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Abstract

Grade 3 endometrioid and uterine serous carcinomas (USC) account for the vast majority of
endometrial cancer deaths. The purpose of this study was to determine folic acid receptor alpha
(FRa) expression in these biologically aggressive (Type 1) endometrial cancers, and evaluate FRa
as a targetable receptor for IMGN853 (Mirvetuximab soravtansine). The expression of FRa was
evaluated by immunohistochemistry (IHC) and flow cytometry in 90 endometrioid and USC
samples. The in vitro cytotoxic activity and bystander effect were studied in primary uterine
cancer cell lines expressing differential levels of FRa. In vivo antitumor efficacy of IMGN853 was
evaluated in xenograft/patient derived xenograft (PDX) models. Semi-quantitative IHC analysis
indicated that 41% of the USC patients overexpress FRa. Further, overexpression of FRa (ie, 2+)
was detected via flow cytometry in 22% (2/9) of primary endometrioid and in 27% (3/11) of
primary USC cell lines. Increased cytotoxicity was seen with IMGN853 treatment compared to
control in 2+ expressing uterine tumor cell lines. In contrast, tumor cell lines with low FRa
showed no difference when exposed to IMGN853 versus control. IMGN853 induced bystander
killing of FRa. = 0 tumor cells. In an endometrioid xenograft model (END(K)265), harboring 2+
FRa, IMGN853 treatment showed complete resolution of tumors (p< 0.001). Treatment with
IMGNB853 in USC PDX model (BIO(K)1), expressing 2+ FRa., induced 2-fold increase in median
survival (p< 0.001). IMGN853 shows impressive anti-tumor activity in biologically aggressive
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FRa 2+ uterine cancers. This preclinical data suggests that patients with chemotherapy resistant/
recurrent endometrial cancer overexpressing FRa may benefit from this treatment.
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mirvetuximab soravtansine; IMGN853; Folic Acid Receptor; Antibody drug conjugate (ADC);
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INTRODUCTION

Uterine cancer is the most common gynecologic cancer in the United States (1,2) with
61,380 cases leading to an estimated 10,920 deaths in 2017 (1, 2). Mortality rates for uterine
cancer have increased by more than 100% in the last 2 decades (3), emphasizing the need to
identify novel treatments for advanced/recurrent disease. Therapy selection for these tumors
depends upon the type of uterine cancer, eg. type I versus type Il. Type I tumors are well, or
moderately differentiated tumors with endometrioid histology and are typically associated
with obesity and excess estrogen. At early FIGO stages the striking majority of these tumors
are successfully treated with surgery alone (4-6). Type ll/biologically aggressive tumors,
conversely, harbor multiple histopathologic subtypes (ie., poorly differentiated endometrioid
tumors, serous, clear cell and carcinosarcomas) and are considered, even at early stages, to
be highly aggressive neoplasms with high risk of relapse and poor overall survival. The poor
clinical features of these tumors typically necessitate treatment with surgery, radiation and
chemotherapy (4,7-12). Collectively, biologically aggressive subtypes represent only about
25% of all uterine cancers, but account for more than 50% of all uterine cancer deaths
(13,14). This poor prognosis emphasizes the need to identify novel treatment options for
patients with recurrent type Il disease resistant to conventional chemotherapy.

Antibody drug conjugates (ADC) are a class of targeted therapy combining an antibody
targeting a surface receptor with a toxic payload, thereby allowing selective delivery of a
chemotherapeutic agent to tumor cells. One example of a successful ADC is TDM1
(Kadcyla, Genentech/Roche) which has shown excellent preclinical results in uterine serous
and ovarian cancer cells overexpressing HER2/neu receptors (15,16) and is currently Food
and Drugs Administration (FDA) and European Medical Agency (EMA) approved for the
treatment of HER2-positive metastatic breast cancer patients who previously were treated
with trastuzumab and a taxane chemotherapy. A more recently developed ADC, IMGN853
(Immunogen, Waltham, MA), is composed of a humanized antibody (M9346A) with high
affinity to folic acid receptor alpha (FRa) attached via a cleavable disulfide-containing
hydrophilic linker (sulfo-SPDB), to the maytansinoid DM4, a potent microtubule toxin
(17,18) IMGN853 binds with selectivity to tumor cells expressing FRa and is internalized
by receptor mediated endocytosis. Importantly, once intracellular, IMGN853 is degraded by
acidic lysosomes allowing DM4 to inhibit microtubules, resulting in cell-cycle arrest and
apoptosis. IMGN853 can also induce bystander cytotoxic activity. This action is considered
to be particularly important for the activity of the ADC against tumors with heterogeneous
expression of FRa (ie, negative or low FRa expressing malignant cells intermixed with
FRa highly expressing tumor cells) (18).
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FRa is a glycosylphosphatidylinositol-anchored high-affinity folate receptor that localizes to
the apical surface of epithelia and shows a restricted distribution pattern in normal tissues,
with expression limited to a variety of polarized epithelia, such as those found in the choroid
plexus, kidney, uterus, ovary, lung, and placenta (19-21). Unlike normal tissues, FRa. may
localize to the basolateral side in many tumors, and accordingly, epithelial ovarian cancer
(EOC) and endometrial cancer have recently been identified as a target for anti-folic acid
receptor agents. Several reports have indicated an increased expression of FRa in a large
number of patients with EOC (19-21), and uterine cancer (22-24) and consistent with this
view, the activity of IMGN853 is currently being tested in Phase 11/111 clinical trials with
promising activity reported in platinum-resistant ovarian cancer patients (25-27).

The objective of this study was to evaluate the expression of FRa in biologically aggressive
endometrial cancers and to examine the preclinical anti-tumor activity of IMGN853 against
primary endometrioid and USC cell lines with differential FRa expression. We demonstrate
for the first time that IMGNB853 is highly active, both /n vitro as well as in vivo, against
poorly differentiated, biologically aggressive endometrial tumors which cause the
overwhelming majority of endometrial cancer deaths. Clinical studies with IMGN853 in
patients harboring FRa. overexpressing endometrial tumors resistant to chemotherapy are
warranted.

MATERIALS AND METHODS

Establishment of endometrioid and serous uterine cancer cell lines

Approval for this study was obtained through the Institutional Review Board (IRB). All
patients signed consent before tissue collection per institutional guidelines. Nine primary
endometrial endometrioid and 11 primary uterine serous cell lines were established from
fresh tumor biopsy samples as described previously (28-31). In brief, tumors were processed
by mechanical disruption in an enzymatic solution of 0.14% collagenase type | (Sigma) and
0.01% DNase (Sigma) in RPMI 1640. The resulting solution was incubated for 45 minutes
at room temperature while stirring. The samples were then washed with RPMI 1640/10%
FBS and plated in Petri dishes using RPMI 1640, 10% FBS, 1% penicillin with streptomycin
and 1% amphotericin. The cell lines were kept in an incubator at 37 degrees Celsius with 5%
COy. The cell cultures were continually monitored for growth. Primary cell lines with
limited passages (<50) were utilized in the experiments. Tumors were initially staged per the
International Federation of Gynecology and Obstetrics (FIGO) staging system.

Tissue Microarray

A retrospective, stage I-1V uterine (USC) cohort represented in tissue microarray (TMA)
format, was used in this study (USC N = 70). Cases were collected between 1981 and 2014.
Briefly, representative areas from primary tumors were selected in hematoxylin/eosin—
stained preparations by a pathologist and 0.6 mm cores were obtained using a needle and
arrayed in a recipient block. To increase representation and capture possible marker
heterogeneity, 4 cores obtained from different areas of each tumor were included in the
TMAS. Sections of the resultant TMA were cut and transferred to glass slides for histology
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processing and staining. Tissues were collected with specific consent or waived consent
under an approved Yale Human Investigation committee protocol.

Immunostaining of Tissue Microarrays, and Cell Blocks of Primary Endometrial
Endometrioid and Uterine Serous Cancer Cell Lines

Formalin-fixed paraffin-embedded cell lines, patient derived xenograft (PDX) tumors and
human xenograft tumors were evaluated by immunohistochemistry (IHC) for FRa. using
anti-FOLR1 alpha antibody (FOLR1-2.1(353.2.1, Immunogen). Five um cell pellet and
tissue sections were prepared and along with the TMAs, stained with FOLR1-2.1 using
Ventana Medical System’s Discovery Ultra instrument. H-score was calculated by
determining the level of FRa expression (ie, intensity level of membrane staining on each
cell (0-3, 0 = negative, 1 = weak, 2 = moderate and 3 = strong), and the percentage of cells
in a representative field at each staining intensity (0-100%) as follows: [1 x (% cells 1+) + 2
x (% cells 2+) + 3 x (% cells 3+)], with a final score, ranging from 0 to 300. Appropriate
positive (KB cell line) and negative controls (hamalwa cell line) were used with each case.
All staining was evaluated and scored by a board-certified pathologist.

Determination of folic acid receptor expression in endometrioid and uterine serous cancer

cell lines

Primary endometrial endometrioid and USC cell lines were analyzed by flow cytometry for
FRa expression after being cultured /n vitro for up to 50 passages. Briefly, the endometrial
endometrioid, mixed endometrioid/clear cells and serous uterine cancer cell lines were
incubated with 2.5 pg/mL of M9346A for 120 min at 7 degrees Celsius. For staining, a
fluorescein isothiocyanate-conjugated goat anti-human F(ab1)2 immunoglobulin (FITC) was
used as a secondary reagent (BioSource International, Camarillo, CA). Comparisons were
made between the isotype control Mab and the cell line stained with M9346A while the
corresponding cell blocks were analyzed for FRa by IHC. Analysis was conducted with a
FACScalibur, using Cell Quest software (BD Biosciences, San Diego, CA). Cell viability
was determined by identifying all viable and all non-viable cells, identified by incubating
with propidium iodide (PI) staining (2ul of 500 pg/mL stock solution in PBS). Data analysis
was performed using Cell Quest (BD Biosciences) and Prism 7.01. Cell lines with a Mean
fluorescence index (MFI) greater than 50 were determined to have 2+ expression of FRa,
while cell lines with an MFI of 20 to 50 were noted to have 1+ and 20 or less was 0.

Cell Viability Assays in endometrial endometrioid and USC cell lines

Endometrial endometrioid and uterine serous cancer cell lines were plated at log phase of
growth in 6-well tissue culture plates at a density of 20,000-40,000 cells per well in RPMI
1640 media (Life Technologies, Carlsbad, CA) supplemented with 10% fetal bovine serum,
1% penicillin/streptomycin (Mediatech, Manassas, VA), and 1 % amphotericin (Life
Technologies, Carlshad, CA) as previously described (28). Cells were incubated at 37°C, 5%
COy, for 24 hours. After this brief incubation, cells were treated with either IMGN853
(M9346A-sulfo-SPDB-DM4), non-targeting ADC isotype control (chKTI-sulfo-SPDB-
DM4) or the naked Mab M9346A (Immunogen, Waltham, MA). IMGN853, ADC isotype
control and M9346A were used at an equivalent antibody concentrations to determine the
ICsq. After 72 hours of incubation, cells were harvested, centrifuged and stained with
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propidium iodide (2ul of 500 pg/mL stock solution in PBS). Analysis was performed using a
flow cytometry based assay to quantify percent viable cells as a mean £ SEM relative to
untreated cells as 100% viable controls. A minimum of three independent experiments per
cell line was performed.

Bystander Effect

Briefly, a 1:1 ratio of 2+ FRa. expressing uterine endometrioid cells (i.e., END(K)265) and
FRa negative uterine serous cells (i.e., ARK4) stably transfected with a Green Fluorescence
Protein (GFP) plasmid (pCDH-CMV-MCSEF1-copGFP, a gift from Dr. Simona Colla,
MDACC), were mixed (40,000 cells/well of each cell type) and plated in 6-well plates (2
mL/well). After an overnight incubation, IMGN853 or isotype control ADC at a
concentration of 0.1pg/ml or vehicle were added. After a 72-hour incubation, cells were
harvested, centrifuged and stained with propidium iodide (2ul of 500 pg/mL stock solution
in PBS) to identify percentage of cell killing. Analysis was performed using flow cytometry
based assay to quantify cell killing as a mean + SEM relative to untreated cells. After
determining the percentage of cell killing the formula, percentage of cell killing in negative
FRa cells/percentage of cell killing in positive FRa cells, was utilized to calculate cell death
in the low FRa tumor cells (ARK4) relative to tumor cells with high FRa expression
(END(K)265).

In vivo treatment of xenograft model of endometrial endometrioid cancer

The in vivo antitumor activity of IMGN853, ADC isotype control and M9346A was
compared in xenograft models with a grade 3 endometrioid/clear cell tumor harboring 2+
FRa expression (END(K)265). Six to eight week old CB-17/SCID mice were given a single
subcutaneous injection of 15 x 108 END(K)265 cells in approximately 300 ul of a 1:1
solution of sterile PBS containing cells and Matrigel (BD Biosciences). Once the average
group size tumor volume was approximately 0.159 cm3, the mice were randomized into
treatment groups (ie, 6 to 7 per group); each group was treated with either IMGN853 (5 mg/
kg), isotype control (5 mg/kg), M9346A (5 mg/kg) or PBS. Drug dosages were chosen
according to previous studies conducted on xenograft models (18,32). All treatment drugs
were given as retro-orbital intravenous (1) weekly injections for two doses based on prior
literature (18,32). Tumor measurements were recorded twice weekly initially, then once
weekly. Tumor volume was determined using the formula (A2 * B)/2, where B represented
the largest tumor diameter size and A was the smaller perpendicular tumor diameter. Mice
were sacrificed when the group’s average tumor volume reached 1.0 cm3. Animal care and
euthanasia were carried out according to the rules and regulations as set forth by the
Institutional Animal Care and Use Committee (IACUC).

In vivo model of uterine serous cancer

Efficacy of IMGNB853 /i vivo was evaluated on a patient-derived xenograft (PDX) model of
uterine serous cancer, BIO(K)1, as described in Methods. Briefly, patient tissue collection
was completed per institutional guidelines. BIO(K)1 was obtained from a core biopsy
sample of metastatic serous uterine cancer prior to therapy. Tissue from the biopsy was
directly engrafted subcutaneously on the flank region of CB-17/SCID mice using 3-5 mm3
fragments, 150 pl of Matrigel (BD Biosciences) was placed into the same subcutaneous
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region. These tumor xenografts were serially passaged and expanded in the CB-17/SCID
mice until adequate tumor volumes were obtained to initiate a study with IMGN853, ADC
isotype control and M9346A; utilizing 5-6 mice per group. Tumor measurements and
treatments were completed as previously outlined. Mice were sacrificed when tumor volume
reached 1.5 cm?3.

Statistical analysis

RESULTS

Statistical analysis was performed using GraphPad Prism version 7.01 (GraphPad Software,
Inc. San Diego, CA). The differences in the inhibition of proliferation in the endometrial
endometrioid and uterine serous cell lines after exposure to treatments were evaluated by
two-tailed unpaired student t-test. In all /7 vivo experiments aimed at analyzing survival and
tumor growth 6 animals per group were used. This group size was calculated as the minimal
group size to observe a difference in survival of 50% with 80% chance at significance of
0.05. Overall survival data were analyzed and plotted using the Kaplan-Meier method.
Survival curves were compared using the log-rank test. Differences in all comparisons were
considered statistically significant with a two-sided p-value of less than 0.05.

Folic acid receptor alpha expression in uterine serous cancer patient samples by Tissue
Microarray (TMA)

A tissue microarray containing 70 uterine serous cancer samples was used to semi-
quantitatively analyze FRa expression by IHC. 41% of these biologically aggressive tumors
were found to express FRa with an H-score = 50 (Figure 1A). A representative IHC image
of the H-Score range is presented in Figure 1B.

Folic acid receptor expression in primary uterine cancer cell lines by flow cytometry

Nine primary endometrial endometrioid and 11 primary uterine serous cell lines were
established from fresh tumor biopsy samples as described in Methods. Stage, grade,
histology and primary site of the tumors is displayed in Supplementary Table S1 and
Supplementary Table S2. Cell lines with a Mean fluorescence index (MFI) greater than 50
were determined to have 2+ expression of FRa., while cell lines with an MFI of 20 to 50
were noted to have 1+ and 20 or less was 0. Twenty-two percent of the endometrioid cell
lines were determined to have 2+ FRa expression while 27% of the uterine serous cancer
cell lines were determined to have 2+ FRa. expression by flow cytometry. Figure 2 depicts a
representative flow cytometry histogram of primary uterine cancer cell lines showing 0, 1+,
2+ folic acid alpha receptor (FRa) expression (Figure 2). Similar flow cytometry histograms
were generated for the USC cell lines. Supplementary Fig. S1 and Supplementary Fig. S2
show representative IHC of endometrioid and USC cell blocks stained with FRa.. The
corresponding H-scores and flow cytometry scores are given for each image.

In vitro cytotoxicity in endometrial endometrioid and CC/Endometrioid cancer cell lines

Cell cytotoxicity was tested with IMGN853, ADC isotype control and M9346A in pure and
mixed endometrial endometrioid cell lines harboring high FRa expression (2+ cell lines by
flow cytometry). When treating the high FRa expressing cell lines, END(K)265 (G3,
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endometrioid/clear cell) and END(K)202 (G1, endometrioid), with IMGN853 there was a
10-fold (p< 0.001) and 14-fold (p< 0.01) increase in cell cytotoxicity, respectively, compared
to the ADC isotype control, Figure 3a and 3b. When the low expressing FRa cell lines,
END(K)34 (FRa=1+) and END(K)153 (FRa=0), were treated with IMGN853, there was no
increase in cell cytotoxicity when compared to the ADC isotype control group (p=0.9309
and p=0.7010) Figure 3c and 3d. The IC5y of M9346A (ie, naked MAb) was extrapolated to
be 900 to 10,000 fold higher than IMGN853 I1Cs for all cell lines as there is no activity of
the naked MAD in the /n vitro studies.

In vitro cytotoxicity in uterine serous cancer

IMGN853 cytotoxicity was tested in uterine serous cancer cell lines expressing high FRa
(FRa=2+ by flow cytometry). BIO(K)1 tumor cells, a uterine serous tumor harvested from a
patient derived xenograft model with FRa 2+ expressivity, showed a 2.7-fold increase in cell
cytotoxicity when compared to the ADC isotype control (p<0.05) (Figure 4a). The low
expressing FRa cell lines, ARK20 (FRa=1+) and ARK1 (FRa=0), showed no difference in
cell viability when treated with IMGN853 or ADC isotype control, the naked MAb does not
show activity (Figure 4b and 4c). Two additional primary USC cell lines with FRa.=2+ by
flow cytometry (ie, END(K)149 and ARK19) showed a 4.6-fold and a 3.6-fold increase in
cell cytotoxicity, respectively, when compared to the ADC isotype control (p<0.05)
(Supplementary Fig. S3).

Bystander Effect in vitro

The ability of IMG853 to induce a bystander killing effect against endometrial tumors with
heterogeneous FRa. expression was tested by admixing END(K)265 (ie, high FRa
expression) /n vitro with low/negligible FRa expressing cells (i.e., GFP-ARK4 cells) for 72
hours. As shown in Figure 5, a 10-fold increase in cytotoxicity of ARK4 cells was seen
when ARK4 and END(K)265 were treated as co-cultures with 0.1 pg/mL of IMGN853
when compared to IMGN853-treated ARK4 monocultures (p<0.01).

In vivo antitumor activity

In vivo experiments comparing the antitumor activity of IMGN853 versus ADC isotype
control, PBS and M9346A were conducted using both high grade endometrioid/clear cell
xenografts (ie, END(K)265) as well as a uterine serous tumor PDX model (ie, BIO(K)1). As
described in the Methods section, all treatments were given twice, one week apart by retro-
orbital injection at a concentration of 5 mg/kg. The treatment, IMGN853 5 mg/kg IV
(intravenous), showed inhibition of tumor growth in the high grade endometrioid/clear cell
xenograft model (END(K)265) beginning on day 14. A statistical significance between
IMGN853 and the controls: ADC isotype control, M9346A and PBS, was detected on day
24 and beyond (p<0.01, 0.001, 0.001), Figure 6a. IMGN853 had a significantly longer
overall survival (p<0.001) when compared to the ADC ISO type control, M9346A and PBS
control in the high grade endometrial endometrioid model (END(K)265); no tumor
recurrence or death was identified at the time of final analysis. Median survival for
IMGN853 was greater than 78 days versus 60 days, 48 days and 35 days for the ADC
isotype control, M9346A and PBS control, respectively (p<0.001, 0.001, and 0.001), Figure
6b. In vivo antitumor activity of IMGN853 was also seen in the uterine serous cancer PDX
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model. IMGN853 5 mg/kg IV treatment showed inhibition of tumor growth in the uterine
serous tumor BIO(K)1 patient derived xenograft model beginning on day 7. A statistical
significance between IMGNB853 and the controls, ADC isotype control, M9346A and PBS
was detected at day 7 (p<0.001, 0.05, 0.05), Figure 6¢. The group treated with IMGN853
had a significantly longer overall survival (p<0.001) when compared to the ADC isotype
control, M9346A and PBS control. Median survival for IMGN853 was 39 days versus the
median survival of 18 days for ADC isotype control, M9346A and PBS control, Figure 6d.

DISCUSSION

Uterine tumor types with poor prognosis (eg, uterine serous, clear cell, carcinosarcomas and
grade 3 endometrioid) (13,14) have led to increased mortality rates in the last two decades
(33). Even with extensive cytoreductive surgery followed by radiation and chemotherapy,
these uterine cancer patients have a dismal 30-50% 5 year survival (8,9,13,14). There is a
dire need for novel targeted therapies in Type Il endometrial cancer patients given their
increased risk of recurrence and poor overall survival despite conventional therapy.

Folic acid receptor is a potentially targetable surface protein in the treatment of aggressive
gynecologic cancers (17-24). Consistent with this view, recent studies have shown
promising preclinical data with FRa antibody linked to toxic payloads in platinum-resistant
ovarian cancers (25-27). Accordingly, IMGN853 has been employed in a clinical phase |
study by Moore et al. who enrolled and treated 46 recurrent EOC patients (PS2 =25%) with
IMGN853 administered intravenously once every 3 weeks at 6.0 mg/kg AIBW (26,27).
Moore et al. found that patients receiving IMGN853 with 3 or less prior lines of therapy
achieved a 39% objective response rate and progression free-survival of 6.7 months.
Impressively, IMGN853 was well tolerated with minimal low grade (1 to 2) toxicity (eg,
diarrhea, blurred vision and fatigue) and limited adverse treatment-related events in 22% of
the patients (26,27). As a result of these findings, IMGNB853 is now undergoing evaluation as
a single-agent in a randomized phase 111 trial (FORWARD I trial) comparing the safety and
efficacy of IMGNB853 to a single-agent chemotherapy in women with platinum-resistant
FRa positive advanced EOC.

Given the encouraging clinical activity in platinum resistant EOC, and in an effort to
optimize the use of IMGN853 against other gynecologic tumors, we initially investigated the
frequency of FRa expression in biologically aggressive (ie, Type Il) endometrial cancers by
IHC. Using a TMA containing 70 USC samples, we found that up to 41% of patients with
uterine serous cancer have high expression of FRa.. Moreover, 22% (2/9) of the primary
endometrioid mixed clear cell, along with 27% (3/11) of the primary USC cell lines
available to this study overexpressed FRa by flow cytometry and IHC. These samples, via
IHC, showed > 25% staining at an intensity level of 2+. Given this finding these tumors
would be eligible for targeting by the IMGN853 ADC in the clinical setting based on Moore
et al.”s inclusion criteria used in the IMGN853 phase I study for EOC (26,27). These levels
of FRa expression are consistent with prior literature in Type | and Type 1l endometrial
cancer (23,24) and further support FRa as a targetable surface protein in the treatment of
biologically aggressive endometrial tumors.
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Next, we confirmed the preclinical activity of IMGNB853 in endometrial cancer patients
using multiple primary Type Il endometrial cancer cell lines with differential FRa
expression. We found that tumor cells overexpressing FRa (2+) were highly sensitive to
IMGN853 with a 2.7-fold to 14-fold increase in cytotoxicity when compared to ADC
isotype control. The activity was detected against all FRa 2+ expressing Type Il tumor cell
lines available for testing including endometrioid, mixed endometrioid/clear cells and
uterine serous tumors. In contrast, endometrioid and USC cell lines with low FRa by flow
cytometry, (ie, FRa = 1+ or FRa.=0) showed no difference in the ICggs when exposed to
IMGN853 vs ADC isotype control. These results suggest that the /n vitro cytotoxic effect of
IMGN853 is largely FRa mediated, and a specific threshold of FRa receptor expression on
tumor cells must be present for the induction of IMGNB853 cytotoxic activity against
endometrial cancers.

One of the major challenges in utilizing highly targeted agents such as ADCs is represented
by the potentially high heterogeneity of FRa receptor expression in tumors, both at the
primary or metastatic sites. Importantly, lysosomal processing of the ADC IMGN853 results
in production of the highly potent catabolites lysine-sulpho-SPDB-DM4, DM4 and DM4-
Me. The latter two are cell membrane permeable and can be effluxed to the tumor
microenvironment, inducing a potent bystander effect (18,32). Consistent with this view, we
found IMGN853 to induce bystander killing of low/negative FRa expressing tumor cells
admixed with FRa overexpressing tumor cells. These results strongly suggest that
IMGN853 may be active in the treatment of recurrent endometrial cancer patients harboring
tumors with heterogeneous FRa expression.

Importantly, /n vivo experiments using xenograft and PDX models of 2+ FRa Type Il
endometrial cancer established in our laboratory demonstrated that two injections of
IMGN853 ADC (5mg/kg) one week apart were highly effective in inducing complete
resolution of tumor in the xenograft endometrioid/CC model. The two dose treatment also
doubled the survival of mice harboring BIO(K)1, a PDX USC model, when compared to
animals treated with control ADC. Taken together these results demonstrate, for the first
time, /n vivo activity of IMGN853 against multiple biologically aggressive and difficult to
treat histological types of endometrial cancer.

In conclusion, we have demonstrated that IMGN853 is a novel ADC with impressive activity
against Type Il endometrial cancer with high (2+) FRa expression. Due to its cleavable
linker, IMGN853 may be active against heterogeneous FRa expressing endometrial cancer.
Clinical studies with IMGN853 in biologically aggressive endometrial cancer patients
harboring disease resistant to standard salvage chemotherapy are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Results of folic acid receptor IHC on TMAs of uterine serous cancer (USC). (A) FRa

percent positivity in USC cases, 70 patient samples stained for FRa, H-Score was used to
quantify the FRa immunohistochemistry (IHC) staining. Forty-one percent of the patients
had an H-Score of 50 or higher. TMA, Tissue Microarray. (B) Representative
immunohistochemistry of the FRa expression in uterine serous carcinoma with the
corresponding semi-quantitative H-Score from ImmunoGen using the Ventana method.
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FIGURE 2.
Flow cytometry histograms of primary uterine cancer cell lines showing 0 (END(K)153,

black), 1+ (END(K)34, solid gray line), 2+ (END(K)265, dashed line) folic acid alpha
receptor (FRa) expression. FRa 1+ and 2+ show significantly higher mean fluorescence
intensity versus the 0 FRa expression cell lines.
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Determination by ICsq of IMGN853 cytotoxicity compared to controls, ADC isotype and
M9346A, in endometrial endometrioid cancer. (A) High FRa expressing (2+) endometrial
endometrioid cell lines, END(K)265 (endometrioid/clear cell, FIGO grade 3) and (B)
END(K)202 (endometrioid, FIGO grade 1). IMGN853 shows significantly lower 1Cgys
when compared to ADC isotype control (p<0.001, and 0.01) in both cell lines. (C)
Endometrial endometrioid cell lines with lower FRa expression, END(K)34 (FRa=1+) and
(D) END(K)153 (FRa.=0), show no difference in the ICgps of IMGN853 and ADC isotype
(p=0.9309 and 0.7010). M9346A antibody was inactive against these cell lines.
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Determination by ICsq of IMGN853 cytotoxicity compared to controls, ADC isotype and
M9346A, in uterine serous carcinoma (USC). (A) High FRa expressing (2+) uterine serous
cancer cell line harvested from a patient derived xenograft model. IMGN853 shows
significantly lower 1C5y when compared to ADC isotype control (2.7 fold decrease, p<0.05).
(B) Uterine serous cancer cell lines with lower FRa,, ARK20 (FRa=1+) and (C) ARK1
(FRa.=0) show no difference in the ICsgs of IMGN853 and ADC isotype control. M9346A
antibody was inactive against these cell lines.
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FIGURE 5.
Bystander effect assay. Gray bar: Low FRa expressing cells, ARK4 (GFP-ARK4 cells)

treated with IMGN853 at 0.1 pug/mL. Black bar: Low FRa expressing cells (ARK4 with
GFP) co-cultured in 1:1 fashion with high FRa. expressing cells (END(K)265), and treated
with IMGN853 at 0.1 pg/mL. Ten-fold increase in ARK4 cell cytotoxicity seen relative to
END(K)265 (p=0.01).
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FIGURE 6.
In vivo efficacy of IMGN853. (A) Antitumor activity of IMGN853 was compared to

controls, PBS CTRL, ADC isotype, and M9345A, in endometrial endometrioid xenograft
tumor models with END(K)265 (FRa.=2+). Mice were treated intravenously with two doses
administered once a week as described in Methods. A significant difference in tumor growth
inhibition was detected on day 24 (p<0.01) in the IMGN853-treated group when compared
to the other control groups. (B) Overall survival of IMGN853 was compared to controls,
PBS CTRL, ADC isotype, and M9345A in the endometrial endometrioid xenograft tumor
models with END(K)265 (FRa=2+). A significant overall survival (0.0005) advantage was
seen with IMGN853 when compared to the controls. At the time of analysis (80 days) no
tumor recurrence or death had occurred in the IMGN853 treated group. (C) Antitumor
activity of IMGN853 was compared to controls, PBS CTRL, ADC isotype, and M9345A in
uterine serous cancer xenograft tumor models of BIO(K)1 (FRa=2+). Mice were treated
intravenously with two doses administered once a week as described in Methods. A
significant difference in tumor growth inhibition was detected on day 7 (p<0.001) in
IMGN853-treated group when compared to the other control groups. (D): Overall survival of
IMGNB853 treated xenograft model of the uterine serous cancer, BIO(K)1. A significant
overall survival (p<0.001) advantage was seen with IMGN853 compared to controls. Median
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survival for IMGN853 was 39 days compared to 18 days for ADC isotype, M9346A and
PBS CTRL.
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