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Purpose. OTL38 is a folate-indole-cyanine green-like conjugate to folate receptor alpha (FRa). The objectives
of this prospective trial were to assess the safety and efficacy (sensitivity and positive predictive value (PPV)) of
OTL38 for intraoperative imaging during epithelial ovarian cancer surgery.

Methods. Patients with suspected ovarian cancer planned for cytoreductive surgery were eligible to receive
OTL38. Near-infrared (NIR) imaging was used to visualize target lesions that were evaluated by two blinded pa-
thologists. A modified intent to treat (mITT) population of lesions from all patients who received OTL38-NIR im-
aging, underwent surgery, and had at least one FRa + target lesion was used to determine sensitivity and PPV.
Two generalized linearmodels, with andwithout randomeffects,were employed to estimate sensitivity and PPV.

Results. Forty-four patients were evaluated for safety, and 225 lesions from29 patients (themITT population)
were evaluated for efficacy. When assuming no correlation of interlesional results within a patient, sensitivity
was estimated at 85.93% (95% lower boundary CI = 81.19) and PPV at 88.14% (95% lower boundary CI =
83.59).When controlling for actual correlation of detection amongmultiple lesionswithin a single patient (a ran-
dom effect), sensitivity was estimated at 97.97% (95% lower boundary CI= 87.75) and PPV at 94.93% (95% lower
boundary CI = 86.13). A total of 48.3% [14/29, (95% CI 0.29–0.67)] of patients had at least one additional lesion
detected by OTL38 alone. Eight patients had mild drug-related adverse events including infusion reaction, nau-
sea, vomiting, and abdominal pain.

Conclusions. OTL38-NIR was safe and efficacious in this phase II study regardless of folate expression levels
and merits phase III evaluation.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Ovarian cancer remains the most lethal gynecologic cancer with an
overall 5-year survival of 45% [1]. Multiple targeted therapies and che-
motherapeutic agents have been developed over the last 20 years
with some degree of benefit. However, complete surgical cytoreduction
is the single most important prognostic indicator for survival. A meta-
analysis of 6885 patients with stage III or IV ovarian cancer treated
with maximal cytoreduction demonstrated that each 10% increase in
optimal cytoreduction was associated with a 5.5% increase in median
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survival [2]. Vergote et al. showed that complete resection (no gross re-
sidual disease) of all macroscopic disease (both at primary and interval
surgery) is the strongest independent variable in predicting overall sur-
vival [3]. The importance of complete cytoreduction was further em-
phasized by du Bois et al. in a retrospective review of 3126 patients
with stages IIB–IV epithelial ovarian cancer from three prospective ran-
domized trials (AGO-OVAR 3, 5, and 7) [4]. The patientswere selected in
three groups, group A (1046 patients) patients with complete resection,
group B (975 patients) patientswith optimal cytoreduction (1–10mm),
and group C (1105 patients) patients with suboptimal cytoreduction,
(N10 mm). Multivariate analysis showed improved progression-free
(PFS) and overall survival (OS) for group A compared to groups B and
C (p b 0.0001) [4]. Although bulky disease can be easily recognized,
sub-centimeter implants are often difficult to discriminate from adja-
cent normal tissue and may not be recognized and resected. Intraoper-
atively, a surgeon has only two tools to improve the outcome of the
tumor resections: visual inspection and palpation.

Intraoperative molecular imaging requires a fluorescent contrast
agent that can be injected systemically and selectively accumulates in
tumor tissue. In order to target ovarian adenocarcinomas with a
fluorophore, we selected the folate receptor alpha (FRa). FRa is
overexpressed 10- to 100-fold in non-mucinous epithelial ovarian carci-
nomas compared to normal cells [5–8]. Furthermore, the FRa expression
is not altered after chemotherapy so it is a strong, reliable target formo-
lecular imaging [8], even in the interval and secondary cytoreductive
setting. OTL38 is comprised of the vitamin folic acid conjugated to an in-
docyanine green-like near infrared dye termed S0456. OTL38 was de-
veloped in order to detect folate receptor positive lesions in ovarian
cancer patients using an investigational camera imaging system.

We hypothesized that the intravenous injection of OTL38 was safe
andhad adequate sensitivity and positive predictive value (PPV) towar-
rant further investigation as an adjunct to surgery for epithelial ovarian
cancer.

2. Materials and methods

2.1. Study design

This was a single-arm, open label, prospective phase II study that
was conducted at 4 tertiary ovarian cancer centers with gynecologic on-
cologists experienced in radical surgical cytoreductive procedures. The
two primary objectiveswere to determine the efficacy of OTL38 accord-
ing to sensitivity and positive predictive value (PPV) for FRa positive
ovarian cancer by immunohistochemistry (IHC) and to report the safety
and tolerability of single-doseOTL38. Sensitivity and PPV of OTL38were
determined by comparing OTL38 resultswith the “gold standard” of FRa
status (positive or negative). Safety was investigator-assessed from the
time of study drug administration and at follow-up visits on days 7 (±
4) and 28 (± 4) after surgery. Incident adverse events (AEs) were re-
corded based onMedical Dictionary for Regulatory Activities (MedDRA)
definitions. AEs were classified as mild, moderate, or severe in nature
and the attribution to study drug was classified as definitely related,
probably related, possibly related, or not related by the investigator.
The secondary objective of the study was to assess the safety of three
NIR imaging systems: Quest Artemis, Novadaq PINPOINT LI, and
Visionsense VS3 fluorescence imaging systems. An exploratory objec-
tive was to determine the number of additional lesions identified by
OTL38 that were undetected by usual visual and tactile techniques.

2.2. Patient population

Women over age 18 with known or suspected ovarian cancer
planned for cytoreductive surgery by laparotomy were eligible to par-
ticipate. Surgical cytoreductionwas permitted in the settings of primary
(no prior surgery or chemotherapy), interval (prior neoadjuvant che-
motherapy), or secondary (regional, oligometastatic recurrence)
surgery. All surgery was performed as standard of care. Exclusion
criteria were pregnancy, impaired renal function (eGFR b50 mL/min/
1.73 m2), impaired liver function (ALT, AST, or total bilirubin N 3× the
upper limit of normal), abnormal ECG at baseline, known brain metas-
tases, receipt of another investigational agent up to 30 days prior to sur-
gery, and previous anaphylactic reaction to any drug. The study was IRB
approved at each of the participating site and was conducted in accor-
dancewith ICH-GCP guidelines andUS laws and regulations. All subjects
provided informed consent prior to study enrollment. The trial was reg-
istered with ClinicalTrials.gov with identifier: NCT02317705.

2.3. Study drug

An open-label single dose of OTL38was administered intravenously.
The chemical structure, preparation, and dose selection of OTL38 were
elucidated in the phase I trial informing this study [9]. In the phase I
trial, the initial dose of 0.025 mg/kg yielded acceptable side effects and
optimal tumor to background ratio of the OTL38 signal, but a higher
dose could shorten the image acquisition time. Therefore, the dose
was escalated to 0.05 mg/kg. Nausea, abdominal pain and pruritus in-
creased at this higher dose, but not to a dose-limiting level. Therefore,
the initial plan for this studywas to perform a safety lead-in of 5 subjects
at the 0.025 mg/kg dose and subsequently escalate the dose to
0.05 mg/kg for the remainder of the study if the safety profile was ac-
ceptable. However, after an interim safety review of the lead-in cohort,
the 0.025 mg/kg dose was chosen as the phase II dose and was the only
dose used in this study. The injection was administered in the pre-
operative area approximately 2 to 3 h prior to surgery. Vitals signs
(blood pressure, pulse, peripheral oxygen saturation, respiratory rate,
temperature, skin examination, and ECG) and adverse events were
assessed every 15 min for 1 h and then every 30 min until in the OR
where they were monitored continuously.

2.4. Surgical procedure and pathology

The abdomen was entered through a vertical incision per standard
practice. The operating surgeon performed an assessment of the disease
distribution by standard white light (SWL) and palpation techniques,
which was recorded on an anatomic schematic diagram. The surgical
field was then reassessed under NIR with the respective fluorescent im-
aging system. Lesions visible by NIR alone were recorded on the sche-
matic. All disease visible by SWL and/or NIR that was safe and
clinically meaningful to remove was resected. No resection occurred
prior to imaging. Start and stop times for NIR image acquisitionwere re-
corded to determine total imaging time for device safety purposes.

Malignant cells were confirmed by histology and FRa IHC, both per-
formed in a CAP Biorepository Accredited laboratory by a single central
pathologist who was blinded to the surgical assessment. The 26B3.F2
antibody clone against FRa was internally optimized and used for IHC
(Biocare Medical, Pacheco, CA). Positive FRa IHC staining was defined
as N10%. Up to 10 excised lesions identified under both visible light
and fluorescence (⊗), were sent for pathology and Immunohistochem-
istry evaluations. Additional excised lesions identified under both visi-
ble light and fluorescence (⊗), were sent for pathology per the site
practice. All excised lesions identified under visible light only (O) and
fluorescence only (X) were sent for pathology and immunohistochem-
istry evaluations. If an organ/large section of tissue (e.g. omentum)with
multiple lesions was excised en bloc, each lesion was considered unique
for thepurposes of the study. Ifmiliary diseasewas identified, “MIL”was
recorded.

Following the initial cytoreduction under normal light, the field was
illuminated with the imaging system again to detect any remaining
fluorescence-positive lesions, and any such lesions were noted with a
“P” on a schematic sheet, excised as determined by the Investigator,
and sent for pathology and immunohistochemistry evaluations. The
reason for not excising any remaining lesion(s) was noted.
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Table 1
Demographic and tumor characteristics of the safety population (n = 44).

Characteristic Intent to treat (n = 44)

Age (years)
Mean (range, SD) 63.8 (37–82, 0.19)

Ethnicity
Hispanic or Latino 0 (0%)
Not Hispanic or Latino 37 (84.1%)
Unknown 7 (15.9%)

Race
American Indian or Alaska Native 0 (0%)
Asian 3 (6.8%)
Black or African American 1 (2.3%)
Native Hawaiian or other Pacific Islander 0 (0%)
White 35 (79.5%)
Other 4 (9.1%)
Multiple races checked 1 (2.3%)

BMI (kg/m2)
Mean (SD) 24.94 (3.699)

Tumor stage
IC 1 (2.3%)
IIC 1 (2.3%)
III NOS 1 (2.3%)
IIIA 0 (0%)
IIIB 2 (4.5%)
IIIC 17 (38.6%)
IVA 10 (22.7%)
Unknown 10 (22.7%)

Tumor histology
High grade serous 27 (61.4%)
Clear cell 1 (2.3%)
Endometrioid 2 (4.5%)
Adenocarcinoma NOS 5 (11.4%)
Other 8 (18.2%)
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All excised lesions were sent for on-site pathology and to a central
laboratory to confirm presence and type of ovarian cancer. The expres-
sion of FRa on specimens was independently evaluated at the central
laboratory by two blinded pathologists. Discrepancies between the on-
site and central laboratory were resolved by the central pathology labo-
ratory for inclusion in the efficacy data.

2.5. Statistical methods

The safety population consisted of all patients who received OTL38
and was used to assess adverse events. The intent to treat (ITT) popula-
tion consisted of all patients who signed the Informed Consent at Visit 1
and reflects the number and demographics of patients enrolled. Amod-
ified intent to treat (mITT) population consisted of all patients who re-
ceived OTL38, underwent cytoreductive surgery for efficacy analysis,
were exposed to fluorescent light using the imaging system, and had
at least one FRa + target ovarian cancer lesion. All efficacy analyses
were conducted using the mITT population.

Lesionswith positive results for both ovarian cancer and FRa, or neg-
ative result for both tests were only included in the primary analysis. A
separate exploratory analysis was performed to include all types of le-
sions. Sensitivity for the detection of FRa + ovarian cancer lesions was
defined as the ratio (multiplied by 100) of the number of FRa+ ovarian
cancer lesions confirmed by both fluorescent light and by pathology
and/or immunohistochemistry (True Positive = TP) over the number
of FRa + ovarian cancer lesions confirmed by the pathology and/or
IHC (TP + FN, where FN=False Negative). PPV for the detection of
FRa + ovarian cancer lesions was defined as the ratio (multiplied by
100) of the number of FRa + ovarian cancer lesions confirmed by
both fluorescent light and the pathology and/or IHC (TP) over the num-
ber of FRa + ovarian cancer lesions confirmed by fluorescent light (TP
+ FP, where FP=False Positive). Healthy (non-cancerous) tissue was
not removed as part of this study, and therefore, a true negative (TN)
sample was not available.

Since the correlation was unknown for the ovarian tumor lesions
from the same subject, 2 different statistical models were used, sepa-
rately for sensitivity and PPV [10]:

• Proc Glimmix in SAS for a binomial distribution with logit link func-
tion, without a random effect for patient and assuming no correlation
amongmultiple lesions in a single patient, a Generalized LinearModel
(GLM).

• Proc Glimmix in SAS for a binomial distribution with logit link func-
tion, with a random effect for the patient allowing for the possibility
of some correlation among lesionswithin a single patient, Generalized
Linear Mixed Model (GLMM).

At least 135 FRα+lesionswere required to have an 80% chance that
the lower boundary of the boundary 95% confidence interval for sensi-
tivity would be above 85% assuming the “true” sensitivity is 92% or
more. Assuming 7 individual tumor lesions per patient, it was estimated
that 20 patientswith FRa+ovarian cancerwould provide 140 FRa+ le-
esions for excision and testing. The sample size calculations assumed le-
sions within each patient are uncorrelated. All statistical analyses were
performed using Statistical Analysis Software SAS® (SAS Institute Inc.,
Cary, NC, version 9.4.)

3. Results

A total of 48 patients provided informed consent and were enrolled
in the study (ITT population). The majority (44/48, 91.7%) of these pa-
tients received OTL38 and were included in the Safety population.
Data from 29/48 (60.4%) patients were included in themITT population
and were used in the efficacy analysis. Of the 19 patients that were ex-
cluded from the mITT population, 7 did not have at least one FRa
+ ovarian cancer lesion, 1 did not undergo fluorescence imaging, 4
did not receive study drug, and 7 were enrolled only in the safety pop-
ulation after the efficacy endpoint had been met.

Table 1 shows the demographic and oncologic characteristics of the
study cohort. The mean age of the women who participated was
64 years, ranging from 37 years to 82 years. Patients were primarily
white (79.5%), and themedianBMIwas 25.3 g/m2.Most patients had In-
ternational Federation of Gynecology and Obstetrics (FIGO) stage ≥ III
ovarian cancer (70.3%) of serous histology (61.4%) with a typical perito-
neal disease distribution.

The total length of time patientswere exposed to fluorescence imag-
ing pre-resection ranged from 2 to 23 min. The maximum duration of
exposure to fluorescence imaging, which included any post-resection
imaging, was 46 min. No patient discontinued from the study due to
an adverse event related to the imaging system.

3.1. Treatment efficacy in the mITT population

A total 225 lesions were obtained from the 29 patients, comprising
the mITT efficacy population. 171 lesions were positive by both OTL38
NIR and FRa and were counted as true positives (Table 2). There were
23 lesions thatfluoresced but did not test positive for both FRa andovar-
ian cancer, which were counted as false positives. Lesions that did not
fluoresce butwere FRa and ovarian cancer positive equaled 28 false neg-
atives, and there were 3 true negative lesions that did not fluoresce and
were negative for both FRa and ovarian cancer. The GLM analysis, as-
suming no correlation of lesions within patient (excludes a random ef-
fect for patient), resulted in an estimated sensitivity of 85.93%, with a
95% lower boundary CI = 81.19. The estimate for PPV was 88.14%
with a 95% lower boundary CI = 83.59. The GLMM analysis that ac-
counts for possible correlation of lesions within the patient estimated
a sensitivity of 97.97%, with a 95% lower boundaryCI = 87.75. The
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Table 2
Sensitivity and PPV of OTL38 in detecting FRa + ovarian cancer lesions.

OTL38 mITT population (N = 29)

Number of
lesions

Estimate (lower
one-sided 95% CI)a

(with patient as random
effect)

Estimate (lower
one-sided 95% CI)b

(without patient as a
random effect)

TP 171
FP 23
FN 28
TN 3
Sensitivityc 97.97 (87.75) 85.93 (81.19)
PPVd 94.93 (86.13) 88.14 (83.59)

Note: Includes lesions with positive result for both ovarian cancer and FRa + or negative
for both tests.
TP: Lesions that fluoresced and tested positive for FRa and ovarian cancer.
FP: Lesions that fluoresced but did not test positive for both FRa and ovarian cancer.
FN: Lesions that did not fluoresce but tested positive for both FRa and ovarian cancer.
TN: Lesions that did not fluoresce and did not test positive for both FRa and ovarian cancer.

a Estimated using Proc Glimmix in SAS® for binomial distribution with patient as a
random effect.

b Estimated using Proc Glimmix in SAS® for binomial distribution.
c Sensitivity of OTL38 for the detection of FRa + ovarian cancer lesions.
d Positive Predictive Value (PPV) of OTL38 for the detection of FRa + ovarian cancer

lesions.

Table 4
False-positive lesions detected by OTL38 and investigator.

Subject Number of
false
positive
lesions

Location, pathology, FRa and FRb status

1 1 Right anterior abdominal wall (2 true positives adjacent;
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estimate for PPVwas 94.93%with a 95% lower boundaryCI= 86.13. The
“goodness of fit” test indicated that the GLMM model was the better
fittingmodel due to a non-zero correlation (confirmation of intrapatient
correlation of image-guided detection of lesions).

When considering all histologically-confirmed ovarian cancer le-
sions, whether FRa positive or negative, as the “gold standard”, OTL38
demonstrated a sensitivity of 96.82 (lower boundary 95% CI = 86.09)
and a PPV of 92.62 (lower boundary 95% CI = 83.35) determined by
the GLM model and 83.9 (lower boundary 95% CI = 79.4) and 85.34
(lower boundary 95% CI = 80.93), respectively, by GLMM modeling
(Table 3).

Additional patient level analyses revealed that 14 of the 29 (48.3%,
95% CI 0.29–0.67) mITT patients had at least one additional pathology-
confirmed FRa + ovarian cancer lesion that was detected by OTL38
alone. Miliary disease was identified in 20 FRa+ ovarian cancer lesions.
In 17 of these 20 cases, 2 ormore lesionswere identified by OTL38 alone
as compared to normal light. In 8 of these 20 (40%) cases, 4 or more le-
sions were identified by OTL38 alone, and were not detected by normal
white light. In addition, 29 falsely positive lesions were detected in 11
Table 3
Sensitivity and PPV of OTL38 in the detection of any ovarian cancer lesion (FRa positive or
negative).

OTL38 mITT Population (N = 29)

Number of
lesions

Estimate (lower
one-sided 95% CI)a

(with patient as random
effect)

Estimate (lower
one-sided 95% CI)b

(without patient as a
random effect)

TP 198
FP 34
FN 38
TN 7
Sensitivityc 96.82 (86.09) 83.90 (79.40)
PPVd 92.62 (83.35) 85.34 (80.93)

Note: Includes all lesions with pathology results.
TP: Lesions that fluoresced and tested positive for ovarian cancer.
FP: Lesions that fluoresced but tested negative for ovarian cancer.
FN: Lesions that did not fluoresce but tested positive for ovarian cancer.
TN: Lesions that did not fluoresce and tested negative for ovarian cancer.

a Estimated using Proc Glimmix in SAS® for binomial distribution with patient as a
random effect.

b Estimated using Proc Glimmix in SAS® for binomial distribution.
c Sensitivity of OTL38 for the detection of ovarian cancer lesions.
d Positive Predictive Value (PPV) of OTL38 for the detection of ovarian cancer lesions.
patients by each of the 4 investigators. False positives were detected
in various anatomic sites, but lymph nodes were the most common lo-
cation (Table 4).

3.2. Safety population

All patients in the Safety population had at least 1 treatment-
emergent adverse event (TEAE) reported during the study. The most
common TEAE was procedural pain. Procedural pain was reported in
40 of 44 (90.9%) patients within 1 to 2 days following surgery; none of
which were considered related to study drug or imaging device. The
majority of TEAEs were of moderate severity (26/44 patients; 59.1%).
There were 6 (13.6%) patients who had mild TEAEs and 12 (27.3%) pa-
tients who had severe TEAEs. Of the severe TEAEs the most common
were infections and infestations (6/44; 13.6%) and blood and lymphatic
systemdisorders (5/44; 11.4%). Themost common SAEswere infections
(7/44 patients; 15.9%) and included postoperative wound infection (2/
44 patients; 4.5%) and sepsis (2/44 patients; 4.5%), which occurred on
Days 9/10 andDay 7, respectively. None of the SAEswere considered re-
lated to study drug or to imaging device. All of the SAEs resolved during
the study.

Study drug-related TEAEs were reported for 8/44 (18.2%) patients
(Table 5 and 6). The most common study-drug related TEAEs were gas-
trointestinal disorders (5/44; 11.4%), specifically nausea (4/44 patients;
9.1%), vomiting (3/44 patients; 6.8%) and abdominal pain (1/44 pa-
tients; 2.3%). Infusion-related reactions were reported in 5/44 (11.4%)
patients, and sneezing and increased lacrimation were reported in 1/
44 (2.3%) patient. All study drug-related TEAEs in the 8 patients re-
solved within 1 day of onset without sequelae.

4. Discussion

Here we report the results of the second phase of drug development
for OTL38 NIR for the intraoperative imaging of ovarian cancer. In this
prospective study, NIR imaging with OTL38 was feasible among various
lesion was both FRa and FRb negative)
2 5 Uterus; histopathology was abnormal; FRb positive

Cervix; abnormal histopathology; FRb positive
Left fallopian tube; suspicious for malignancy; Fra and FRb
positive
Right fallopian tube; abnormal histopathology; FRb positive
Appendix; normal histopathology; FRb positive

3 2 Cervix; normal histopathology
Ileum lymph node (LN)

4 1 Ileum LN; FRb positive
5 1 Lesser omentum; normal histopathology
6 1 Rectum LN
7 9 2 right paracolic gutter LN; abnormal histopathology; both

FRb positive
3 Ileum LN; 2 abnormal histopathology; 1 confirmed cancer
but was FRa negative

8 1 Ileum LN abnormal histopathology
9 6 Greater omentum; suspicious cells; FRb positive

Greater omentum; cancer histopathology; FRa negative but
FRb positive
Greater omentum LN FRb positive
Sigmoid colon
Ileum
Descending colon

10 1 Greater omentum; normal histopathology; FRa and FRb
negative

11 1 Leiomyoma in the uterus; FRb positive

https://doi.org/10.1016/j.ygyno.2019.07.010


Table 5
Investigator-assessed drug-related (possible, probable, or definite) and non-related treat-
ment-emergent adverse events (TEAEs) by organ class (n = 44).

MedDRA system organ class/preferred term Related n (%) Non-related n (%)

Patients reporting ≥ TEAE 8 (18.2%) 36 (81.8%)
Gastrointestinal disorders 5 (11.4%) 21 (47.7%)

Nausea 4 (9.1%) 8 (18.2%)
Vomiting 3 (6.8%) 11 (25.0%)
Abdominal pain 1 (2.3%) 1 (2.3%)

Injury, poisoning and procedural complications 5 (11.4%) 36 (81.8%)
Infusion related reaction 5 (11.4%) 0

Respiratory, thoracic and mediastinal disorders 1 (2.3%) 7 (15.9%)
Sneezing 1 (2.3%) 0

Eye disorders 1 (2.3%) 0
Lacrimation increased 1 (2.3%) 0

Abbreviations: MedDRA = Medical Dictionary for Regulatory Activities; TEAE = treat-
ment-emergent adverse event.
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surgeons at 4 separate institutions and across 3 imaging platforms. In
addition, the study met its primary endpoint of showing at least 85%
sensitivity with acceptable toxicity.

The proof-of-concept study for folate-based intraoperative imaging
in ovarian cancer was reported by van Dam et al. whose group showed
that imaging could improve disease detection over usual visual and tac-
tile methods [12]. Their study, which employed a folate-fluorescein iso-
thiocyanate (FITC) conjugate (EC17), showed the preliminary safety
and feasibility of incorporating this technique into real-time surgery
with a median imaging duration of 10 min (range: 4–36 min). The
FITC fluorochrome, however, has a spectral wavelength of
490–530 nm, which overlaps with visible light more than NIR indocya-
nine component of OTL38 (wavelength 774–794 nm). Thus, NIR imag-
ing has the benefit of less auto-fluorescence, which improves
specificity, in addition to deeper tissue penetration,which is particularly
important for the detection of metastases in the lymph nodes or in the
parenchyma of the spleen or liver. De Jesus et al. performed preclinical
testing of this hypothesis in an in vivo mouse model, reporting a 3.3
fold (range 1.48–5.43) increase in signal to background ratio with
OTL38 compared to EC17 [13]. Another disadvantage of FITC is that it
Table 6
Treatment-emergent serious adverse events (SAE) by system organ class (n = 44).

System organ class SAE

Any SAE (n = patients, not events) 13 (29.5%)
Infections 7 (15.9%)

Postoperative wound infection 2 (4.5%)
Sepsis 2 (4.5%)
Clostridium dificile infection 1 (2.3%)
Hematoma infection 1 (2.3%)
Pneumonia 1 (2.3%)
Septic shock 1 (2.3%)
Wound abscess 1 (2.3%)

Gastrointestinal disorders 3 (6.8%)
Constipation 1 (2.3%)
Nausea 1 (2.3%)
Small intestinal obstruction 1 (2.3%)
Vomiting 1 (2.3%)

Respiratory, thoracic and mediastinal disorders 2 (4.5%)
Atelectasis 1 (2.3%)
Hypoxia 1 (2.3%)
Pleural effusion 1 (2.3%)

Vascular disorders 3 (6.8%)
Deep vein thrombosis 1 (2.3%)
Haematoma 1 (2.3%)
Haemorrhage 1 (2.3%)

Blood and lymphatic system disorders 1 (2.3%)
Anaemia 1 (2.3%)

General disorders and administration site conditions 1 (2.3%)
Fever 1 (2.3%)

Renal and urinary disorders 1 (2.3%)
Acute kidney injury 1 (2.3%)
overlaps with the absorption spectrum of hemoglobin, weakening the
signal in a surgical field obscured by blood.

The first prospective study of OTL38 in 30 healthy volunteers yielded
an optimal dosage range and timewindow for intraoperative imaging [9].
In 12 patients with ovarian cancer, OTL38 accumulated in FRa + tumors
and metastases, enabling the surgeon to resect an additional 29% of ma-
lignant lesions that were not identified previously using inspection and/
or palpation. Though this study did not have a sufficient sample size to
calculate a true specificity or PPV for the agent, it provided the prelimi-
nary data necessary to justify proceeding to this phase II clinical trial.

Our study demonstrated the sensitivity of 85.93–97.97% for FRa
+ ovarian cancer with lower 95% confidence interval boundaries of
81.19–87.75 depending on the statistical model used to analyze the
data. The GLMM analysis that accounts for possible correlation of lesions
within the patient estimated the higher sensitivity of 97.97%. Even in the
unselected (FRa+and FRa− combined) population, OTL38 achieved sen-
sitivity and PPV comparable to that shown in the FRa+ specific patients.
This is relevant because FRa status is not typically known pre-operatively,
and this suggests that neither unknown FRa status nor FRa− status
would contraindicate the use of OTL38 in surgery. Also, in contrast to
the phase I study, this expanded cohort revealed an additional 48% of pa-
tients who had at least one lesion identified by imaging alone, and 40% of
the patients with miliary disease having 4 or more that would have been
left behind without the use of the investigational agent.

Because removal of normal tissues was not built into the study de-
sign, a true specificity of OTL38 could not be calculated. However, 29
false positive lesionswere detected in 11 patients by each of the 4 inves-
tigators (Table 4). Most of the lesions classified as false positives
expressed FR-beta and were located primarily in the lymph nodes,
though 2 true positive lymph nodes were misclassified by the on-site
pathologist. Falsely positive lymph nodeswere also observed in the pre-
ceding phase I study of OTL38 in ovarian cancer [9]. These findings
should be considered in the context of the prospective, randomized
Lymphadenectomy in Ovarian Neoplasms (LION) trial, which reported
excess morbidity and mortality from the removal of clinically negative
lymph nodes, 56% of which were microscopically positive, with no
gain in survival time [14]. Therefore this technology has the potential
to increase surgical risk if all NIR+ nodes are removed. Further studies
are needed to confirm and further characterize falsely positive lymph
nodes. When analyzed in the phase 1 trial, falsely positive nodes with
FRb expressionwere amarker for the presence of tumor-activatedmac-
rophages that have potential immunotherapeutic relevance [15,16].

Toxicity in this study was consistent with that observed in the pre-
ceding phase I study [9] and was not dose-limiting. When considering
all toxicity irrespective of study drug attribution, all patients experi-
enced at least one adverse event. The most common AE was procedural
pain and occurred independent of the study drug. The most common
drug-related AEs/TEAEs were gastrointestinal related nausea, vomiting,
and abdominal pain.While these AEs are considered probably related to
the study drug, it is possible that concurrent medications given in the
pre-operative setting such as intravenous narcotics could also cause
these effects. However, a dose-response increase in these AEs was
noted in the phase I study, increasing the likelihood that these are
truly drug related. Given the typical disease distribution of ovarian can-
cer, miliary disease deposits involving the gastrointestinal tract, there
might be a biologic rationale for this consistently observed effect. Re-
gardless, drug-attributable toxicity with this agent is mild and resolves
within 24 h of study drug receipt.

The development of an imaging adjunct to ovarian cancer surgery
that can be applied “real-time” during surgery hasmanypotential appli-
cations. First, such a technique could improve the accuracy of cancer
staging that is performed in the setting of an isolated ovarian mass.
The standard staging operation relies on systematic removal of lymph
nodes and omentumwith peritoneal biopsies of tissues that appear nor-
mal and cancer free. In this situation, targeted imaging could allow de-
tection of metastatic lesions that are not visible under white light and,
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thus, could be missed by standard staging techniques. Second, intraop-
erative imaging could identify more disease during cytoreductive sur-
gery and contribute to the strongly prognostic outcome of complete
tumor resection. In a study by Eskander et al., women deemed to have
completely resected disease were found to have measurable disease
on CT scan performed one month postoperatively for clinical trial en-
rollment [17]. This may be due to underestimation of residual disease
volume, aggressive disease biology, or progression of occult surgical le-
sions. Third, the proportion of women receiving neoadjuvant chemo-
therapy (NACT) prior to surgery has significantly increased from 8.6%
to 22.6% between the years of 2004 and 2013 (p b 0.001), and adoption
of this treatment modality occurred primarily after 2007 (95%CI
2006–2009; p = 0.001) [11], following the publication of EORTC
55971 [3]. Despite improved rates of complete disease resection post-
NACT, complete resection in the interval debulking setting has not
translated into a similar magnitude of benefit as that observed with pri-
mary debulking. Since NACT reduces tumor burden to a microscopic
level in many cases, the risk of leaving behind disease not recognized
by usual means of visual inspection and palpation is increased. More-
over, pathologic complete response (pCR) following NACT is highly
prognostic in the breast cancer population, but there is a need to better
define this for multi-focal diseases like ovarian cancer. Therefore,
image-guided surgery might be particularly beneficial in this increas-
ingly common treatment group. Finally, the controversial benefit of sec-
ondary cytoreductive surgery for women with ovarian cancer
recurrence is the objective of two prospective clinical trials, GOG 213
(NCT00565851) and DESKTOP III (NCT01166737). Should the data be
positive in this setting, removal of all existing disease will be important
in order to achieve the maximum benefit of surgery.

In conclusion, with the application of OTL38 and NIR imaging at the
time of cytoreductive surgery, we propose a more accurate method to
increase the rate of complete tumor resection and moving this hypoth-
esis in a phase III clinical trial.

Declaration of Competing Interest

The institutions of LMR, RMW, SCD, and JLT all received funding to
conduct the clinical trial. Noneof the investigators received funding out-
side of this mechanism. PSL is the Founder and Chief Scientific Officer of
OnTarget Laboratories. He was involved in the scientific concept and
study design from the perspective of optimization of the drug reconsti-
tution and timing of administration, but he did not participate in the
clinical trial. He only reviewed themanuscript from a scientific perspec-
tive, and did not author or edit any of the clinical findings.

Acknowledgements

The authors thank the patients, clinical investigators and site per-
sonnel who participated in this study. The funding sourcewas OnTarget
Laboratories, themanufacturer of OTL38,whodid not influence the con-
tent or conclusions of the manuscript. Additional funding was received
by Dr. Randall from the Queen of Hearts Foundation, United States of
America for salary support to author the manuscript.

Author contribution

LMR, RMW, SCD, and JLT all enrolled and treated patients per study
protocol andwrote and edited themanuscript. PSL advised the study on
scientific aspects of OTL38 drug preparation. The manuscript was writ-
ten and edited independent from the study sponsor.

References

[1] C.L. Kosary, Cancer of the ovary, in: L.A.G. Ries, J.L. Young, G.E. Keel, M.P. Eisner, Y.D.
Lin, M.-J. Horner (Eds.), SEER Survival Monograph: Cancer Survival Among Adults:
U.S. SEER Program, 1988–2001, Patient and Tumor Characteristics, NIH Pub. No.
07–6215, National Cancer Institute, SEER Program, Bethesda, MD, 2007.

[2] R.E. Bristow, R.S. Tomacruz, D.K. Armstrong, E.L. Trimble, F.J. Montz, Survival effect of
maximal cytoreductive surgery for advanced ovarian carcinoma during the plati-
num era: a meta-analysis, J. Clin. Oncol. 20 (5) (2002) 1248–1259.

[3] I. Vergote, C.G. Tropé, F. Amant, G.B. Kristensen, T. Ehlen, N. Johnson, R.H.M.
Verheijen, M.E.L. van der Burg, A.J. Lacave, P.B. Panici, G.G. Kenter, A. Casado, C.
Mendiola, C. Coens, L. Verleye, G.C.E. Stuart, S. Pecorelli, Reed NS for the European
Organization for Research, Treatment of Cancer–Gynaecological Cancer Group,
NCIC Clinical Trials Group— a Gynecologic Cancer Intergroup Collaboration, Neoad-
juvant chemotherapy or primary surgery in stage IIIC or IV ovarian cancer, N. Engl. J.
Med. 363 (2010) 943–953.

[4] A. du Bois, A. Reuss, Pujade-Lauraine Eric, P. Harter, I. Ray-Coquard, J. Pfisterer, Role
of surgical outcome as prognostic factor in advanced epithelial ovarian cancer: a
combined exploratory analysis of 3 prospectively randomized phase 3 multicenter
trials, Cancer 115 (2009) 1234–1244, https://doi.org/10.1002/cncr.24149.

[5] E. Basal, G.Z. Eghbali-Fatourechi, K.R. Kalli, L.C. Hartmann, K.M. Goodman, E.L.
Goode, et al., Functional folate receptor alpha is elevated in the blood of ovarian can-
cer patients, PLoS One 4 (7) (2009), e6292.

[6] F. Leung, A. Dimitromanolakis, H. Kobayashi, E.P. Diamandis, V. Kulasingam, Folate-
receptor 1 (FOLR1) protein is elevated in the serum of ovarian cancer patients, Clin.
Biochem. 46 (15) (2013) 1462–1468.

[7] D.J. O'Shannessy, E.B. Somers, L.M. Palmer, R.P. Thiel, P. Oberoi, R. Heath, et al.,
Serum folate receptor alpha, mesothelin and megakaryocyte potentiating factor in
ovarian cancer: association to disease stage and grade and comparison to CA125
and HE4, J Ovarian Res 6 (1) (2013) 29.

[8] L.M. Crane, H.J. Arts, M. van Oosten, P.S. Low, A.G. van der Zee, G.M. van Dam, et al.,
The effect of chemotherapy on expression of folate receptor-alpha in ovarian cancer,
Cell Oncol (Dordr) 35 (1) (2012) 9–18.

[9] C.E. Hoogstins, Q.R. Tummers, K.N. Gaarenstroom, C.D. de Kroon, J.B. Trimbos, T.
Bosse, V.T. Smit, J. Vuyk, C.J. van de Velde, A.F. Cohen, P.S. Low, J. Burggraaf, A.L.
Vahrmeijer, A novel tumor-specific agent for intraoperative near-infrared fluores-
cence imaging: a translational study in healthy volunteers and patients with ovarian
cancer, Clin. Cancer Res. 22 (12) (2016) 2929–2938 Jun 15.

[10] G.M. Fitzmaurice, N.M. Laird, J.H. Ware, Applied Longitudinal Analysis, 2nd edition
John Wiley & Sons, Inc., N.Y, 2011.

[11] A. Melamed, E.M. Hinchcliff, J.T. Clemmer, A.J. Bregar, S. Uppal, I. Bostock, J.O.
Schorge, M.G. Del Carmen, J.A. Rauh-Hain, Trends in the use of neoadjuvant chemo-
therapy for advanced ovarian cancer in the United States, Gynecol. Oncol. 143 (2)
(2016) 236–240 Nov.

[12] G.M. van Dam, G. Themelis, L.M. Crane, N.J. Harlaar, R.G. Pleijhuis, W. Kelder, A.
Sarantopoulos, J.S. de Jong, H.J. Arts, A.G. van der Zee, J. Bart, P.S. Low, V.
Ntziachristos, Intraoperative tumor-specific fluorescence imaging in ovarian cancer
by folate receptor-a targeting: first in-human results, Nat. Med. 17 (10) (2011)
1315–1319 Sep 18.

[13] E. de Jesus, J.J. Keating, S.A. Kularatne, J. Jiang, R. Judy, J. Predina, S. Nie, P. Low, S.
Singhal, Comparison of folate receptor targeted optical contrast agents for intraop-
erative molecular imaging, Int J Mol Imaging 2015 (2015), 469047.

[14] P. Harter, J. Sehouli, D. Lorusso, et al., LION: lymphadenectomy in ovarian neoplasms
—a prospective randomized AGO study group led gynecologic cancer intergroup
trial, J. Clin. Oncol. 35 (15_suppl) (2017) 5500 May 20.

[15] J. Shen, K.S. Putt, D.W. Visscher, et al., Assessment of folate receptor-β expression in
human neoplastic tissues, Oncotarget 6 (16) (2015) 14700–14709.

[16] J. Shen, Y. Hu, K.S. Putt, S. Singhal, H. Han, D.W. Visscher, L.M. Murphy, P.S. Low, As-
sessment of folate receptor alpha and beta expression in selection of lung and pan-
creatic cancer patients for receptor targeted therapies, Oncotarget 9 (4) (2017)
4485–4495 Dec 15.

[17] R.N. Eskander, J. Kauderer, K.S. Tewari, et al., Correlation between Surgeon's assess-
ment and radiographic evaluation of residual disease in women with advanced
stage ovarian cancer reported to have undergone optimal surgical cytoreduction:
an NRG Oncology/Gynecologic Oncology Group study, Gynecol. Oncol. 149 (3)
(2018) 525–530 Jun.

http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0005
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0005
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0005
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0005
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0010
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0010
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0010
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0015
https://doi.org/10.1002/cncr.24149
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0025
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0025
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0025
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0030
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0030
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0030
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0035
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0035
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0035
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0035
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0040
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0040
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0040
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0045
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0045
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0045
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0045
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0045
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0050
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0050
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0055
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0055
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0055
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0055
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0060
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0060
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0060
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0060
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0060
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0065
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0065
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0065
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0070
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0070
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0070
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0075
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0075
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0080
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0080
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0080
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0080
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0085
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0085
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0085
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0085
http://refhub.elsevier.com/S0090-8258(19)31396-4/rf0085
https://doi.org/10.1016/j.ygyno.2019.07.010

	A phase II, multicenter, open-�label trial of OTL38 injection for the intra-�operative imaging of folate receptor-�alpha po...
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Patient population
	2.3. Study drug
	2.4. Surgical procedure and pathology
	2.5. Statistical methods

	3. Results
	3.1. Treatment efficacy in the mITT population
	3.2. Safety population

	4. Discussion
	Declaration of Competing Interest
	Acknowledgements
	Author contribution
	References




