
n engl j med 391;24  nejm.org  December 19/26, 2024 2291

established in 1812	 December 19/26, 2024	 vol. 391  no. 24

The new england  
journal of medicine

From the Internal Medicine Research Unit 
(J.D.G., I.K., M.A.H., A.R.S.) and Clinical 
Pharmacology (R.Q.), Pfizer, Cambridge, 
MA; Duke Cancer Institute, Duke Univer-
sity Medical Center, Durham, NC (J.C.); 
Global Biometrics and Data Manage-
ment, Pfizer R&D UK, Sandwich (S.M.C.), 
and Edinburgh Cancer Research Centre, 
Institute of Genetics and Cancer, Univer-
sity of Edinburgh, Edinburgh (M.F.) — 
both in the United Kingdom; Translational 
Clinical Sciences, Pfizer, Collegeville, PA 
(S.L.); Knight Cancer Institute, Oregon 
Health and Science University, Portland 
(E.J.R.); the Cancer Supportive Care Cen-
ter, Shizuoka Cancer Center, Shizuoka 
(T.N.), and the Department of Pulmo-
nary Medicine, Kyoto Prefectural Univer-
sity of Medicine, Kyoto (K.T.) — both in 
Japan; Cedars–Sinai Medical Center, Los 
Angeles (A.E.H.); the Ottawa Hospital 
Cancer Centre, Ottawa (T.A.); Wilmot 
Cancer Institute, University of Rochester 
Medical Center, Rochester, NY (R.F.D.); 
Translational Clinical Sciences, Pfizer, 
Groton, CT (C.A.N.); and the Internal 
Medicine Research Unit, Pfizer, Tampa, 
FL (M.R.). Dr. Groarke can be contacted at 
john​.groarke@​pfizer​.com or at the Pfizer 
Internal Medicine Research Unit, KSQ1-004, 
1 Portland St., Cambridge, MA 02139.

This article was published on September 14, 
2024, at NEJM.org.

N Engl J Med 2024;391:2291-303.
DOI: 10.1056/NEJMoa2409515
Copyright © 2024 Massachusetts Medical Society.

BACKGROUND
Cachexia is a common complication of cancer and is associated with an increased risk 
of death. The level of growth differentiation factor 15 (GDF-15), a circulating cytokine, 
is elevated in cancer cachexia. In a small, open-label, phase 1b study involving patients 
with cancer cachexia, ponsegromab, a humanized monoclonal antibody inhibiting 
GDF-15, was associated with improved weight, appetite, and physical activity, along 
with suppressed serum GDF-15 levels.

METHODS
In this phase 2, randomized, double-blind, 12-week trial, we assigned patients with 
cancer cachexia and an elevated serum GDF-15 level (≥1500 pg per milliliter) in a 
1:1:1:1 ratio to receive ponsegromab at a dose of 100 mg, 200 mg, or 400 mg or 
to receive placebo, administered subcutaneously every 4 weeks for three doses. The 
primary end point was the change from baseline in body weight at 12 weeks. Key 
secondary end points were appetite and cachexia symptoms, digital measures of 
physical activity, and safety.

RESULTS
A total of 187 patients underwent randomization. Of these patients, 40% had non–
small-cell lung cancer, 32% had pancreatic cancer, and 29% had colorectal cancer. 
At 12 weeks, patients in the ponsegromab groups had significantly greater weight 
gain than those in the placebo group, with a median between-group difference of 
1.22 kg (95% credible interval, 0.37 to 2.25) in the 100-mg group, 1.92 (95% credible 
interval, 0.92 to 2.97) in the 200-mg group, and 2.81 (95% credible interval, 1.55 to 
4.08) in the 400-mg group. Improvements were observed across measures of appetite 
and cachexia symptoms, along with physical activity, in the 400-mg ponsegromab 
group relative to placebo. Adverse events of any cause were reported in 70% of the 
patients in the ponsegromab group and in 80% of those in the placebo group.

CONCLUSIONS
Among patients with cancer cachexia and elevated GDF-15 levels, the inhibition of 
GDF-15 with ponsegromab resulted in increased weight gain and overall activity 
level and reduced cachexia symptoms, findings that confirmed the role of GDF-15 
as a driver of cachexia. (Funded by Pfizer; ClinicalTrials.gov number, NCT05546476.)
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Cachexia (wasting syndrome) is prev-
alent among patients with multiple forms 
of cancer1 and can lead to weight loss, 

muscle wasting, reduced quality of life, func-
tional impairment, and reduced survival.2 Inter-
national consensus criteria define this multifac-
torial syndrome as a weight loss of more than 5% 
during a 6-month period or weight loss of more 
than 2% in patients with either a body-mass in-
dex (BMI; the weight in kilograms divided by the 
square of the height in meters) of less than 20 
or sarcopenia.2 With no approval of medications 
for the treatment of cancer cachexia in the 
United States or Europe, pharmacologic options 
are limited.

A recent guideline supports low-dose olanza
pine to improve appetite and weight in patients 
with advanced cancer,3 a recommendation that 
is largely based on a single-center study.4 Other-
wise, short-term trials of a progesterone ana-
logue or glucocorticoids offer the potential for 
limited benefits at the risk of unfavorable side 
effects (e.g., thromboembolic events with the use 
of progestins).3,5,6 Clinical trials of other agents 
have not shown benefits sufficient for regulatory 
approval.7-9 Although anamorelin, a ghrelin recep-
tor agonist, is approved in Japan for the treat-
ment of cancer cachexia,5 the drug resulted in 
modest increases in body composition without 
an improvement in hand-grip strength9 and ulti-
mately was not approved by the Food and Drug 
Administration. Safe, effective, and targeted ther-
apies for cancer cachexia are needed.10,11

Growth differentiation factor 15 (GDF-15) is 
a stress-induced cytokine that binds to the glial 
cell–derived neurotrophic factor family receptor 
alpha-like protein (GFRAL) in the hindbrain.12 
The GDF-15–GFRAL pathway has emerged as a 
main modulator of anorexia and body-weight 
regulation and is implicated in the pathogenesis 
of cachexia.13 In animal models, GDF-15 induced 
a cachexia phenotype, and GDF-15 inhibition 
alleviated this phenotype.14-16 Furthermore, ele-
vated GDF-15 levels are associated with loss of 
weight and skeletal muscle mass along with re-
duced strength and survival in patients with can-
cer,17,18 factors that highlight GDF-15 as a potential 
therapeutic target.

Ponsegromab (PF-06946860) is a potent, high-
ly selective, humanized monoclonal antibody that 
binds to circulating GDF-15, thereby inhibiting the 
interaction with its GFRAL receptor. In a small, 

open-label, phase 1b study involving 10 patients 
with cancer cachexia who had elevated circulat-
ing GDF-15 levels, ponsegromab was associated 
with improved weight, appetite, and physical ac-
tivity, along with suppressed serum GDF-15 lev-
els, with a low frequency of adverse events.19 We 
conducted a phase 2 trial to assess the safety and 
efficacy of ponsegromab, as compared with pla-
cebo, in patients with cancer cachexia who had 
elevated circulating GDF-15 levels to test the 
hypothesis that GDF-15 is a main mechanistic 
driver of this condition.

Me thods

Trial Design and Oversight

This randomized, double-blind, placebo-con-
trolled, dose-ranging trial was conducted at 74 
sites in 11 countries. The trial design, which was 
published previously,20 called for a 12-week dou-
ble-blind phase (Part A), followed by an optional 
open-label extension (Part B). Here, we report the 
results of Part A only, because Part B is ongoing.

The trial was conducted in accordance with 
the principles of the Declaration of Helsinki and 
Good Clinical Practice guidelines. The protocol 
(available with the full text of this article at 
NEJM.org) was approved by the independent eth-
ics committee or institutional review board at 
each site. The trial was designed by the sponsor 
(Pfizer) in collaboration with the executive com-
mittee. The sponsor and investigators were respon-
sible for data collection. The sponsor performed 
site monitoring and data analysis according to a 
predefined statistical analysis plan. The first au-
thor wrote the first draft of the manuscript. All 
the coauthors reviewed the first draft and con-
tributed to all subsequent drafts. No one who is 
not an author contributed to the writing of the 
manuscript. All the authors had full access to 
trial data, contributed to the interpretation of the 
data, and approved the submission of the manu-
script for publication. The authors vouch for the 
completeness and accuracy of the data and for 
the fidelity of the trial to the protocol.

Patients

Eligible patients were adults (≥18 years of age) with 
cancer (non–small-cell lung cancer, pancreatic 
cancer, or colorectal cancer), cachexia (defined 
by an involuntary weight loss of >5% within the 
previous 6 months or of >2% with a BMI of <20, 
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as included in the international consensus defi-
nition of cachexia2), a serum GDF-15 level of at 
least 1500 pg per milliliter, an Eastern Coopera-
tive Oncology Group performance-status score of 
3 or less (on a scale ranging from 0 to 5, with 
higher numbers reflecting greater disability), and 
a life expectancy of least 4 months. Key exclusion 
criteria were cachexia caused by a nonmalignant 
illness, planned surgery, and the use of drugs 
prescribed to increase weight or appetite. A full 
list of eligibility criteria is provided in the Sup-
plementary Appendix, available at NEJM.org.

Interventions and Procedures

Patients were randomly assigned in a 1:1:1:1 ratio 
to receive ponsegromab at a dose of 100 mg, 
200 mg, or 400 mg or to receive placebo, admin-
istered subcutaneously every 4 weeks for three 
doses (Fig. S1 in the Supplementary Appendix). 
Randomization was performed by means of an 
interactive Web-based response system, stratified 
according to receipt or nonreceipt of concomitant 
platinum-based chemotherapy, given the potential 
of such therapy to increase the GDF-15 level.21

End Points and Assessments

The primary end point was the change from base-
line in body weight at 12 weeks. Key secondary 
end points were the change from baseline in the 
score on the Functional Assessment of Anorexia 
Cachexia Treatment–Anorexia Cachexia Subscale 
(FAACT-ACS), which ranges from 0 to 48, with 
higher scores indicating a better outcome and a 
4-point increase identified as a response;22,23 the 
score on the FAACT 5-Item Anorexia Symptom 
Scale (FAACT-5IASS), which ranges from 0 to 20, 
with higher scores indicating a better outcome 
and a 2-point increase identified as a response22 
(Fig. S2); and the score on the sponsor-devel-
oped Cancer Related Cachexia Symptom Diary, 
which measures the severity of appetite loss, nau-
sea, and fatigue on a 0 to 10 scale, along with 
vomiting frequency, during a 24-hour period 
(Fig. S3). Additional secondary end points in-
cluded the change from baseline in physical ac-
tivity and gait end points, as measured with the 
use of wearable digital health devices (ActiGraph 
CentrePoint Insight Watches). Minimum wear-time 
requirements were prespecified. Safety assess-
ments included the number of adverse events dur-
ing treatment, results on laboratory testing, vital 
signs, and electrocardiograms.

Exploratory end points included the change 
from baseline in the lumbar skeletal muscle index 
(calculated as the skeletal muscle area divided by 
the square of the height), which correlates with 
whole-body skeletal muscle.24 Computed tomog-
raphy (CT) imaging of the chest, abdomen, and 
pelvis were performed before randomization and 
at 12 weeks. A central imaging laboratory assessed 
skeletal muscle area at the level of the third lum-
bar vertebrae in a blinded manner. Site-based 
assessment of tumor response was based on the 
Response Evaluation Criteria in Solid Tumors 
(RECIST) guidelines.25 We measured screening se-
rum GDF-15 levels using the Roche Elecsys GDF-15 
assay.26 During treatment, unbound GDF-15 lev-
els were measured with the use of a sponsor-
developed electrochemiluminescence assay. We 
used the Patient Global Impression of Severity 
instrument to assess the severity of appetite loss 
at baseline (Fig. S4).

Statistical Analysis

We determined that a sample size of 168 patients 
would provide the trial with approximately 80% 
power for assessing the primary end point, using 
Bayesian methods that included an informative 
prior (based on historical results from relevant in-
ternal and external studies) of the placebo change 
from baseline at 12 weeks. (Details regarding the 
statistical methods are provided in the Supple-
mentary Appendix.) The safety population in-
cluded all the patients who had received at least 
one dose of ponsegromab or placebo. A post hoc 
Bayesian analysis was performed to calculate ef-
ficacy end points with the use of a treatment-
policy estimand (based on a modified intention-
to-treat principle including all the patients who 
had received at least one dose of ponsegromab 
or placebo) that included all observations, regard-
less of the occurrence of an intercurrent event, for 
alignment with the prespecified analysis of the 
primary end point, which was based on Bayesian 
inferential principles.

The primary end point was analyzed with the 
use of a Bayesian hierarchical Emax model that 
included the informative placebo prior, applied 
to week 12 results from a Bayesian joint longitu-
dinal analysis, including all time points up to 12 
weeks, after adjustment for the competing risk 
of death and treatment policy for other intercur-
rent events, such as treatment discontinuation. The 
primary end point was also analyzed in a similar 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Placebo 
(N = 45)

Ponsegromab, 
100 mg 
(N = 46)

Ponsegromab, 
200 mg 
(N = 46)

Ponsegromab, 
400 mg 
(N = 50)

All Patients 
(N = 187)

Median age (IQR) — yr 66 
(57–71)

73 
(64–76)

66 
(60–72)

67 
(60–72)

67 
(60–74)

Female sex — no. (%) 17 (38) 19 (41) 15 (33) 18 (36) 69 (37)

Race — no. %†

White 26 (58) 27 (59) 28 (61) 35 (70) 116 (62)

Asian 18 (40) 19 (41) 18 (39) 15 (30) 70 (37)

Not reported 1 (2) 0 0 0 1 (1)

Median weight (IQR) — kg 53.8 
(46.0–58.4)

50.2 
(43.4–61.2)

55.2 
(47.0–69.5)

58.1 
(50.9–67.4)

54.8 
(46.0–63.8)

Body-mass index

Median (IQR) 19.0 
(17.2–21.3)

19.3 
(17.5–21.2)

20.6 
(17.7–24.1)

20.5 
(19.2–22.8)

19.8 
(17.6–22.3)

<20 — no. (%) 30 (67) 28 (61) 22 (48) 19 (38) 99 (53)

Percent weight loss during 6 mo before 
screening — no. (%)

<5% 6 (13) 10 (22) 9 (20) 5 (10) 30 (16)

5 to <10% 21 (47) 15 (33) 12 (26) 21 (42) 69 (37)

≥10% 18 (40) 21 (46) 25 (54) 24 (48) 88 (47)

BMI-adjusted weight-loss category‡

No. of patients (%)

Category 1 0 0 1 (2) 1 (2) 2 (1)

Category 2 0 6 (13) 3 (7) 5 (10) 14 (7)

Category 3 15 (33) 18 (39) 24 (52) 20 (40) 77 (41)

Category 4 30 (67) 22 (48) 18 (39) 24 (48) 94 (50)

Median category (IQR) 4 (3–4) 3 (3–4) 3 (3–4) 3 (3–4) 4 (3–4)

Cancer type — no. (%)

Non–small-cell lung 15 (33) 17 (37) 21 (46) 21 (42) 74 (40)

Pancreatic 14 (31) 16 (35) 15 (33) 14 (28) 59 (32)

Colorectal 16 (36) 13 (28) 10 (22) 15 (30) 54 (29)

Cancer stage — no. (%)

I 0 1 (2) 0 1 (2) 2 (1)

II 3 (7) 5 (11) 4 (9) 2 (4) 14 (7)

III 12 (27) 10 (22) 8 (17) 4 (8) 34 (18)

IV 30 (67) 30 (65) 34 (74) 43 (86) 137 (73)

Median interval from cancer diag-
nosis to randomization 
(IQR) — mo

15.3 
(4.6–33.7)

10.6 
(3.2–24.0)

10.9 
(3.5–21.7)

11.2 
(4.8–24.3)

11.7 
(4.0–26.4)

Receipt of systemic anticancer therapy 
— no. (%)§

Any 42 (93) 42 (91) 41 (89) 43 (86) 168 (90)

Platinum-based 17 (38) 15 (33) 18 (39) 18 (36) 68 (36)
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manner with the use of an on-treatment esti-
mand in which all observations that were made 
after an intercurrent event were censored. In post 
hoc analyses of other end points and subgroups, 
we used similar Bayesian analysis of covariance 
or joint longitudinal analyses, as appropriate. The 
protocol prespecified primary analysis of the pri-
mary end point that was based on an on-treatment 
estimand used a similar approach but with the 
Bayesian Emax model applied to week 12 results 
from a frequentist mixed model repeated mea-
sures (MMRM) analysis. The results of the post 
hoc analyses are presented here, and the methods 
and results of all prespecified analyses are pro-
vided in the Supplementary Appendix.

Analysis results are accompanied by 95% cred-
ible intervals or confidence intervals, as appro-
priate. Significance for the primary analysis was 
predefined as a one-sided posterior probability 
less than 0.05. No multiplicity adjustments were 
made for this phase 2 trial; therefore, credible or 

confidence intervals should not be used in place of 
hypothesis testing. Additional details regarding 
the statistical methods are provided in the Supple-
mentary Appendix and the statistical analysis plan.

R esult s

Patients

From February through December 2023, a total 
of 187 patients underwent randomization to re-
ceive ponsegromab at a dose of 100 mg (46 pa-
tients), a dose of 200 mg (46 patients), or a dose 
of 400 mg (50 patients) or to receive placebo (45 
patients). Of these patients, 74 (40%) had non–
small-cell lung cancer, 59 (32%) had pancreatic 
cancer, and 54 (29%) had colorectal cancer. All 
187 patients were treated, and 137 (73%) com-
pleted the week 12 visit, with similar frequencies 
of early discontinuation across groups (Fig. S5).

The demographic and clinical characteristics 
of the patients were generally balanced across 

Characteristic
Placebo 
(N = 45)

Ponsegromab, 
100 mg 
(N = 46)

Ponsegromab, 
200 mg 
(N = 46)

Ponsegromab, 
400 mg 
(N = 50)

All Patients 
(N = 187)

Line of systemic anticancer therapy 
— no. (%)¶

0 1 (2) 2 (4) 2 (4) 4 (8) 9 (5)

1 17 (38) 25 (54) 20 (43) 20 (40) 82 (44)

2 13 (29) 7 (15) 10 (22) 15 (30) 45 (24)

3 9 (20) 3 (7) 7 (15) 3 (6) 22 (12)

≥4 5 (11) 8 (17) 7 (15) 8 (16) 28 (15)

Missing data 0 1 (2) 0 0 1 (1)

Median serum GDF-15 level (IQR) 
— pg/ml

3770 
(2594–7667)

3507 
(2310–6134)

4221 
(2290–8623)

4905 
(2123–7709)

3903 
(2366–7677)

ECOG performance-status score  
— no. (%)

0 10 (22) 8 (17) 9 (20) 6 (12) 33 (18)

1 27 (60) 27 (59) 30 (65) 39 (78) 123 (66)

2 7 (16) 9 (20) 6 (13) 5 (10) 27 (14)

3 1 (2) 2 (4) 1 (2) 0 4 (2)

*	�Percentages may not total 100 because of rounding. BMI denotes body-mass index, and IQR interquartile range.
†	�Race was reported by the patients.
‡	�The BMI-adjusted weight-loss category is determined on a scale of 0 to 4, with grade 4 indicating more refractory cachexia and shortest survival. 

This category was determined according to the percentage of weight loss in the 6 months before the screening visit and the BMI at screening.
§	� Data are listed for all cancer therapies that were being administered 28 days before until 28 days after randomization.
¶	�This category includes all current and previous lines of systemic anticancer therapy.

Table 1. (Continued.)
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groups (Table 1 and Tables S1 and S2). The me-
dian age was 67 years (interquartile range, 60 to 
74), and 37% were women; 62% were White, and 
37% were Asian, with underrepresentation of Black 
patients. The median weight was 54.8 kg (inter-
quartile range, 46.0 to 63.8). The median interval 
from cancer diagnosis to randomization was 
11.7 months (interquartile range, 4.0 to 26.4). The 
highest proportion of patients with stage IV dis-
ease in any cancer type was in the ponsegromab 
400-mg group (86%, as compared with 65 to 74% 
in the other three groups). Most of the patients 
(90%) were receiving systemic anticancer thera-
pies at the time of randomization. Overall, 36% 
of the patients were receiving platinum-based 
chemotherapy. The percentage of patients who 
were receiving palliative care was similar across 
trial groups. The median serum GDF-15 level was 

3903 pg per milliliter (interquartile range, 2366 
to 7677). The level of inflammation at baseline 
was similar across groups (Table S3).

Change in Body Weight

According to the post hoc Bayesian analysis, the 
increase in weight from baseline in all three pon-
segromab groups was significant as compared 
with the placebo group at 12 weeks. The between-
group difference was 1.22 kg (95% credible inter-
val, 0.37 to 2.25; posterior probability, <0.05) in 
the 100-mg group, 1.92 kg (95% credible inter-
val, 0.92 to 2.97; posterior probability, <0.05) in 
the 200-mg group, and 2.81 kg (95% credible 
interval, 1.55 to 4.08; posterior probability, <0.05) 
in the 400-mg group (Fig. 1 and Table S4). The 
effect of ponsegromab on weight was consistent 
across various sensitivity analyses, including the 
post hoc Bayesian Emax analyses with the on-
treatment estimand (Fig. 1), and with the incor-
poration of a vague prior for the placebo change 
from baseline at 12 weeks (Table S5). The effect 
was also similar in the prepecified Bayesian 
Emax analyses with the on-treatment estimand 
with the incorporation of both informative and 
vague placebo priors and with the treatment-
policy estimand (Fig. S6 and Tables S6 and S7). 
Supplementary analysis showed an estimated 
difference with placebo in the mean percent 
change from baseline in body weight at week 12 
of 2.21 percentage points (95% credible interval, 
–0.20 to 4.46) in the 100-mg group, 2.99 per-
centage points (95% credible interval, 0.64 to 
5.35) in the 200-mg group, and 5.46 percentage 
points (95% credible interval, 3.05 to 7.87) in the 
400-mg group. Greater weight gain was ob-
served in all the ponsegromab groups than in 
the placebo group at week 8 (Tables S8 and S9).

The effect of 400 mg of ponsegromab on 
weight was consistent across key subgroups, in-
cluding cancer type, quartile of serum GDF-15 
level, platinum chemotherapy exposure, BMI, 
and baseline systemic inflammation as assessed 
by either the ratio of C-reactive protein to albu-
min27 or by the modified Glasgow Prognostic 
Score28 (Fig. 2 and Fig. S7). Changes in weight 
were consistent with GDF-15 suppression at 12 
weeks, with a median factor change from base-
line in the unbound GDF-15 level of 0.15 (inter-
quartile range, 0.03 to 1.02) in the 100-mg 
group, 0.07 (interquartile range, 0.02 to 0.75) in 
the 200-mg group, and 0.02 (interquartile range, 

Figure 1. Change from Baseline in Body Weight at 12 Weeks.

Shown is the primary end point (the change in weight from baseline to 12 
weeks) among patients with cancer cachexia in the ponsegromab groups 
and the placebo group. The primary end point was analyzed with the use of 
a hierarchical Emax model applied to week 12 results from a Bayesian joint 
longitudinal analysis, after adjustment for the competing risk of death and 
treatment policy for other intercurrent events, such as treatment discontin-
uation (in graph at left). The primary end point was also analyzed in a simi-
lar manner with the use of an on-treatment estimand in which all observa-
tions that were made after an intercurrent event were censored (in graph at 
right). No multiplicity adjustments were made, and credible intervals (indi-
cated by I bars) should not be used in place of hypothesis testing.
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0.02 to 0.04) in the 400-mg group, as compared 
with 1.02 (interquartile range, 0.74 to 1.40) in 
the placebo group.

Patient-Reported Outcomes and Physical 
Activity

Among all the patients in the trial, a higher 
percentage of those in the 200-mg ponsegromab 
group (39%) reported no appetite loss at base-
line than in the other groups (26% in the 100-
mg group, 28% in the 400-mg group, and 21% 
in the placebo group) (Table S10). Patients in the 
100-mg and 400-mg ponsegromab groups had 
improvements from baseline as compared with 
the placebo group at 12 weeks regarding scores 
on the FAACT-ACS (4.12 [95% credible interval, 
0.86 to 7.34] and 4.50 [95% credible interval, 
1.29 to 7.77], respectively) and the FAACT-5IASS 

(2.20 [95% credible interval, 0.36 to 3.99] and 
2.39 [95% credible interval, 0.61 to 4.15], respec-
tively) (Table 2). No material differences in the 
score on either the FAACT-ACS or FAACT-5IASS 
were observed in the 200-mg ponsegromab group 
relative to the placebo group.

Data regarding the change from baseline with 
respect to end points for physical activity and gait 
were available for 59 and 68 patients, respectively, 
owing to prespecified wear-time requirements and 
device issues. In this subgroup, patients in the 
400-mg ponsegromab group had increased overall 
activity at 12 weeks as compared with the placebo 
group, with a difference of 72 minutes (95% cred-
ible interval, 37 to 107) per day with respect to 
nonsedentary physical activity (Table 2).

Findings from the prespecified analyses were 
similar to those of the post hoc analyses of the 

Figure 2. Subgroup Analysis of the Primary End Point in the 400-mg Ponsegromab Group.

The selection of key subgroups of interest was based on post hoc Bayesian joint longitudinal analyses after the ad-
justment for the competing risk of death on the basis of the treatment-policy estimand. No multiplicity adjustments 
were made, and credible intervals should not be used in place of hypothesis testing. BMI denotes body-mass index, 
CRP C-reactive protein, and GDF-15 growth differentiation factor 15.
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outcomes listed above (Table S11). At 12 weeks, 
no consistent differences between any ponsegro-
mab group and the placebo group were seen 
regarding symptoms as assessed on the Cancer 
Related Cachexia Symptom Diary or in other 
physical-activity or gait end points (Tables S12 
through S15).

Change in Lumbar Skeletal Muscle Index

The change in the lumbar skeletal muscle in-
dex, an exploratory end point, was calculated 
as the skeletal muscle area divided by the square 
of the height. In the 400-mg ponsegromab group, 
the difference from the placebo group in the in-
crease in the lumbar skeletal muscle index was 
2.04 cm2 per square meter (95% credible interval, 
0.27 to 3.83) at week 12 (Tables S16 and S17).

Safety

Similar percentages of patients in the ponsegro-
mab and placebo groups reported adverse events 
of any cause (67 to 74% and 80%, respectively). 
The most common adverse events were diarrhea, 
cancer progression, anemia, hypokalemia, nausea, 
vomiting, and pyrexia, with patients in the placebo 
group reporting higher rates of diarrhea, nausea, 
and vomiting. Adverse events that were deemed 
by the investigator to be related to ponsegromab 
or placebo were reported in 4 to 11% of the pa-
tients in the ponsegromab groups and in 9% of 
those in the placebo group; most of the adverse 
events (88%) were mild to moderate.

Serious adverse events from any cause occurred 
in 22 to 40% of the patients in the ponsegromab 
groups and in 24% of those in the placebo group. 
No serious adverse event in the 400-mg ponsegro-
mab group or the placebo group was considered 
to be related to ponsegromab or placebo by the 
investigator, whereas one serious adverse event 
in the 100-mg group (abdominal pain) and one in 
the 200-mg group (dyspnea) were considered to 
be trial related (Table 3 and Table S18).

There were 26 deaths during the trial period: 
6 occurred in each of the 100-mg and 200-mg 
ponsegromab groups, 9 occurred in the 400-mg 
ponsegromab group, and 5 occurred in the pla-
cebo group. No deaths were considered to be trial 
related. The most frequent cause of death was 
progression of underlying cancer (in 16 patients 
[62%]), with the remaining 10 deaths (38%) due 
to adverse events (Table S19). Among the patients 
who died, the median time from the first dose 

until death was 40 to 70 days in the ponsegromab 
groups and 19 days in the placebo group. As com-
pared with patients who completed the 12-week 
visit, those who died before that visit had a higher 
burden of stage IV disease (91% vs. 70%) and 
weight loss of at least 15% in the previous 6 
months (48% vs. 20%) (Table S20).

No adverse trends were observed in labora-
tory or electrocardiographic findings (Tables S21 
and S22). An increase in systolic blood pressure 
(difference with placebo, 9.6 mm Hg; 95% cred-
ible interval, 2.8 to 16.2) was observed in the 
400-mg ponsegromab group at 12 weeks; no 
such difference was noted in the other ponseg-
romab groups (Tables S23 and S24), and no im-
balances were observed according to categorical 
analysis (Table S25). Treatment-induced antidrug 
antibodies were detected in one patient in each 
of the 100-mg and 200-mg ponsegromab groups, 
without a substantial effect on circulating levels 
of ponsegromab or GDF-15. No adverse trends 
were observed in categories of overall tumor re-
sponse according to RECIST criteria across groups 
(Table S26).

Discussion

In this phase 2 trial involving patients with can-
cer cachexia and an elevated GDF-15 level, the 
inhibition of GDF-15 with ponsegromab resulted 
in a significant, robust increase in body weight 
at 12 weeks, as compared with placebo. In addi-
tion, patients in the ponsegromab groups had re-
duced cachexia symptoms and improved appetite, 
overall physical activity, and skeletal muscle mass. 
Differences in body weight relative to placebo 
were evident at 8 weeks after two doses of pon-
segromab. In addition, all ponsegromab doses 
were considered to be safe and had a side-effect 
profile similar to that of placebo. Collectively, 
these results highlight the potential for ponseg-
romab as a targeted therapy for cancer cachexia.

Eligibility criteria permitted the enrollment of 
patients across three cancer types who were re-
ceiving any type or line of cancer treatment. The 
benefit of ponsegromab over placebo with respect 
to body weight was observed across all three can-
cer types. These results provide the first con-
clusive demonstration that GDF-15 is a common 
driver of cachexia across different malignant solid 
tumors, thereby establishing GDF-15 as a thera-
peutic target. Furthermore, elevated circulating 
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GDF-15 levels are reported in several diseases 
— including heart failure,29 chronic kidney dis-
ease,30 and chronic obstructive pulmonary dis-
ease31 — and are consistently associated with 
adverse outcomes.29,30 Our finding of definitive 
disease modification associated with GDF-15 
inhibition highlights the broad therapeutic po-
tential for this mechanism of action, with pos-
sible implications for diseases beyond cancer 
cachexia. Ponsegromab is currently being evalu-
ated in patients with heart failure and an elevat-
ed circulating GDF-15 level in a phase 2 trial.32

Although the minimum change in body 
weight that is considered to be clinically impor-
tant has not been clearly established in patients 
with cancer cachexia, a weight gain of more 
than 5% has recently been suggested by the 
Cancer Cachexia Endpoints Working Group.33 In 
our trial, patients in the 400-mg ponsegromab 
group exceeded 5% weight gain by 12 weeks in 
comparison with placebo. Weight gain alone is 
not considered to be a sufficient treatment goal 
for the multidimensional cachexia phenotype.11 
Here, we report improvements across weight and 
body composition, quality of life, and physical 
function driven by a single pharmacologic inter-
vention directed against GDF-15. The observed 
ponsegromab-mediated improvements in appetite 
and reductions in cachexia symptoms, as assessed 
by FAACT-ACS and FAACT-5IASS, are considered 
to be moderate-sized improvements on the basis 
of standardized effect sizes.34 The boosting of ap-
petite in cancer cachexia improves quality of life 
and reduces emotional stress among patients.35 
Furthermore, the ponsegromab-mediated increase 
in nonsedentary physical activity may represent 
clinically meaningful functional improvement 
by enabling patients to complete important daily 
activities, such as showering, dressing, and light 
household activities.36 Mechanistically, GDF-15 
neutralization has been shown to restore muscle 
function and physical performance in a mouse 
model of cancer cachexia.14 It is hypothesized that 
ponsegromab-mediated improvements in appetite 
and food intake may increase energy and the mo-
tivation to engage in activity, with attenuation of 
skeletal muscle loss through GDF-15 suppression 
also playing a role.

Ponsegromab was associated with weight gain 
in patients with even the most severe weight loss. 
The BMI-adjusted system of grading weight loss 
categorizes patients into grades 0 to 4, with Ev
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grade 4 indicating more refractory cachexia and 
shortest survival.37 Half the patients (50%) in this 
trial had a BMI-adjusted weight loss of grade 4; 
nevertheless, these patients had robust weight gain 
as compared with placebo in response to ponseg-
romab (Fig. 2). These results challenge the concept 
of refractory cachexia2 and suggest that even pa-
tients with advanced cachexia may benefit from 
ponsegromab. Additional studies are needed to 
determine the appropriate timing for ponsegro-
mab initiation along the cancer cachexia con-
tinuum.

In this population with advanced cancer, over-
all rates of adverse events were similar across 
groups and occurred in patients who were re-
ceiving a high rate (90%) of concurrent systemic 
anticancer therapies. Nausea and vomiting were 
reported less frequently in the ponsegromab 
group than in the placebo group (4% vs. 16% for 
nausea and 5% vs. 13% for vomiting). This ob-
servation is consistent with preclinical findings 
of GDF-15 inhibition21 and with the appetite 
improvement that was observed in the trial. Fur-
thermore, nausea and vomiting were the most 
frequently reported, dose-related adverse events 
in a phase 2 study of a GDF-15 agonist in pa-
tients with obesity, with nausea occurring in 
71% and vomiting in 39% of patients.38 In our 
trial, the early discontinuation rate (27%) and 
percentage of deaths (12%) before 12 weeks re-
flect rates that have been reported in previous 
clinical trials involving patients with cancer ca-
chexia.7,9 The placebo-like safety profile may dif-
ferentiate ponsegromab from other agents used 
in cancer cachexia.3

Strengths of this trial include its broad in-
clusion criteria. We note a lack of racial diversity 
and adjustments for multiplicity as limitations. 
Although ponsegromab-mediated weight gain 
did not appear to be related to the magnitude of 
baseline GDF-15 elevation, larger studies are need-
ed to evaluate conclusively whether the efficacy of 
ponsegromab could be proportional to GDF-15 

elevation. In addition, data regarding activity 
level and gait that were collected by digital de-
vices were not available for all the patients who 
completed week 12, a factor that may have lim-
ited detection of a treatment effect across all 
ponsegromab dose levels, together with the rela-
tively short 12-week trial duration. Nonetheless, 
the improvement in physical activity that was 
observed in the 400-mg ponsegromab group is 
encouraging despite missing data. In addition, 
an imbalance in the percentage of patients who 
reported having a reduced appetite at baseline 
may have limited the opportunity to improve 
appetite-related symptoms in some groups. The 
definitions for having a response on FAACT 
subscales may require additional validation for 
regulatory purposes by means of alternative 
methods.39

Ponsegromab-mediated inhibition of GDF-15 
resulted in a reduction in cachexia symptoms and 
increases in body weight, appetite, overall activ-
ity, and skeletal muscle mass as compared with 
placebo in patients with cancer cachexia and an 
elevated circulating GDF-15 level. These findings 
support the hypothesis that GDF-15 is a primary 
driver of cachexia and establish this cytokine as 
a potential therapeutic target for further evalua-
tion in clinical trials.
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