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ImmunoGen (IMGN): Mirvetuximab shows promise in 2nd Line
Treatment of Platinum-Resistant Ovarian Cancer
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We believe antibody-drug conjugates (ADCs) like mirvetuximab soravtansine is an effective drug class in
fulfilling the unmet clinical need of ovarian cancer patients with platinum-resistant progressive disease.
Recurrent ovarian cancer typically expresses a high number of Folate Receptor alpha (FRα) on their cell
surface which makes the selective targeting of this antigen a more effective and milder treatment relative
to the current standard-of-care platinum chemotherapy. Furthermore, it is also likely that the design
changes incorporated in the late-stage MIRASOL trial could improve its probability of success as well as
confirm the results of the pivotal SORAYA clinical study.
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I.

Ovarian Cancer, Disease Progression and Folate Receptor alpha (FRα) Targeting
A. Ovarian Cancer and Platinum Sensitive/Resistant Disease Progression
1.

Ovarian Cancer – Where it Starts

FIGURE 1: Female Reproductive System (top) and Epithelial Ovarian Cancer (bottom)
Ovarian cancers were previously believed to begin only in the ovaries, but
recent evidence suggests that many ovarian cancers may actually start in
the cells in the far (distal) end of the fallopian tubes. Ovaries are
reproductive glands found in the female reproductive system (see Figure 1
top). The ovaries produce eggs (ova) for reproduction. The eggs travel from
the ovaries through the fallopian tubes into the uterus where the fertilized
egg settles in and develops into a fetus. The ovaries are also the main
source of the female hormones, estrogen and progesterone. One ovary is
on each side of the uterus.
Source: NCCN Patient Guidelines: Ovarian Cancer, 2019
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Epithelial ovarian cancer
The ovaries are covered in a layer of tissue called the epithelium, which is made of epithelial cells (see Figure 1
bottom). When ovarian cancer starts in epithelial cells, it is called epithelial ovarian cancer. Most ovarian
cancers start in epithelial cells. Because epithelial ovarian cancer is the most common type, it is often simply
referred to as “ovarian cancer.” Epithelial ovarian tumors start in the outer surface of the ovaries. These
tumors can be benign (not cancer), borderline (low malignant potential), or malignant (cancer).
Benign epithelial ovarian tumor
Epithelial ovarian tumors that are benign do not spread and usually do not lead to serious illness. There are
several types of benign epithelial tumors including serous cystadenomas, mucinous cystadenomas, and
Brenner tumors.
Borderline epithelial tumor
When looked at in the lab, some ovarian epithelial tumors do not clearly appear to be cancerous and are
known as borderline epithelial ovarian cancer. These are different from typical ovarian cancers because they
do not grow into the supporting tissue of the ovary (called the ovarian stroma).
If they do spread outside the ovary, for example, into the abdominal cavity, they might grow on the lining of
the abdomen but not into it. Borderline tumors tend to affect younger women than the typical ovarian
cancers. These tumors grow slowly and are less life threatening than most ovarian cancers.
Malignant epithelial ovarian tumor
Cancerous epithelial tumors are called carcinomas. About 85% to 90% of malignant ovarian cancers are
epithelial ovarian carcinomas. These tumor cells have several features (when looked at in the lab) that can be
used to classify epithelial ovarian carcinomas into different types. The serous type is by far the most common
and can include high grade and low grade tumors. The other main types include mucinous, endometrioid and
clear cell.
•
•
•
•

Serous carcinomas (52%)
Clear cell carcinoma (6%)
Mucinous carcinoma (6%)
Endometrioid carcinoma (10%)

Each ovarian cancer is given a grade, based on how much the tumor cells look like normal tissue:
•

Grade 1 epithelial ovarian carcinomas look more like normal tissue and tend to have a better
prognosis (outlook).

•

Grade 3 epithelial ovarian carcinomas look less like normal tissue and usually have a worse outlook.

Other traits are also taken into account such as how fast the cancer cells grow and how well they respond to
chemotherapy, to classify the tumor type:
•

Type I tumors tend to grow slowly and cause fewer symptoms. These tumors also seem not to
respond well to chemotherapy. Low-grade (grade 1) serous carcinoma, clear cell carcinoma,
mucinous carcinoma and endometrioid carcinoma are examples of type I tumors.

•

Type II tumors grow fast and tend to spread sooner. These tumors tend to respond better to
chemotherapy. High-grade (grade 3) serous carcinoma is an example of a type II tumor.
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Relapsed Ovarian Cancer – Platinum Sensitive vs. Platinum-resistant

Although most women with ovarian cancer achieve remission after surgery and platinum-based
chemotherapy, up to 80% of patients will eventually relapse and die following disease progression. Monitoring
for relapse following primary treatment includes pelvic exams, CA-125 level measurements, and imaging as
clinically indicated. The duration of response to primary platinum-based chemotherapy is determined by a
patient’s platinum sensitivity. Recurrent ovarian cancer is classified based on time since treatment with a
platinum agent, known as the platinum-free interval.
•
•
•
•

Refractory: progression during or within 4 weeks of completing platinum-based therapy.
Primary resistant: relapse within 6 months of completing initial platinum-based therapy.
Partially platinum-sensitive: relapse between 6 and 12 months of completing initial platinum-based
therapy.
Platinum-sensitive: relapse after 12 months of completing platinum-based therapy.

Therapy for disease recurrence depends on initial response to platinum-based therapy. Patients with
platinum-sensitive disease will likely respond to additional platinum-based treatment. However, almost all
patients will eventually develop acquired or secondary platinum resistance. Both primary and secondary
platinum resistance carry a dismal prognosis because limited therapeutic options currently exist for this
patient population.
Platinum-Sensitive Relapsed Ovarian Cancer
For patients who achieve initial complete remission but relapse after 12 months of completing primary
chemotherapy, NCCN guidelines suggest secondary cytoreduction surgery followed by combination platinumbased chemotherapy for the first recurrence. Although response rates to further platinum-based therapy
range from 30% to 90% in women with platinum-sensitive recurrences, median overall survival (OS) is only 2
to 3 years.
Platinum-Resistant Relapsed Ovarian Cancer
For recurrence therapy in patients with platinum-resistant relapsed ovarian cancer, a non-platinum single
agent is usually recommended, but limited evidence exists for particular regimens. Ovarian cancer that does
not respond to primary platinum-based chemotherapy or relapses within 6 months of chemotherapy
completion generally has a low response rate (10%-25%) of short duration to further therapy. Progressionfree survival (PFS) in this population is only 3 to 4 months, and OS is less than a year.
B.

Folate Biology and Folate Receptor alpha (FRα) Targeting

1.

Folate Biology

Folate, also known as vitamin B9 or folic acid, is a B vitamin that helps the body make healthy new cells. Our
body needs folate for the synthesis, repair, and methylation of DNA. It also plays an important role in cell
division and helps in the production of DNA and RNA, the body’s genetic material, especially when cells and
tissues are growing rapidly, such as during pregnancy, infancy and adolescence. Furthermore, the body
requires folate in order to produce healthy red blood cells and prevent anemia.
Folate receptors (FRα, FRβ and FRγ) are cysteine-rich cell-surface glycoproteins that bind folate with high
affinity to enable cellular uptake of folate. Although expressed at very low levels in most tissues, folate
receptors, especially FRα, are expressed at high levels in numerous cancers to meet the folate demand of
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rapidly dividing cells under low folate conditions. The folate dependency of many tumors has been exploited
by the use of anti-FRα antibodies, folate-conjugated drugs and folate-based imaging agents.
2.

Folate Receptor alpha (FRα) Targeting

Folate receptor α (FRα) came into focus as an anti-cancer target many decades after the successful
development of drugs that targeted intracellular folate metabolism, such as methotrexate and pemetrexed.
Binding to FRα is one of several methods by which folate is taken up by cells; however, this receptor is an
attractive anti-cancer drug target owing to the overexpression of FRα in a range of solid tumors, including
ovarian, lung and breast cancers.
Furthermore, using FRα as a biomarker to better target tumors through the use of platforms such as antibodydrug conjugates (ADCs), small-molecule drug conjugates (SMDCs), radio-immunoconjugates and more
recently, chimeric antigen receptor T cells (CAR-T) could further improve the outcomes of patients with FRαoverexpressing cancers such as ovarian, triple-negative breast and lung cancers, making it a promising target
for anti-cancer drug development.
II.

Mirvetuximab Soravtansine and Lessons Learned from FORWARD I Clinical Trial
A. Mirvetuximab Soravtansine – a promising ADC anti-FRα therapy for platinum-resistant ovarian cancer
1.

Reasons why antibody-drug conjugates (ADCs) could be effective in platinum-resistant ovarian cancer

We believe antibody-drug conjugates (ADCs) could be an effective intervention against platinum-resistant
ovarian cancer for the following reasons:
•
•
•
•
•

FRα is expressed on the surface of tumor cells in ovarian cancer and has limited expression in normal
tissues,
FRα-targeted therapeutics could allow for selective treatment delivery to the malignant tissues while
potentially minimizing toxicity to normal tissues,
ADCs are engineered molecules composed of highly cytotoxic compounds conjugated to antibodies
directed toward tumor-associated antigens like FRα in ovarian cancer,
ADCs appear to have favorable pharmacokinetic features as well as specific tumor-targeting
properties, and
ADCs deliver an attached small molecule cytotoxic agent (also known as payload), which makes it a
potent cancer-killing drug.

Given the high risk of relapse in patients with ovarian cancer after surgery and platinum-based therapy, ADCs
could possibly offer an effective therapy and fulfill a critical unmet need for this group of patients.
2.

Mirvetuximab Soravtansine’s mechanism of action (MOA)

Mirvetuximab soravtansine (“mirvetuximab”) is a first-in-class anti-FRα antibody-drug conjugate (ADC). It is a
humanized anti-FRα antibody conjugated to the maytansinoid DM4, a potent antitubulin cytotoxic agent
payload. In preclinical studies, the level of FRα expression on the tumor lesion was a major determinant of
mirvetuximab’s antitumor activity. Mirvetuximab exhibited potent anticancer activity where FRα expression
was representative of patients with ovarian cancer. Mirvetuximab’s mechanism of action is shown in Figure 2.
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FIGURE 2: Mirvetuximab Soravtansine – Mechanism of Action
Mirvetuximab exerts its antitumor
activity by binding with high affinity to
FRα that is expressed on the surface of
tumor cells. The ADC-FRα receptor
complex is then internalized through
antigen-mediated endocytosis. Once
inside the cell, active DM4 catabolites are
released through lysosomal processing.
DM4 inhibits tubulin polymerization, as
well as microtubule assembly, resulting in
cell-cycle arrest and apoptosis. In
addition, active DM4 metabolites can
diffuse into neighboring cells and exert
their cytotoxic effects; this process is
known as bystander killing.
Source: Folate Receptor Alpha as a Therapeutic Target for Ovarian Cancer, OncLive, April 19, 2019

Mirvetuximab has several therapeutic advantages. The use of an antibody to target FRα provides antigen
specificity and also extends the half-life to adequately deliver the cytotoxic payload to the tumor lesions. In
addition, the ability of FRα to internalize large molecules makes it well suited for ADC-based approaches.
Mirvetuximab’s cleavable linker also allows active DM4 metabolites to diffuse from FRα-positive cancer cells
into neighboring cancer cells and kill them through bystander cytotoxic activity. Bystander cytotoxic activity is
especially advantageous in tumors where FRα expression is heterogeneous.
B.

Lessons learned from the failed FORWARD I trial and expectations for SORAYA and MIRASOL trials

1.

Results from the failed FORWARD I clinical trial

In early, Phase I trials, the response rates observed with the agent were around 40%, and those response
proved to be durable in patients with platinum-resistant disease. That data led to the development of the
Phase 3 FORWARD I study as a registration trial to be conducted in a similar population.
Phase 3 FORWARD I trial randomly assigned 366 women with recurrent platinum-resistant ovarian cancer
whose tumors were characterized as having medium or high FRα expression 2:1 to mirvetuximab soravtansine
(n=248) or investigator’s choice of chemotherapy, which could include paclitaxel, pegylated liposomal
doxorubicin, or topotecan (n=118). The primary end point was PFS in the intent-to-treat (ITT) population
(medium and high FRα expression) and, separately, in patients with high FRα. Secondary end points included
objective response rate (ORR) and overall survival (OS). The median follow-up time was 12.5 months.
The study did not meet its primary end point.
In terms of efficacy, the updated data from the Phase 3 FORWARD I trial did not show a statistically significant
improvement in progression-free survival (PFS) with mirvetuximab. Moreover, the median PFS was 3.3 months
in the control arm and 4.8 months in the FRα-high population; this translated to a hazard ratio of 0.693 and a
P value that was less than 0.05, which failed to meet the study’s prespecified P value of less than 0.025.
In terms of safety, the Phase 3 FORWARD I study showed no new safety signals with mirvetuximab
soravtansine in patients with folate receptor (FR) α-high ovarian cancer. Fewer patients experienced grade 3
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treatment-emergent adverse events (AEs) with mirvetuximab versus the investigator’s choice of
chemotherapy. Additionally, fewer patients had to dose reduce because of treatment-emergent AEs with
mirvetuximab. Patients in the mirvetuximab arm experienced expected rates of nausea, diarrhea, and visual
disturbances; all events were low-grade and mitigated with preplanned interventions.
2.

What went wrong in the Phase 3 FORWARD I clinical trial?

According to Kathleen Moore, MD, Associate Director of Clinical Research and Medical Director of the Clinical
Trials Office at Stephenson Cancer Center, investigators were making the assumptions that the control group
would have a PFS of 3.5 months, (which was met at 3.3 months), and that PFS for the mirvetuximab group
would be 6.0 months (the actual PFS was lower at 4.8 months). Moreover, investigators were aiming for a
hazard ratio of 0.58 (the actual hazard ratio was slightly higher at 0.693).
In summary, the topline data showed that no difference in PFS was observed between treatments in the ITT
group, and although there was a difference numerically in the PFS medians in the cohort with high FRα
expression, yielding an HR of 0.68, the P value was not statistically significant.
So, what went wrong? According to Dr. Moore, the assay that had been used to determine FORWARD I
eligibility was different from what was used in the Phase 1 program. The study investigators had changed the
assay to make it more of a companion diagnostic that would be more convenient for clinicians. The change in
the assay caused the dilution of the primary end point.
A reassessment of patients’ FRα expression had found that in actuality, one third had low FRα expression,
making them ineligible for the trial, and half of those characterized as having high FRα expression, had
medium FRα expression.
When investigators reran the data using the correctly characterized FRα-high subgroup, the PFS was
statistically significantly improved, the OS increased from 11 to 16 months, and the ORR was much higher, at
23% versus 6%. According to Dr. Moore, based on the revised results, the study appeared to be positive.
Based on these findings, the FORWARD I investigators will conduct a second, confirmatory trial called
MIRASOL, which will characterize patients with the correct assay and enroll only patients determined to have
high FRα expression. The study will be a 1:1 randomization and will include a more conservative statistical plan
and a more robust power analysis. The trial is expected to enroll its first patient before the end of 2019.
3.

What to expect from the upcoming pivotal SORAYA and confirmatory MIRASOL trials

Key catalysts from ImmunoGen in the short term are:
•
•
•
•
•

enroll the first patient in 1Q20 in its pivotal SORAYA clinical study evaluating mirvetuximab as a
second-line treatment for ovarian cancer.
currently enrolling patients in its late-stage MIRASOL study.
anticipates reporting top-line data from the SORAYA study in mid-2021.
if those results are positive, the company hopes to file for FDA accelerated approval of mirvetuximab
in the latter part of 2021.
the MIRASOL study's results, which are expected in the first half of 2022, would be used as a
confirmatory study to support full approval of the drug, assuming the results are positive.

Figure 3 shows the clinical trial design changes on the late-stage confirmatory MIRASOL study based on the
lessons learned from the earlier Phase 3 FORWARD I clinical trial.
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FIGURE 3: Applying the lessons learned from Phase 3 FORWARD I study to MIRASOL clinical trial

Source: ImmunoGen Corporate Presentation, January 13, 2020

The company believes that the changes in trial design will improve the probability of success for MIRASOL.
Some of those changes include a shift in the patient population to high FRα expression patients only with 3
prior therapies. Moreover, patients enrolled will be randomized 1:1 to a mirvetuximab treatment arm vs. a
control group of investigator’s chemotherapy choice. In addition, the hazard ratio was also changed from
HR:0.58 to a more conservative target of HR:0.70. And lastly, the primary endpoint of progression-free survival
will be determined by the trial investigator in the MIRASOL study instead of a blinded independent central
review committee (BICR) that was done in the previous FORWARD I trial.
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