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Novel biomarkers are needed to direct new treatments for ovarian cancer, a disease for which the standard of
care remains heavily focused on platinum-based chemotherapy. Despite the success of PARP inhibitors, treat-
ment options are limited, particularly in the platinum-resistant setting. NaPi2b is a cell surface sodium-
dependent phosphate transporter that regulates phosphate homeostasis under normal physiological conditions
and is a lineage marker that is expressed in select cancers, including ovarian, lung, thyroid, and breast cancers,
with limited expression in normal tissues. Based on its increased expression in ovarian tumors, NaPi2b is a
promising candidate to be studied as a biomarker for treatment and patient selection in ovarian cancer. In
preclinical studies, the use of antibodies against NaPi2b showed that this protein can be exploited for tumor
mapping and therapeutic targeting. Emerging data from phase 1 and 2 clinical trials in ovarian cancer have
suggested that NaPi2b can be successfully detected in patient biopsy samples using immunohistochemistry, and
the NaPi2b-targeting antibody-drug conjugate under evaluation appeared to elicit therapeutic responses. The
aim of this review is to examine literature supporting NaPi2b as a novel biomarker for potential treatment and
patient selection in ovarian cancer and to discuss the critical next steps and future analyses necessary to drive the
study of this biomarker and therapeutic targeting forward.

a rare lung disorder characterized by accumulation of calcium phos-
phate deposits [12-14].

NaPi2b function and tissue expression

NaPi2b (encoded by SLC34A2) is one of three members of the SLC34
family of type-2 sodium-dependent phosphate transporters. The SLC34
family, including NaPi2a (SLC34A1), NaPi2b, and NaPi2c (SLC34A3),
plays a critical role in whole-body phosphate homeostasis by trans-
porting phosphate across epithelial membranes [1,2]. Whereas NaPi2a

Role of NaPi2b in disease

NaPi2b has been linked to several diseases, including pulmonary
alveolar microlithiasis, inflammatory bowel disease, and cancer (Fig. 1)

and NaPi2c are confined to the kidneys and regulate renal phosphate
reabsorption, NaPi2b mRNA expression was identified in various tissues
including lung, small intestine, salivary glands, mammary glands, liver,
and kidney [3-9]. Consequently, NaPi2b has been associated with
various roles in physiological processes, including absorption of dietary
phosphate in the small intestine, secretion and reabsorption of phos-
phate in saliva in the salivary gland, and regulation of phosphate in
intraalveolar fluid and surfactant production in the lungs [2,10,11].
NaPi2b genetic knockout is embryonically lethal, although conditional
knockout of NaPi2b in adult mice has revealed that loss of NaPi2b im-
pairs intestinal phosphate uptake and can induce alveolar microlithiasis,

[14-17].

Preclinical and early clinical evidence suggest that NaPi2b is
expressed in high-grade serous epithelial ovarian, fallopian tube, and
primary peritoneal cancers, as well as in thyroid, breast, and non-
squamous non-small cell lung cancers, with limited expression in
normal tissues [18-22]. The first evidence for high expression of NaPi2b
in tumors came from studies in the 1980s and 1990s, which showed that
the monoclonal antibody MX35 had high reactivity in ovarian tumors,
although the identity of the antigen at the time was unknown [23-25].
In 2008, the epitope targeted by the MX35 antibody was discovered to
be NaPi2b, which showed reactivity in 90 % of epithelial ovarian cancer
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cell lines [26]. Subsequent findings have confirmed high expression of
NaPi2b and its SLC34A2 gene in benign fallopian tube epithelium and
well-differentiated serous, endometrioid, and to a lesser extent,
mucinous ovarian carcinomas, but absent from normal ovary epithelium
[18,20,27-29].

Several studies have suggested that NaPi2b plays a role in tumori-
genesis of ovarian, lung, and breast cancers, likely resulting from dys-
regulation of phosphate homeostasis [30-33]. Interestingly, expression
of SLC34A2 is driven by PAX8, a master transcription factor that is
highly expressed and required for the development of the female
reproductive system and survival of ovarian cancer cells [34-36]. A loss-
of-function screen assessing possible dependencies in ovarian cancer
revealed that inactivation of XPR1, a phosphate exporter enriched in
ovarian and uterine cancers, in cells with high expression of SLC34A2
resulted in toxic accumulation of intracellular phosphate [30]. The
study concluded that high levels of PAX8 increase expression of
SLC34A2 and lead to dependency on XPR1 in ovarian cancer. Through
its regulation by PAX8, a lineage-specific transcription factor, NaPi2b
itself is a lineage marker that appears to remain expressed in the PAX8-
positive secretory cells of the fallopian tube and their malignant
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counterparts [18,34].

Ovarian cancer: Disease background and role of NaPi2b as a
biomarker

Ovarian cancer is the fifth most lethal type of cancer in women in the
United States, with nearly 20,000 new cases and 13,000 deaths esti-
mated in 2022 [37,38]. Worldwide, there were 314,000 new cases and
207,000 deaths in 2020 [39]. The 5-year survival rate was approxi-
mately 50 % among all cases diagnosed in the United States between
2012 and 2018 [37,38]. However, more than 70 % of cases are diag-
nosed at an advanced stage, and metastatic disease has a 5-year survival
rate of 31 %, which has remained consistent for several decades
[37,40,41]. Cytoreductive surgery, with or without neoadjuvant ther-
apy, followed by platinum-based doublet chemotherapy (typically car-
boplatin/paclitaxel) with or without bevacizumab is the standard-of-
care frontline therapy [41-44]. Standard frontline maintenance ther-
apy consists of PARP inhibitors and/or bevacizumab, depending on the
presence of BRCA mutations or homologous recombination deficiency
(HRD) [41,45,46]. Tumors harboring HRD, largely caused by somatic or
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Fig. 1. NaPi2b sodium-dependent phosphate transporter regulates the normal physiological processes of surfactant production in the lungs, intestinal phosphate
absorption, and whole-body cellular phosphate homeostasis. NaPi2b is also implicated in various disease areas, including pulmonary alveolar microlithiasis due to
mutations in the SLC34A2 gene, inflammatory bowel disease due to reduced NaPi2b expression and subsequent decreased phosphate transport in the intestine, and

several types of cancer (ovarian, lung, breast, and papillary thyroid).
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germline BRCA1/2 mutations, are more susceptible to PARP inhibitors.
BRCA1/2 and HRD testing have improved patient selection and treat-
ment decision making, which underscores the clinical value of
biomarker testing and biomarker-directed treatment [41,42,45,47].
Unfortunately, most patients with advanced ovarian cancers are
estimated to experience recurrence during or after frontline treatment
[41,44]. Depending on the duration of the treatment-free interval before
disease recurrence, the disease is defined as either platinum-sensitive
(>6 months after the last platinum-containing treatment), primary
platinum refractory due to intrinsic resistance (<1 month after the last
platinum-containing treatment), or platinum-resistant (1-6 months
from last platinum dose) and reflects the likelihood of further response
to platinum-based chemotherapy [41,44]. To date, recurrent disease
remains incurable, and treatments are aimed at controlling disease-
related symptoms, prolonging treatment-free intervals, and delaying
disease progression without compromising quality of life. In the past
decade, approval of PARP inhibitors as part of maintenance therapy for
patients with recurrent disease has transformed the treatment land-
scape, as evidenced by improved prognosis of patients with platinum-
sensitive ovarian cancer [46,48]. However, treatment options in
platinum-resistant disease remain limited. When progression occurs
within 6 months of receiving platinum-based therapy, standard-of-care
for patients historically has consisted of single-agent non-platinum
chemotherapy, which is associated with considerable toxicity and has
limited efficacy, with response rates of 4 %-12 %, progression-free
survival (PFS) of 3-4 months, and overall survival of approximately
12 months [42,44,49-52]. Some progress has been made in the
platinum-resistant space with the addition of bevacizumab to single-
agent chemotherapy, resulting in significantly improved PFS (median
of 6.7 months vs 3.4 months) and response rates (31 % vs 13 %) [53].
Nonetheless, some patients may be ineligible for bevacizumab-
containing therapy or discontinue bevacizumab due to the risk of
complications including bowel perforation, uncontrolled hypertension,
proteinuria, and posterior reversible encephalopathy syndrome [53,54].
Consequently, there remains a high unmet need for new therapies with
improved efficacy and tolerability in platinum-resistant patients.
Biomarker testing and subsequent expansion of personalized,
biomarker-directed treatment, particularly in the platinum-resistant
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space, could help the strategic selection of patients who would benefit
from treatment and potentially improve their survival [47,55,56].

Because ovarian cancer is a heterogeneous disease that comprises
several distinct histological subtypes, identification of a biomarker that
is subtype-agnostic and has stable expression over time would be clini-
cally relevant [47,50,55]. Considering that NaPi2b is highly expressed
in serous ovarian tumor tissues (Fig. 2), it represents a valid lineage
biomarker to be explored in ovarian cancer.

Accordingly, NaPi2b (through interaction with the MX35 antibody)
has been evaluated as a tumor-selective marker, and early studies
showed that MX35 antibody could be used to identify ovarian tumor
micrometastases and minimal residual disease [58]. In addition, results
from a translational study showed that a humanized monoclonal anti-
NaPi2b antibody (Rebmab200) induced considerable cell death medi-
ated by antibody-dependent cellular cytotoxicity in ovarian cancer cell
lines [59]. More recently, several analyses of ovarian serous carcinoma
tissue samples have provided important insights into NaPi2b expression
throughout disease course. In a longitudinal tissue series, samples were
collected from 11 patients with high-grade serous ovarian cancer across
multiple time points throughout their disease and treatment course
(prior to neoadjuvant chemotherapy, after adjuvant chemotherapy, at
time of recurrence), and NaPi2b expression was assessed via an immu-
nohistochemistry (IHC) GLP assay to calculate a tumor proportion score
(TPS) [60]. Overall, 73 % of patients maintained their same NaPi2b TPS
over the course of disease and treatment (positive/positive or negative/
negative) and 86 % of patients with NaPi2b-positive tumors (established
previously as TPS > 75 % [57]) at the initial sample maintained high
expression across matched samples [60].

In a separate study, NaPi2b expression was evaluated in samples
collected from primary versus metastatic sites, and from fresh versus
archival ovarian cancer tissues [61]. In 18 pairs of synchronous primary
and metastatic samples procured from tissue banks, a high concordance
(72 %) was observed between collection sites. In a second set including
paired fresh and archival specimens (all sampled prior to drug admin-
istration) from 56 patients enrolled in a phase 1b trial of a NaPi2b-
targeting antibody-drug conjugate (ADC), upifitamab rilsodotin
(UpRi), high concordance was noted across fresh and archival samples
for both NaPi2b-positive samples (76 %) and NaPi2b-negative samples
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Fig. 2. NaPi2b immunohistochemistry (IHC) staining in high-grade serous ovarian cancer samples, displaying variation in proportion of NaPi2b positive cells. All
images were provided by Leica Biosystems and were scanned at 20 x magnification using an Aperio AT2 scanner. A novel human-rabbit chimeric antibody has been
developed and is for investigational use only as an IHC reagent on the BOND-III autostainer for detection of NaPi2b in formalin-fixed, paraffin-embedded serous
ovarian cancer tissue [57]. A. Weak NaPi2b plasma membrane staining. B. Moderate plasma membrane staining. C. Strong membrane staining. D. Strong mix of

aggregate and membrane staining.
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(74 %), suggesting that archival tissue is sufficient for biomarker testing
[61]. Taken together, these analyses suggest that NaPi2b status is stable
through disease and treatment course and does not vary significantly
across collection sites or in fresh versus archival biopsy specimens. The
latter is particularly notable, as NaPi2b biomarker screening is less likely
to significantly increase the burden on patients. While these are small
sample sets and further evaluation is warranted, the stability of NaPi2b
over time, sample location, and specimen type provide additional
rationale for the use of NaPi2b as a biomarker and confidence in the
robustness of NaPi2b as a biomarker for ovarian cancer.

While personalized, biomarker-directed therapy has the potential to
guide identification of patients who may benefit from treatment, effec-
tive biomarker detection can present challenges. In a recent example,
the ADC mirvetuximab soravtansine, which targets folate receptor a
(FRa), was evaluated in patients with platinum-resistant ovarian cancer
in the randomized, phase 3 FORWARD 1 trial versus investigator’s
choice of chemotherapy. Disappointingly, the trial did not meet the
primary endpoint of PFS in either the intention-to-treat population (HR
0.981, P = 0.897) or the prespecified FRa-high population (HR 0.693, P
=0.049) [51,62]. The study investigators have attributed this to the way
in which patients were assessed for FRa positivity. In FORWARD I, FRa
positivity was assessed by the 10 x scoring method, in which tumors
with membrane staining in > 50 % of cells were considered FRa-posi-
tive, and those with membrane staining in > 75 % of cells were
considered FRa-high [51]. However, in all prior mirvetuximab sor-
avtansine studies, FRa positivity was assessed using PS2 + scoring,
which takes into account both staining intensity and percentage of
tumor cells with staining; tumors were FRa-positive if > 25 % of tumor
cells stained with medium or high intensity and were considered FRa-
high if > 75 % of tumor cells stained with medium or high intensity
[62,63]. Exploratory analyses rescoring the FORWARD I samples using
PS2 + revealed that 34 % of patients enrolled in FORWARD I had FRa
levels that would not have met inclusion criteria. Therefore, the change
in scoring method from PS2 + to 10 x introduced a population of pa-
tients into FORWARD [ with lower levels of FRa expression than
intended, including in the predefined FRa-high subset (FRa-high using
10x: 60 % [n = 198]; FRa-high using PS2+: 35 % [n = 116]) [63].
Reanalysis of outcomes using PS2 + scoring demonstrated improved PFS
with mirvetuximab soravtansine versus chemotherapy in the FRa-high
subgroup (median PFS, 5.6 months vs 3.2 months; HR 0.549, P = 0.015).
This has led to the randomized phase 3 MIRASOL trial (NCT04209855,
ENGOT OV-55), which is evaluating mirvetuximab soravtansine versus
investigator’s choice of chemotherapy in patients with platinum-
resistant ovarian cancer whose tumors are FRa-high via PS2 + scoring
[64].

The development of mirvetuximab illustrates the importance of
biomarker detection and thresholding which is critical for the success of
personalized biomarker-directed strategies. Therefore, clinical devel-
opment of a biomarker-based therapeutic strategy requires an opti-
mized, robust, predictive, and reproducible diagnostic assay for
detection. Robust assays must have a broad dynamic range that allows
for clear distinctions to be made between low, medium, and high
expressors. Moreover, a clinically useful diagnostic assay must have the
ability to predict and enrich for outcomes, thus potentially identifying
patients who are most likely to respond to therapy. Finally, it must be
possible for the assay to be reliably reproduced in any laboratory,
regardless of location, based on clear guidelines on how to perform it
and read and consistently interpret the results [65].

The success of a companion diagnostic used to detect biomarkers
relies on a widely available assay, a precise scoring system, and a cutoff.
IHC-based diagnostic assays have become broadly used to detect tumor
biomarkers, such as HER2 or programmed death-ligand 1 (PD-L1), and
use common and well-defined scoring systems, including the H-score,
the PS2 + method, and the TPS [66,67]. These scoring methods are
associated with various benefits and challenges. The H-score accounts
for intensity of staining and proportion of positive cells [68]. Although it
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provides the most information in terms of percentage of cells at given
intensities, the H-score is a relatively complex scoring system, which
may lead to difficulties with reproducibility; therefore, it might be better
applied to clinical research and centralized reading than routine prac-
tice. The PS2 + scoring system accounts only for the proportion of
higher-intensity staining [69]. Using this method, the pathologist
identifies all cells with medium and high staining and distinguishes
them from those with low staining. This distinction requires the
pathologist to apply a threshold to a continuous spectrum from dark to
light brown, which may be highly subjective and could lack reproduc-
ibility across laboratories worldwide. Finally, the TPS is defined as
percentage of positive tumor cells within the viable tumor cells counted
[66]. The TPS system requires the pathologist to distinguish between the
absence of staining and any intensity of positive staining, and therefore,
may be more reproducible. Testing for NaPi2b in this way could help
identify patient populations most likely to benefit from selective NaPi2b
targeted therapies.

Antibody-drug conjugates as a therapeutic modality to target
NaPi2b

A critical challenge in developing effective cancer treatments is the
ability to deliver targeted therapy to tumor tissue while sparing healthy
tissue. Because NaPi2b is a lineage marker and not an oncogene, it is not
a candidate for targeted inhibition; however, the expression profile of
NaPi2b in ovarian cancer presents a unique opportunity to preferentially
deliver cytotoxic treatment to tumor cells using ADCs. ADCs are
emerging biomarker-based therapeutic approaches developed to direct
potent cytotoxic agent with high selectivity in various tumor types
[43,70]. Structurally, an ADC is composed of an antigen-targeted
monoclonal antibody coupled to a cytotoxic payload via a cleavable or
non-cleavable linker [43,70]. The binding of the antibody to its tumor
antigen results in internalization of the complex and release of the
cytotoxic payload into the targeted tumor cells [43,70].

To date, there are 13 US FDA-approved ADC therapies, of which six
are approved in solid tumors, including breast, urothelial, cervical, and
ovarian cancers [43,70]. In addition to mirvetuximab soravtansine
(targeting FRa), several other ADCs are in various stages of clinical
development in ovarian cancer, including anetumab ravtansine (tar-
geting mesothelin), tisotumab vedotin (targeting tissue factor), and
UpRi (targeting NaPi2b) [43,44]. Using ADCs to target NaPi2b in
ovarian cancer is an attractive strategy to minimize the occurrence of
toxicities such as peripheral neuropathy and neutropenia, which are
typically associated with standard-of-care chemotherapy [18,44,51].

Clinical potential of NaPi2b

To date, two NaPi2b targeting ADCs have been investigated in early
phase studies in ovarian cancer (Table 1). The first of these, lifastuzumab
vedotin (LIFA), was an ADC comprising a humanized anti-NaPi2b
monoclonal antibody conjugated to monomethyl auristatin E [71,72].
In the phase 2 trial in patients with platinum-resistant ovarian cancer,
treatment with LIFA resulted in a median PFS of 5.3 months compared
with 3.1 months (P = 0.34) with standard-of-care pegylated liposomal
doxorubicin in the overall study population [71]. In patients with high
NaPi2b-expressing tumors (as determined by an H-score IHC-based
assay), the median PFS was 5.3 versus 3.4 months (P = 0.24), and the
objective response rate (ORR) was 36 % versus 14 % in patients treated
with LIFA versus pegylated liposomal doxorubicin [71]. Commonly re-
ported adverse events with LIFA included fatigue, gastrointestinal
adverse events, and peripheral neuropathy [72]. Although the overall
data in ovarian cancer looked promising and supported the feasibility of
ADCs to target NaPi2b, the PFS differences were not statistically sig-
nificant, and the sponsor made the decision to discontinue LIFA devel-
opment [73]. Of note, 93 % of patients treated with LIFA were
determined to have high NaPi2b levels, which suggests the diagnostic
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Table 1
Clinical activity of NaPi2b ADCs in ovarian cancer.
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NaPi2b ADC Payload Study Patient Enrollment/dose Efficacy Top 3 AEs with ADC
population groups/treatment Any grade Grade > 3
arms

Lifastuzumab Monomethyl Phase 1b Recurrent PSOC N=41 All patients Neutropenia (78 %) Neutropenia (59 %)
vedotin (LIFA) auristatin E NCT01363947 ORR: 59 % Peripheral Thrombocytopenia (31

[73]1 LIFA 1.2 mg/kg + Median PFS: neuropathy (63 %) %)
carboplatin 10.7 mo Thrombocytopenia Anemia (15 %)
(61 %)
LIFA 2.4 mg/kg +
carboplatin +
bevacizumab
Phase 2 PROC N=095 ITT Abdominal pain (46 Neutropenia (13 %)
(terminated) Median of 2 prior NaPi2b high: 93 % ORR: 34 % %) Abdominal pain (9 %)
NCT01991210 systemic therapies LIFA vs 15 % Nausea (46 %) Anemia (7 %)
[71] LIFA 2.4 mg/kg PLD Fatigue (44 %)
Total: n = 47 Median PFS:
NaPi2b high: n = 42 5.3 vs 3.1 mo
(P=0.34)
PLD 40 mg/kg
Total: n = 48 NaPi2b high
NaPi2b high:n =43  ORR: 36 %
LIFA vs 14 %
PLD
Median PFS:
5.3 vs 3.4 mo
(P=0.24)

Upifitamab Auristatin Phase 1b HGSOC progressing  Total enrolled: All dose levels  UpRi 36 mg/m> UpRi 36 mg/m>
rilsodotin F-HPA NCT03319628 after standard N=97 ITT Fatigue (79 %) Transient AST
(UpRi) [76] treatment Response evaluable: ORR: 23 % Nausea (59 %) increased (21 %)

1-3 prior lines in n=75 (CR 3 %) AST increased (38 %) Transient
platinum-resistant NaPi2b positive: thrombocytopenia (14
patients n =50 (64 %) NaPi2b %)

4 prior lines positive Fatigue (10 %)
regardless of UpRi 36 mg/m? ORR: 34 %

platinum status UpRi 43 mg/m? (CR 5 %)

assay used in this study may not have been optimized to distinguish
responders from non-responders [71].

UpRIi is a first-in-class NaPi2b-targeting ADC with a novel scaffold-
linker-payload [74]. The design of this ADC enables a high drug-to-
antibody ratio of approximately 10, which is hypothesized to improve
drug concentration at the tumor and result in a lower dose or less
frequent administration, especially in tumors with low antigen expres-
sion [43,70]. In addition, to limit potential off-target toxicity, UpRi has
been designed with an auristatin F-HPA payload with a controlled
bystander effect, in which auristatin F-HPA has a limited diffusion ca-
pacity that reduces its potential action on neighboring, healthy cells
[74-77]. The safety and preliminary efficacy of UpRi were recently
investigated in a phase 1/1b study of 97 patients with high-grade serous
ovarian cancer [76]. Data from this trial suggested that UpRi has clinical
activity at the 36 mg/m? dose, with a differentiated safety profile,
showing no reports of grade > 3 cases of neutropenia, peripheral neu-
ropathy, or ocular toxicity [76]. The most frequently reported
treatment-related adverse events were low-grade and included fatigue,
nausea, transient aspartate aminotransferase increase, transient throm-
bocytopenia, and decreased appetite [76]. Using an immunostaining
protocol for NaPi2b, it was established that a TPS cut-off > 75 % could
be used in a clinical setting to detect samples with NaPi2b-high
expression and identifies a population similar to that for the previ-
ously used H-score [57]. Overall, of 78 patients who had NaPi2b
expression determined by TPS, 50 (64 %) had NaPi2b-positive (TPS >
75) ovarian tumors. These patients achieved an ORR of 34 % vs 23 % in
those with any level of NaPi2b expression and had a trend toward longer
time on treatment than patients with low NaPi2b expression [76]. The
aforementioned phase 1/1b efficacy and tolerability data support the
investigation of the potential clinical benefit with UpRi in three ongoing
clinical trials: the phase 2 registrational UPLIFT trial (NCT03319628),
designed to evaluate UpRi monotherapy in patients with platinum-

resistant, high-grade serous ovarian cancer who have received up to
four prior lines of therapy; the phase 1/2 UPGRADE trial
(NCT04907968), an umbrella study investigating UpRi in combination
with other agents in patients with platinum-sensitive ovarian cancer;
and the phase 3 randomized UP-NEXT trial (NCT05329545) evaluating
UpRi maintenance monotherapy vs placebo in patients with recurrent,
platinum-sensitive high-grade ovarian cancer with NaPi2b-positive
disease [78-83].

Future considerations and conclusions

Studies using NaPi2b for patient selection and therapeutic targeting
in ovarian cancer are promising; however, several important consider-
ations remain. Emerging evidence suggests that patients who express
high levels of NaPi2b at the time of diagnosis continue to maintain high
levels of expression over the course of their disease. This indicates that
timely biomarker testing would be of value to patient care, especially in
later-line and platinum-resistant settings; however, these findings were
based on analyses with limited sample sizes, thus larger studies are
warranted to fully elucidate NaPi2b expression though disease and
treatment course. In addition, anticipating and uncovering potential
mechanisms of resistance to anti-NaPi2b ADCs, particularly in patients
with platinum-resistant disease, could further inform treatment
sequencing in patients with advanced/recurrent ovarian cancer. It is
also currently unknown how NaPi2b expression may be correlated with
or impacted by the presence of other biomarkers, including BRCA1/2 or
HRD; understanding the relationship between these biomarkers and
NaPi2b would support future studies exploring anti-NaPi2b ADCs in
combination with other therapies. Finally, because NaPi2b expression is
not confined to ovarian cancer, further exploration of anti-NaPi2b ADCs
in other cancers, including lung, endometrial and thyroid cancers, is of
interest. Additional studies with larger cohorts of patients are
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warranted.

Biomarker-directed treatment is an important area of clinical focus in
ovarian cancer, and there is a need to identify patients who would
benefit from selected therapies. The key to personalized care in ovarian
cancer is the identification of a biomarker that can be used for patient
selection using accessible IHC-based robust diagnostic assays. NaPi2b is
a promising novel therapeutic target due to its high expression in
ovarian cancer and low expression in normal tissues. Moreover, because
NaPi2b is highly expressed on the cell surface, it is an ideal candidate for
an IHC-based diagnostic assay for effective patient selection and for
ADC-based therapy. Accordingly, encouraging early findings with anti-
NaPi2b ADCs suggest promise in further development of these thera-
pies as a valid approach for personalized medicine. Based on the body of
literature summarized here, NaPi2b has the potential to be a clinically
relevant biomarker for patient selection and treatment in ovarian
cancer.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
[S. Banerjee: research funding: AstraZeneca, GlaxoSmithKline, Vera-
stem; advisory boards: Amgen, AstraZeneca, GlaxoSmithKline, Immu-
nogen, Merck & Co., Mersana, Novartis, OncXerna, Regeneron, Seagen,
Shattuck; honoraria: Amgen, AstraZeneca, Clovis, GlaxoSmithKline,
Immunogen, Merck & Co., Mersana, Pfizer, Roche, Takeda; stock or
other ownership: Perci Health. R. Drapkin: advisory boards: Repare
Therapeutics and VOC Health, Inc. D. Richardson: Consultancy/advi-
sory role with Mersana, AstraZeneca, Genentech, GlaxoSmithKline,
Immunogen, and Deciphera; research funding from GlaxoSmithKline,
Celsion, Roche, Aravive, Shattuck, Mersana, Syros, Arch Oncology,
Harpoon, Hookipa, Clovis, and Karyopharm. M. Birrer: advisory boards:
AstraZeneca, Merck.].

Acknowledgements

S. Banerjee acknowledges the Royal Marsden and ICR NIHR
Biomedical Research Centre (BRC). Medical writing support was pro-
vided by Mihaela Marina, PhD, and Allison Cherry, PhD, of Bio Con-
nections LLC, funded by Mersana Therapeutics, Inc.

References

[1

—

Forster IC, Hernando N, Biber J, Murer H. Phosphate transporters of the SLC20 and
SLC34 families. Mol Aspects Med 2013;34:386-95.

Marks J. The role of SLC34A2 in intestinal phosphate absorption and phosphate
homeostasis. Pflugers Arch 2019;471:165-73.

[3] Beck L, Karaplis AC, Amizuka N, Hewson AS, Ozawa H, Tenenhouse HS. Targeted
inactivation of Npt2 in mice leads to severe renal phosphate wasting,
hypercalciuria, and skeletal abnormalities. Proc Natl Acad Sci U S A 1998;95:
5372-7.

Bergwitz C, Roslin NM, Tieder M, Loredo-Osti JC, Bastepe M, Abu-Zahra H, et al.
SLC34A3 mutations in patients with hereditary hypophosphatemic rickets with
hypercalciuria predict a key role for the sodium-phosphate cotransporter NaPi-Ilc
in maintaining phosphate homeostasis. Am J Hum Genet 2006;78:179-92.

Custer M, Lotscher M, Biber J, Murer H, Kaissling B. Expression of Na-P(i)
cotransport in rat kidney: localization by RT-PCR and immunohistochemistry. Am
J Physiol 1994;266:F767-74.

Feild JA, Zhang L, Brun KA, Brooks DP, Edwards RM. Cloning and functional
characterization of a sodium-dependent phosphate transporter expressed in human
lung and small intestine. Biochem Biophys Res Commun 1999;258:578-82.
Hilfiker H, Hattenhauer O, Traebert M, Forster I, Murer H, Biber J.
Characterization of a murine type II sodium-phosphate cotransporter expressed in
mammalian small intestine. Proc Natl Acad Sci U S A 1998;95:14564-9.
Nishimura M, Naito S. Tissue-specific mRNA expression profiles of human solute
carrier transporter superfamilies. Drug Metab Pharmacokinet 2008;23:22-44.

[9] Xu H, Bai L, Collins JF, Ghishan FK. Molecular cloning, functional characterization,
tissue distribution, and chromosomal localization of a human, small intestinal
sodium-phosphate (Na+-Pi) transporter (SLC34A2). Genomics 1999;62:281-4.

[10] Homann V, Rosin-Steiner S, Stratmann T, Arnold WH, Gaengler P, Kinne RK.
Sodium-phosphate cotransporter in human salivary glands: molecular evidence for
the involvement of NPT2b in acinar phosphate secretion and ductal phosphate
reabsorption. Arch Oral Biol 2005;50:759-68.

[2

—

[4

[

[5

fad}

[6

)

[7

—

[8

—

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Cancer Treatment Reviews 112 (2023) 102489

Traebert M, Hattenhauer O, Murer H, Kaissling B, Biber J. Expression of type II Na-
P(i) cotransporter in alveolar type II cells. Am J Physiol 1999;277:1.868-73.
Sabbagh Y, O’Brien SP, Song W, Boulanger JH, Stockmann A, Arbeeny C, et al.
Intestinal Npt2b plays a major role in phosphate absorption and homeostasis. J Am
Soc Nephrol 2009;20:2348-58.

Saito A, Nikolaidis NM, Amlal H, Uehara Y, Gardner JC, LaSance K, et al. Modeling
pulmonary alveolar microlithiasis by epithelial deletion of the Npt2b sodium
phosphate cotransporter reveals putative biomarkers and strategies for treatment.
Sci Transl Med 2015;7:313ral81.

Shibasaki Y, Etoh N, Hayasaka M, Takahashi MO, Kakitani M, Yamashita T, et al.
Targeted deletion of the type IIb Na(+)-dependent Pi-co-transporter, NaPi-IIb,
results in early embryonic lethality. Biochem Biophys Res Commun 2009;381:
482-6.

Chen H, Xu H, Dong J, Li J, Ghishan FK. Tumor necrosis factor-alpha impairs
intestinal phosphate absorption in colitis. Am J Physiol Gastrointest Liver Physiol
2009;296:G775-81.

Corut A, Senyigit A, Ugur SA, Altin S, Ozcelik U, Calisir H, et al. Mutations in
SLC34A2 cause pulmonary alveolar microlithiasis and are possibly associated with
testicular microlithiasis. Am J Hum Genet 2006;79:650-6.

Huqun IS, Miyazawa H, Ishii K, Uchiyama B, Ishida T, et al. Mutations in the
SLC34A2 gene are associated with pulmonary alveolar microlithiasis. Am J Respir
Crit Care Med 2007;175:263-8.

Bodyak ND, Mosher R, Yurkovetskiy AV, Yin M, Bu C, Conlon PR, et al. The
dolaflexin-based antibody-drug conjugate XMT-1536 targets the solid tumor
lineage antigen SLC34A2/NaPi2b. Mol Cancer Ther 2021;20:896-905.

Chen DR, Chien SY, Kuo SJ, Teng YH, Tsai HT, Kuo JH, et al. SLC34A2 as a novel
marker for diagnosis and targeted therapy of breast cancer. Anticancer Res 2010;
30:4135-40.

Gryshkova V, Goncharuk I, Gurtovyy V, Khozhayenko Y, Nespryadko S,
Vorobjova L, et al. The study of phosphate transporter NAPI2B expression in
different histological types of epithelial ovarian cancer. Exp Oncol 2009;31:37-42.
Jarzab B, Wiench M, Fujarewicz K, Simek K, Jarzab M, Oczko-Wojciechowska M,
et al. Gene expression profile of papillary thyroid cancer: sources of variability and
diagnostic implications. Cancer Res 2005;65:1587-97.

Lin K, Rubinfeld B, Zhang C, Firestein R, Harstad E, Roth L, et al. Preclinical
development of an anti-NaPi2b (SLC34A2) antibody-drug conjugate as a
therapeutic for non-small cell lung and ovarian cancers. Clin Cancer Res 2015;21:
5139-50.

Mattes MJ, Look K, Furukawa K, Pierce VK, Old LJ, Lewis Jr JL, et al. Mouse
monoclonal antibodies to human epithelial differentiation antigens expressed on
the surface of ovarian carcinoma ascites cells. Cancer Res 1987;47:6741-50.
Rubin SC, Kairemo KJ, Brownell AL, Daghighian F, Federici MG, Pentlow KS, et al.
High-resolution positron emission tomography of human ovarian cancer in nude
rats using 124I-labeled monoclonal antibodies. Gynecol Oncol 1993;48:61-7.
Rubin SC, Kostakoglu L, Divgi C, Federici MG, Finstad CL, Lloyd KO, et al.
Biodistribution and intraoperative evaluation of radiolabeled monoclonal antibody
MX35 in patients with epithelial ovarian cancer. Gynecol Oncol 1993;51:61-6.
Yin BW, Kiyamova R, Chua R, Caballero OL, Gout I, Gryshkova V, et al. Monoclonal
antibody MX35 detects the membrane transporter NaPi2b (SLC34A2) in human
carcinomas. Cancer Immun 2008;8:3.

Levan K, Mehryar M, Mateoiu C, Albertsson P, Back T, Sundfeldt K.
Immunohistochemical evaluation of epithelial ovarian carcinomas identifies three
different expression patterns of the MX35 antigen, NaPi2b. BMC Cancer 2017;17:
303.

Rangel LB, Sherman-Baust CA, Wernyj RP, Schwartz DR, Cho KR, Morin PJ.
Characterization of novel human ovarian cancer-specific transcripts (HOSTs)
identified by serial analysis of gene expression. Oncogene 2003;22:7225-32.
Shyian M, Gryshkova V, Kostianets O, Gorshkov V, Gogolev Y, Goncharuk I, et al.
Quantitative analysis of SLC34A2 expression in different types of ovarian tumors.
Exp Oncol 2011;33:94-8.

Bondeson DP, Paolella BR, Asfaw A, Rothberg MV, Skipper TA, Langan C, et al.
Phosphate dysregulation via the XPR1-KIDINS220 protein complex is a therapeutic
vulnerability in ovarian cancer. Nat. Cancer 2022.

Hong SH, Minai-Tehrani A, Chang SH, Jiang HL, Lee S, Lee AY, et al. Knockdown of
the sodium-dependent phosphate co-transporter 2b (NPT2b) suppresses lung
tumorigenesis. PLoS ONE 2013;8:e77121.

Jin H, Xu CX, Lim HT, Park SJ, Shin JY, Chung YS, et al. High dietary inorganic
phosphate increases lung tumorigenesis and alters Akt signaling. Am J Respir Crit
Care Med 2009;179:59-68.

Russo-Abrahao T, Lacerda-Abreu MA, Gomes T, Cosentino-Gomes D, Carvalho-de-
Araujo AD, Rodrigues MF, et al. Characterization of inorganic phosphate transport
in the triple-negative breast cancer cell line, MDA-MB-231. PLoS ONE 2018;13:
e0191270.

Elias KM, Emori MM, Westerling T, Long H, Budina-Kolomets A, Li F, et al.
Epigenetic remodeling regulates transcriptional changes between ovarian cancer
and benign precursors. JCI. Insight 2016:1.

Reddy J, Fonseca MAS, Corona RI, Nameki R, Segato Dezem F, Klein IA, et al.
Predicting master transcription factors from pan-cancer expression data. Sci Adv
2021;7:eabf6123.

Chaves-Moreira D, Mitchell MA, Arruza C, Rawat P, Sidoli S, Nameki R, et al. The
transcription factor PAX8 promotes angiogenesis in ovarian cancer through
interaction with SOX17. Sci Signal 2022;15:eabm2496.

National Cancer Institute. Surveillance, Epidemiology, and End Results Program.
Cancer Stat Facts: Ovarian Cancer. https://seer.cancer.gov/statfacts/html/ovary.
html. Accessed July 14, 2022.


http://refhub.elsevier.com/S0305-7372(22)00158-X/h0005
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0005
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0010
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0010
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0015
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0015
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0015
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0015
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0020
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0020
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0020
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0020
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0025
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0025
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0025
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0030
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0030
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0030
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0035
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0035
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0035
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0040
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0040
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0045
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0045
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0045
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0050
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0050
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0050
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0050
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0055
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0055
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0060
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0060
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0060
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0065
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0065
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0065
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0065
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0070
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0070
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0070
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0070
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0075
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0075
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0075
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0080
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0080
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0080
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0085
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0085
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0085
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0090
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0090
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0090
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0095
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0095
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0095
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0100
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0100
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0100
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0105
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0105
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0105
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0110
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0110
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0110
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0110
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0115
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0115
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0115
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0120
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0120
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0120
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0125
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0125
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0125
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0130
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0130
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0130
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0135
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0135
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0135
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0135
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0140
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0140
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0140
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0145
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0145
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0145
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0150
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0150
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0150
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0155
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0155
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0155
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0160
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0160
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0160
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0165
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0165
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0165
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0165
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0170
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0170
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0170
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0175
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0175
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0175
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0180
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0180
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0180
https://seer.cancer.gov/statfacts/html/ovary.html
https://seer.cancer.gov/statfacts/html/ovary.html

S. Banerjee et al.

[38]

[39]

[40]

[41]
[42]
[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin
2022;72:7-33.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

Dochez V, Caillon H, Vaucel E, Dimet J, Winer N, Ducarme G. Biomarkers and
algorithms for diagnosis of ovarian cancer: CA125, HE4, RMI and ROMA, a review.
J Ovarian Res 2019;12:28.

Lheureux S, Braunstein M, Oza AM. Epithelial ovarian cancer: evolution of
management in the era of precision medicine. CA Cancer J Clin 2019;69:280-304.
Luvero D, Milani A, Ledermann JA. Treatment options in recurrent ovarian cancer:
latest evidence and clinical potential. Ther Adv Med Oncol 2014;6:229-39.
Manzano A, Ocana A. Antibody-drug conjugates: a promising novel therapy for the
treatment of ovarian cancer. Cancers (Basel) 2020:12.

Pujade-Lauraine E, Banerjee S, Pignata S. Management of platinum-resistant,
relapsed epithelial ovarian cancer and new drug perspectives. J Clin Oncol 2019;
37:2437-48.

Miller RE, Leary A, Scott CL, Serra V, Lord CJ, Bowtell D, et al. ESMO
recommendations on predictive biomarker testing for homologous recombination
deficiency and PARP inhibitor benefit in ovarian cancer. Ann Oncol 2020;31:
1606-22.

Mirza MR, Coleman RL, Gonzalez-Martin A, Moore KN, Colombo N, Ray-Coquard I,
et al. The forefront of ovarian cancer therapy: update on PARP inhibitors. Ann
Oncol 2020;31:1148-59.

Radu MR, Pradatu A, Duica F, Micu R, Cretoiu SM, Suciu N, et al. Ovarian cancer:
biomarkers and targeted therapy. Biomedicines 2021:9.

Tew WP, Lacchetti C, Ellis A, Maxian K, Banerjee S, Bookman M, et al. PARP
inhibitors in the management of ovarian cancer: ASCO guideline. J Clin Oncol
2020;38:3468-93.

Gaillard S, Oaknin A, Ray-Coquard I, Vergote I, Scambia G, Colombo N, et al.
Lurbinectedin versus pegylated liposomal doxorubicin or topotecan in patients
with platinum-resistant ovarian cancer: a multicenter, randomized, controlled,
open-label phase 3 study (CORAIL). Gynecol Oncol 2021;163:237-45.

Luvero D, Plotti F, Aloisia A, Montera R, Terranova C, Carlo De Cicco N, et al.
Ovarian cancer relapse: from the latest scientific evidence to the best practice. Crit
Rev Oncol Hematol 2019;140:28-38.

Moore KN, Oza AM, Colombo N, Oaknin A, Scambia G, Lorusso D, et al. Phase III,
randomized trial of mirvetuximab soravtansine versus chemotherapy in patients
with platinum-resistant ovarian cancer: primary analysis of FORWARD I. Ann
Oncol 2021;32:757-65.

Pujade-Lauraine E, Fujiwara K, Ledermann JA, Oza AM, Kristeleit R, Ray-
Coquard IL, et al. Avelumab alone or in combination with chemotherapy versus
chemotherapy alone in platinum-resistant or platinum-refractory ovarian cancer
(JAVELIN Ovarian 200): an open-label, three-arm, randomised, phase 3 study.
Lancet Oncol 2021;22:1034-46.

Pujade-Lauraine E, Hilpert F, Weber B, Reuss A, Poveda A, Kristensen G, et al.
Bevacizumab combined with chemotherapy for platinum-resistant recurrent
ovarian cancer: the AURELIA open-label randomized phase III trial. J Clin Oncol
2014;32:1302-8.

Bevacizumab [package insert]. South San Francisco, CA: Genentech Inc. https
://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125085s01691bl.pdf.
May, 2009.

Atallah GA, Abd Aziz NH, Teik CK, Shafiee MN, Kampan NC. New predictive
biomarkers for ovarian cancer. Diagnostics (Basel) 2021:11.

Bartoletti M, Musacchio L, Giannone G, Tuninetti V, Bergamini A, Scambia G, et al.
Emerging molecular alterations leading to histology-specific targeted therapies in
ovarian cancer beyond PARP inhibitors. Cancer Treat Rev 2021;101:102298.
Patel A, Cowden E, Okeke N, Skende O, Krassnoff P, Alexander M, et al. Abstracts:
Pathobiology and Emerging Techniques (1145-1171). Modern Pathol 2022;2022
(35):1259.

Finstad CL, Lloyd KO, Federici MG, Divgi C, Venkatraman E, Barakat RR, et al.
Distribution of radiolabeled monoclonal antibody MX35 F(ab’)2 in tissue samples
by storage phosphor screen image analysis: evaluation of antibody localization to
micrometastatic disease in epithelial ovarian cancer. Clin Cancer Res 1997;3:
1433-42.

Lopes dos Santos M, Yeda FP, Tsuruta LR, Horta BB, Pimenta Jr AA, Degaki TL,
et al. Rebmab200, a humanized monoclonal antibody targeting the sodium
phosphate transporter NaPi2b displays strong immune mediated cytotoxicity
against cancer: a novel reagent for targeted antibody therapy of cancer. PLoS ONE
2013;8:e70332.

Drapkin R, Jung E, Bradshaw C, DeMars L, Mosher R. Evaluation of NaPi2b
expression in a well-annotated longitudinal tissue series of ovarian serous
carcinomas. International Gynecologic Cancer Society (IGCS) Annual Meeting.
2022.

Richardson DL, Barve M, Saltos A, Papadopoulos KP, Hays JL, Tolcher A, et al.
Comparison of NaPi2b expression from paired tissue samples in a clinical study of
upifitamab rilsodotin (UpRi; XMT-1536) supports a strategy of testing in archival
material. Int Gynecol Cancer Soc (IGCS) Annual Meeting 2022.

Moore KN, Martin LP, O’Malley DM, Matulonis UA, Konner JA, Perez RP, et al.
Safety and activity of mirvetuximab soravtansine (IMGN853), a folate receptor
alpha-targeting antibody-drug conjugate, in platinum-resistant ovarian, fallopian

[63]

[64]

[65]

[66]
671

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

Cancer Treatment Reviews 112 (2023) 102489

Tube, or primary peritoneal cancer: A phase I expansion study. J Clin Oncol 2017;
35:1112-8.

Moore KN, Oza AM, Colombo N, Oaknin A, Scambia G, Lorusso D, et al. FORWARD
1 (GOG 3011): A phase III study of mirvetuximab soravtansine, a folate receptor
alpha (FRa)-targeting antibody-drug conjugate (ADC), versus chemotherapy in
patients (pts) with platinum-resistant ovarian cancer (PROC). Ann Oncol 2019;30.
Oral presentation (abstract 9920).

Moore KN, Van Gorp T, Wang J, Esteves B, Zweidler-McKay PA. MIRASOL (GOG
3045/ENGOT OV-55): A randomized, open-label, phase III study of mirvetuximab
soravtansine versus investigator’s choice of chemotherapy in advanced high-grade
epithelial ovarian, primary peritoneal, or fallopian tube cancers with high folate-
alpha (FRa) expression. J Clin Oncol 2020;38. abstract TPS6103.

Cree IA, Deans Z, Ligtenberg MJ, Normanno N, Edsjo A, Rouleau E, et al. Guidance
for laboratories performing molecular pathology for cancer patients. J Clin Pathol
2014;67:923-31.

Akhtar M, Rashid S, Al-Bozom IA. PD-L1 immunostaining: what pathologists need
to know. Diagn Pathol 2021;16:94.

Zhang H, Moisini I, Ajabnoor RM, Turner BM, Hicks DG. Applying the new
guidelines of HER2 testing in breast cancer. Curr Oncol Rep 2020;22:51.

Detre S, Saclani Jotti G, Dowsett M. A “quickscore” method for
immunohistochemical semiquantitation: validation for oestrogen receptor in breast
carcinomas. J Clin Pathol 1995;48:876-8.

Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JMS, et al.
Human epidermal growth factor receptor 2 testing in breast cancer: American
Society of Clinical Oncology/College of American Pathologists Clinical Practice
guideline focused update. J Clin Oncol 2018;36:2105-22.

Tong JTW, Harris PWR, Brimble MA, Kavianinia I. An insight into FDA approved
antibody-drug conjugates for cancer therapy. Molecules 2021;26.

Banerjee S, Oza AM, Birrer MJ, Hamilton EP, Hasan J, Leary A, et al. Anti-NaPi2b
antibody-drug conjugate lifastuzumab vedotin (DNIBO600A) compared with
pegylated liposomal doxorubicin in patients with platinum-resistant ovarian cancer
in a randomized, open-label, phase II study. Ann Oncol 2018;29:917-23.

Gerber DE, Infante JR, Gordon MS, Goldberg SB, Martin M, Felip E, et al. Phase Ia
study of anti-NaPi2b antibody-drug conjugate lifastuzumab vedotin DNIBO600A in
patients with non-small cell lung cancer and platinum-resistant ovarian cancer.
Clin Cancer Res 2020;26:364-72.

Moore KN, Birrer MJ, Marsters J, Wang Y, Choi Y, Royer-Joo S, et al. Phase 1b
study of anti-NaPi2b antibody-drug conjugate lifastuzumab vedotin (DNIBO600A)
in patients with platinum-sensitive recurrent ovarian cancer. Gynecol Oncol 2020;
158:631-9.

Mosher R, Poling LL, Qin L, Bodyak N, Bergstrom D. Relationship of NaPi2b
expression and efficacy of XMT-1536, a NaPi2b targeting antibody-drug conjugate
(ADQ), in an unselected panel of human primary ovarian mouse xenograft models.
Mol Cancer Ther 2018;17.

Hamilton EP, Barve MA, Tolcher AW, Buscema J, Papadopoulos KP, Zarwan C,
et al. Safety and efficacy of XMT-1536 in ovarian cancer: a subgroup analysis from
the phase I expansion study of XMT-1536, a NaPi2b antibody-drug conjugate. Ann
Oncol 2020;31:5627-8.

Richardson DL, Hamilton EP, Barve M, Anderson CK, Taylor SK, Lakhani N, et al.
Updated results from the phase 1b expansion study of upifitamab rilsodotin (UpRi;
MT-1536), a NaPi2b-directed dolaflexin antibody drug conjugate (ADC) in ovarian
cancer. Society of Gynecologic Oncology (SGO) Annual Meeting on Women’s.
Cancer 2022.

Tolcher AW, Varkey Ulahannan S, Papadopoulos KP, Edenfield WJ, Matulonis UA,
Burns TF, et al. Phase 1 dose escalation study of XMT-1536, a novel NaPi2b-
targeting antibody-drug conjugate (ADC), in patients (pts) with solid tumors likely
to express NaPi2b. J Clin Oncol 2019;37.

NCT03319628. First-in-human study of XMT-1536 in cancers likely to express
NaPi2b. https://clinicaltrials.gov/ct2/show/record/NCT0331962. Accessed July
14, 2022.

Richardson DL, Perez Fidalgo JA, Gonzalez-Martin A, Oaknin A, Hamilton E, Hays
JL, et al. UPLIFT (ENGOT-0v67/GOG-3048): A Pivotal Cohort of the XMT-1536-1
Trial of Upifitamab Rilsodotin (XMT-1536; UpRi), a NaPi2b-directed Antibody-
Drug Conjugate (ADC), in Platinum-Resistant Ovarian Cancer. Presented at the
International Gynecologic Cancer Society, New York. . 2022.

NCT04907968. Study of upifitamab rilsodotin in combination with other agent(s)
in participants with high-grade serous ovarian cancer (UPGRADE). https://clinic
altrials.gov/ct2/show/record/NCT0490796. Accessed July 14, 2022.

Hays JL, Werner TL, Lakhani N, Edenfield J, Friedman C, Taylor SE, et al.
UPGRADE: Phase 1 Combination Trial of the NaPi2b-directed Antibody-Drug
Conjugate (ADC) Upifitamab Rilsodotin (UpRi; XMT-1536) in Patients With
Ovarian Cancer. Presented at the International Gynecologic Cancer Society, New
York. 2022.

NCT05329545. Upifitamab rilsodotin maintenance in platinum-sensitive recurrent
ovarian cancer (UP-NEXT). https://clinicaltrials.gov/ct2/show/record/NC
T05329545. Accessed July 14, 2022.

Richardson DL, Philip H, O’'Malley DM, Gonzalez-Martin A, Herzog TJ, Rogalski C,
et al. UP-NEXT (GOG-3049/ENGOT-0v71-NSGO-CTU): A Study of Upifitamab
Rilsodotin (UpRi), a NaPi2b-directed Antibody-Drug Conjugate (ADC) in Platinum-
Sensitive Recurrent Ovarian Cancer. Presented at the International Gynecologic
Cancer Society, New York. 2022.


http://refhub.elsevier.com/S0305-7372(22)00158-X/h0190
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0190
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0195
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0195
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0195
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0200
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0200
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0200
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0205
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0205
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0210
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0210
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0215
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0215
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0220
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0220
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0220
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0225
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0225
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0225
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0225
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0230
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0230
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0230
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0235
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0235
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0240
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0240
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0240
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0245
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0245
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0245
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0245
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0250
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0250
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0250
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0255
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0255
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0255
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0255
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0260
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0260
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0260
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0260
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0260
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0265
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0265
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0265
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0265
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125085s0169lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125085s0169lbl.pdf
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0275
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0275
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0280
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0280
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0280
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0285
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0285
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0285
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0290
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0290
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0290
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0290
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0290
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0295
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0295
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0295
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0295
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0295
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0305
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0305
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0305
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0305
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0310
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0310
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0310
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0310
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0310
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0315
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0315
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0315
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0315
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0315
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0320
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0320
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0320
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0320
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0320
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0325
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0325
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0325
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0330
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0330
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0335
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0335
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0340
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0340
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0340
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0345
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0345
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0345
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0345
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0350
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0350
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0355
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0355
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0355
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0355
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0360
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0360
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0360
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0360
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0365
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0365
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0365
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0365
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0370
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0370
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0370
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0370
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0375
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0375
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0375
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0375
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0380
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0380
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0380
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0380
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0380
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0385
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0385
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0385
http://refhub.elsevier.com/S0305-7372(22)00158-X/h0385
https://clinicaltrials.gov/ct2/show/record/NCT0331962
https://clinicaltrials.gov/ct2/show/record/NCT0490796
https://clinicaltrials.gov/ct2/show/record/NCT0490796
https://clinicaltrials.gov/ct2/show/record/NCT05329545
https://clinicaltrials.gov/ct2/show/record/NCT05329545

	Targeting NaPi2b in ovarian cancer
	NaPi2b function and tissue expression
	Role of NaPi2b in disease
	Ovarian cancer: Disease background and role of NaPi2b as a biomarker
	Antibody-drug conjugates as a therapeutic modality to target NaPi2b
	Clinical potential of NaPi2b
	Future considerations and conclusions
	Declaration of competing interest
	Acknowledgements
	References


