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BACKGROUND
Chemotherapy-induced thrombocytopenia (CIT) is a common complication of chemo-
therapy that is associated with bleeding, reduced relative dose intensity, and poten-
tially worse outcomes. No widely available therapies are approved for CIT.

METHODS
We conducted a phase 3, international, double-blind, randomized, placebo-controlled 
trial involving patients with persistent CIT (platelet count, ≤85×109 per liter on trial 
day 1) who were receiving oxaliplatin-based multiagent cytotoxic chemotherapy for 
gastrointestinal cancers. Patients were randomly assigned in a 2:1 ratio to receive 
romiplostim or placebo for three chemotherapy cycles. The primary end point was 
the absence of CIT-induced modifications of the chemotherapy dose (reduction, de-
lay, omission, or discontinuation) in both the second and third chemotherapy cycles.

RESULTS
Of the 165 patients who underwent randomization (109 in the romiplostim group and 
56 in the placebo group), 75% had colorectal cancer, 13% had gastroesophageal can-
cer, and 12% had pancreatic cancer; 72% of the patients in the romiplostim group and 
61% of those in the placebo group had stage 4 disease. The percentage of patients with 
no CIT-induced modifications of the chemotherapy dose was 84% (92 of 109 patients) 
with romiplostim and 36% (20 of 56 patients) with placebo, which corresponded to an 
odds ratio of 10.16 (95% confidence interval [CI], 4.44 to 23.72; P<0.001) and a risk 
ratio of 2.77 (95% CI, 1.78 to 4.30; P<0.001). Adverse events of grade 3 or higher oc-
curred in 37% of the patients who received romiplostim and in 22% of those who 
received placebo, which primarily reflected chemotherapy effects. Adverse events that 
were considered by the investigator to be related to romiplostim or placebo occurred 
in 12% of patients who received romiplostim and in 7% who received placebo, with 
the most frequent being nausea (2% in each group) and headache (2% in the romi-
plostim group); none were serious or led to death or discontinuation of romiplostim, 
placebo, or chemotherapy. Thromboembolic events occurred in 2% of patients who 
received romiplostim and in no patients who received placebo.

CONCLUSIONS
In this phase 3, placebo-controlled trial, romiplostim was efficacious in treating 
CIT. (Funded by Amgen and the Biomedical Advanced Research and Development 
Authority; RECITE ClinicalTrials.gov number, NCT03362177.)
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Chemotherapy-induced thrombocy-
topenia (CIT) is a common and challeng-
ing complication of myelosuppressive che-

motherapy and is associated with an increased 
risk of bleeding.1-5 The prevalence of CIT after 
the initiation of chemotherapy among patients 
with colorectal cancer is 62% overall and 32% 
with platinum-based regimens.4 The incidence of 
CIT in the 3 months after chemotherapy initia-
tion is 13.5% among patients with colorectal 
cancer and 12.9% among those with pancreatic 
cancer.2 Persistent CIT is typically defined as a 
platelet count of less than 100×109 per liter at 
chemotherapy cycle completion or day 1 of the 
following cycle despite sufficient time to recover 
from the nadir in the previous cycle.5

CIT is often managed by reducing chemo-
therapy doses, delaying treatment cycles, or omit-
ting or discontinuing therapy altogether. This 
approach lowers chemotherapy relative dose in-
tensity and may hinder the delivery of full-dose, 
on-time chemotherapy, thereby compromising 
treatment outcomes in the context of adjuvant 
therapy or advanced disease.4-11 No widely avail-
able agents are approved for CIT, and platelet 
transfusions have limited availability and tran-
sient benefits and increase the risk of infection.12

A clinical benefit for patients with CIT has 
been observed with the thrombopoietin-receptor 
agonist romiplostim,13-15 a subcutaneously admin-
istered peptibody that binds and activates c-MPL, 
the thrombopoietin receptor.16 In a phase 2 ran-
domized trial involving patients with persistent 
CIT, romiplostim increased platelet counts to 
more than 100×109 per liter (93% of patients with 
romiplostim vs. 12% with observation), allowing 
85% of patients to resume chemotherapy, with 
only 7% of patients who received romiplostim 
having subsequent chemotherapy dose reduction 
or delay from recurrent CIT.13 Patients receiving at 
least 1 year of romiplostim had ongoing benefit.14 
A large observational study also showed that 
most patients receiving romiplostim who had 
persistent CIT resumed chemotherapy, with 71% 
having a platelet response, 79% avoiding chemo-
therapy dose reductions or delays, 89% avoiding 
platelet transfusions, and a bleeding rate lower 
than that in historical controls.15 The incidence 
of thromboembolic events was not increased in 
either study, and no evidence of adverse bone mar-
row changes or secondary hematologic cancers 
was seen.13-15

To date, no phase 3 trials have assessed romi-
plostim for CIT, and previous randomized trials 
of other thrombopoietin-receptor agonists in pa-
tients with CIT did not show a benefit with respect 
to the primary end points.17,18 We now report re-
sults from RECITE, a phase 3, international, ran-
domized, placebo-controlled trial evaluating the 
efficacy and safety of romiplostim to treat CIT 
in patients with gastrointestinal cancers treated 
with oxaliplatin-based multiagent cytotoxic che-
motherapy.

Me thods

Trial Overview and Patients

This phase 3, international, double-blind, random-
ized, placebo-controlled trial enrolled patients 
receiving oxaliplatin-based multiagent cytotoxic 
chemotherapy for colorectal, gastroesophageal, or 
pancreatic cancer at any stage or line in the context 
of adjuvant therapy or advanced disease with per-
sistent CIT (platelet count, ≤85×109 per liter on 
trial day 1, despite time to recover from the nadir 
in the previous cycle [i.e., ≥14 days from the start 
of the chemotherapy cycle immediately before trial 
day 1 for 5-fluorouracil, leucovorin, and oxaliplatin 
{FOLFOX} or 5-fluorouracil, leucovorin, irinotecan, 
and oxaliplatin {FOLFIRINOX or FOLFOXIRI} or 
≥21 days for capecitabine and oxaliplatin {CAPOX}], 
so as to rule out spontaneously resolving nadir 
thrombocytopenia) and at least three additional 
planned chemotherapy cycles. Details of the trial 
design are provided in Figure S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org.

Among the key exclusion criteria were throm-
bocytopenia from other causes, a hemoglobin level 
of less than 8 g per deciliter or an absolute neu-
trophil count of less than 1×109 per liter on trial 
day 1, past or current hematologic cancer, past 
arterial thrombosis, and cardiac or cardiovascu-
lar abnormalities in the past 4 months. Full in-
clusion and exclusion criteria are provided in the 
trial protocol, available at NEJM.org.

Patients received romiplostim or placebo week-
ly from trial day 1 through reinitiation of che-
motherapy and then for up to three additional 
chemotherapy cycles. When patients received 
chemotherapy at a trial visit, romiplostim or 
placebo was administered immediately after 
chemotherapy or before or during infusions (for 
5-fluorouracil).

A Quick Take 
is available at 

NEJM.org
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Trial Oversight

The trial protocol and amendments were ap-
proved by the institutional review boards or 
ethics committees at 55 sites in 14 countries 
(Table S1). The trial was conducted in accor-
dance with the principles of the Declaration of 
Helsinki and the Good Clinical Practice guide-
lines of the International Council for Harmonisa-
tion. The main sponsor, Amgen, designed, con-
ducted, and funded this trial and was involved in 
data collection, analysis, and interpretation and 
contributed to writing the manuscript and mak-
ing the decision to submit it for publication. Ad-
ditional funding was provided by the Biomedical 
Advanced Research and Development Authority 
(BARDA). The authors had access to the data and 
vouch for its accuracy and completeness and for 
the adherence of the trial to the protocol. Written 
informed consent was obtained from all the pa-
tients before trial-specific screening.

Trial Procedures

Eligible patients underwent randomization with 
the use of an interactive voice-response system 
in a 2:1 ratio to receive romiplostim or placebo, 
with stratification according to baseline platelet 
count (<50×109 per liter vs. ≥50×109 per liter) and 
cancer type. The patients and site and sponsor 
staff were unaware of the trial-group assign-
ments; unblinding occurred if it was essential 
for clinical management.

Weekly subcutaneous doses of romiplostim 
or placebo, prepared from identical vials with 
white powder, were adjusted to maintain platelet 
counts of 100 to 250×109 per liter (Table S2). 
When patients started receiving romiplostim or 
placebo, they were not receiving chemotherapy 
because it was delayed owing to CIT.

When platelet counts were at least 100×109 
per liter (or <100×109 per liter after week 4 of 
receipt of romiplostim or placebo but the platelet 
count was considered to be safe to proceed by 
the investigator), chemotherapy was restarted at 
the same regimen and doses as received in the 
cycle administered before trial enrollment. After 
12 weeks, patients who did not have a platelet 
count of at least 100×109 per liter or a platelet 
count considered to be safe to proceed were 
deemed to have not had a response, stopped 
romiplostim or placebo, and entered follow-up.

Because oxaliplatin-based chemotherapy cycles 
are 2 to 3 weeks each and up to 12 weeks was 

allowed before proceeding with chemotherapy, 
most patients received per-protocol therapy (che-
motherapy and romiplostim or placebo) for 7 to 
21 weeks. Chemotherapy regimens contained 
5-fluorouracil or capecitabine and oxaliplatin, 
with or without irinotecan (FOLFOX, CAPOX, 
FOLFIRINOX, or FOLFOXIRI). Concurrent use of 
antiangiogenic or epidermal growth factor recep-
tor–targeted agents was permitted. The enroll-
ment period was from September 30, 2019, to 
October 24, 2023; the primary analysis date was 
January 25, 2024; and the last trial visit was 
January 9, 2025.

Follow-up visits occurred 1 week and 30 days 
after the last dose of romiplostim or placebo and 
30 days after chemotherapy ended. Patients re-
mained in long-term follow-up, with follow-up 
visits every 12 weeks until the last patient com-
pleted the follow-up visit 1 year after the last 
dose of romiplostim or placebo.

Primary and Secondary End Points

The primary end point was no dose modifica-
tions (reduction, delay, omission, or discontinu-
ation) of any myelosuppressive agent due to CIT 
in both the second and third planned chemo-
therapy cycles, with CIT defined as a platelet 
count of less than 100×109 per liter owing to 
chemotherapy as assessed by blinded indepen-
dent central review (three medical oncologists). 
Patients who did not complete chemotherapy, 
either owing to discontinuation or death, were 
considered to have a chemotherapy dose modi-
fication. All chemotherapy dose modifications 
underwent adjudication; in cases of discordance 
between the investigator and the adjudication 
committee, dose modification due to thrombo-
cytopenia was classified according to the assess-
ment of the adjudication committee.

The key secondary end points, listed in hier-
archical testing order, were the platelet nadir 
from the start of the first chemotherapy cycle 
during the trial through the end of the treatment 
period, with the use of all available platelet val-
ues for each patient (including those with ab-
breviated follow-up); the time to platelet re-
sponse (platelet count of ≥100×109 per liter and 
no platelet transfusions during the previous 7 
days) during the treatment period; the duration-
adjusted rate of bleeding events of grade 2 or 
higher according to the Common Terminology 
Criteria for Adverse Events, version 5.0, measured 
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from trial day 1 to 30 days after the last dose of 
romiplostim or placebo or the end of the trial, 
whichever occurred first; overall survival from 
trial day 1 to death, with data from patients be-
ing censored at the last contact date; platelet 
transfusion during the treatment period; and 
platelet response from day 1 to week 4. Second-
ary safety end points included adverse events 
through the follow-up visits at 30 days after the 
last dose of romiplostim or placebo and 30 days 
after chemotherapy ended, laboratory changes, 
antiromiplostim or antithrombopoietin antibod-
ies, and myelodysplastic syndromes or secondary 
cancers through long-term follow-up.

Statistical Analysis

The overall two-sided type I error rate was set at 
5%. A hierarchical testing strategy was imple-
mented to control for type I error across multiple 
tests of the primary and key secondary end 
points. Specifically, the primary and key sec-
ondary end points were tested in a prespecified 
order. Formal statistical testing of a subsequent 
end point was performed only if statistical sig-
nificance was achieved for the preceding end 
point.

With 162 patients randomly assigned in a 2:1 
ratio to receive romiplostim or placebo, we cal-
culated that the trial would have 93% power for 
the primary end point, under the assumption of 
an incidence of no thrombocytopenia-induced 
dose modification of 52.8% for the romiplostim 
group and 23.7% for the placebo group in cycles 
2 and 3.13,19,20 Treatment effect was analyzed with 

a two-sided Cochran–Mantel–Haenszel test with 
adjustment for baseline stratification factors. Pa-
tients with missing platelet counts were imputed 
as having thrombocytopenia-induced dose mod-
ification. Testing methods for secondary end 
points included linear regression models (plate-
let nadir), stratified Cox regression models (time 
to response), and Andersen–Gill models (grade 
≥2 bleeding). Statistical analyses were performed 
with SAS software, version 9.4 (SAS Institute). An 
independent data monitoring committee con-
ducted safety reviews and futility analyses. In 
post hoc analyses over all three cycles, relative 
dose intensity was defined as actual dose inten-
sity (actual dose received ÷ actual dose duration) 
divided by planned dose intensity (planned dose 
÷ planned dose duration).

R esult s

Patient Characteristics

The 165 enrolled patients (109 in the romiplo- 
stim group and 56 in the placebo group) were 
from 14 countries. The median age was 63 
years; 90% were White, 4% Black, and 24% His-
panic (Table  1). The representativeness of the 
trial population is shown in Table S3. The median 
platelet count at baseline was 69×109 per liter; 11% 
had a baseline platelet count of less than 50×109 
per liter. Most patients had colorectal cancer 
(75%) (Table  1 and Table S4), less than two 
previous chemotherapy lines (73%), and more 
than two previous chemotherapy cycles (84%). 
More patients receiving romiplostim than those 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Romiplostim 

(N = 109)
Placebo 
(N = 56)

Male sex — no. (%) 63 (58) 36 (64)

Median age (range) — yr 64 (34–84) 62 (35–81)

Race — no. (%)†

White 95 (87) 54 (96)

Black 4 (4) 2 (4)

Other‡ 10 (9) 0

Hispanic ethnic group — no. (%)† 28 (26) 11 (20)

Platelet count

Median (range) — ×10−9/liter 70 (16–85) 67 (8–84)

Distribution — no. (%)

<50×109/liter 12 (11) 6 (11)

≥50×109/liter 97 (89) 50 (89)
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Characteristic
Romiplostim 

(N = 109)
Placebo 
(N = 56)

Previous bleeding — no. (%) 6 (6) 3 (5)

Tumor type — no. (%)

Colorectal 82 (75) 42 (75)

Gastroesophageal 14 (13) 7 (12)

Pancreatic 13 (12) 7 (12)

Disease stage — no. (%)

1 1 (1) 0

2 4 (4) 4 (7)

3 23 (21) 14 (25)

4 78 (72) 34 (61)

Recurrent 2 (2) 4 (7)

Missing data 1 (1) 0

Chemotherapy regimen — no. (%)§

FOLFOX 70 (64) 34 (61)

CAPOX 21 (19) 9 (16)

FOLFIRINOX 10 (9) 3 (5)

FOLFOXIRI 5 (5) 2 (4)

ECOG performance-status score — no. (%)¶

0 51 (47) 33 (59)

1 58 (53) 23 (41)

Previous lines of chemotherapy — no. (%)

<2 78 (72) 43 (77)

≥2 30 (28) 12 (21)

Missing data 1 (1) 1 (2)

Cycles of any chemotherapy — no. (%)

≤2 15 (14) 7 (12)

>2 91 (83) 48 (86)

Missing data 3 (3) 1 (2)

Median no. of chemotherapy cycles (range) 6 (1–29) 5 (1–22)

Use of bevacizumab — no. (%)

Previous 38 (35) 11 (20)

Concurrent 27 (25) 8 (14)

Use of PD-1 or PD-L1 agents — no. (%)

Previous 5 (5) 1 (2)

Concurrent 1 (1) 0

*	�Percentages may not total 100 because of rounding. PD-1 denotes programmed cell death protein 1, and PD-L1 programmed 
death ligand 1.

†	�Race was reported by the patients.
‡	�“Other” was reported as mestizo or mixed race (7 patients), Hispanic (2), and Latino (1).
§	� The regimens received were 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX); 5-fluorouracil, leucovorin, irinotecan, 

and oxaliplatin (FOLFIRINOX or FOLFOXIRI); or capecitabine and oxaliplatin (CAPOX). Data are for the 154 patients 
who restarted chemotherapy during the trial. For the 11 patients who did not restart chemotherapy during the trial, the 
planned regimens were as follows: in the romiplostim group, FOLFOX in 1 patient and CAPOX in 2 patients; in the pla-
cebo group, FOLFOX in 6 patients, CAPOX in 1 patient, and FOLFOXIRI in 1 patient.

¶	�Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores indicating 
greater disability. An inclusion criterion was a score of 0 to 2, but no patients had a score of 2.

Table 1. (Continued.)
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receiving placebo had stage 4 disease (72% vs. 
61%), an Eastern Cooperative Oncology Group 
(ECOG) performance-status score (on a scale 0 
to 5, with higher scores indicating greater dis-
ability) of more than 0 (53% vs. 41%), at least 
two previous treatment lines (28% vs. 21%), 
previous bevacizumab use (35% vs. 20%), or 
concurrent bevacizumab use (25% vs. 14%). Al-
though 75% of the patients completed the ran-
domly assigned regimen, the likelihood of 
completion was higher with romiplostim than 
with placebo (82% vs. 61%); the most common 
reasons for discontinuation were patient request 
(1% with romiplostim and 12% with placebo) 
and nonresponse (0% and 11%, respectively) 
(Fig. 1).

Primary End Point

No chemotherapy dose modifications due to 
thrombocytopenia in cycles 2 and 3 (primary 
end point) occurred in 92 of 109 patients (84%) 
receiving romiplostim and in 20 of 56 patients 
(36%) receiving placebo, which corresponded to 
an odds ratio of 10.16 (95% confidence interval 
[CI], 4.44 to 23.72; P<0.001) and a risk ratio of 
2.77 (95% CI, 1.78 to 4.30; P<0.001) (Fig. 2A). 

Figure 1. Screening, Randomization, and Follow-up.

Eligibility criteria with respect to platelet count were 
modified over the course of the trial (see the trial pro-
tocol, available at NEJM.org). Other reasons for exclu-
sion included active chronic hepatitis B or C virus in-
fection according to positivity for hepatitis B surface 
antigen or core antibody (in 7 patients); no receipt of 
an oxaliplatin-based regimen containing 5-fluorouracil 
or capecitabine, with or without irinotecan (FOLFOX, 
CAPOX, FOLFIRINOX, or FOLFOXIRI), or no chemo-
therapy-induced thrombocytopenia (CIT) from another 
regimen, with plans to start one of the above delayed 
at least 1 week owing to CIT (in 9); a duration of less 
than 14 days from the start of the chemotherapy cycle 
for FOLFOX, FOLFIRINOX, or FOLFOXIRI or less than 
21 days for CAPOX (in 4); inadequately treated second-
ary cancer in the past 5 years (in 4); evidence of active 
infection in the previous 2 weeks (in 4); an impaired 
ability to provide consent (in 3); no diagnosis of gas-
trointestinal or colorectal cancer (in 2); a hemoglobin 
level of less than 8 g per deciliter (in 1); an absolute 
neutrophil count of less than 1×109 per liter (in 1); a 
creatinine clearance of less than 30 ml per minute  
(in 1); an Eastern Cooperative Oncology Group perfor-
mance-status score (on a scale from 0 to 5, with higher 
scores indicating greater disability) of more than 2 (in 1); 
and a condition posing a safety risk or interfering with 
trial conduct (in 1). In some cases, country-specific 
laws or regulations required post-trial access (PTA) to 
the trial drug for patients enrolled in clinical trials. The 
investigator requested PTA for 6 patients in the romi-
plostim group, 5 of whom received treatment with com-
mercial romiplostim after completing the trial treat-
ment phase. The PTA standard operating procedure of 
the primary sponsor required that patients be removed 
from ongoing trial participation when they switched to 
the PTA program. Other reasons for discontinuation  
of romiplostim or placebo were as follows: in the romi-
plostim group, 1 patient was withdrawn by the investi-
gator, 1 was receiving commercial romiplostim, and 1 
was hospitalized; in the placebo group, 1 patient with-
drew, and 1 was subject to coronavirus disease 2019 
control measures. Two patients assigned to the romi-
plostim group also received placebo, and 1 patient as-
signed to the placebo group also received romiplostim; 
all 3 patients are included in the romiplostim safety-
analysis population of 110 patients.

165 Underwent randomization

394 Patients were assessed for eligibility

229 Were excluded
95 Did not have 2 platelet counts 

<75×109/liter 3 wk apart, with 
none ≥100×109/liter in
previous 3 wk

53 Had platelet counts >85×109/
liter on trial day 1

17 Met criteria but did not enroll
15 Did not have 3 remaining 

chemotherapy cycles
11 Were not likely to complete 

protocol procedures
38 Had other reason 

109 Were assigned to receive romiplostim
109 Received romiplostim

56 Were assigned to receive placebo
56 Received placebo

22 Discontinued placebo
1 Had adverse event 
7 Withdrew
4 Had disease progression
2 Required alternative therapy
6 Did not have response and discon-

tinued per protocol
2 Had other reason

20 Discontinued romiplostim
1 Had protocol deviation
4 Had adverse event
1 Withdrew
4 Had disease progression
6 Had post-trial access issues per local

law
1 Was lost to follow-up
3 Had other reason

56 Were included in the full-analysis 
population

55 Were included in the safety-analysis
population

109 Were included in the full-analysis
population

110 Were included in the safety-analysis
population
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Platelet counts were higher over time with 
romiplostim than with placebo (Fig. 2B), and the 
percentage of patients with no thrombocytopenia-
related chemotherapy dose modification in pre-
specified patient subgroups was generally similar 
to that in the overall analysis (Fig. 2C and Fig. S2). 
Figure S3 shows platelet counts relative to the 
timing of the restart of chemotherapy.

Key Secondary Efficacy End Points

The median platelet nadirs during the treatment 
period (within three chemotherapy cycles) were 
higher with romiplostim than with placebo 
(87×109 per liter [interquartile range, 62 to 112] 
vs. 58×109 per liter [interquartile range, 48 to 
64]; estimated mean difference, 26×109 per liter 
[95% CI, 8 to 44]; P = 0.005) (Table 2). The me-
dian time to first platelet response was faster 
with romiplostim than with placebo (1.1 weeks 
[95% CI, not estimable] vs. 2.1 weeks [95% CI, 
1.1 to 3.0]; P<0.001), with a hazard ratio of 
2.67 (95% CI, 1.81 to 3.95; P<0.001) across all 
patients. Platelet responses (platelet count of 
≥100×109 per liter and no platelet transfusions 
during the previous 7 days) were seen in 97% of 
patients with romiplostim and 77% of patients 
with placebo. Duration-adjusted rates of bleed-
ing events of grade 2 or higher per 100 patient-
years were 4.0 in the romiplostim group and 7.6 
in the placebo group (hazard ratio, 0.53; 95% CI, 
0.04 to 6.77; P = 0.63). Because the between-
group difference was not significant, no further 
testing was performed for subsequent secondary 
end points, and results are presented descrip-
tively (Table 2).

Through long-term follow-up, death occurred 
in 58 patients (53%) in the romiplostim group 
and 25 patients (45%) in the placebo group, with 
the most common reason being progressive dis-
ease (41 of 58 patients [71%] with romiplostim 
and 18 of 25 [72%] with placebo) (Table S5 and 
Fig. S4). No other single cause accounted for 5% 
or more of the deaths in either group; no deaths 
were attributed to adverse events considered by 
the investigator to be related to romiplostim or 
placebo (Table 3).

Post Hoc Analyses

In a post hoc analysis, the percentage of patients 
with a chemotherapy relative dose intensity of 
more than 85% was 75% in the romiplostim 

group and 38% in the placebo group (Fig. S5). 
The median relative dose intensity was 98% (in-
terquartile range, 87 to 100) with romiplostim 
and 77% (interquartile range, 56 to 98) with 
placebo across the three planned cycles, and 
the percentage of patients who received all three 
planned chemotherapy cycles during the trial 
was 95% for romiplostim and 73% for placebo 
(Table S6).

Exposure and Safety

Patients were treated with romiplostim, with 
dose adjustment to maintain platelet counts of 
100 to 250×109 per liter, for a median of 7.1 
weeks (range, 0.1 to 22.0), with a median aver-
age weekly dose of 2.4 μg per kilogram of body 
weight and a maximum dose of no more than 
5 μg per kilogram for 88% of patients (Table 
S7); patients received placebo for a median of 8.9 
weeks (range, 0.1 to 16.0) (Fig. S6). The median 
duration of trial participation including long-
term follow-up was 17.4 months (range, 0.3 to 
61.4) for all the patients, 16.0 months (range, 1.9 
to 61.4) for the romiplostim group, and 19.0 
months (range, 0.3 to 59.2) for the placebo 
group.

Overall, most patients (87% in the romiplo-
stim group and 62% in the placebo group) re-
ported adverse events (Table 3), which included 
adverse events of grade 3 or higher (37% and 
22%, respectively), adverse events that were con-
sidered by the investigator to be related to 
romiplostim or placebo (12% and 7%), and seri-
ous adverse events (21% and 5%). No serious 
adverse events were considered to be related to 
romiplostim or placebo, and no adverse events 
considered to be related to romiplostim or pla-
cebo led to death or discontinuation of romi-
plostim, placebo, or chemotherapy. No adverse 
events of thrombocytosis were reported. The 
most frequent adverse events considered to be 
related to romiplostim or placebo were nausea 
(2% with romiplostim and 2% with placebo) and 
headache (2% and 0%, respectively). The most 
common serious adverse events were anemia 
(3% with romiplostim and 0% with placebo) and 
coronavirus disease 2019 (Covid-19) pneumonia 
(3% and 0%, respectively). Neutropenia of grade 
3 or higher was observed in 9 patients (8%) who 
received romiplostim and in 4 patients (7%) who 
received placebo; febrile neutropenia of grade 3 
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≥50×109/liter

Age
≤65 yr
>65 yr
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Ethnic group
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Not Hispanic or Latino

Stage of disease
1–3
4 or recurrent disease

No. of lines of chemotherapy treatment
<2
≥2

Chemotherapy regimen
FOLFOX
CAPOX
FOLFIRINOX
FOLFOXIRI

No. of previous chemotherapy cycles
≤2
>2

Previous bevacizumab use
Yes
No

Concurrent bevacizumab use
Yes
No

Placebo
Risk Ratio (95% CI)

RomiplostimSubgroup
no. of events/no. of patients (%)

20/56 (36)

14/42 (33)
3/7 (43)
3/7 (43)

2/6 (33)
18/50 (36)

12/34 (35)
  8/22 (36)

11/36 (31)
  9/20 (45)

  7/11 (64)
13/45 (29)

  7/18 (39)
13/38 (34)

16/43 (37)
  4/12 (33)

12/34 (35)
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2/3 (67)
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3/7 (43)
17/48 (35)

  4/11 (36)
16/45 (36)

4/8 (50)
16/48 (33)
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72/82 (88)
10/14 (71)
10/13 (77)

  7/11 (64)
85/98 (87)

55/65 (85)
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35/46 (76)

26/28 (93)
66/81 (81)

26/28 (93)
65/80 (81)
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23/30 (77)
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 17/21 (81)
 8/10 (80)
3/5 (60)

13/15 (87)
76/91 (84)
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22/27 (81)
70/82 (85)

0.01

84

36

P<0.001

2.77 (1.78–4.30)

2.63 (1.70–4.07)
1.67 (0.67–4.17)
1.79 (0.73–4.44)

1.91 (0.57–6.44)
2.41 (1.65–3.51)

2.40 (1.50–3.82)
2.31 (1.31–4.08)

2.96 (1.80–4.88)
1.69 (1.01–2.82)

1.46 (0.92–2.31)
2.82 (1.76–4.51)

2.39 (1.33–4.30)
2.38 (1.51–3.74)

2.34 (1.57–3.49)
2.30 (1.01–5.24)

2.59 (1.63–4.11)
1.46 (0.78–2.71)
1.20 (0.51–2.83)
1.20 (0.25–5.71)

2.02 (0.84–4.87)
2.36 (1.59–3.49)

2.24 (1.01–4.97)
2.42 (1.61–3.62)

1.63 (0.80–3.33)
2.56 (1.70–3.86)
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or higher occurred in 1 patient (1%) who received 
romiplostim. Granulocyte colony-stimulating fac-
tor (G-CSF) or pegylated G-CSF was received by 
20% of patients in the romiplostim group and 
13% of those in the placebo group. These adverse 
events primarily reflected known chemotherapy 
effects.

Thromboembolic events occurred in two pa-
tients who received romiplostim (2% total): one 
portal vein thrombosis (platelet count, 143×109 
per liter) in a patient with pancreatic cancer and 
one splenic infarct (platelet count, 184×109 per 
liter) in a patient with colorectal cancer. No pa-
tients who received placebo had thromboem-
bolic events. Newly diagnosed myelodysplastic 
syndrome and secondary cancers, respectively, 
were observed in 1% and 2% of patients receiv-
ing romiplostim and in 0% and 5% of patients 
receiving placebo. The myelodysplastic syndrome 
occurred 19 weeks after the first romiplostim 
dose and was considered to be unrelated to 
romiplostim. Two fatal adverse events occurred 
in the romiplostim group (i.e., occurring within 
30 days after the last dose): Covid-19 pneumonia 
and multiple organ dysfunction syndrome; nei-
ther event was considered to be related to romi-
plostim. Discontinuation of romiplostim or pla-
cebo due to adverse events was reported in three 
patients who received romiplostim (one patient 
had chronic obstructive pulmonary disease, one 
had thrombocytopenia, and one had both muco-

sal inflammation and renal failure) and in one 
patient who received placebo (anaphylaxis).

Discussion

CIT presents substantial management challeng-
es for patients with cancer worldwide. Unlike 
chemotherapy-induced anemia and neutropenia, 
CIT has no widely available approved treatment; 
platelet transfusions are often unavailable, and 
their effects on platelet counts are short-lived. 
These factors result in recurring chemotherapy 
dose reductions or delays, drug omissions or 
discontinuations, and even discontinuation of 
chemotherapy treatment, which limits the abil-
ity to deliver planned antineoplastic therapy. A 
phase 2 randomized trial and observational 
studies previously showed that romiplostim may 
mitigate CIT and related chemotherapy modifi-
cations,13-15 which suggests the potential for im-
proved clinical outcomes. On the basis of these 
studies, oncology guidelines recommend consid-
ering romiplostim for CIT; however, data have 
been lacking from randomized, controlled trials 
of romiplostim for CIT.3,21

In this phase 3, randomized, placebo-controlled 
trial, weekly romiplostim was effective in treat-
ing persistent CIT and preventing its recurrence 
in patients with gastrointestinal cancers, despite 
primarily enrolling patients with advanced can-
cer who were receiving chemotherapy regimens 
containing two or three myelosuppressive cyto-
toxic agents. With objective, drug label–based 
thresholds for chemotherapy dose reductions or 
delays (standard treatment approaches for CIT), 
one sixth of patients receiving romiplostim had 
chemotherapy dose modifications due to CIT, as 
compared with nearly two thirds of those receiv-
ing placebo. Accordingly, a post hoc analysis 
showed that the relative dose intensity of deliv-
ered chemotherapy appeared to be higher with 
romiplostim than with placebo. Although stud-
ies have shown deleterious effects of reduced 
chemotherapy relative dose intensity on survival,6-11 
the evidence is largely retrospective. Whether 
the improved relative dose intensity that can be 
achieved with romiplostim is sufficient to have 
an effect on response and survival end points is 
not yet proven, and this critical point requires 
further investigation.

Figure 2 (facing page). Primary End Point and Platelet 
Count over Time.

Panel A shows the primary end point: no dose modifi-
cations (reduction, delay, omission, or discontinua-
tion) of any myelosuppressive agent in both the sec-
ond and third planned chemotherapy cycles due to CIT 
(platelet count, <100×109 per liter), as assessed by an 
independent adjudication committee of three board-
certified oncologists who were unaware of the trial-
group assignments. Panel B shows the platelet count 
over time. The first follow-up (FU) visit occurred 1 week 
after the last dose of romiplostim or placebo, and the 
safety follow-up (SFU) visit occurred 30 days after the 
last dose. Patients received romiplostim for a median 
of 7.1 weeks (range, 0.1 to 22.0) or placebo for a median 
of 8.9 weeks (range, 0.1 to 16.0) before moving to follow-
up. EOTP denotes end of treatment period, and LTFU 
long-term follow-up. The I bars in Panels A and B indi-
cate 95% confidence intervals. Panel C shows the sub-
group analysis of the primary end point.
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The use of romiplostim led to significantly 
faster platelet recovery (and therefore faster che-
motherapy reinitiation) and significantly higher 
platelet nadirs than placebo; the rate of bleeding 
events of grade 2 or higher per 100 patient-years 
was 4.0 with romiplostim and 7.6 with placebo 
(hazard ratio, 0.53; 95% CI, 0.04 to 6.77; P = 0.63). 
Although the other secondary end points could 
not be evaluated with formal hypothesis testing 
because the between-group difference for the 
bleeding end point was not significant, they 
were not differentiated between the two groups 
except for platelet response by week 4: 96% with 
romiplostim and 66% with placebo. Overall sur-
vival (47% with romiplostim and 55% with pla-
cebo) reflected the baseline percentage of pa-
tients with stage 4 disease in each group and 
was consistent with published series involving 
similar patient populations22-24 and with recent 
real-world observational studies.25

Adverse events of grade 3 or higher occurred 
in 37% of patients with romiplostim and 22% of 
patients with placebo. No serious adverse events 
were considered to be related to romiplostim or 
placebo, and no adverse events considered to be 
related to romiplostim or placebo led to death or 
discontinuation of romiplostim, placebo, or che-
motherapy. The most common adverse events 
were generally as expected for patients with ad-
vanced cancer receiving these chemotherapy regi-
mens. Thromboembolic events were observed in 

2% of patients who received romiplostim and in 
no patients who received placebo. These find-
ings are consistent with those of meta-analyses 
of thrombopoietin-receptor agonist use in pa-
tients with CIT or immune thrombocytopenia 
and studies of recombinant thrombopoietin in 
patients with CIT.26-28 In addition, no increased 
incidence of myelodysplastic syndrome or sec-
ondary cancer was noted with romiplostim; how-
ever, the duration of follow-up and the number 
of participants are insufficient to rule out a po-
tential risk.

A low incidence of neutropenia was observed, 
with neutropenia of grade 3 or higher in 9 pa-
tients (8%) who received romiplostim and in 4 
patients (7%) who received placebo; febrile neu-
tropenia of grade 3 or higher was observed in 1 
patient (1%) who received romiplostim. Consis-
tent with standard care, 20% of patients who re-
ceived romiplostim and 13% of those who re-
ceived placebo received G-CSF or pegylated G-CSF 
for neutropenia. Patients with ongoing severe 
neutropenia at baseline were excluded from the 
trial. These findings must be considered in the 
context of a trial that was powered for the pri-
mary end point of chemotherapy dose modifica-
tions due to CIT and therefore accrued a patient 
population (109 patients in the romiplostim group 
and 56 patients in the placebo group) that was 
not of an adequate sample size to enable a com-
prehensive analysis of infrequent adverse events. 

Table 2. Key Secondary End Points.*

End Point
Romiplostim 

(N = 109)
Placebo 
(N = 56) P Value

Median platelet-count nadir (range) — ×10−9/liter 87 (14–167) 58 (22–95)

Estimated mean difference (95% CI) 26.1 (7.9–44.4) 0.005

Platelet response — no. (%)† 106 (97) 43 (77)

Median time to response (95% CI) — wk 1.1 (NE) 2.1 (1.1–3.0) <0.001

Hazard ratio (95% CI) 2.67 (1.81–3.95)

Duration-adjusted rate of bleeding events of grade ≥2  
per 100 patient-yr

4.0 7.6

Hazard ratio (95% CI) 0.53 (0.04–6.77) 0.63

Death — no. (%) 58 (53) 25 (45) NA

Platelet transfusion — % of patients 2 0 NA

Platelet response by week 4 — % of patients 96 66 NA

*	�NA denotes not applicable owing to hierarchical testing of key secondary end points, and NE could not be estimated.
†	�Platelet response was defined as platelet count of at least 100×109 per liter in the absence of platelet transfusions during 

the previous 7 days.
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Furthermore, safety was assessed at prespeci-
fied 1- and 30-day visits with subsequent follow-
up every 12 weeks during long-term follow-up 
(median duration of trial participation, 17.4 
months), but the trial was not designed to de-
tect late adverse events during extended follow-

up. Ongoing real-world studies, which by their 
nature can include a much larger and broader 
patient population that will probably receive a 
longer duration of therapy, may provide more 
insights on the safety of romiplostim in patients 
with CIT.

Table 3. Adverse Events.*

Event
Romiplostim 

(N = 110)†
Placebo 
(N = 55)

All
Related to 

Romiplostim‡ All
Related to 
Placebo‡

Any adverse event 96 (87) 13 (12) 34 (62) 4 (7)

Grade ≥3 adverse event 41 (37) 3 (3) 12 (22) 2 (4)

Serious adverse event 23 (21) 0 3 (5) 0

Adverse event leading to discontinuation  
of romiplostim or placebo

3 (3) 0 1 (2) 0

Adverse event leading to discontinuation  
of chemotherapy

7 (6) 0 1 (2) 0

Fatal adverse event§ 2 (2) 0 0 0

All Grade ≥3¶ All Grade ≥3¶

Most common adverse events

Thrombocytopenia 22 (20) 9 (8) 11 (20) 4 (7)

Neutropenia 21 (19) 9 (8) 8 (15) 4 (7)

Anemia 16 (15) 6 (5) 5 (9) 1 (2)

Most common serious adverse events

Anemia 3 (3) 0

Covid-19 pneumonia 3 (3) 0

Peritonitis 2 (2) 0

Pyrexia 2 (2) 0

Rectal hemorrhage 1 (1) 1 (2)

Most common adverse events related  
to romiplostim or placebo‡

Nausea 2 (2) 1 (2)

Headache 2 (2) 0

Thromboembolic event 2 (2)‖ 0

Myelodysplastic syndrome 1 (1) 0

Secondary cancer 2 (2) 3 (5)

*	�Covid-19 denotes coronavirus disease 2019.
†	�Two patients assigned to the romiplostim group also received placebo, and 1 patient assigned to the placebo group 

also received romiplostim; all 3 patients are included in the romiplostim safety-analysis population of 110 patients.
‡	�Shown are adverse events that were considered by the investigator to be related to romiplostim or placebo. 

Determinations of relatedness were made before unblinding of the trial-group assignments.
§	� These adverse events by definition occurred within 30 days after the last dose of romiplostim or placebo. The fatal adverse 

events in the romiplostim group were Covid-19 pneumonia and multiple organ dysfunction syndrome; neither event was 
considered to be related to romiplostim.

¶	�Shown are all adverse events of grade 3 or higher, not necessarily those considered to be related to romiplostim or placebo.
‖	�There was one portal-vein thrombosis in a patient with pancreatic cancer and one splenic infarct in a patient with 

colorectal cancer.
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This trial has a number of strengths. It en-
rolled an internationally representative cohort of 
patients with advanced gastrointestinal cancers 
receiving oxaliplatin-based multiagent chemo-
therapy. The design of the trial minimized con-
founding of the primary end point of no che-
motherapy dose modifications due to CIT by 
restricting chemotherapy backbones and used 
rigorous blinded adjudication for end-point clas-
sification. These findings support the usefulness 
of romiplostim in addressing CIT management 
and provide a foundation for ongoing investiga-
tion in broader populations of persons with can-
cer, including an ongoing phase 3 trial to evaluate 
romiplostim as compared with placebo for treat-
ment of CIT in patients with breast, ovarian, or 
non–small-cell lung cancers (ClinicalTrials.gov 
number, NCT03937154).

The trial also has limitations. Interpretation 
of cancer outcomes in this trial was inherently 
limited by the three-cycle intervention period for 
CIT and the lack of a standardized follow-up 
beyond this period, because post-trial therapy 
was managed at the investigator’s discretion. In 
addition, baseline imbalances between the trial 
groups (with respect to ECOG performance-status 
score, disease stage, number of previous treat-
ment lines, and previous or concurrent bevaciz-
umab use) together with the heterogeneity of the 
patient population across tumor types, stages, 
chemotherapy regimens, and lines of therapy 
further confounded interpretation of oncologic 
end points. Although the trial was adequately 
powered for its primary end point, it yielded a 
low number of bleeding events of grade 2 or 
higher, which limited the ability to statistically 
assess subsequent secondary efficacy end points. 
Thus, meaningful interpretation of trial results 
is limited to end points regarding platelet sup-
port and chemotherapy relative dose intensity. 
Ongoing real-world evidence studies with longer 
treatment durations and follow-up may better 

inform the effect of romiplostim-supported CIT 
treatment on long-term cancer outcomes.

In this trial, romiplostim had few serious side 
effects and was efficacious to treat and prevent 
recurrence of persistent CIT in patients with 
gastrointestinal cancers receiving myelosuppres-
sive chemotherapy. The trial showed that romi-
plostim, as compared with placebo, resulted in 
a lower incidence of chemotherapy dose modifi-
cations. These findings suggest that romiplo-
stim may be a viable therapeutic option for 
managing CIT in patients with gastrointestinal 
cancers undergoing oxaliplatin-based chemo-
therapy.
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