0 0
Dry mouth 2 (7) 2 0 0
Dry skin 2 (7) 2 0 0
Dysgeusia 2 (7) 2 0 0
Facial pain 2 (7) 2 0 0
Fall 2 (7) 2 0 0
Flatulence 2 (7) 2 0 0
Flushing 2 (7) 2 0 0
Gait disturbance 1 (4) 2 0 0
Headache 2 (7) 2 0 0
Hypertension 2 (7) 2 0 0
Myalgia 2 (7) 2 0 0
Non-cardiac chest pain 2 (7) 2 0 0
Vomiting 1 (4) 2 0 0
Hyponatremia 0 0 1 (4) 1
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tend to be very ill advanced cancer patients who often 
deteriorate rapidly due to disease progression. This 
explains why the dropout rate was elevated (38%) in our 
study. The level of attrition we observed is consistent with 
other fatigue and cachexia symptom trials conducted in 
the advanced cancer population by our team and others 
[13, 37, 38]. However, there is a critical need for effective 
symptom management interventions in this target popula-
tion, particularly for symptoms like fatigue and cachexia 
that are highly distressing, as improved treatment modali-
ties could significantly benefit these patients. Thus, new 
strategies to better manage dropouts in clinical studies 
targeting advanced cancer patients are of fundamental 
importance.

The study has several limitations. We found signifi-
cant improvement in PROMIS-F, and MFSI-SF (gen-
eral) but not in the other fatigue scales. Similarly there 
was improvement in the Godin leisure test scores but no 
improvement in the mean daytime activity scores assessed 
using actigraphy. The possible explanations for these vary-
ing findings might be the relatively small sample size as 
well as the possibility that this intervention helps more 
subjective fatigue than mean day time activity. Further 
well powered randomized controlled studies are needed 
to confirm the findings and to understand the mecha-
nisms associated with CRF improvement using correla-
tive studies such as pro-inflammatory cytokine analysis, 
as the subjects were adherent to the study interventions 
[39]. The lack of control or placebo arm is a major limi-
tation. The contribution of the placebo effect to efficacy 
could not be directly quantified [40]. Also, the fatigue 
improvement in some scales could have been due to PA, 
nutrition counseling, Anamorelin, combination of these 
interventions, or just improvements with time from treat-
ment. Further placebo-controlled studies are needed. The 
relatively lower levels of adherence to the actual PA pre-
scription, and dietary recommendations despite high lev-
els of adherence to PA and nutrition counseling sessions 
suggests that further research is necessary to determine 
the optimal PA and dietary prescription, and the possi-
ble need for booster counseling sessions to strengthen the 
potential of Anamorelin to improve fatigue and cachexia 
outcomes. We designed this exploratory study to evaluate 
the patients who completed the primary outcome at Day 
43. This might be a limitation and future research should 
address intention treat analysis, perhaps looking at addi-
tional ways to dramatically reduce the number of dropouts. 
One potential strategy might be to consider patients at a 
much earlier stage of disease with signs of early cachexia.

Together, our study results are reassuring in that the 
combination of Anamorelin with a manualized physi-
cal activity intervention and nutritional counseling was 
tolerable and support the preliminary efficacy of this 

combination in improving not just CRF but also anorexia 
and body composition measures.

Conclusion

The use of the combination therapy was associated with 
improvement of patient reported subjective outcomes for 
CRF, activity, anorexia, body composition, and IGF-1 lev-
els. There was no significant improvement in the physical 
performance outcomes and mean daytime activity. Future 
randomized controlled trials of the combination therapy for 
CRF are justified.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00520- 021- 06463-8.

Acknowledgements The authors sincerely thank Aimee E. Anderson 
for manuscript review.

Author contribution Dr Sriram Yennurajalingam had full access to all 
data in the study and takes responsibility for the integrity of the data 
and the accuracy of the data analysis. Concept and design: Yennura-
jalingam, Hui, Bruera. Acquisition, analysis, or interpretation of data: 
Yennurajalingam, Basen-Engquist, Reuben, Fellman, Shete, Maddi, 
Williams, Dev, Hui, and Bruera. Drafting of the manuscript: Yennura-
jalingam, Basen-Engquist, Reuben, Fellman, Shete, Maddi, Williams, 
Dev, Hui, and Bruera Critical revision of the manuscript for impor-
tant intellectual content: Yennurajalingam, Basen-Engquist, Reuben, 
Fellman, Shete, Maddi, Williams, Dev, Hui, and Bruera. Statistical 
analysis: Fellman, Shete, Maddi, Williams. Administrative, technical, 
or material support: Yennurajalingam, Bruera. Supervision: Yennura-
jalingam, Bruera.

Funding Helsinn Health Care, grant support and drug supply.

Availability of data and material The data presented in this study are 
available on request from the corresponding author. The data are not 
publicly available due to investigational treatment.

Code availability Available on request from the corresponding author.

Declarations 

Ethics approval and consent to participate The University of Texas 
MD Anderson Cancer Center Institutional Review Board approved the 
protocol. Informed consent was obtained from all subjects involved in 
the study.

Consent for publication Included as supplementary file.

Conflict of interest The authors declare no conflict of Interest related 
to study. Funding is as follows: Sriram Yennurajalingam, Helsinn (Re-
search Funding for fatigue study), Bayer (Research Funding for fatigue 
study), Genentech (Research Funding for Palliative care study); David 
Hui, Helsinn (Research funding for nausea study), Insys (Research 
funding for dyspnea study); and Eduardo Bruera (Helsinn: Research 
Funding for Palliative care study). All other authors declare no conflict 
of interest.

507Supportive Care in Cancer (2022) 30:497–509

https://doi.org/10.1007/s00520-021-06463-8


1 3

References

 1. Stone P, Richardson A, Ream E, Smith AG, Kerr DJ, Kearney 
N (2000) Cancer-related fatigue: inevitable, unimportant and 
untreatable? Results of a multi-centre patient survey Cancer 
Fatigue Forum. Annal oncology: official journal of the European 
Society for Medical Oncology 11(8):971–975. https:// doi. org/ 10. 
1023/a: 10083 18932 641

 2. Yennurajalingam S, Urbauer DL, Casper KLB, Reyes-Gibby CC, 
Chacko R, Poulter V (2011) Impact of a palliative care consulta-
tion team on cancer-related symptoms in advanced cancer patients 
referred to an outpatient supportive care clinic. J Pain Symptom 
Manage 41(1):49–56. https:// doi. org/ 10. 1016/j. jpain symman. 
2010. 03. 017

 3. Lawrence DP, Kupelnick B, Miller K, Devine D, Lau J (2004) 
Evidence report on the occurrence, assessment, and treatment of 
fatigue in cancer patients. J Natl Cancer Inst Monogr 32:40–50. 
https:// doi. org/ 10. 1093/ jncim onogr aphs/ lgh027

 4. Teunissen SC, Wesker W, Kruitwagen C, de Haes HC, Voest EE, 
de Graeff A (2007) Symptom prevalence in patients with incurable 
cancer: a systematic review. J Pain Symptom Manage 34(1):94–
104. https:// doi. org/ 10. 1016/j. jpain symman. 2006. 10. 015

 5. Bower JE (2014) Cancer-related fatigue—mechanisms, risk fac-
tors, and treatments. Nat Rev Clin Oncol 11(10):597–609. https:// 
doi. org/ 10. 1038/ nrcli nonc. 2014. 127

 6. Charalambous A, Kouta C (2016) Cancer related fatigue and qual-
ity of life in patients with advanced prostate cancer undergoing 
chemotherapy. Biomed Res Int 2016:3989286. https:// doi. org/ 10. 
1155/ 2016/ 39892 86

 7. Hofman M, Ryan JL, Figueroa-Moseley CD, Jean-Pierre P, Mor-
row GR (2007) Cancer-related fatigue: the scale of the prob-
lem. Oncologist 12:4–10. https:// doi. org/ 10. 1634/ theon colog ist. 
12- S1-4

 8. Berger AM, Mooney K, Alvarez-Perez A, Breitbart WS, Carpenter 
KM, Cella D, Cleeland C, Dotan E, Eisenberger MA, Escalante 
CP, Jacobsen PB, Jankowski C, LeBlanc T, Ligibel JA, Loggers 
ET, Mandrell B, Murphy BA, Palesh O, Pirl WF, Plaxe SC, Riba 
MB, Rugo HS, Salvador C, Wagner LI, Wagner-Johnston ND, 
Zachariah FJ, Bergman MA, Smith C (2015) Cancer-related 
fatigue, Version 2.2015. J Natl Compr Canc Netw 13(8):1012–
1039. https:// doi. org/ 10. 6004/ jnccn. 2015. 0122

 9. Courneya KS, McKenzie DC, Reid RD, Mackey JR, Gelmon K, 
Friedenreich CM, Ladha AB, Proulx C, Lane K, Vallance JK, 
Segal RJ (2008) Barriers to supervised exercise training in a 
randomized controlled trial of breast cancer patients receiving 
chemotherapy. Ann Behav Med 35(1):116–122. https:// doi. org/ 
10. 1007/ s12160- 007- 9009-4

 10. Mustian KM, Alfano CM, Heckler C, Kleckner AS, Kleckner IR, 
Leach CR, Mohr D, Palesh OG, Peppone LJ, Piper BF, Scarpato 
J, Smith T, Sprod LK, Miller SM (2017) Comparison of pharma-
ceutical, psychological, and exercise treatments for cancer-related 
fatigue: a meta-analysis. JAMA Oncol 3(7):961–968. https:// doi. 
org/ 10. 1001/ jamao ncol. 2016. 6914

 11. Puetz TW, Herring MP (2012) Differential effects of exercise on 
cancer-related fatigue during and following treatment: a meta-
analysis. Am J Prev Med 43(2):e1-24. https:// doi. org/ 10. 1016/j. 
amepre. 2012. 04. 027

 12. Yennurajalingam S, Bruera E (2014) Role of corticosteroids for 
fatigue in advanced incurable cancer: is it a “wonder drug” or 
“deal with the devil.” Curr Opin Support Palliat Care 8(4):346–
351. https:// doi. org/ 10. 1097/ spc. 00000 00000 000093

 13. Yennurajalingam S, Frisbee-Hume S, Palmer JL, Delgado-Guay 
MO, Bull J, Phan AT, Tannir NM, Litton JK, Reddy A, Hui 
D, Dalal S, Massie L, Reddy SK, Bruera E (2013) Reduction 
of cancer-related fatigue with dexamethasone: a double-blind, 

randomized, placebo-controlled trial in patients with advanced 
cancer. J Clin Oncol 31(25):3076–3082. https:// doi. org/ 10. 1200/ 
JCO. 2012. 44. 4661

 14. Garcia JM, Friend J, Allen S (2013) Therapeutic potential of 
anamorelin, a novel, oral ghrelin mimetic, in patients with can-
cer-related cachexia: a multicenter, randomized, double-blind, 
crossover, pilot study. Support Care Cancer 21(1):129–137. 
https:// doi. org/ 10. 1007/ s00520- 012- 1500-1

 15. Katakami N, Uchino J, Yokoyama T, Naito T, Kondo M, Yam-
ada K, Kitajima H, Yoshimori K, Sato K, Saito H, Aoe K, Tsuji 
T, Takiguchi Y, Takayama K, Komura N, Takiguchi T, Eguchi 
K (2018) Anamorelin (ONO-7643) for the treatment of patients 
with non-small cell lung cancer and cachexia: results from a 
randomized, double-blind, placebo-controlled, multicenter 
study of Japanese patients (ONO-7643-04). Cancer 124(3):606–
616. https:// doi. org/ 10. 1002/ cncr. 31128

 16. Temel JS, Abernethy AP, Currow DC, Friend J, Duus EM, Yan 
Y, Fearon KC (2016) Anamorelin in patients with non-small-cell 
lung cancer and cachexia (ROMANA 1 and ROMANA 2): results 
from two randomised, double-blind, phase 3 trials. Lancet Oncol 
17(4):519–531. https:// doi. org/ 10. 1016/ s1470- 2045(15) 00558-6

 17. Zhang H, Garcia JM (2015) Anamorelin hydrochloride for the 
treatment of cancer-anorexia-cachexia in NSCLC. Expert Opin 
Pharmacother 16(8):1245–1253. https:// doi. org/ 10. 1517/ 14656 
566. 2015. 10415 00

 18. Currow D, Temel JS, Abernethy A, Milanowski J, Friend J, 
Fearon KC (2017) ROMANA 3: a phase 3 safety extension study 
of anamorelin in advanced non-small-cell lung cancer (NSCLC) 
patients with cachexia. Annals of oncology: official journal of 
the European Society for Medical Oncology 28(8):1949–1956. 
https:// doi. org/ 10. 1093/ annonc/ mdx192

 19. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, 
Galvão DA, Pinto BM, Irwin ML, Wolin KY, Segal RJ, Lucia A, 
Schneider CM, von Gruenigen VE, Schwartz AL (2010) Ameri-
can College of Sports Medicine roundtable on exercise guidelines 
for cancer survivors. Med Sci Sports Exerc 42(7):1409–1426. 
https:// doi. org/ 10. 1249/ MSS. 0b013 e3181 e0c112

 20. Simmonds MJ (2002) Physical function in patients with cancer: 
psychometric characteristics and clinical usefulness of a physical 
performance test battery. J Pain Symptom Manage 24(4):404–414. 
https:// doi. org/ 10. 1016/ s0885- 3924(02) 00502-x

 21. Mifflin MD, St Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO 
(1990) A new predictive equation for resting energy expenditure 
in healthy individuals. Am J Clin Nutr 51(2):241–247. https:// doi. 
org/ 10. 1093/ ajcn/ 51.2. 241

 22. Molfino A, Gioia G, Rossi Fanelli F, Muscaritoli M (2013) Beta-
hydroxy-beta-methylbutyrate supplementation in health and 
disease: a systematic review of randomized trials. Amino Acids 
45(6):1273–1292. https:// doi. org/ 10. 1007/ s00726- 013- 1592-z

 23. Cella D, Eton DT, Lai JS, Peterman AH, Merkel DE (2002) Combin-
ing anchor and distribution-based methods to derive minimal clini-
cally important differences on the Functional Assessment of Cancer 
Therapy (FACT) anemia and fatigue scales. J Pain Symptom Man-
age 24(6):547–561. https:// doi. org/ 10. 1016/ s0885- 3924(02) 00529-8

 24. Stein KD, Jacobsen PB, Blanchard CM, Thors C (2004) Further 
validation of the multidimensional fatigue symptom inventory-
short form. J Pain Symptom Manage 27(1):14–23. https:// doi. org/ 
10. 1016/j. jpain symman. 2003. 06. 003

 25. Rothrock NE, Hays RD, Spritzer K, Yount SE, Riley W, Cella D 
(2010) Relative to the general US population, chronic diseases are 
associated with poorer health-related quality of life as measured 
by the Patient-Reported Outcomes Measurement Information Sys-
tem (PROMIS). J Clin Epidemiol 63(11):1195–1204. https:// doi. 
org/ 10. 1016/j. jclin epi. 2010. 04. 012

 26. Ribaudo JM, Cella D, Hahn EA, Lloyd SR, Tchekmedyian NS, 
Von Roenn J, Leslie WT (2000) Re-validation and shortening 

508 Supportive Care in Cancer (2022) 30:497–509

https://doi.org/10.1023/a:1008318932641
https://doi.org/10.1023/a:1008318932641
https://doi.org/10.1016/j.jpainsymman.2010.03.017
https://doi.org/10.1016/j.jpainsymman.2010.03.017
https://doi.org/10.1093/jncimonographs/lgh027
https://doi.org/10.1016/j.jpainsymman.2006.10.015
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1155/2016/3989286
https://doi.org/10.1155/2016/3989286
https://doi.org/10.1634/theoncologist.12-S1-4
https://doi.org/10.1634/theoncologist.12-S1-4
https://doi.org/10.6004/jnccn.2015.0122
https://doi.org/10.1007/s12160-007-9009-4
https://doi.org/10.1007/s12160-007-9009-4
https://doi.org/10.1001/jamaoncol.2016.6914
https://doi.org/10.1001/jamaoncol.2016.6914
https://doi.org/10.1016/j.amepre.2012.04.027
https://doi.org/10.1016/j.amepre.2012.04.027
https://doi.org/10.1097/spc.0000000000000093
https://doi.org/10.1200/JCO.2012.44.4661
https://doi.org/10.1200/JCO.2012.44.4661
https://doi.org/10.1007/s00520-012-1500-1
https://doi.org/10.1002/cncr.31128
https://doi.org/10.1016/s1470-2045(15)00558-6
https://doi.org/10.1517/14656566.2015.1041500
https://doi.org/10.1517/14656566.2015.1041500
https://doi.org/10.1093/annonc/mdx192
https://doi.org/10.1249/MSS.0b013e3181e0c112
https://doi.org/10.1016/s0885-3924(02)00502-x
https://doi.org/10.1093/ajcn/51.2.241
https://doi.org/10.1093/ajcn/51.2.241
https://doi.org/10.1007/s00726-013-1592-z
https://doi.org/10.1016/s0885-3924(02)00529-8
https://doi.org/10.1016/j.jpainsymman.2003.06.003
https://doi.org/10.1016/j.jpainsymman.2003.06.003
https://doi.org/10.1016/j.jclinepi.2010.04.012
https://doi.org/10.1016/j.jclinepi.2010.04.012


1 3

of the Functional Assessment of Anorexia/Cachexia Therapy 
(FAACT) questionnaire. Quality of life research: an international 
journal of quality of life aspects of treatment, care and rehabilita-
tion 9(10):1137–1146. https:// doi. org/ 10. 1023/a: 10166 70403 148

 27. Bruera E, Kuehn N, Miller MJ, Selmser P, Macmillan K (1991) The 
Edmonton Symptom Assessment System (ESAS): a simple method 
for the assessment of palliative care patients. J Palliat Care 7(2):6–9

 28. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ 
(1989) The Pittsburgh Sleep Quality Index: a new instrument for 
psychiatric practice and research. Psychiatry Res 28(2):193–213. 
https:// doi. org/ 10. 1016/ 0165- 1781(89) 90047-4

 29. Jones CJ, Rikli RE, Beam WC (1999) A 30-s chair-stand test as 
a measure of lower body strength in community-residing older 
adults. Res Q Exerc Sport 70(2):113–119. https:// doi. org/ 10. 1080/ 
02701 367. 1999. 10608 028

 30. ATS Committee on Proficiency Standards for Clinical Pulmonary 
Function Laboratories. ATS statement: guidelines for the six-min-
ute walk test (2002). Am J Respir Crit Care Med 166(1):111–117. 
https:// doi. org/ 10. 1164/ ajrccm. 166.1. at1102

 31. Godin G, Shephard RJ (1985) A simple method to assess exer-
cise behavior in the community. Canadian journal of applied 
sport sciences Journal canadien des sciences appliquees au sport 
10(3):141–146

 32. Alkahtani SA (2017) A cross-sectional study on sarcopenia using 
different methods: reference values for healthy Saudi young men. 
BMC Musculoskelet Disord 18(1):119. https:// doi. org/ 10. 1186/ 
s12891- 017- 1483-7

 33. Buckinx F, Reginster JY, Dardenne N, Croisiser JL, Kaux JF, 
Beaudart C, Slomian J, Bruyère O (2015) Concordance between 
muscle mass assessed by bioelectrical impedance analysis and 
by dual energy X-ray absorptiometry: a cross-sectional study. 
BMC Musculoskelet Disord 16:60. https:// doi. org/ 10. 1186/ 
s12891- 015- 0510-9

 34. Fearon KC, Glass DJ, Guttridge DC (2012) Cancer cachexia: 
mediators, signaling, and metabolic pathways. Cell Metab 
16(2):153–166. https:// doi. org/ 10. 1016/j. cmet. 2012. 06. 011

 35. Brown DJ, McMillan DC, Milroy R (2005) The correlation 
between fatigue, physical function, the systemic inflammatory 

response, and psychological distress in patients with advanced 
lung cancer. Cancer 103(2):377–382. https:// doi. org/ 10. 1002/ cncr. 
20777

 36. Yennurajalingam S, Tayjasanant S, Balachandran D, Padhye NS, 
Williams JL, Liu DD, Frisbee-Hume S, Bruera E (2016) Associa-
tion between daytime activity, fatigue, sleep, anxiety, depression, 
and symptom burden in advanced cancer patients: a preliminary 
report. J Palliat Med 19(8):849–856. https:// doi. org/ 10. 1089/ jpm. 
2015. 0276

 37. Bruera E, Strasser F, Palmer JL, Willey J, Calder K, Amyotte G, 
Baracos V (2003) Effect of fish oil on appetite and other symp-
toms in patients with advanced cancer and anorexia/cachexia: a 
double-blind, placebo-controlled study. Journal of clinical oncol-
ogy : official journal of the American Society of Clinical Oncol-
ogy 21(1):129–134. https:// doi. org/ 10. 1200/ jco. 2003. 01. 101

 38. Bruera E, Ernst S, Hagen N, Spachynski K, Belzile M, Hanson J, 
Summers N, Brown B, Dulude H, Gallant G (1998) Effectiveness 
of megestrol acetate in patients with advanced cancer: a rand-
omized, double-blind, crossover study. Cancer prevention & con-
trol CPC Prevention & controle en cancerologie PCC 2(2):74–78

 39. Saligan LN, Olson K, Filler K, Larkin D, Cramp F, Yennura-
jalingam S, Escalante CP, del Giglio A, Kober KM, Kamath J, 
Palesh O, Mustian K (2015) The biology of cancer-related fatigue: 
a review of the literature. Supportive care in cancer : official jour-
nal of the Multinational Association of Supportive Care in Cancer 
23(8):2461–2478. https:// doi. org/ 10. 1007/ s00520- 015- 2763-0

 40. de la Cruz M, Hui D, Parsons HA, Bruera E (2010) Placebo and 
nocebo effects in randomized double-blind clinical trials of agents 
for the therapy for fatigue in patients with advanced cancer. Can-
cer 116(3):766–774. https:// doi. org/ 10. 1002/ cncr. 24751

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Sriram Yennurajalingam1 · Karen Basen‑Engquist2 · James M. Reuben3 · Bryan M. Fellman4 · Sanjay Shete4 · 
Rama Maddi1 · Janet L. Williams1 · Rony Dev1 · David Hui1 · Eduardo Bruera1

1 Department of Palliative, Rehabilitation, and Integrative 
Medicine, The University of Texas MD Anderson Cancer 
Center, 1515 Holcombe Blvd, Houston, TX, USA

2 Department of Behavioral Science, The University of Texas 
MD Anderson Cancer Center, Houston, TX, USA

3 Department of Hematopathology, The University of Texas 
MD Anderson Cancer Center, Houston, TX, USA

4 Department of Biostatistics, The University of Texas MD 
Anderson Cancer Center, Houston, TX, USA

509Supportive Care in Cancer (2022) 30:497–509

https://doi.org/10.1023/a:1016670403148
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1186/s12891-017-1483-7
https://doi.org/10.1186/s12891-017-1483-7
https://doi.org/10.1186/s12891-015-0510-9
https://doi.org/10.1186/s12891-015-0510-9
https://doi.org/10.1016/j.cmet.2012.06.011
https://doi.org/10.1002/cncr.20777
https://doi.org/10.1002/cncr.20777
https://doi.org/10.1089/jpm.2015.0276
https://doi.org/10.1089/jpm.2015.0276
https://doi.org/10.1200/jco.2003.01.101
https://doi.org/10.1007/s00520-015-2763-0
https://doi.org/10.1002/cncr.24751

	Anamorelin combined with physical activity, and nutritional counseling for cancer-related fatigue: a preliminary study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Interventions
	Exercise prescription
	Nutrition counseling
	Outcome measures
	FACIT-F fatigue subscale
	Global symptom evaluation
	Physical performance tests
	Actigraphy
	Body composition
	Laboratory correlates

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


