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BACKGROUND
Tecovirimat is approved for smallpox treatment under the Food and Drug Admin-
istration Animal Rule on the basis of efficacy in nonhuman primate models of 
mpox (previously known as monkeypox). However, the clinical efficacy of teco-
virimat against human clade II mpox is unclear.

METHODS
In a phase 3, international, double-blind, randomized, placebo-controlled trial, we 
evaluated the efficacy of oral tecovirimat in adults with laboratory-confirmed clade 
II mpox. Participants were randomly assigned in a 2:1 ratio to receive tecovirimat 
or placebo for 14 days. The primary outcome was clinical resolution, assessed in 
a time-to-event analysis in participants with active skin or mucosal lesions. Sec-
ondary outcomes included reduction in pain, assessed in all participants with 
laboratory-confirmed mpox and in those with severe pain at baseline (pain score, 
7 to 10; scale, 0 [no pain] to 10 [worst pain imaginable]); complete lesion healing 
(assessed in a time-to-event analysis); viral DNA clearance; and safety.

RESULTS
Of 412 participants who underwent randomization (275 to tecovirimat and 137 to 
placebo), 344 had laboratory-confirmed mpox, and 336 had active skin or mucosal 
lesions and were included in the primary analysis. By day 29, the estimated cumu-
lative incidence of clinical resolution was 83% with tecovirimat and 84% with 
placebo; the competing-risks hazard ratio for clinical resolution was 0.98 (95% 
confidence interval [CI], 0.74 to 1.31; P = 0.89). No substantial between-group dif-
ferences were seen in pain reduction among participants with severe pain (differ-
ence, 0.1 point; 95% CI, −0.8 to 1.0), in complete lesion healing (competing-risks 
hazard ratio, 0.97; 95% CI, 0.75 to 1.26), or in viral DNA clearance. The incidence 
of adverse events of grade 3 or higher was similar in the two groups (4% with 
tecovirimat and 3% with placebo).

CONCLUSIONS
This trial showed no evidence that tecovirimat therapy shortened the time to clinical 
resolution, reduced pain, or increased viral clearance among adults with clade II 
mpox. (Funded by the National Institute of Allergy and Infectious Diseases of the 
National Institutes of Health; STOMP/A5418 ClinicalTrials.gov number, NCT05534984.)
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Human mpox virus (hMPXV) repre-
sents an important public health threat 
worldwide. Recently, public health emer-

gencies of international concern have been de-
clared for both clade II hMPXV, which has caused 
more than 100,000 infections and 220 deaths 
across more than 100 countries where mpox (pre-
viously known as monkeypox) has historically 
not been endemic, and clade Ib hMPXV, which is 
associated with more severe disease and an in-
creased risk of transmission.1,2 These trends under-
score the pandemic potential of orthopoxviruses.

Although the overall mortality rate of clade II 
mpox is low, persons with immunosuppression 
have higher morbidity and case fatality rates of 
up to 7%.3 Many of these persons also have se-
vere symptoms and a prolonged time to lesion 
healing, which can lead to isolation for extended 
periods. These findings highlight the need for 
effective therapeutic agents to prevent transmis-
sion, alleviate symptoms, reduce the risk of severe 
disease, and expedite recovery.

Tecovirimat (also called TPOXX), which has 
been approved by the Food and Drug Administra-
tion (FDA) for the treatment of smallpox, emerged 
as a potential candidate for mpox treatment on 
the basis of its in vitro and preclinical in vivo 
activity against hMPXV.4 Tecovirimat targets the 
p37 envelope protein, which is conserved across 
orthopoxviruses and is essential for the formation 
of extracellular enveloped virus particles. The ap-
proval of tecovirimat for the treatment of small-
pox is under the FDA Animal Rule and was based 
on efficacy data from preclinical lethal models of 
orthopoxvirus infection.5 However, the efficacy 
of tecovirimat against mpox in humans remains 
unclear. We conducted the Advancing Clinical 
Therapeutics Globally Study of Tecovirimat for 
Human Mpox Virus (STOMP/A5418) to evaluate 
the safety and efficacy of tecovirimat treatment in 
persons with clade II mpox.

Me thods

Trial Design

We conducted a phase 3, international, double-
blind, randomized, placebo-controlled trial of 
tecovirimat for the treatment of mpox in adults. 
The trial was conducted at 49 sites in seven coun-
tries (Argentina, Brazil, Japan, Mexico, Peru, 
Thailand, and the United States). The protocol 

(available with the full text of this article at NEJM.
org) included a separate open-label group that 
enrolled participants with, or at high risk for, 
protocol-defined severe mpox, including children, 
pregnant or lactating persons, and those with 
high immunosuppression, as well as persons with 
ocular lesions or high-risk skin lesions.

Participants who underwent randomization and 
in whom protocol-defined severe mpox devel-
oped or who had severe pain (score of 7 to 10 
points, assessed on an 11-point numerical pain-
rating scale, with 0 indicating no pain and 10 
the worst pain imaginable) at day 6 could dis-
continue blinded tecovirimat or placebo and 
start a 14-day course of open-label tecovirimat 
with the initial trial-group assignment remain-
ing blinded. This rescue strategy, which allowed 
both placebo and tecovirimat recipients to switch 
to open-label tecovirimat, was necessary to pre-
serve blinding and because tecovirimat was the 
only widely available therapeutic option at the 
time that was considered to be safe. Results 
from participants who had been randomly as-
signed to receive either tecovirimat or placebo 
are reported here.

Trial Oversight

The protocol was approved by an institutional 
review board or ethics committee at each site; a 
single institutional review board was used by 
U.S. sites. All the participants provided written 
informed consent. An independent data and 
safety monitoring board that had been appoint-
ed by the National Institute of Allergy and Infec-
tious Diseases reviewed the trial at least annu-
ally. The authors vouch for the accuracy and 
completeness of the data and for the fidelity of 
the trial to the protocol.

Participants

Participants eligible for randomization were 
adults (≥18 years of age) with presumptive or 
laboratory-confirmed symptomatic mpox ac-
cording to an FDA-authorized nucleic acid or 
antigen test performed on a skin lesion or oro-
pharyngeal or rectal swab obtained within 7 
days before trial entry, symptom onset less than 
14 days before trial entry, and one or more active 
(not yet scabbed) skin or mucosal lesions or 
proctitis with or without skin lesions. Complete 
eligibility criteria are provided in the protocol.

A Quick Take 
is available at 
NEJM.org
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Randomization and Trial Procedures

Eligible participants were randomly assigned in 
a 2:1 ratio to receive oral tecovirimat or matching 
placebo for 14 days, with the dose level based on 
body weight. Randomization was stratified ac-
cording to the number of days from symptom 
onset to enrollment (≤5 vs. >5) and the initial 
presence or absence of severe pain (<7 points vs. 
7 to 10 points).6-8 After the trial was modified to 
allow remote participation (i.e., without in-person 
trial visits), stratification according to the initial 
presence or absence of severe pain was replaced 
with enrollment type (in-person vs. remote).

In-person participants with presumptive diag-
noses had skin, oral, or rectal swabs obtained at 
screening for hMPXV diagnostic testing at a 
centralized laboratory. Participants who tested 
negative for mpox discontinued tecovirimat or 
placebo and were followed for 7 days for adverse 
events before being discontinued from the trial. 
Skin-lesion, oral, and rectal swabs and blood 
samples were obtained at baseline (trial day 1) 
and on days 8, 15, 22, 29, and 57. For skin le-
sions, an index lesion was selected at enrollment 
and was swabbed at each visit. Remotely en-
rolled participants did not provide biospecimens 
but were required to have laboratory-confirmed 
infection. Intensive pharmacokinetic assessments 
were performed in a subgroup of participants 
on day 8 (see the Supplementary Methods sec-
tion in the Supplementary Appendix, available at 
NEJM.org).

Participants monitored their lesions daily from 
enrollment (day 1) through day 29 and had their 
reports of resolution confirmed during an in-
person or remote visit. All the participants also 
completed the numerical pain-rating scale through 
day 29 and recorded the blinded administration 
of the investigational product or placebo in a diary 
through day 15. Data on adverse events were col-
lected through day 57. Adverse events were graded 
with the use of the Division of AIDS Table for 
Grading the Severity of Adult and Pediatric Ad-
verse Events, corrected version 2.1.9

Outcomes

The primary outcome was clinical resolution, 
which was assessed in a time-to-event analysis 
and was defined as the first day on which all 
skin lesions were scabbed, desquamated, or healed 
and all visible mucosal lesions were healed. Sec-
ondary outcomes included a reduction in pain 
intensity from the intensity of pain before the 

receipt of tecovirimat or placebo, which was as-
sessed on the 11-point pain-rating scale with the 
use of a time-weighted average of the summed 
difference in pain intensity10 over the first 5 days 
of tecovirimat or placebo use; complete lesion 
healing, which was assessed in a time-to-event 
analysis and defined as the first day on which all 
skin lesions were reepithelialized and all visible 
mucosal lesions were healed; hMPXV DNA level 
in skin lesions and in oral, rectal, and blood 
samples; and adverse events of grade 3 or higher. 
Exploratory outcomes included the predicted area 
under the concentration-time curve from admin-
istration to 12 hours (AUC0−12h) and concentration 
at 12 hours after the receipt of the dose on day 8 
(C12h) for tecovirimat in plasma (see the Supple-
mentary Appendix).

Statistical Analysis

We estimated a sample size of 530 to target 357 
events of clinical resolution and calculated that 
this sample size would provide the trial with 
85% power to detect a 40% improvement in the 
competing-risks hazard ratio for clinical resolu-
tion up to 28 days after trial entry in the teco-
virimat group with the use of a two-sided alpha 
level of 0.05. The complete statistical analysis 
plan is provided with the protocol.

Prespecified interim efficacy analyses were 
conducted after approximately 33% and 67% of 
the events of clinical resolution had occurred, with 
the use of the Lan–DeMets spending-function 
analogue of the O’Brien–Fleming boundaries to 
control for the overall type I error. At the request 
of the data and safety monitoring board, a futil-
ity analysis of the primary outcome was con-
ducted at the time of the second planned effi-
cacy review on November 26, 2024. At that time, 
267 events (75% of the targeted number) had oc-
curred. The data and safety monitoring board 
recommended stopping the randomized portion 
of the trial owing to futility (see the Supplemen-
tary Appendix). The data presented here are 
those reviewed by the data and safety monitor-
ing board, with the exception of the hMPXV 
DNA data, which were updated with data that 
were expected but had been unavailable at the 
time of the data and safety monitoring board 
review owing to shipping lags.

The time to clinical resolution (primary out-
come) and the time to complete lesion healing 
were evaluated in a modified intention-to-treat 
analysis, which excluded participants who did not 
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have laboratory-confirmed mpox or who had 
proctitis without active skin or visible mucosal 
lesions. Fine and Gray subdistribution propor-
tional-hazards models were used to estimate 
competing-risks hazard ratios with associated 
confidence intervals. Intercurrent events of death 
from any cause, the use of other antiviral agents 
with expected activity against mpox (i.e., that 

have shown efficacy against orthopoxviruses in in 
vitro studies and studies in animals), and a treat-
ment change to open-label tecovirimat due to 
disease progression or severe pain were considered 
to be competing events (see the Supplementary 
Appendix). The evaluation for nonproportional 
hazards was conducted by means of graphical in-
spection, with no evidence found.

413 Underwent randomization
266 Were assigned to receive

open-label tecovirimat 

703 Patients were assessed for eligibility

24 Were excluded
21 Did not meet eligibility criteria
2 Declined to participate
1 Did not return to clinic

275 Were assigned to receive tecovirimat
274 Received assigned tecovirimat

1 Received open-label tecovirimat 

137 Were assigned to receive placebo
136 Received placebo

1 Did not receive placebo owing to 
not returning to clinic

1 Was excluded owing
to eligibility violation

21 Prematurely discontinued follow-up
15 Were lost to follow-up

6 Withdrew
39 Prematurely discontinued assigned

tecovirimat
17 Started open-label tecovirimat

6 Had adverse event
7 Were lost to follow-up
4 Did not adhere to protocol
4 Withdrew
1 Was withdrawn per guideline

9 Prematurely discontinued follow-up
8 Were lost to follow-up
1 Withdrew

20 Prematurely discontinued placebo
10 Started open-label tecovirimat
3 Had adverse event
2 Were lost to follow-up
2 Did not adhere to protocol
2 Were withdrawn per guideline
1 Had disease progression

232 Were included in the secondary 
pain-outcome analysis

43 Were excluded from all efficacy
analyses

28 Were negative for mpox
15 Had missing confirmatory test

225 Were included in the primary
outcome analysis

7 Had no reported active skin or
mucosal lesions and were excluded
from the primary outcome analysis

25 Were excluded from all efficacy
analyses

18 Were negative for mpox
7 Had missing confirmatory test

1 Had no reported active skin or
mucosal lesions and was excluded
from the primary outcome analysis

112 Were included in the secondary 
pain-outcome analysis

111 Were included in the primary
outcome  analysis

Figure 1. Randomization and Follow-up of the Participants.
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Treatment effects for the primary outcome 
were evaluated in prespecified subgroups de-
fined according to age (<40 or ≥40 years), sex, 
race (White or non-White), ethnic group (Hispanic 
or non-Hispanic), enrollment type (in-person or 
remote), symptom duration (≤5 or >5 days), pain 
level (<7 or 7 to 10 points), previous receipt of at 
least one dose of a smallpox or mpox vaccine 
(yes or no), presence or absence of proctitis, and 
human immunodeficiency virus (HIV) status (i.e., 
living with HIV or not living with HIV) and in 

post hoc subgroups defined according to shorter 
symptom duration (≤3 or >3 days), lesion count 
(<10 or ≥10), and hMPXV DNA in the index le-
sion (detected or not detected) (see the Supple-
mentary Appendix). Reduction in pain intensity 
was evaluated in all participants with laboratory-
confirmed mpox and in those who reported se-
vere pain (score, 7 to 10) at baseline. A hierarchi-
cal testing approach was used to control the 
familywise error rate across the primary out-
come and the secondary pain outcomes (see the 

Table 1. Characteristics of the Participants at Baseline.*

Characteristic
Tecovirimat 

(N = 232)
Placebo 
(N = 112)

Total 
(N = 344)

Median age (IQR) — yr 34 (27–40) 34 (28–41) 34 (28–40)

Male sex — no. (%) 228 (98) 111 (99) 339 (99)

Gender — no. (%)

Cisgender 226 (97) 107 (96) 333 (97)

Transgender spectrum 6 (3) 5 (4) 11 (3)

Race or ethnic group — no. (%)†

White 121 (52) 61 (54) 182 (53)

Black 29 (12) 11 (10) 40 (12)

Asian 14 (6) 13 (12) 27 (8)

Native Hawaiian or other Pacific Islander 2 (1) 0 2 (1)

American Indian or Alaska Native 1 (<1) 0 1 (<1)

Other 24 (10) 7 (6) 31 (9)

Multiple 5 (2) 3 (3) 8 (2)

Unknown 36 (16) 17 (15) 53 (15)

Hispanic or Latino ethnic group — no. (%)†

Yes 107 (46) 44 (39) 151 (44)

No 122 (53) 64 (57) 186 (54)

Unknown 3 (1) 4 (4) 7 (2)

Enrollment type — no. (%)

In-person 179 (77) 84 (75) 263 (76)

Remote 53 (23) 28 (25) 81 (24)

Symptom duration

Median (IQR) — days 8 (6–10) 8 (6–10) 8 (6–10)

≤5 days — no. (%) 57 (25) 28 (25) 85 (25)

Median pain score (IQR)‡ 5 (2–7) 5 (3–7) 5 (2–7)

Median no. of lesions (IQR) 9 (5–18) 8 (3–17) 9 (4–18)

Proctitis — no. (%) 85 (37) 37 (33) 122 (35)

Receipt of ≥1 dose of smallpox or mpox vaccine — no. (%) 54 (23) 24 (21) 78 (23)

Living with HIV — no./total no. (%) 86/228 (38) 31/109 (28) 117/337 (35)

*	�Percentages may not total 100 because of rounding. HIV denotes human immunodeficiency virus, and IQR interquartile range.
†	�Race and ethnic group were reported by the participant.
‡	�The pain score was assessed on a scale from 0 (no pain) to 10 (worst pain imaginable).
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Supplementary Appendix). Since the primary out-
come did not differ between the two trial groups, 
no formal statistical testing of the pain out-
comes between groups was conducted.

Virologic analyses were restricted to partici-
pants with laboratory-confirmed mpox who had 
been enrolled in-person and provided biospeci-
mens. Post hoc analyses of undetectable hMPXV 
DNA were done within subgroups on the basis 
of symptom duration (≤3 vs. >3 days, and ≤5 vs. 
>5 days), HIV status, and vaccination status. 
Safety analyses included participants who received 
at least one dose of tecovirimat or placebo and 
were based on the actual intervention received.

The competing-risks hazard ratio for clinical 
resolution (the primary outcome) is presented 
with a 95% confidence interval that was adjusted 
for interim monitoring. For all other analyses, 
results are reported as point estimates with two-
sided 95% confidence intervals without adjust-
ment for multiplicity. Statistical analyses were 
conducted with the use of SAS software, version 
9.4 for Linux (SAS Institute).

R esult s

Participant Enrollment, Baseline 
Characteristics, and Follow-up

From September 8, 2022, to October 21, 2024, a 
total of 412 eligible participants were randomly 
assigned to receive tecovirimat (275) or placebo 
(137) across all the trial sites (Table S1 in the 
Supplementary Appendix). In total, 344 partici-
pants tested positive for hMPXV, among whom 
336 had at least one active skin or visible mu-
cosal lesion and were included in the primary 
analysis population (Fig. 1). Treatment discon-
tinuation occurred in 36 of 232 participants 
(16%) in the tecovirimat group and in 18 of 112 
(16%) in the placebo group.

The characteristics at baseline among the 344 
participants with laboratory-confirmed mpox 
were similar in the two trial groups (Table 1 and 
Table S2). The median age of the participants 
was 34 years (interquartile range, 28 to 40). A 
total of 99% of the participants were men, and 
44% were Hispanic or Latino. The median num-
ber of days from symptom onset to trial entry 
was 8 (interquartile range, 6 to 10), the median 
number of lesions at enrollment was 9 (inter-
quartile range, 4 to 18), 122 participants (35%) 
reported proctitis, and 116 (34%) reported severe 
pain. Of 337 participants with known HIV status, 
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Figure 2. Cumulative Incidence of Clinical Resolution in the Presence of Com-
peting Events through 28 Days after Trial Entry (Day 29).

Shown is the cumulative incidence of the primary-outcome measure, clinical 
resolution (Panel A), and the competing event, treatment change to open-
label tecovirimat due to disease progression or severe pain (score of 7 to 10 
points, assessed on a scale from 0 [no pain] to 10 [worst pain imaginable]) 
(Panel B). Clinical resolution was defined as the first day on which all skin 
lesions were scabbed, desquamated, or healed and all visible mucosal le-
sions were healed. No competing events due to death or use of other an-
tiviral agents with expected activity against mpox occurred. The inset in 
Panel B shows the same data on an enlarged y axis. In both panels, shaded 
areas represent 95% confidence intervals. The 95% confidence interval for 
the competing-risks hazard ratio for the primary outcome was adjusted for 
interim monitoring.
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117 (35%) were living with HIV. A total of 78 
participants (23%) had received at least one life-
time dose of a smallpox or mpox vaccine. This 
trial enrolled a population that was broadly rep-
resentative of persons most affected by mpox 
during the 2022–2023 outbreak (Table S3).

Primary Outcome: Clinical Resolution

By day 29, a total of 177 of 225 participants 
(79%) in the tecovirimat group and 90 of 111 
(81%) in the placebo group had clinical resolu-
tion of skin lesions. A total of 20 participants in 
the tecovirimat group and 9 in the placebo group 
started receiving open-label tecovirimat owing to 
disease progression or severe pain (Table S4). The 
estimated cumulative incidence of clinical resolu-
tion was 83% (95% confidence interval [CI], 77 to 
87) in the tecovirimat group and 84% (95% CI, 76 
to 90) in the placebo group, and the competing-
risks hazard ratio for clinical resolution was 0.98 
(95% CI, 0.74 to 1.31; P = 0.89) (Fig. 2A). No be-
tween-group difference was seen in treatment 
change due to disease progression or severe pain 
(Fig. 2B). No competing events due to death or 
the use of other antiviral agents with expected 
activity against mpox occurred. Treatment effects 
did not differ between the trial groups in any of 
the subgroups examined (Fig. S1).

Secondary Outcomes
Pain Reduction

The median pain score at baseline was 5 points in 
both the tecovirimat group (interquartile range, 2 
to 7) and the placebo group (interquartile range, 
3 to 7) (Table 1). Pain decreased similarly in both 
groups (Fig. 3). Among participants with severe 
pain (score, 7 to 10 points) at baseline, the mean 
(±SD) time-weighted average reduction from base-
line in pain intensity over a 5-day treatment period 

was 3.2±2.1 points in the tecovirimat group and 
3.1±2.0 points in the placebo group (difference in 
means, 0.1 point; 95% CI, −0.8 to 1.0) (Table S5). 
Among all the participants with laboratory-
confirmed mpox, the mean time-weighted aver-
age reduction from baseline over a 5-day treat-
ment period was 1.6±2.2 points in the tecovirimat 
group and 1.7±2.3 points in the placebo group 
(difference in means, −0.1; 95% CI, −0.6 to 0.5).

Complete Lesion Healing
By day 29, complete lesion healing occurred in 
155 participants (69%) in the tecovirimat group 
and in 78 participants (70%) in the placebo group. 
The estimated cumulative incidence of complete 
lesion healing was 75% in each group, and the 
competing-risks hazard ratio for complete lesion 
healing was 0.97 (95% CI, 0.75 to 1.26) (Fig. S2).

Virologic Results
The percentage of participants who supplied le-
sion swabs that did not have hMPXV DNA de-
tected at baseline was similar in the two groups 
(13% in the tecovirimat group and 17% in the 
placebo group) (Fig. 4A). By day 8, clearance of 
hMPXV DNA was observed in 48% of the par-
ticipants in the tecovirimat group and in 37% of 
those in the placebo group (difference [based on 
unrounded data], 12 percentage points; 95% CI, 
−2 to 26). By day 15, hMPXV DNA was undetect-
able in 82% of the participants in the tecovirimat 
group and in 80% of those in the placebo group 
(difference [based on unrounded data], 1 percent-
age point; 95% CI, −10 to 13). No between-group 
differences were observed in the proportion of 
oral, rectal, or blood samples in which hMPXV 
DNA was undetectable at baseline, day 8, or day 15 
(Fig. 4B, 4C, and 4D). Post hoc subgroup analy-
sis according to HIV status and mpox vaccina-
tion showed no differences in treatment effect 
(Tables S7 and S8, respectively).

Pharmacokinetics
Among 14 participants with data from inten-
sive pharmacokinetic assessments, the mean 
predicted AUC0–12h for tecovirimat in plasma 
was 14,013 ng∙hr per milliliter (95% CI, 10,414 
to 17,611) and the mean predicted C12h was 480 
ng per milliliter (95% CI, 346 to 615) (Table 
S9). The mean C12h was approximately 2.8 times 
as high as the target threshold of 169 ng per 
milliliter, with 2 participants (14%) having re-

Figure 3 (facing page). Participant-Reported Pain 
Scores According to Treatment Day.

Shown are the median pain scores (dots) among par-
ticipants with laboratory-confirmed mpox who report-
ed severe pain at baseline (Panel A) and among all 
participants with laboratory-confirmed mpox (Panel B). 
The baseline score was determined by taking the last 
available score on or before the day that the partici-
pant started receiving tecovirimat or placebo. Scores 
were assessed on a scale from 0 (no pain) to 10 (worst 
pain imaginable). I bars represent interquartile ranges 
(IQRs). In each panel, data are shown slightly offset at 
each time point for better visibility.
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sults that were predicted to fall just below this 
threshold.

Safety

Adverse events of grade 3 or higher occurred in 
12 of 275 participants (4%) who received teco-
virimat and in 4 of 136 (3%) who received pla-
cebo (Table S10). No substantial between-group 
difference was observed in the incidence of ad-
verse events of grade 3 or higher (difference, 1 
percentage point; 95% CI, −5 to 5). Serious ad-
verse events occurred in 6 participants (2%) who 
received tecovirimat and in 2 (1%) who received 
placebo. No deaths were reported.

Discussion

In this double-blind, randomized, placebo-con-
trolled trial, we found no evidence that tecoviri-
mat therapy shortened the time to resolution of 
skin lesions, increased hMPXV DNA clearance 
at any site, or reduced pain in participants with 
clade II mpox. Results from subgroup analyses 
showed no evidence of differences among the 
subgroups in the time to the resolution of skin 
lesions in subgroups defined according to early 
enrollment (≤5 or ≤3 days after symptom onset), 
previous vaccination against orthopoxvirus, age, 
or HIV status. These results are consistent with 
findings from the PALM007 trial in clade I 
mpox, which showed no effect of tecovirimat on 
the time to clinical resolution.11 Together, these 
findings suggest that tecovirimat lacks clinical 
efficacy against clade I and clade II mpox, a 
situation that underscores the need for random-
ized, controlled trials to evaluate investigational 
therapeutic agents to treat mpox.

Antiviral agents are generally more effective 
when given early in the disease course.12,13 The 
delay in clinical presentation in this trial repre-
sents a limitation, with 75% of the participants 
enrolling more than 5 days after reported symp-
tom onset, despite efforts to expedite enrollment 
through virtual enrollment and presumptive di-
agnoses. The observed delay was probably more 
reflective of overall challenges to mpox diagno-
sis and treatment, such as early recognition of 
mpox symptoms and signs by patients and clini-
cians, limited diagnostic strategies, and access 
to care in affected populations. Despite this de-
lay, the percentage of participants with clinical 
resolution through 28 days did not differ between 

the tecovirimat group and the placebo group, re-
gardless of whether treatment began before or 
after 3 or 5 days from symptom onset. On the 
basis of these results, timing does not appear to 
be the reason for the lack of efficacy of teco-
virimat. The lack of efficacy among participants 
who received treatment earlier is consistent with 
the results of the PALM007 trial, which showed 
that tecovirimat did not reduce the number of 
days to lesion resolution when treatment was 
started within 4 days after symptom onset.11

Although the percentage of participants with 
undetectable hMPXV DNA in index lesions at day 
8 was 12 percentage points higher in the teco-
virimat group (48%) than in the placebo group 
(37%), the 95% confidence interval of −2 to 26 
percentage points indicates a wide range of pos-
sible treatment effects, including no effect, and 
no meaningful between-group difference was 
observed at 15 days (difference, 1 percentage 
point; 95% CI, −10 to 13). No evidence of a dif-
ference in DNA clearance was observed in sub-
groups defined according to previous receipt of 
a smallpox or mpox vaccine or according to HIV 
status. However, samples were obtained at base-
line and day 8, which may limit the understand-
ing of the effects of tecovirimat on early viral 
kinetics. Although no significant differences 
were observed in the time to the resolution of 
skin lesions, pain reduction, or viral DNA clear-
ance, our findings were limited to adults who 
were immunocompetent. Participants with se-
vere immunosuppression (e.g., HIV with CD4 
<200 cells per cubic millimeter, HIV type 1 RNA 
>1000 copies per milliliter, or cancer) or skin 
conditions that increase the potential for severe 
mpox, as well as children and pregnant or lac-
tating persons, were assigned to receive open-
label tecovirimat, which prevents comparison 
with placebo. Observational studies suggest that 
persons with immunocompromise have pro-
longed illness and poor outcomes despite teco-
virimat therapy.3,14 Consequently, current guide-
lines from the Centers for Disease Control and 
Prevention (CDC) recommend the consideration 
of combination therapy, particularly in patients 
with immunocompromise, to enhance treatment 
efficacy and reduce the risk of antiviral resis-
tance.15 This approach is supported by a study 
in animals indicating that combining antiviral 
agents may offer synergistic benefits.16 Evaluat-
ing the efficacy of investigational interventions 
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in persons with immunocompromise, who face 
substantial risks of complications and death, 
remains an important research priority.

Whether suboptimal exposure to tecovirimat 
may have also contributed to a lack of clinical ef-
ficacy is currently unknown.17,18 The initial dose-
level strategy in humans was selected to achieve 
concentrations of tecovirimat in plasma that were 
several times as high as the target concentration 
of 169 ng per milliliter, which had been associated 
with improved survival, virologic response, and 
reductions in lesion counts in nonhuman pri-
mates. The predicted C12h in the randomized trial 
groups was similar to results in the open-label 
group of the STOMP/A5418 trial,19 to results in 
adults in the PALM007 trial,11 and to results of 
a separate observational study.20 The mean pre-
dicted C12h exceeded the threshold of 169 ng per 
milliliters by approximately 2.8 times.21

However, the AUC0–12h and C12h values were 
both lower than those in simulated exposures in 
healthy volunteers.15 Analyses of factors affecting 
the pharmacokinetics of tecovirimat across the 
randomized and open-label groups, of relation-
ships with clinical and virologic outcomes, and 
of whether alternative dose levels would help 
improve therapeutic responses are under way.

The strengths of this trial include the ran-
domized, double-blind design; the enrollment of 
participants across 49 sites in seven countries; 
early treatment of participants before confirmed 
mpox diagnosis; and remote enrollment to re-
duce treatment delays. The assessment of pain 
intensity and the obtaining of biospecimens for 
in-person participants allowed the evaluation of 
the effects of tecovirimat on both participant-
reported outcomes and viral kinetics.

Conducting a randomized, placebo-controlled 
trial was challenging when the investigational 
drug is widely available through expanded-access 
programs. During the 2022 mpox epidemic, more 
than 7100 persons in the United States received 
tecovirimat under the Expanded Access Investiga-
tional New Drug program of the CDC. Close coor-
dination between the STOMP/A5418 trial team and 
the CDC facilitated trial enrollment. Although 
expanded-access and compassionate-use programs 
are essential for the distribution of promising 
therapeutic agents, design strategies to balance 
access with rigorous evaluation of safety and effi-
cacy during emerging infections are important.22

The STOMP/A5418 trial showed no evidence 
that tecovirimat treatment shortened the time to 
clinical resolution of skin lesions, reduced pain, 
or accelerated the clearance of hMPXV DNA as 
compared with placebo. In light of the continued 
spread of hMPXV across the globe, these find-
ings highlight the need to identify safe and ef-
fective therapeutics for mpox and other ortho-
poxviruses.

The content of this article is solely the responsibility of the 
authors and does not necessarily represent the official views of 
the National Institutes of Health (NIH).

Supported by grants (UM1 AI068634, UM1 AI068636, and 
UM1 AI106701) from the National Institute of Allergy and Infec-
tious Diseases of the NIH.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

We thank all the participants who enrolled in this trial; the 
staff of the Statistical Data and Management Center, Specialty 
Laboratories, of the Advancing Clinical Therapeutics Globally 
Network (formerly the AIDS Clinical Trials Group); and the mem-
bers of the National Institute of Allergy and Infectious Diseases 
Division of AIDS Therapeutic and Prevention data and safety 
monitoring board.

Author Information
1 Division of Infectious Diseases, Columbia University Irving 
Medical Center, New York; 2 Institute for Global Health and In-
fectious Diseases, Division of Pulmonary Diseases and Critical 
Care Medicine, University of North Carolina at Chapel Hill, 
Chapel Hill; 3 Center for Biostatistics in AIDS Research, Depart-
ment of Biostatistics, Harvard T.H. Chan School of Public 
Health, Boston; 4 Division of AIDS, National Institute of Allergy 
and Infectious Diseases, National Institutes of Health, Rock-
ville, MD; 5 Department of Laboratory Medicine and Pathology, 
University of Washington Medical Center, Seattle; 6 Johns Hop-
kins University School of Medicine, Baltimore; 7 Department of 
Dermatology, University of California, San Francisco, San Fran-
cisco; 8 Department of Pharmaceutical Sciences, Skaggs School 
of Pharmacy and Pharmaceutical Sciences, University of Colo-
rado Anschutz Medical Campus, Aurora; 9 Division of Infec-
tious Diseases, Rutgers New Jersey Medical School, Newark; 
10 Department of Medicine, University of California, San Diego, 
La Jolla; 11 Advancing Clinical Therapeutics Network Coordinat-
ing Center, DLH, Atlanta; 12 Department of Pediatrics, David 
Geffen School of Medicine, University of California, Los Ange-
les, Los Angeles; 13 Department of Microbiology and Immunol-
ogy, Emory University School of Medicine, Atlanta; 14 Division 
of Allergy and Infectious Diseases, Department of Medicine, 
University of Washington, Seattle; 15 Los Angeles LGBT Center, 
Los Angeles; 16 Division of Infectious Disease, Weill Cornell 
Medical College, New York; 17 Division of Infectious Diseases, 
David Geffen School of Medicine, University of California, Los 
Angeles, Los Angeles; 18 Department of Medicine, University of 
California, San Francisco, San Francisco; 19 Instituto Nacional 
de Ciencias Médicas y Nutrición, Mexico City; 20 Massachusetts 
General Hospital, Boston; 21 Health Sciences Center, Depart-
ment of Pediatrics, State University of New York Stony Brook, 
Stony Brook; 22 Division of Infectious Diseases, University of 
North Carolina at Chapel Hill, Chapel Hill; 23 Division of Infec-
tious Diseases and Global Public Health, University of California, 
San Diego, La Jolla.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on October 29, 2026. 



n engl j med 394;9  nejm.org  February 26, 2026 895

tecovirimat for the treatment of mpox

References
1.	 Vakaniaki EH, Kacita C, Kinganda-
Lusamaki E, et al. Sustained human out-
break of a new MPXV clade I lineage in 
eastern Democratic Republic of the Con-
go. Nat Med 2024;​30:​2791-5.
2.	 World Health Organization. Global 
mpox trends. November 21, 2025 (https://
worldhealthorg​.shinyapps​.io/​mpx​_global/​).
3.	 Mitjà O, Alemany A, Marks M, et al. 
Mpox in people with advanced HIV infec-
tion: a global case series. Lancet 2023;​
401:​939-49.
4.	 DeLaurentis CE, Kiser J, Zucker J. New 
perspectives on antimicrobial agents: teco-
virimat for treatment of human monkey-
pox virus. Antimicrob Agents Chemother 
2022;​66(12):​e0122622.
5.	 Sherwat A, Brooks JT, Birnkrant D, 
Kim P. Tecovirimat and the treatment of 
monkeypox — past, present, and future 
considerations. N Engl J Med 2022;​387:​
579-81.
6.	 Hjermstad MJ, Fayers PM, Haugen DF, 
et al. Studies comparing Numerical Rat-
ing Scales, Verbal Rating Scales, and Vi-
sual Analogue Scales for assessment of 
pain intensity in adults: a systematic lit-
erature review. J Pain Symptom Manage 
2011;​41:​1073-93.
7.	 Jensen MP, Karoly P, Braver S. The 
measurement of clinical pain intensity: a 
comparison of six methods. Pain 1986;​27:​
117-26.
8.	 Jensen MP, Karoly P. Self report scales 
and procedures for assessing pain in 
adults. In:​ Turk, DC, Melzack, R, eds. 
Handbook of pain assessment. New York:​ 
Guildford Press, 1993:​15-34.

9.	 Department of Health and Human 
Services. Division of AIDS (DAIDS) table 
for grading the severity of adult and pediat-
ric adverse events, corrected version 2.1. 
July 2017 (https://rsc​.niaid​.nih​.gov/​sites/​
default/​files/​daidsgradingcorrectedv21​.pdf).
10.	 Dworkin RH, Evans SR, Mbowe O, 
McDermott MP. Essential statistical prin-
ciples of clinical trials of pain treatments. 
Pain Rep 2020;​6(1):​e863.
11.	 The PALM007 Writing Group. Tecoviri-
mat for clade I MPXV infection in the Dem-
ocratic Republic of Congo. N Engl J Med 
2025;​392:​1484-96.
12.	Nguyen BT, Marc A, Suñer C, et al. 
Early administration of tecovirimat short-
ens the time to mpox clearance in a model 
of human infection. PLoS Biol 2023;​21(12):​
e3002249.
13.	 Jordan R, Goff A, Frimm A, et al. ST-
246 antiviral efficacy in a nonhuman pri-
mate monkeypox model: determination 
of the minimal effective dose and human 
dose justification. Antimicrob Agents Che-
mother 2009;​53:​1817-22.
14.	 Garcia EA, Foote MMK, McPherson 
TD, et al. Severe Mpox among people with 
advanced human immunodeficiency virus 
receiving prolonged tecovirimat in New 
York City. Open Forum Infect Dis 2024;​
11(6):​ofae294.
15.	 Rao AK, Schrodt CA, Minhaj FS, et al. 
Interim clinical treatment considerations 
for severe manifestations of Mpox — United 
States, February 2023. MMWR Morb Mor-
tal Wkly Rep 2023;​72:​232-43.
16.	 Quenelle DC, Prichard MN, Keith KA, 
et al. Synergistic efficacy of the combina-

tion of ST-246 with CMX001 against ortho-
poxviruses. Antimicrob Agents Chemother 
2007;​51:​4118-24.
17.	 Center for Drug Evaluation and Re-
search. Clinical review: tecovirimat. At-
lanta:​ Food and Drug Administration, 
May 5, 2018 (https://www​.accessdata​.fda​
.gov/​drugsatfda​_docs/​nda/​2018/​
208627Orig1s000MedR​.pdf).
18.	Center for Drug Evaluation and Re-
search. Clinical pharmacology and bio-
pharmaceutics review: tecovirimat. At-
lanta:​ Food and Drug Administration, 
May 8, 2018 (https://www​.accessdata​.fda​
.gov/​drugsatfda​_docs/​nda/​2018/​
208627Orig1s000ClinPharmR​.pdf).
19.	 Wei Z, Aldrovandi G, Currier J, et al. 
Pharmacokinetics of tecovirimat in per-
sons with mpox: results from ACTG 5418. 
In:​ Proceedings and Abstracts of the 2024 
Conference on Retroviruses and Opportu-
nistic Infections, March 3–6, 2024. Den-
ver:​ International Antiviral Society–USA, 
2024.
20.	Tempestilli M, Mondi A, D’Avolio A, 
et al. Pharmacokinetics of tecovirimat in 
subjects with Mpox. Int J Antimicrob 
Agents 2024;​63:​107068.
21.	Grosenbach DW, Honeychurch K, Rose 
EA, et al. Oral tecovirimat for the treat-
ment of smallpox. N Engl J Med 2018;​379:​
44-53.
22.	Titanji BK, Boulware DR, Bender Ig-
nacio RA. Strategies for expediting clini-
cal trials in the next public health emer-
gency. JAMA Health Forum 2023;​4(9):​
e233191.
Copyright © 2026 Massachusetts Medical Society.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on October 29, 2026. 

https://worldhealthorg.shinyapps.io/mpx_global/
https://worldhealthorg.shinyapps.io/mpx_global/
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/208627Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/208627Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/208627Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/208627Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/208627Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/208627Orig1s000ClinPharmR.pdf

