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BACKGROUND
Mirvetuximab soravtansine-gynx (MIRV), a first-in-class antibody–drug conjugate 
targeting folate receptor α (FRα), is approved for the treatment of platinum-resis-
tant ovarian cancer in the United States.

METHODS
We conducted a phase 3, global, confirmatory, open-label, randomized, controlled 
trial to compare the efficacy and safety of MIRV with the investigator’s choice of 
chemotherapy in the treatment of platinum-resistant, high-grade serous ovarian 
cancer. Participants who had previously received one to three lines of therapy and 
had high FRα tumor expression (≥75% of cells with ≥2+ staining intensity) were 
randomly assigned in a 1:1 ratio to receive MIRV (6 mg per kilogram of adjusted 
ideal body weight every 3 weeks) or chemotherapy (paclitaxel, pegylated liposomal 
doxorubicin, or topotecan). The primary end point was investigator-assessed pro-
gression-free survival; key secondary analytic end points included objective re-
sponse, overall survival, and participant-reported outcomes.

RESULTS
A total of 453 participants underwent randomization; 227 were assigned to the 
MIRV group and 226 to the chemotherapy group. The median progression-free 
survival was 5.62 months (95% confidence interval [CI], 4.34 to 5.95) with MIRV 
and 3.98 months (95% CI, 2.86 to 4.47) with chemotherapy (P<0.001). An objective 
response occurred in 42.3% of the participants in the MIRV group and in 15.9% 
of those in the chemotherapy group (odds ratio, 3.81; 95% CI, 2.44 to 5.94; 
P<0.001). Overall survival was significantly longer with MIRV than with chemo-
therapy (median, 16.46 months vs. 12.75 months; hazard ratio for death, 0.67; 95% 
CI, 0.50 to 0.89; P = 0.005). During the treatment period, fewer adverse events of 
grade 3 or higher occurred with MIRV than with chemotherapy (41.7% vs. 54.1%), 
as did serious adverse events of any grade (23.9% vs. 32.9%) and events leading to 
discontinuation (9.2% vs. 15.9%).

CONCLUSIONS
Among participants with platinum-resistant, FRα-positive ovarian cancer, treat-
ment with MIRV showed a significant benefit over chemotherapy with respect to 
progression-free and overall survival and objective response. (Funded by Immuno-
Gen; MIRASOL ClinicalTrials.gov number, NCT04209855.)

A BS TR AC T

Mirvetuximab Soravtansine in FRα-Positive, 
Platinum-Resistant Ovarian Cancer

K.N. Moore, A. Angelergues, G.E. Konecny, Y. García, S. Banerjee, D. Lorusso, 
J.-Y. Lee, J.W. Moroney, N. Colombo, A. Roszak, J. Tromp, T. Myers, J.-W. Lee, 

M. Beiner, C.M. Cosgrove, D. Cibula, L.P. Martin, R. Sabatier, J. Buscema, 
P. Estévez-García, L. Coffman, S. Nicum, L.R. Duska, S. Pignata, F. Gálvez, 

Y. Wang, M. Method, A. Berkenblit, D. Bello Roufai, and T. Van Gorp,  
for Gynecologic Oncology Group Partners and the European Network  

of Gynaecological Oncological Trial Groups*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY COLLEGE LONDON on December 19, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 389;23 nejm.org December 7, 2023 2163

MIRV in FRα-Positive, Platinum-Resistant Ovarian Cancer

Epithelial ovarian cancer, which in-
cludes fallopian tube and primary perito-
neal cancer, is the deadliest gynecologic 

malignant neoplasm; an estimated 313,959 new 
cases of ovarian cancer and 207,252 ovarian can-
cer–related deaths occurred worldwide in 2020.1-3 
Despite the adoption of maintenance therapy for 
some patients with primary or recurrent ovarian 
cancer, the 5-year relative survival is approxi-
mately 50%, having increased only slightly in 
the past decade.4

Initial chemotherapy treatment for ovarian 
cancer typically yields high response; however, 
most tumors subsequently relapse and eventu-
ally become resistant to platinum-based regi-
mens.5-7 Current therapies in platinum-resistant 
ovarian cancer consist primarily of nonplatinum 
chemotherapy (e.g., weekly paclitaxel, pegylated 
liposomal doxorubicin, or topotecan), adminis-
tered either as a single agent or in combination 
with bevacizumab.8 In recent phase 3 trials, pa-
tients with platinum-resistant ovarian cancer 
receiving nonplatinum chemotherapy alone have 
had poor responses (with an objective response 
ranging from 4 to 13%).9-11 In the Avastin Use in 
Platinum-Resistant Epithelial Ovarian Cancer 
(AURELIA) trial, the addition of bevacizumab to 
nonplatinum chemotherapy, as compared with 
chemotherapy alone, led to significant improve-
ments in progression-free survival (median of 
6.7 months vs. 3.4 months, P<0.001) and objec-
tive response (27.3% vs. 11.8%, P = 0.001), but no 
benefit with respect to overall survival was ob-
served (median of 16.6 months and 13.3 months, 
respectively; P<0.17).12 In the AURELIA trial, at 
the time of disease progression, 40% of the par-
ticipants in the chemotherapy group received 
bevacizumab, which may have contributed to the 
lack of a significant between-group difference in 
overall survival.12 Additional challenges in the 
treatment of platinum-resistant ovarian cancer 
include the lack of meaningful, predictive bio-
markers, as well as chemotherapy-associated 
hematologic and gastrointestinal toxic effects 
and cumulative neuropathy, which can impede 
the continuation of treatment.12 Thus, platinum-
resistant ovarian cancer has a poor prognosis 
with few effective therapeutic options, none of 
which have shown a substantial overall survival 
benefit.13

Mirvetuximab soravtansine-gynx (MIRV) is a 
first-in-class antibody–drug conjugate targeting 
folate receptor α (FRα), a biomarker that is com-

monly overexpressed on ovarian carcinomas and 
minimally expressed on normal tissues.14-18 MIRV 
comprises an FRα-binding antibody, a cleavable 
linker, and the maytansinoid DM4, a potent tubu-
lin-targeting agent.14,18 Clinical trials of single-
agent MIRV have shown anticancer activity and 
a safety profile that primarily included low-
grade gastrointestinal, neurosensory, and revers-
ible ocular adverse events.18-20 In the single-group 
SORAYA trial of MIRV in FRα-positive, bevacizu-
mab-pretreated, platinum-resistant, high-grade 
serous ovarian cancer, the investigator-assessed 
objective response was 32.4% (95% confidence 
interval [CI], 23.6 to 42.2), with 5 complete and 
29 partial responses, and the median duration of 
response was 6.9 months (95% CI, 5.6 to 9.7).19 
The median overall survival in the SORAYA trial 
was 15.0 months (95% CI, 11.5 to 18.7); an esti-
mated 37% of patients were alive at year 2.21 On 
November 14, 2022, on the basis of the positive 
results of the pivotal SORAYA trial, the Food and 
Drug Administration (FDA) granted accelerated 
approval to MIRV for adults with FRα-positive, 
platinum-resistant ovarian cancer (as assessed 
by an FDA-approved test) who had previously 
received one to three systemic treatments.19,22,23

In a previous phase 3, open-label, random-
ized, controlled trial (FORWARD I) that com-
pared MIRV with chemotherapy in patients with 
platinum-resistant ovarian cancer with FRα ex-
pression, as determined according to the 10× 
scoring method (i.e., ≥50% of tumor cells with 
observable staining at 10× magnification), who 
had previously received one to three lines of 
therapy, MIRV did not result in a significant 
improvement in progression-free survival (the 
primary end point).20 However, results for the 
secondary end points consistently favored MIRV, 
particularly in a prespecified population with 
high FRα tumor expression.20 Furthermore, ex-
ploratory rescoring of FRα expression levels with 
an alternative scoring method referred to as 
PS2+ showed that the 10× scoring method used 
for screening diluted the treatment effect of 
MIRV by allowing enrollment of participants 
with lower-than-expected levels of FRα expres-
sion.20,24 These findings supported the use of the 
PS2+ scoring method for determining FRα ex-
pression levels in subsequent clinical trials, there-
by informing the trial designs for the reevalua-
tion of MIRV in both the current trial and the 
SORAYA trial. Here, we report the results of a 
trial that investigated the efficacy and safety of 
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline (Intention-to-Treat Population).*

Characteristic
MIRV 

(N = 227)
Chemotherapy 

(N = 226)

Age

Median (range) — yr 64 (32–88) 62 (29–87)

≥65 yr — no. (%) 107 (47.1) 92 (40.7)

Race — no. (%)†

White 156 (68.7) 145 (64.2)

Black 8 (3.5) 5 (2.2)

Asian 28 (12.3) 25 (11.1)

Not reported 32 (14.1) 49 (21.7)

Other 3 (1.3) 2 (0.9)

Ethnic group — no. (%)†

Hispanic or Latino 12 (5.3) 15 (6.6)

Not Hispanic or Latino 177 (78.0) 163 (72.1)

Unknown 2 (0.9) 2 (0.9)

Not reported 35 (15.4) 45 (19.9)

Missing data 1 (0.4) 1 (0.4)

Primary cancer diagnosis — no. (%)

Epithelial ovarian cancer 182 (80.2) 182 (80.5)

Fallopian tube cancer 27 (11.9) 23 (10.2)

Primary peritoneal cancer 16 (7.0) 20 (8.8)

Other 2 (0.9) 1 (0.4)

Stage at initial diagnosis — no. (%)‡

IA or IIA 7 (3.1) 1 (0.4)

IIB or IIC 2 (0.9) 8 (3.5)

IIIA 14 (6.2) 16 (7.1)

IIIB 16 (7.0) 11 (4.9)

IIIC 107 (47.1) 120 (53.1)

IV 76 (33.5) 65 (28.8)

Missing data 5 (2.2) 5 (2.2)

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

0 130 (57.3) 120 (53.1)

1 97 (42.7) 101 (44.7)

2 0 3 (1.3)

Missing data 0 2 (0.9)

BRCA mutation — no. (%)

BRCA1 positive 24 (10.6) 29 (12.8)

BRCA2 positive 9 (4.0) 7 (3.1)

Negative or unknown 198 (87.2) 190 (84.1)

Previous lines of systemic therapy

1 29 (12.8) 34 (15.0)

2 90 (39.6) 88 (38.9)

3 108 (47.6) 104 (46.0)
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single-agent MIRV as compared with the investi-
gator’s choice of chemotherapy in participants 
with FRα-positive, platinum-resistant, high-grade 
serous ovarian cancer.

Me thods

Trial Design and Randomization

The MIRASOL trial was a confirmatory, phase 3, 
randomized, controlled trial in which partici-
pants were enrolled at 253 sites in 21 countries. 
An open-label design was used because each 
trial drug has a unique dose and examination 
schedule and safety profile. The participants were 
assigned in a 1:1 ratio to receive single-agent 
MIRV or the investigator’s choice of chemother-
apy (paclitaxel, pegylated liposomal doxorubicin, 
or topotecan; hereafter referred to as chemo-
therapy). Randomization was stratified accord-
ing to the number of previous lines of therapy 
(one, two, or three) and chemotherapy agent 

(paclitaxel, pegylated liposomal doxorubicin, or 
topotecan). Participants continued to receive the 
trial drug until the occurrence of disease pro-
gression, an unacceptable toxic effect, with-
drawal of consent, or death. A list of the inves-
tigators and additional details regarding the 
trial design and analysis are provided in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org. The trial was 
funded by ImmunoGen.

The trial was conducted according to the 
principles of the Declaration of Helsinki, the 
Good Clinical Practice guidelines of the Interna-
tional Council for Harmonisation, and local 
regulatory requirements. The institutional re-
view board or independent ethics committee at 
each investigative site approved the protocol, 
available at NEJM.org. All the participants (or 
their legally authorized representatives) provided 
written informed consent. The investigators de-
signed the trial and interpreted the data. A sub-

Characteristic
MIRV 

(N = 227)
Chemotherapy 

(N = 226)

Previous exposure — no. (%)

Bevacizumab 138 (60.8) 143 (63.3)

PARP inhibitor 124 (54.6) 127 (56.2)

Taxane 227 (100) 224 (99.1)

Doxorubicin or pegylated liposomal doxorubicin 130 (57.3) 133 (58.8)

Topotecan  1 (0.4)  2 (0.9)

Primary platinum-free interval — no. (%)¶

≤12 mo 146 (64.3) 142 (62.8)

>12 mo  80 (35.2)  84 (37.2)

Missing data  1 (0.4) 0

Platinum-free interval — no. (%)‖

≤3 mo  88 (38.8)  99 (43.8)

>3 to ≤6 mo 138 (60.8) 124 (54.9)

>6 mo  1 (0.4)  3 (1.3)

*  Percentages may not total 100 because of rounding. MIRV denotes mirvetuximab soravtansine-gynx, and PARP 
poly(adenosine diphosphate–ribose) polymerase.

†  Race and ethnic group were reported by the participants.
‡  Stage at diagnosis was assessed according to the ovarian cancer staging system used by the local institution.
§  Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a scale of 0 to 5, with higher 

scores indicating greater disability.
¶  Primary platinum-free interval was defined as the time from last dose of first-line platinum therapy to the date of disease 

progression or relapse after first-line therapy.
‖  Platinum-free interval was defined as the time from last dose of the latest line of platinum therapy to the date of disease 

progression or relapse after that line of therapy.

Table 1. (Continued.)
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group of authors collected and analyzed the 
data. All the authors contributed to the develop-
ment of the manuscript, approved the final ver-
sion for submission, and vouch for the accuracy 
and completeness of the data and for the fidel-
ity of the trial and protocol. Writing assistance 
was paid for by ImmunoGen.

Participants

Eligible participants were 18 years of age or 
older with a confirmed diagnosis of platinum-

resistant, high-grade serous ovarian cancer. Par-
ticipants must have received one to three previ-
ous lines of systemic anticancer therapy and had 
disease progression while receiving or immedi-
ately after receiving the previous therapy. Par-
ticipants who had received one line of platinum-
based therapy must have received at least four cycles 
of their initial platinum-containing regimen, had 
a response (complete or partial), and then had 
disease progression between 3 and 6 months 
after their last dose. Participants who had previ-

Figure 1. Efficacy Findings with MIRV as Compared with the Investigator’s Choice of Chemotherapy.

Shown are the Kaplan–Meier estimates of investigator-assessed progression-free survival (the primary end point 
[Panel A]) and of overall survival (a key secondary end point [Panel B]) in the mirvetuximab soravtansine-gynx (MIRV) 
group and the chemotherapy group. The restricted mean progression-free survival at 12 months was 6.13 months 
(95% CI, 5.62 to 6.64) in the MIRV group and 4.72 months (95% CI, 4.21 to 5.23) in the chemotherapy group. Analy-
ses were performed in the intention-to-treat population.
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ously received two or three lines of platinum-
based therapy must have had disease progression 
while receiving the therapy or within 6 months 
after the last dose. Progression was calculated 
from the date of the last administered dose of 
platinum-based therapy to the date of radio-
graphic imaging that showed evidence of pro-
gression.

All the participants were required to have 
“high” FRα tumor expression, as determined 
according to the PS2+ scoring method (i.e., ≥75% 
of viable tumor cells with moderate [2+] or 
strong [3+] staining intensity); immunohisto-
chemical analysis of fresh biopsy or archival tis-
sue was performed with the use of the VENTANA 
FOLR1 (FOLR1-2.1) RxDx assay, now approved by 

the FDA.25 Participants must have had at least 
one lesion that met the definition of measurable 
disease according to the Response Evaluation 
Criteria in Solid Tumors (RECIST), version 1.1, 
and an Eastern Cooperative Oncology Group 
performance-status score of 0 or 1 (on a 5-point 
scale in which higher scores reflect greater dis-
ability). Patients were excluded if they had preex-
isting peripheral neuropathy with a grade higher 
than 1 (according to Common Terminology Crite-
ria for Adverse Events, version 5.0), a chronic 
corneal disorder, a history of corneal transplan-
tation, or an active ocular condition for which 
they were receiving ongoing treatment and mon-
itoring. Full eligibility criteria are listed in the 
protocol.

Table 2. Investigator-Assessed Objective Response and Other Secondary Efficacy End Points (Intention-to-Treat Population).

End Point
MIRV 

(N = 227)
Chemotherapy 

(N = 226)
Treatment 
Difference

Odds Ratio or 
Hazard Ratio*

percentage points

Key secondary end point

Investigator-assessed objective response†

Participants with response — no. 96 36

% (95% CI) 42.3 (35.8–49.0) 15.9 (11.4–21.4) 26.4 (18.4–34.4) 3.81 (2.44–5.94)‡

Best overall response — no. (%)

Complete response 12 (5.3) 0

Partial response 84 (37.0) 36 (15.9)

Stable disease§ 86 (37.9) 91 (40.3)

Progressive disease 31 (13.7) 62 (27.4)

Not evaluable 14 (6.2) 37 (16.4)

Other secondary end points

Median duration of response (95% CI) — mo¶ 6.77 (5.62–8.31) 4.47 (4.17–5.82) 0.62 (0.40–0.97)

CA-125 response‖

Participants with response — no./total no. 
of evaluable participants

105/181 47/155

% (95% CI) 58.0 (50.5–65.3) 30.3 (23.2–38.2) 27.7 (17.5–37.9)

*  An odds ratio is reported for investigator-assessed objective response (i.e., the chance of having a response during the treatment period), 
and a hazard ratio is reported for duration of response (i.e., the time from the date of first response until the occurrence of progressive dis-
ease or death from any cause).

†  An objective response was defined as a complete response or a partial response.
‡  P<0.001.
§  Stable disease was defined as a tumor with neither sufficient shrinkage to qualify for partial response nor sufficient growth to qualify for pro-

gressive disease.
¶  The median duration of response was determined among the participants who had an investigator-confirmed objective response.
‖  Cancer antigen 125 (CA-125) response (i.e., a reduction in CA-125 levels of ≥50% from baseline, confirmed and maintained for at least 28 

days) was determined according to Gynecologic Cancer InterGroup criteria. The participants who could be evaluated for this response in-
cluded those who had undergone randomization and received at least one dose of MIRV or chemotherapy, whose pretreatment CA-125 was 
at least 2.0 times the upper limit of the normal range within the 2 weeks before randomization, and who had at least one postbaseline CA-
125 evaluation.
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Interventions

MIRV was administered intravenously at a dose 
of 6 mg per kilogram of adjusted ideal body 
weight every 3 weeks. Participants in the chemo-
therapy group received paclitaxel (80 mg per 
square meter of body-surface area, administered 
intravenously on days 1, 8, 15, and 22 of a 
4-week cycle), pegylated liposomal doxorubicin 
(40 mg per square meter, administered intrave-
nously on day 1 of a 4-week cycle), or topotecan 
(4 mg per square meter, administered intrave-
nously on days 1, 8, and 15 of a 4-week cycle, or 
1.25 mg per square meter, administered intrave-
nously on days 1 to 5 of a 3-week cycle).

Participants receiving chemotherapy were pre-
medicated at the investigator’s discretion. Partici-
pants receiving MIRV were premedicated with 
acetaminophen or paracetamol, dexamethasone, 
and diphenhydramine for infusion-related reac-
tions. Prophylactic glucocorticoid eye drops were 
also administered (six times daily on days −1 
[the day before each infusion of MIRV] to 4 and 
four times daily on days 5 to 8 of each cycle), 
and preservative-free lubricating artificial tears 
were recommended daily (additional details are 
provided in the Supplementary Methods section 
in the Supplementary Appendix). All the partici-
pants received ocular examinations at screening. 
Participants receiving MIRV underwent addi-
tional ocular examinations at the onset of ocular 
symptoms and at every other cycle thereafter.

Outcomes and Assessments

The primary end point was progression-free sur-
vival, defined as the time from the date of ran-
domization until investigator-assessed progres-
sive disease or death, whichever occurred first. 
Key secondary analytic end points included in-
vestigator-assessed objective response (i.e., a con-
firmed complete or partial response) according 
to RECIST, version 1.1; overall survival (the time 
from the date of randomization until the date of 
death); and participant-reported outcomes (a full 
description of participant-reported outcomes is 
provided in the Supplementary Appendix; results 
are not reported here). Additional secondary end 
points included the duration of response (the 
time from initial response until investigator-
assessed progressive disease or death occurred 
for all participants who had a confirmed objec-
tive response), cancer antigen 125 (CA-125) re-
sponse according to Gynecologic Cancer Inter-
Group criteria (i.e., a reduction in CA-125 levels 
of ≥50% from baseline, confirmed and main-
tained for at least 28 days), the time to occur-
rence of second disease progression or death, 
and safety. Exploratory subgroup analyses 
(e.g., previous exposure to bevacizumab or to 
poly[adenosine diphosphate–ribose] polymerase 
[PARP] inhibitors) were also conducted. Progres-
sion-free survival and objective response, as de-
termined by blinded independent central review, 
were evaluated as sensitivity analyses. Adverse 
events were coded according to the Medical Dic-
tionary for Regulatory Activities, version 24.0.

Statistical Analysis

We estimated that with approximately 430 par-
ticipants randomly assigned in a 1:1 ratio to the 
MIRV group or the chemotherapy group, the 
trial would have 90% power to detect a hazard 
ratio for disease progression or death of 0.7 at a 
two-sided α level of 0.05, assuming a median 
progression-free survival of 5.0 months in the 
MIRV group and 3.5 months in the chemotherapy 
group. Efficacy was assessed in the intention-to-
treat population, which included all the partici-
pants who underwent randomization, regardless 
of whether they received the assigned treatment. 
The safety population included all the partici-
pants who underwent randomization and received 
at least one dose of the assigned treatment.

The final analysis of investigator-assessed 
progression-free survival was conducted after at 

Figure 2 (facing page). Exploratory Subgroup Analyses.

Shown are the results of exploratory subgroup analyses 
of progression-free survival and overall survival in the 
intention-to-treat population. The hazard ratio for death 
that is reported for all the participants was based on a 
Cox proportional-hazards model, stratified according  
to the randomization factors that were collected in the 
interactive response technology system. In each sub-
group, the hazard ratio was estimated with the use of 
an unstratified Cox proportional-hazards model; under 
the assumption of proportional hazards, a hazard ratio 
of less than 1 indicates a reduction in the hazard in favor 
of the MIRV group. Restricted mean progression-free 
survival at 12 months was 6.13 months (95% CI, 5.62 
to 6.64) in the MIRV group and 4.72 months (95% CI, 
4.21 to 5.23) in the chemotherapy group. Eastern Coop-
erative Oncology Group (ECOG) performance-status 
scores are assessed on a scale of 0 to 5, with higher 
scores indicating greater disability. NR denotes not re-
ported, and PARP poly(adenosine diphosphate–ribose) 
polymerase.
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least 330 disease progression events or deaths 
had occurred. Once the result with respect to the 
primary end point was determined to be signifi-
cant, hierarchical testing was used to control the 
familywise type I error rate for the key second-
ary end points of objective response, overall 
survival, and participant-reported outcomes. The 
Kaplan–Meier method was used to estimate the 
curves for progression-free survival, overall sur-
vival, duration of response, and time to second 
disease progression or death in each trial group. 
The primary progression-free and overall sur-
vival hypotheses were tested with the use of the 
stratified log-rank test; hazard ratios and associ-
ated 95% confidence intervals were analyzed 

with the use of stratified Cox proportional-haz-
ards models. The supremum test was used to 
assess nonproportionality for progression-free 
survival, overall survival, and time to second 
disease progression or death; analyses of piece-
wise hazard ratios for progression-free survival, 
when possible nonproportionality was observed, 
are described in the Supplementary Appendix. 
We also report the restricted mean survival time 
at 12 months for progression-free survival. The 
widths of the 95% confidence intervals were not 
adjusted for multiplicity and cannot be used to 
infer effects. Objective response and CA-125 re-
sponse were compared between the trial groups 
with the use of stratified Cochran–Mantel–

Table 3. Adverse Events That Occurred during the Treatment Period in the Safety Population.*

Adverse Event
MIRV 

(N = 218)
Chemotherapy 

(N = 207)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of participants (percent)

Any adverse event 210 (96.3) 91 (41.7) 194 (93.7) 112 (54.1)

Any treatment-related adverse event 188 (86.2) 53 (24.3) 167 (80.7) 77 (37.2)

Serious adverse event 52 (23.9) 44 (20.2) 68 (32.9) 59 (28.5)

Serious treatment-related adverse event 20 (9.2) 16 (7.3) 16 (7.7) 16 (7.7)

Adverse event leading to dose reduction 74 (33.9) — 50 (24.2) —

Adverse event leading to dose delay or hold 117 (53.7) — 111 (53.6) —

Adverse event leading to dose discontinuation 20 (9.2) — 33 (15.9) —

Adverse event leading to death 5 (2.3) — 5 (2.4) —

Treatment-related adverse event leading to death 1 (0.5) — 1 (0.5) —

Adverse events occurring in ≥20% of participants  
in a trial group

Blurred vision 89 (40.8) 17 (7.8) 5 (2.4) 0

Keratopathy 70 (32.1) 20 (9.2) 0 0

Abdominal pain 66 (30.3) 6 (2.8) 31 (15.0) 3 (1.4)

Fatigue 66 (30.3) 5 (2.3) 52 (25.1) 11 (5.3)

Diarrhea 64 (29.4) 3 (1.4) 36 (17.4) 1 (0.5)

Dry eye 61 (28.0) 7 (3.2) 5 (2.4) 0

Constipation 59 (27.1) 0 40 (19.3) 2 (1.0)

Nausea 58 (26.6) 4 (1.8) 60 (29.0) 4 (1.9)

Peripheral neuropathy 47 (21.6) 3 (1.4) 30 (14.5) 4 (1.9)

Neutropenia 24 (11.0) 2 (0.9) 59 (28.5) 36 (17.4)

Anemia 21 (9.6) 2 (0.9) 71 (34.3) 21 (10.1)

*  Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0. The 
relatedness of adverse events to treatment was determined by the investigator.
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Haenszel tests. The stratified analyses were 
conducted on the basis of the randomization 
stratification factors.

R esult s

Participants

Trial enrollment began on February 3, 2020; the 
data-cutoff date for the primary analysis was 
March 6, 2023. A total of 453 participants under-
went randomization and were included in the 
intention-to-treat population; 227 were assigned 
to the MIRV group and 226 to the chemotherapy 
group (92 to receive paclitaxel, 81 to receive peg-
ylated liposomal doxorubicin, and 53 to receive 
topotecan) (Fig. S1 in the Supplementary Appen-
dix). A total of 425 participants received at least 
one dose of the assigned treatment (218 in the 
MIRV group and 207 in the chemotherapy group) 
and were included in the safety population.

The demographic and clinical characteristics of 
the participants at baseline are shown in Table 1. 
Most participants had high-grade serous (100%) 
epithelial ovarian cancer (80.4%), had received two 
or three previous lines of therapy (86.1%), and had 
previous exposure to taxane (99.6%), bevacizumab 
(62.0%), and PARP inhibitors (55.4%). In the 
safety population, the median duration of the as-
signed treatment was 4.98 months (range, 0.69 to 
27.37; median cycles, 7 [range, 1 to 39]) in the 
MIRV group and 2.96 months (range, 0.46 to 
18.10; median cycles, 3 [range, 1 to 19]) in the 
chemotherapy group. For individual chemothera-
pies, the median duration of the assigned treat-
ment was 3.80 months (range, 0.46 to 8.41; me-
dian cycles, 4 [range, 1 to 9]) for paclitaxel, 2.76 
months (range, 0.92 to 18.10; median cycles, 3 
[range, 1 to 16]) for pegylated liposomal doxoru-
bicin, and 2.3 months (range, 0.46 to 14.23; me-
dian cycles, 3 [range, 1 to 19]) for topotecan.

Efficacy

Investigator-assessed progression-free survival 
was significantly longer in the MIRV group (me-
dian, 5.62 months; 95% CI, 4.34 to 5.95) than in 
the chemotherapy group (median, 3.98 months; 
95% CI, 2.86 to 4.47) (P<0.001) (Fig. 1A). The 
restricted mean progression-free survival at 12 
months was 6.13 months (95% CI, 5.62 to 6.64) 
in the MIRV group and 4.72 months (95% CI, 
4.21 to 5.23) in the chemotherapy group.

The percentage of participants with an inves-
tigator-assessed objective response (a key sec-
ondary end point) was significantly higher in the 
MIRV group (42.3%; 95% CI, 35.8 to 49.0) than 
in the chemotherapy group (15.9%; 95% CI, 11.4 
to 21.4) (odds ratio, 3.81; 95% CI, 2.44 to 5.94; 
P<0.001) (Table 2). Among the participants in 
the MIRV group, 12 (5.3%) had a complete re-
sponse and 84 (37.0%) had a partial response, as 
compared with 0 and 36 participants (15.9%), 
respectively, in the chemotherapy group. Best 
overall responses are shown in Table 2, and the 
results of exploratory analyses of best percent 
change in tumor burden from baseline are shown 
in Figures S2 and S3. The median overall sur-
vival was 16.46 months (95% CI, 14.46 to 24.57) 
in the MIRV group and 12.75 months (95% CI, 
10.91 to 14.36) in the chemotherapy group; this 
difference was significant (hazard ratio for 
death, 0.67; 95% CI, 0.50 to 0.89; P = 0.005) 
(Fig. 1B). The median duration of response was 
6.77 months (95% CI, 5.62 to 8.31) among the 
96 participants in the MIRV group who had a 
response, as compared with 4.47 months (95% 
CI, 4.17 to 5.82) among the 36 participants in 
the chemotherapy group who had a response 
(hazard ratio, 0.62; 95% CI, 0.40 to 0.97) (Ta-
ble 2). The percentage of participants with a 
CA-125 response was higher in the MIRV group 
than in the chemotherapy group (58.0% vs. 
30.3%; difference, 27.7 percentage points; 95% 
CI, 17.5 to 37.9) (Table 2). A Kaplan–Meier curve 
for the time to second disease progression or 
death is shown in Figure S4.

The results of subgroup analyses of investiga-
tor-assessed progression-free survival, objective 
response, and overall survival appeared to consis-
tently favor MIRV over chemotherapy (Fig. 2 and 
Fig. S5). Sensitivity analyses of progression-free 
survival (hazard ratio, 0.72; 95% CI, 0.56 to 0.92) 
(Fig. S6) and objective response (odds ratio, 3.22; 
95% CI, 2.04 to 5.09) (Table S1), as assessed by 
blinded independent central review, were concor-
dant with the investigator-assessed results.

Safety

Adverse events that occurred during the treat-
ment period are reported in Table 3. Such ad-
verse events occurred in 210 participants (96.3%) 
in the MIRV group and in 194 participants 
(93.7%) in the chemotherapy group. The most 
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common adverse events among the participants 
in the MIRV group were blurred vision (in 89 
[40.8%]), keratopathy (in 70 [32.1%]), abdominal 
pain (in 66 [30.3%]), and fatigue (in 66 [30.3%]). 
The most common adverse events among the 
participants in the chemotherapy group were 
anemia (in 71 [34.3%]), nausea (in 60 [29.0%]), 
neutropenia (in 59 [28.5%]), and fatigue (in 52 
[25.1%]). Adverse events of interest (peripheral 
neuropathy, alopecia, and hematologic, gastro-
intestinal, and ocular events) that occurred with 
MIRV as compared with individual chemothera-
pies are summarized in Figure S7.

Adverse events of at least grade 3 occurred in 
91 participants (41.7%) in the MIRV group and 
in 112 participants (54.1%) in the chemotherapy 
group. Serious adverse events occurred in 52 
participants (23.9%) in the MIRV group and in 
68 participants (32.9%) in the chemotherapy 
group. Dose reductions and delays or holds are 
reported in Table S2. A total of 20 participants 
(9.2%) discontinued MIRV owing to adverse 
events; the most common adverse events leading 
to discontinuation were blurred vision (in 3 par-
ticipants) and pneumonitis (in 3). A total of 33 
participants (15.9%) discontinued chemotherapy 
owing to adverse events, the most common be-
ing peripheral neuropathy (in 4), thrombocyto-
penia (in 3), and fatigue (in 3). Death due to a 
treatment-related adverse event occurred in 1 par-
ticipant in the MIRV group (neutropenic sepsis) 
and in 1 participant who received topotecan in 
the chemotherapy group (septic shock).

In the MIRV group, ocular adverse events oc-
curred in 122 participants (56.0%); grade 3 ocu-
lar adverse events of blurred vision occurred in 
17 participants (7.8%), keratopathy in 20 (9.2%), 
and dry eye in 7 (3.2%) (Table S3). The median 
time to onset of ocular adverse events was 5.4 
weeks (range, 0.1 to 68.6). Nearly all ocular ad-
verse events resolved to grade 0 or 1. A total of 
4 participants (1.8%) discontinued MIRV owing 
to ocular adverse events. No adverse events of 
blurred vision, keratopathy, or dry eye of grade 4 
or higher occurred among the participants. No 
corneal ulcerations, perforations, or permanent 
ocular sequelae have been reported.

Discussion

MIRV is an antibody–drug conjugate that has 
been approved by the FDA for FRα-expressing, 

platinum-resistant ovarian cancer.22 We report the 
results of efficacy and safety assessments in the 
confirmatory, randomized, phase 3 MIRASOL 
trial. The results reinforce the clinical benefit of 
MIRV that was observed initially in the SORAYA 
trial involving bevacizumab-pretreated patients 
with platinum-resistant, high-grade serous ovar-
ian cancer19 and support the safety profile of 
MIRV as compared with chemotherapy that 
was observed during the FORWARD I trial.20 
The FORWARD I trial did not show a significant 
improvement in progression-free survival (the 
primary end point) with MIRV but used a subop-
timal scoring method for measuring FRα ex-
pression that diluted the observed treatment ef-
fect of MIRV.20 Thus, the positive results from 
the current trial comparing MIRV with chemo-
therapy, which enrolled a broader population of 
patients than SORAYA (i.e., previous bevacizu-
mab treatment was not an inclusion criterion in 
the current trial), further reinforce the potential 
for MIRV to alter the treatment landscape for 
platinum-resistant ovarian cancer, a disease with 
historically poor prognosis.13

The MIRASOL trial showed a significant bene-
fit of MIRV with respect to investigator-assessed 
progression-free survival (median, 5.62 months; 
95% CI, 4.34 to 5.95) as compared with chemo-
therapy (median, 3.98 months; 95% CI, 2.86 to 
4.47) (P<0.001). The restricted mean progression-
free survival at 12 months was 6.13 months with 
MIRV and 4.72 months with chemotherapy. 
MIRV was associated with significant benefits 
with respect to investigator-assessed objective 
response (odds ratio, 3.81; 95% CI, 2.44 to 5.94; 
P<0.001) and overall survival (hazard ratio for 
death, 0.67; 95% CI, 0.50 to 0.89; P = 0.005). Re-
sults for progression-free survival and objective 
response, as determined by blinded independent 
central review, were concordant with the investi-
gator-assessed results. No new safety signals for 
MIRV were observed. It is notable that patients 
with platinum-resistant ovarian cancer have rep-
resented a difficult-to-treat population.13

The safety findings in the current trial rein-
force the known safety profile of MIRV, which 
consists primarily of low-grade gastrointestinal, 
neurosensory, and reversible ocular adverse events. 
This trial further shows that ocular adverse 
events are common with MIRV; thus, recom-
mended prophylactic and mitigative measures 
should be adhered to by patients and health care 
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professionals. To this end, Hendershot et al. 
have provided a detailed overview of recom-
mended management and mitigation strategies 
for MIRV-associated ocular adverse events, such 
as eyedrop regimens and dose modifications 
that have been shown to be effective across mul-
tiple clinical trials.26

Our trial has several limitations. The eligibil-
ity criteria may have affected the generalizability 
of the trial population by restricting enrollment 
to participants who had previously received one 
to three lines of systemic therapy and excluding 
patients with primary refractory disease. Gener-
alizability may also be limited by the lack of 
racial and ethnic diversity (Table S4).

In this phase 3, randomized trial involving 
patients with platinum-resistant, FRα-positive 
ovarian cancer, treatment with MIRV, as com-

pared with chemotherapy, was associated with 
significant benefits with respect to progression-
free survival, objective response, and overall 
survival. No new safety signals were observed. 
Platinum-resistant ovarian cancer is a lethal dis-
ease with few efficacious, targeted treatments. 
MIRV appears to be capable of inducing re-
sponses and improving survival in patients with 
this disease.
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