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BACKGROUND: Cancer cachexia is characterized by weight loss and is associated with increased morbidity and mortality in patients 

with cancer. Anamorelin (ONO-7643; ANAM) is a novel and selective ghrelin receptor agonist that improves appetite, lean body mass 

(LBM), body weight, and anorexia. METHODS: This multicenter, open-label, single-arm study investigated the efficacy and safety 

of 100 mg anamorelin in 50 Japanese patients with advanced and unresectable gastrointestinal (colorectal, gastric, or pancreatic) 

cancer. ANAM was administered once daily over 12 weeks. The primary endpoint was the proportion of patients that maintained 

or gained LBM over the course of the study. Secondary endpoints included changes in LBM, body weight, quality of life (QoL), and 

nutritional status biomarkers. RESULTS: The proportion of patients who responded to treatment was 63.3% (95% CI, 48.3%-76.6%), 

with a least square mean ± SE change in LBM and body weight from baseline of 1.89 ± 0.36 kg and 1.41 ± 0.61 kg, respectively. 

Appetite-related questions on the QoL questionnaire showed that ANAM improved appetite. Adverse events occurred in 79.6% of 

patients, and the most common treatment-related adverse events were increased γ-glutamyl transpeptidase (8.2%), diabetes mel-

litus (6.1%), hyperglycemia (6.1%), and prolonged QRS complex (6.1%). CONCLUSIONS: ANAM improved anorexia and patients’ nutri-

tional status, resulting in rapid increases in LBM and body weight in patients with advanced gastrointestinal cancer who had cancer 

cachexia. ANAM treatment was well tolerated over 12 weeks. ANAM is a potential clinically beneficial pharmacotherapeutic option for 

patients with advanced gastrointestinal cancer who have cancer cachexia. Cancer 2019;125:4294-4302. © 2019 The Authors. Cancer 

published by Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access article under the terms of the  

Creat ive Commo ns Attri butio n-NonCo mmercial License, which permits use, distribution and reproduction in any medium, provided 
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INTRODUCTION
Up to 80% of patients with cancer develop cachexia, which is characterized by weight loss (mainly lean body mass 
[LBM]) and anorexia.1 Cachexia reflects a negative protein and energy balance driven by reduced food intake and hyper-
metabolism.2 This results in diminished physical function and a reduced ability to tolerate chemotherapy, and is associ-
ated with a poor prognosis and reduced quality of life (QoL).3,4

Cachexia is prevalent in patients with gastrointestinal cancers and, despite its negative impact on patients, it 
is frequently under-recognized and insufficiently treated, partly because its underlying mechanisms are not fully 
understood.5-7 Cachexia cannot be fully reversed by conventional nutritional support, and effective treatments are 
lacking, meaning that there is an unmet need for novel strategies to address the condition. Although corticosteroids 
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and progestins can increase appetite and weight, they 
have been shown to be ineffective against cachexia, 
and their long-term use is associated with adverse drug 
reactions.8,9

Cachexia is a growing problem in Asia, primarily 
because of the rapidly increasing incidence of cancer, and 
there is a paucity of data in terms of its prevalence and 
management.10 In Western countries, megestrol acetate 
is administered to patients with acquired immunode-
ficiency syndrome-related and cancer-related cachexia 
but is associated with an increase in body weight mainly 
through increasing fat rather than LBM.11 Megestrol 
acetate is also associated with a high incidence of  
adverse events (AEs), such as thromboembolic events and 
edema.12 In addition, MABp1 (an interleukin 1α anti-
body) has shown some activity in phase 3 trials, although 
this agent is currently under development and has not yet 
been approved for use.13

More recently, ghrelin, which stimulates growth 
hormone (GH) release and increases appetite, has been 
suggested as a viable treatment target.14-16 Ghrelin  
receptor agonists have garnered interest for their potential  
effects on clinical conditions, such as anorexia and can-
cer-related cachexia. It has been suggested that ghrelin 
receptor agonists positively affect LBM through the 
increased secretion of GH, insulin-like growth fac-
tor 1 (IGF-1), and insulin-like growth factor-binding 
protein 3 (IGFBP-3) through activation of the ghrelin 
receptor.17-19

Anamorelin (ANAM) is a novel, orally active, selec-
tive ghrelin receptor agonist with appetite-enhancing and 
anabolic activity. During clinical development in phase 
1, 2, and 3 trials, it was confirmed that ANAM enhances 
appetite, increases LBM, and is well tolerated.20-23 Two 
multinational phase 3 studies using 100 mg ANAM daily 
showed increases in LBM and body weight and improved 
anorexia/cachexia-specific QoL of non–small-cell lung 
cancer (NSCLC)-associated cachexia.23,24 Furthermore, 
in two Japanese phase 2 studies, the activity of 100 mg 
ANAM daily was demonstrated by an increase in LBM 
and body weight while improving appetite loss in  
patients who had NSCLC with cachexia.25,26 However, 
ANAM has not been evaluated in Japanese patients with 
gastrointestinal cancer who have cachexia.

The purpose of this clinical trial was to determine 
the efficacy and safety of ANAM for the treatment of 
cachexia by evaluating the change in LBM from base-
line and tolerability in Japanese patients with gastroin-
testinal cancers who received treatment with ANAM for 
12 weeks.

MATERIALS AND METHODS

Study Design
This was an open-label, single-arm study performed from 
February 2017 to April 2018 at 19 centers across Japan. 
Patients were administered 100 mg ANAM once daily 
for 12  weeks during the treatment period, which was 
followed by a 4-week follow-up period for assessment of 
AEs. Ethical approval was provided by the institutional 
review board at each study site, and the study adhered 
to the principles outlined in the Declaration of Helsinki 
and good clinical practice guidelines. This trial is regis-
tered in the Japan Primary Registries Network database 
(JapicCTI-163426).

Patients
Patients who were eligible for inclusion in this study 
were Japanese patients (aged ≥20 years) with advanced,  
unresectable colorectal, gastric, or pancreatic cancer who 
were in the stage of cachexia by definition. Cachexia 
was defined as follows: involuntary weight loss ≥5% 
for 6  months before enrolling in the study, anorexia, 
and satisfaction of at least 2 of the following criteria: 
fatigue, generalized muscle weakness, arm muscle cir-
cumference (in centimeters) <10th percentile, and 1 or 
more of the following conditions: albumin <3.2  g/dL, 
C-reactive protein >5.0 mg/L, or hemoglobin <12 g/dL.  
Anorexia, fatigue, and generalized muscle weakness were 
defined as grade 1 or higher based on the NCI Common 
Terminology Criteria for Adverse Events, version 4.0  
(Japan Clinical Oncology Group; Japanese version). 
An additional criterion was an Eastern Cooperative 
Oncology Group performance status from 0 to 2 (or  
from 0 to 1 for patients with pancreatic cancer).27

Patients were excluded if they had an inability 
to orally ingest, digest, or absorb food and oral drugs;  
uncontrolled mental conditions; ascites, pleural effusions, 
or pericardial effusions requiring drainage or thoracen-
tesis; uncontrolled edema; diminished cardiac function; 
or uncontrolled diabetes mellitus. All patients provided 
written informed consent before participation.

Prohibited Prior and Concomitant Therapies
Patients were requested not to take systemic corticosteroids 
(except when used to prevent anticancer drug-induced 
nausea, vomiting, or hypersensitivity or to prevent 
 hypersensitivity reactions to contrast agents), GH prepa-
rations, medroxyprogesterone acetate, megestrol acetate, 
Chinese traditional medicines indicated for anorexia,  
antiarrhythmic drugs, anthracycline antineoplastic 
drugs, or cytochrome p450 3A4 inhibitors and inducers 
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(including food and beverages containing St John’s wort) 
during the study period. Anticancer agents other than those 
specifically excluded above were permitted. Radiotherapy, 
except to treat brain metastases as long as concomitant 
systemic corticosteroids were administered at ≤5 mg daily 
(prednisolone equivalent dose), and palliative radiother-
apy for bone metastases also were prohibited.

Outcomes
The primary endpoint was the proportion of patients clas-
sified as LBM responders. Responders were defined as 
patients who maintained or gained LBM (≥0  kg) from 
baseline to all evaluation time points, as measured by dual 
energy x-ray absorptiometry (DEXA). Details of the mod-
els used for measurements and parameters measured have 
been described previously.26 DEXA was performed at base-
line and at weeks 3, 6, 9, and 12 of the treatment period.

Secondary endpoints included changes in LBM, body 
weight, a QoL questionnaire for patients with cancer who 
were treated with anticancer drugs (QoL-ACD) (appetite- 
related questions 8, 9, and 11 and total score), and biomark-
ers (IGF-1, IGFBP-3, and prealbumin [transthyretin]).

Safety Assessment
Safety outcomes assessed included evaluation of all AEs, 
treatment-related AEs, clinical laboratory tests (hema-
tology, biochemistry, and urinalysis), 12-lead electrocar-
diography, and vital signs. Version 4.03 of the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events was used for toxicity and AE reporting.28

Statistical Analysis
Previous Japanese25 and non-Japanese24 studies showed 
that the threshold and expected responder rates for the 
current study were estimated to be 30.7% and 54.9%, 
respectively, based on data from the placebo and 100 mg 
ANAM arms.

The planned sample size was calculated based on the 
probability (>90%) that the lower limit of the Clopper-
Pearson 95% CI for the expected responder rate (54.9%) 
would exceed the threshold rate (30.7%), which was the 
placebo responder rate in 5 previous ANAM studies. 
Assuming <10% of patients would be excluded from the 
primary analysis set, a planned sample size of 50 was con-
sidered to be sufficient to assess the primary endpoint.

All eligible patients who received at least 1 dose of 
the study drug comprised the safety analysis set (SAF). 
The full analysis set (FAS) included all patients in the SAF 
who had undergone a minimum of 1 efficacy assessment 
after treatment was initiated.

The objective of the primary analysis was to calcu-
late the proportion of patients who maintained or gained 
LBM measured by DEXA and to estimate the 95% CI 
using the Clopper-Pearson method. The primary end-
point criteria required the lower 95% CI value for LBM 
responders to be higher than the threshold responder rate 
of 30.7%. The least square (LS) mean change in LBM at 
week 12 was calculated using a model-based analysis for 
LBM, body weight, and QoL-ACD. The LS mean change 
at each time point was calculated using a model-based 
analysis for each endpoint. Descriptive summary val-
ues were calculated for quantitative variables, including  
demographics, patient characteristics, and baseline values. 
All statistical analyses were performed by qualified statis-
ticians at Ono Pharmaceutical Company Ltd using SAS 
Version 9.3 software (SAS Institute Inc).

RESULTS

Patient Characteristics
Fifty patients were enrolled in this study, with 49  
patients included in the FAS and SAF (Fig. 1). Thirty-
one patients completed the study.

Figure 1. Patient disposition is illustrated. FAS indicates, full 
analysis set; SAF, safety analysis set.
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Patient baseline demographic data are shown in 
Table 1. In brief, there were 20 (40%) females and 30 males 
(60%) with a median age of 66.5 years (range, 49-88 years) 
and a median body mass index of 18.95  kg/m2 (range, 
13.9-29.6  kg/m2). Patients were diagnosed with colorec-
tal cancer (n = 40), gastric cancer (n = 5), or pancreatic 
cancer (n = 5) and had an Eastern Cooperative Oncology 
Group performance status of 0 (n  =  11), 1 (n  =  33),  
2 (n = 5), or unknown (n = 1).

Lean Body Mass
During the study, ANAM treatment maintained or 
 increased LBM over time in 31 of 49 patients, and the 
LBM responder rate was 63.3% (95% CI, 48.3%-76.6%). 
The lower limit of the 95% CI for the responder rate 
 exceeded the threshold rate (30.7%).

The LS mean changes in LBM from baseline to 
week 12 are shown in Figure 2. The percent change for 
each patient in LBM from baseline to the final evalua-
tion point, defined as week 12 of the treatment period 
or the last time point with available measurements for 

patients who discontinued, is shown in Figure 3. The LS 
mean ± SE change at week 12 was 1.89 ± 0.36 kg from 
baseline. When stratified by tumor type, 24 of 39 patients 
(61.5%) with colorectal tumors, 2 of 5 (40%) with gastric 
tumors, and 5 of 5 (100%) with pancreatic tumors were 
LBM responders.

Secondary Endpoints
The LS mean changes in body weight from baseline 
to week 12 are shown in Figure 4. The LS mean ± SE 
change at week 12 was 1.41 ± 0.61 kg from baseline.

The LS mean change in patients’ answers to appetite- 
related questions (8, 9, and 11) in the QoL-ACD is 
shown in Figure 5A-C and clearly demonstrates that 
100 mg ANAM improved appetite over time. No appar-
ent change in the QoL-ACD total scores was observed 
(data not shown).

The LS mean changes in IGF-1, IGFBP-3, and trans-
thyretin levels from baseline are shown in Figure 6A-C. 
IGF-1, IGFBP-3, and transthyretin all increased after 
the administration of ANAM, and the mean levels were 
higher than baseline at all evaluation points except for 
transthyretin at week 12.

Safety
AEs occurred in 79.6% of patients, of which 10.2% were seri-
ous AEs and 10.2% resulted in discontinuation. Six patients 
died during the study period; however, the cause of death was 
judged to be the natural course of cancer in all six patients.

Figure 2. Changes in lean body mass from baseline to week 
12 are illustrated. Data points are the least square mean ± SE.

TABLE 1. Patient Demographics and 
Characteristics at Baseline

Parameter
ANAM 100 mg 

(N = 50)a 

Sex, no. (%)
Men 30 (60.0)
Women 20 (40.0)

Age: Median [range], y 66.5 [49-88]
Weight: Median [range], kg 49.20 [36.0-77.1]
BMI: Median [range], kg/m2 18.95 [13.9-29.6]
Tumor type, no. (%)

Colorectal 40 (80.0)
Gastric 5 (10.0)
Pancreatic 5 (10.0)

Body weight loss, no. (%)
5%-10% 26 (53.1)
>10% 23 (46.9)
Unknown 1

ECOG PS, no. (%)
0 11 (22.4)
1 33 (67.3)
2 5 (10.2)
Unknown 1

Disease status, no. (%)
Locally advanced unresectable 4 (8.0)
Metastatic 24 (48.0)
Recurrence after surgery 22 (44.0)

Concomitant cancer therapy, no. (%)
Yes 41 (82.0)
No 9 (18.0)

No. of previous treatment regimens, no. (%)
1 14 (28.0)
2 16 (32.0)
≥3 20 (40.0)

Abbreviations: ANAM, anamorelin; BMI, body mass index; ECOG PS, 
Eastern Cooperative Oncology Group performance status.
aAll enrolled patients were included.



Original Article

4298 Cancer  December 1, 2019

Treatment-related AEs were observed in 42.9% of 
patients, of which 4.1% were serious and 10.2% resulted 
in discontinuation. The most common treatment-related 
AEs (≥5%) were increased γ-glutamyl transpeptidase 
(8.2%), diabetes mellitus (6.1%), hyperglycemia (6.1%), 
and prolonged QRS complex (6.1%) (Table 2). Grade 3 
treatment-related AEs included diabetes mellitus (6.1%) 
and increased γ-glutamyl transpeptidase (2%), and  
decreased lymphocyte counts (2%).

DISCUSSION
This is the first study to evaluate ANAM in Japanese pa-
tients with advanced gastrointestinal cancer and cancer 

cachexia. Patients with gastrointestinal cancers suffer from 
impaired food intake and absorption of nourishment, and 
a high percentage of patients experience more weight loss 
than patients with other types of cancer.29

The lower limit of the 95% CI for the propor-
tion of responders who maintained or increased LBM 
in response to ANAM treatment surpassed the thresh-
old for demonstrating improvement (30.7%); therefore, 
the primary endpoint was achieved. The responder rate 
and actual changes in LBM were comparable to those 
observed in previous studies conducted in cachexic pa-
tients with advanced NSCLC.25,26 The changes in the 
degree of anorexia and biomarkers, including IGF-1, 
IGFBP-3, and transthyretin, also showed patterns sim-
ilar to those in previous reports.25,26

ANAM rapidly increased LBM and body weight 
and improved anorexia. Moreover, patients’ overall  
nutritional state improved, as indicated by the observed 
increases in transthyretin. These results suggest that 
the observed gains in weight were caused not only by  
increased protein synthesis but also by increased appe-
tite, which led to increased food intake and, in turn,  
improved nutritional status overall.

Ghrelin receptor agonists increase the secretion 
of GH from the arcuate nucleus of the hypothalamus, 
which stimulates the release of IGF-1 from the liver.30 
Both nonclinical31 and clinical studies17,22 have shown 
that ANAM also promotes the secretion of GH and 
IGF-1 but does not promote tumor growth.

GH and IGF-1 both play important roles in ana-
bolic pathways, which increase body weight primarily 
through increases in LBM rather than increasing stored 
fat.32,33 In this regard, previous studies have shown that 

Figure 3. The percentage change in lean body mass is illustrated for each patient from baseline to the final evaluation point 
during the 12-week treatment period. Data for 45 patients are shown (lean body mass was evaluated only at baseline in 4 
patients).

Figure 4. Changes in body weight from baseline to week 12 
are illustrated. Data points are the least square mean ± SE.
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ghrelin activation can enhance muscle protein synthe-
sis and thus may prevent muscle atrophy.34 Therefore, 
ghrelin agonists may help improve physical function in 
patients with cancer cachexia.35 However, there has been 
no consistent evidence of an improvement in motor func-
tion in the cancer cachexia clinical studies conducted to 
date.17,23,36,37

A more appropriate parameter for evaluating motor 
function in patients with cancer cachexia has not been  
established, despite observations of increased muscle mass. 
This may be because of the lack of a correlation between 

muscle mass and motor function in patients with chronic 
inflammatory disorders.37-39 Furthermore, it would be a 
reasonable expectation that concurrent rehabilitation and 
appropriate daily exercise would be mandatory require-
ments to improve motor function, as even healthy peo-
ple would experience diminished motor function if they  
remained at rest throughout the day without partaking 
in load-bearing activity. However, in general, rehabilita-
tion has not been applied to patients enrolled in clinical 
studies of this area. Cancer cachexia is characterized by a 
decrease in muscle tissue, and the guidelines stipulate that 

Figure 5. Changes in scores on the quality-of-life questionnaire for patients who were treated with anticancer drugs (QoL-ACD) 
are illustrated for appetite-related questions from baseline to week 12. (A) Did you have a good appetite? (B) Did you enjoy your 
meals? (C) Did you lose any weight? Data points are the least square mean ± SE.

A B C

Figure 6. Changes in biomarkers are illustrated from baseline to week 12, including (A) insulin-like growth factor-1 (IGF-1), (B) 
insulin-like growth factor binding protein-3 (IGFBP-3), and (C) transthyretin. Data points are the least square mean ± SE.

A B C
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treatment should maintain or increase body weight and 
LBM.2 Therefore, LBM, and not motor function, was  
selected as the primary endpoint in this study. Because 
cancer cachexia is a syndrome caused by multiple factors,  
including loss of general activity because of fatigue and 
poor oral intake, if the study design had included improve-
ment in muscle function as a co-primary endpoint, then 
it should have included daily burden to muscle by reha-
bilitation and exercise. This comprehensive approach to 
investigating cancer cachexia syndrome is being carried out 
in Japan40 and internationally.41 It is hoped that the results 
will provide insights into the potential benefits of multi-
modal intervention for the management of cancer cachexia.

This study showed that ANAM administration 
was well tolerated and that any treatment-related AEs 
were mostly mild in severity. The occurrence of grade 3  
diabetes mellitus in this study (n = 3 patients) is believed 
to be consistent with the action of ghrelin.42 The devel-
opment of diabetes mellitus was also reported in both 
the ROMANA-1 and ROMANA-2 studies (Safety and 
Efficacy of Anamorelin HCl in Patients With Non–Small  
Cell Lung Cancer-Cachexia).23 It is hypothesized that, 
in addition to the action of ghrelin, an increase in food 
intake because of increases in appetite may have been a 

factor in these metabolic AEs. However, these AEs were 
controlled with the administration of an oral hypoglyce-
mic drug or insulin.

Limitations
Limitations of this study include the small sample size, 
especially for patients with gastric (n = 5) and pancreatic 
(n = 5) cancers, and the absence of a functional endpoint 
(eg, handgrip strength, which may not correlate well with 
muscle mass).43 In addition, this study was limited by the 
open-label and single-arm design. However, no placebo 
was included in this study because previous studies have 
shown that patients with cancer cachexia receiving pla-
cebo appeared to have decreases in LBM; therefore, any 
increases observed in weight-related endpoints would 
be because of the study drug ANAM.22,23 Although this 
study has limited generalizability because of the inclusion 
of only Japanese patients, increased LBM, body weight, 
and appetite have been consistently confirmed in both 
Japanese phase 2 studies25,26 and non-Japanese phase  
3 studies.23,24 Therefore, it may be possible to apply this 
study’s data to populations of non-Japanese patients with 
gastrointestinal cancer.

Conclusions
ANAM increased LBM, improved anorexia, and increased 
transthyretin, a marker of nutritional status, in patients 
with gastrointestinal cancer and cachexia. Patients who 
have advanced gastrointestinal cancer are more prone 
to weight loss because of impaired food intake and  
absorption of nutrients compared with patients who have 
NSCLC. However, the results of this study are consistent 
with the efficacy and safety profiles of ANAM in patients 
with NSCLC and cachexia. Thus, ANAM can be consid-
ered an important treatment option for cancer cachexia 
syndrome in combination with other modalities, includ-
ing nutritional support, rehabilitation and exercise, and 
treatment to suppress inflammatory processes.
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