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Within pancreatic cancer, pancreatic ductal adeno-
carcinoma (PDAC) is the most aggressive and prevalent 
type, accounting for approximately 90% of all pancreatic 
cancers. Surgery remains the only curative option for 
a proportion of PDAC patients, with a 5-year survival 
rate of 42% in patients with localized disease [2]. Noto-
rious for its late clinical presentation, less than 20% of 
patients have a tumor confined to the pancreas, with 
most patients having metastatic disease and potentially 
curative surgical resection no longer possible. Con-
sequently, chemotherapy remains the best available 
treatment for metastatic, unresectable PDAC because 
patients generally present with late-stage disease, have 
post-surgical recurrence, or both. First line-treatment 
regimens include the combination of fluorouracil, leu-
covorin, irinotecan, and oxaliplatin (FOLFIRINOX) [4] 
and gemcitabine with nab-paclitaxel [5], depending on 
the patients ECOG performance status and co-morbidi-
ties [6–9]. Despite combination chemotherapy advances, 
the median survival time for pancreatic cancer patients 

Background
Pancreatic cancer is an extremely aggressive cancer 
with around 500,000 new cases and over 450,000 deaths 
recorded worldwide in 2020 [1]. This treatment-resistant 
disease has a rising incidence rate and a stubbornly low 
and largely unchanged 5-year relative survival rate of 
approximately 12% [2]. With no reliable biomarkers or 
methods for early detection and limited effective thera-
pies, pancreatic cancer is predicted to become the second 
leading cause of cancer related death by 2030 [3].
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Abstract
Pancreatic cancer is one of the most common causes of cancer-related death, and the 5-year survival rate has 
only improved marginally over the last decade. Late detection of the disease means that in most cases the disease 
has advanced locally and/or metastasized, and curative surgery is not possible. Chemotherapy is still the first-line 
treatment however, this has only had a modest impact in improving survival, with associated toxicities. Therefore, 
there is an urgent need for targeted approaches to better treat pancreatic cancer, while minimizing treatment-
induced side-effects. Antibody drug conjugates (ADCs) are one treatment option that could fill this gap. Here, a 
monoclonal antibody is used to deliver extremely potent drugs directly to the tumor site to improve on-target 
killing while reducing off-target toxicity. In this paper, we review the current literature for ADC targets that have 
been examined in vivo for treating pancreatic cancer, summarize current and on-going clinical trials using ADCs to 
treat pancreatic cancer and discuss potential strategies to improve their therapeutic window.
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remains at 10–12 months [10]. Given the limited efficacy 
of current combination chemotherapy regimens, atten-
tion has shifted towards targeted therapies and antibody-
based approaches to address this highly unmet clinical 
need.

Antibody drug conjugates (ADCs) are a unique ther-
apy that combines the direct tumor targeting capabil-
ity of monoclonal antibodies together with the potency 
of cytotoxic drugs [11]. Briefly, ADCs are composed of 
three distinct parts: a tumor-targeting monoclonal anti-
body (mAb) that specifically binds to a tumor-associated 
antigen, a high-potency cytotoxic drug, known as a pay-
load, and a chemical linker (Fig. 1). Together, these com-
ponents direct the tumor-specific delivery of the highly 
potent cytotoxin, that alone is too toxic to be adminis-
tered systemically. The targeted intratumoral release of 
the cytotoxin reduces off-tumor toxicity associated with 
conventional cytotoxic chemotherapy thus permitting 
an increased therapeutic window [12, 13]. Each compo-
nent of the ADC can be customized to satisfy a range of 
pharmacologic and clinical requirements and, with these 
improvements in ADC technologies, the ADC field is 
rapidly expanding with 14 ADCs now approved by the 
US FDA [11].

Hence, ADCs are designed to ameliorate the high off-
tumor toxicity associated with systemic cytotoxic che-
motherapy while increasing tumor cell killing. These 

therapeutic effects have most recently been achieved, 
largely due to new ADC linker chemistries that stabilize 
the ADC in the bloodstream and maximize the tumor-
specific delivery of the cytotoxic payload [11]. Linkers 
can be broadly classified as cleavable or non-cleavable, 
each with their own distinct mechanism of action [14]. 
Cleavable linkers, such as hydrazone, disulphide and pep-
tide linkers, allow selective cleavage of the ADC within 
the tumor cell by exploiting environmental differences 
between healthy and malignant tissues, such as pH or 
the presence of specific enzymes [15]. Once the ADC is 
internalized by binding to its tumor-associated antigen, 
the linker can be cleaved to release the cytotoxic drug 
directly within the cancer cell. Depending on the payload 
drug chemistry, the drug can be cell-impermeant result-
ing in killing of only the targeted cell, or cell-permeant 
which enables killing of the surrounding, antigen-nega-
tive cells in a process called bystander killing. Similarly, 
a cleavable linker can be cleaved within the tumor micro-
environment before cell internalization of the ADC, 
releasing the drug and also producing bystander killing 
[16]. Although bystander killing is undesirable for healthy 
cells, the process could allow eradication of antigen-
negative tumor cells that would otherwise not have been 
targeted by the ADC [17, 18] and could also facilitate 
the maturation and activation of intratumoral immune 
cells such as dendritic cells (DCs), which are known to 

Fig. 1 Structure of ADCs and specific components of ADCs in development for targeting pancreatic cancer
An ADC is composed of three main components: (1) A monoclonal antibody targeting a tumor specific antigen; (2) a linker molecule and (3) a cytotoxic 
payload that will kill the target cancer cell. Specific antigens, linkers and payloads being developed for the treatment of pancreatic cancer are listed
ADC: antibody drug conjugate;B7-H3: B7-homolog 3;CEA: carcinoembryonic antigen;EGFR: epidermal growth factor receptor;GCC: Guanylyl Cyclase C;HER2: 
human epidermal growth factor receptor 2;HER3: human epidermal growth factor receptor 3;ICAM-1: intercellular adhesion molecule 1;MMAE: monomethyl 
auristatin E;MMAF: monomethyl auristatin F;MUC1: mucin-1;SMCC: succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate;Trop2: trophoblast anti-
gen 2.
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be activated by certain ADC payloads such as maytan-
sines, aurostatins, and pyrrolobenzodiazepine (PBD) 
dimers [19–21]. Non-cleavable linkers such as thioether 
and maleimidocaproyl (MMC) linkers, are not suscep-
tible to environmental or enzymatic cleavage and instead 
are only broken down to release the cytotoxic payload 
after tumor cell internalization and subsequent antibody 
degradation in the endosomes and lysosomes [14]. The 
advantage of non-cleavable linkers includes improved 
stability and plasma half-life as well as reduced off-target 
toxicities [15].

The specific targeting of ADCs has allowed for the use 
of extremely potent drug payloads which are magnitudes 
of order more potent than standard cytotoxic chemo-
therapy drugs [15]. Additionally, as only a limited num-
ber of drugs can be conjugated to an antibody molecule, 
and only a fraction of the administered ADC will reach 
the tumor, extremely potent cytotoxic drugs are required 
for therapeutic efficacy [22]. Most payloads used in 
ADCs fall into the classes of tubulin inhibitors or DNA-
interacting agents. Tubulin inhibitor payloads, which 
represent the majority of approved payloads, disrupt the 
progression of cell division by stabilizing microtubules 
(auristatin) [23] or de-stabilizing microtubules (maytan-
sinoids) [24]. DNA-interacting payloads can induce cell 
death by a number of different mechanisms including the 
induction of DNA double-stranded breaks (calicheami-
cins) [25], DNA alkylation (duocarmycins) [26], or differ-
ent modes of DNA cross-linking (PBD dimers) [27] and 
interference with DNA replication (camptothecins) [28, 
29]. DNA-targeting payloads have the advantage of tar-
geting cells at any stage of the cell cycle, and some, such 
as PBD dimers, are not substrates for multidrug resis-
tance pumps [30].

Currently, FDA-approved ADCs are used in the 
treatment of hematologic malignancies and solid 
tumors including breast cancer, urothelial cancer and 
HER2 + gastric adenocarcinoma [13]. Although there is 
no FDA-approved ADC for the treatment of pancreatic 
cancer, interest has grown in their potential application 
for this disease given the urgent need for new targeted 
therapies. In this review, we summarize the preclinical 
studies in which ADCs are being used to target different 
antigens in pancreatic cancer, followed by a concise over-
view of clinical trials that are assessing ADCs as a therapy 
for advanced pancreatic cancer. Lastly, we outline the 
challenges facing ADC therapy of pancreatic cancer and 
propose strategies to overcome these challenges and to 
guide future research directions in this field.

ADC targets in preclinical models of pancreatic cancer
One of the defining factors in the success of an ADC is 
the selection of an appropriate tumor-specific antigen. 
There have been a number of different pancreatic cancer 

associated antigens that have been investigated in the 
pre-clinical development of ADCs as well as a range of 
different ADC payloads and linkers. Common target 
antigens in pancreatic cancer and ADCs tested in pre-
clinical pancreatic cancer models are summarized in 
Table 1. In this section, we briefly review these pancreatic 
cancer specific tumor antigens and associated ADCs that 
have undergone pre-clinical development.

Epidermal growth factor receptor
Under normal conditions, epidermal growth factor 
receptor (EGFR) is expressed largely by epidermal and 
epithelial cells, and in the islets of Langerhans in normal 
pancreas. EGFR has been shown to be overexpressed in 
30–90% of pancreatic cancer and drives pro-survival 
and anti-apoptotic pathways [31], thus making it a suit-
able target for cancer therapy. Moreover, many patients 
develop resistance to anti-EGFR therapy, indicating that 
novel EGFR-directed ADCs may help to improve treat-
ment outcomes.

Wong et al. generated low-affinity humanized EGFR 
antibodies with the assumption that these antibodies 
would only transiently bind (monovalently) to low EGFR-
expressing healthy cells while the antibodies would sta-
bly (bivalently) bind to high EGFR-expressing cancer 
cells. They showed in vitro that the uptake of the low- 
and high-affinity antibodies by cancer cells was equiva-
lent, however the uptake of low affinity mAbs by normal 
epidermal cells was reduced. Accordingly, a low affinity 
EGFR ADC (RN765C), showed potent killing of moder-
ate to high EGFR-expressing cancer cell lines yet showed 
limited toxicity to human epidermal keratinocytes, and 
was effective as a single-dose treatment in a pancreatic 
xenograft model [32].

A different, humanized anti-EGFR mAb (RC68) was 
conjugated to MMAE using two different types of cleav-
able VC linker: a maleimide-type linker (MC) which 
binds the drug to single thiol groups on the mAb, or a 
novel PY linker capable of covalently linking the drug 
with two thiol groups to bridge two heavy or a heavy 
and a light chain within the mAb. While the PY linker 
provided increased serum stability in vitro, both ADCs 
showed similar binding affinity and dose-dependent anti-
tumor activity in a pancreatic cancer xenograft model, 
which was superior to gemcitabine treatment [33].

An EGFR ADC was generated using a dibromopyrid-
azinedione linker, which bridges the inter-sulfide bonds 
of the mAb, to generate a more uniform drug to antibody 
ratio (DAR) of approximately 4 and improve serum sta-
bility. This ADC contained the MMAE payload and was 
able to overcome EGFR mAb-resistance associated with 
KRAS mutation, which is present in almost all pancreatic 
cancers [34].
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Table 1 Pancreatic cancer associated antigens in ADC pre-clinical development
Target 
Antigen

ADC name Linker Payload Pre-clinical model Refer-
ence

EGFR RN765C Cleavable VC PF-06380101 (microtu-
bule inhibitor)

BxPC3 pancreatic xenograft  [32]

RC68 Cleavable VC MMAE (auristatin) BxPC3 pancreatic xenograft  [33]
CTX-MMAE Cleavable dibro-

mopyridazinedione 
VC

MMAE (auristatin) MIA PaCa-2 and PANC-1 pancreatic xenograft  [34]

LR004 Non-cleavable SMCC DM1 (maytansinoid) Capan-2 pancreatic xenograft  [35]
Mesothelin BAY 94-9343 (An-

etumab Ravtansine)
Cleavable (disulfide) DM4 (maytansinoid) MIA PaCa-2 (overexpressing mesothelin) pancreatic 

xenograft
Patient-derived pancreatic model (PAXF736)

 [18]

AMA-MMAE Cleavable VC MMAE (auristatin) Capan-2, HPAC, AsPC-1 and HPAF-II pancreatic 
xenograft

 [36]

CEA Labetuzumab-SN-38 Cleavable SN-38 (topoisomerase I 
inhibitor)

Capan-1 pancreatic xenograft  [37]

α-CEA-680-PTX Cleavable (disulfide) Paclitaxel BxPC3 pancreatic xenograft  [38]
SAR408701 Cleavable DM4 (maytansinoid) N/A  [39]

Trop2 hRS7 Cleavable SN-38 (topoisomerase I 
inhibitor)

Capan-1 and BxPC3 pancreatic xenograft  [40, 
41]

RN927C Cleavable VC PF-06380101 (microtu-
bule inhibitor)

BxPC3 pancreatic xenograft
Patient-derived pancreatic model (Pan0123, 
Pan0135, and Pan0146)

 [42]

Tissue factor Anti-human ADC and 
anti-mouse ADC

Cleavable VC MMAE (auristatin) Capan-1 and BxPC3 pancreatic xenograft  [43]

Anti-TF ADC Cleavable VC MMAE (auristatin) TF-expressing murine pancreatic model (mPan)  [44]
Anti-TF ADC 
(humanized)

Cleavable VC MMAE (auristatin) BxPC3 and HPAF-II pancreatic xenograft  [45]

SC1-DM1
SC1-MMAE

Non-cleavable
Cleavable VC

DM1 (maytansinoid)
MMAE (auristatin)

BxPC3 pancreatic xenograft  [46]

TF-011-MMAE
TF-011-MMAF
TF-098-MMAE
TF-098-MMAF
TF-111-MMAE
TF-111-MMAF

Cleavable VC
Non-cleavable
Cleavable VC
Non-cleavable
Cleavable VC
Non-cleavable

MMAE (auristatin)
MMAF (auristatin)
MMAE (auristatin)
MMAF (auristatin)
MMAE (auristatin)
MMAF (auristatin)

HPAF-II, AsPC-1 and BxPC3 pancreatic xenograft  [47]

HER3 HER3-ADC Cleavable VC MMAE (auristatin) BxPC3 and HPAC pancreatic xenograft and patient-
derived pancreatic model (PDX P4604)

 [48]

EV20/NMS-P945 Cleavable NMS-P528 (DNA alkyl-
ating agent)

BxPC3 pancreatic xenograft  [49]

CD70 SGN-75 Non-cleavable MMAF (auristatin) CD70 transfected MIA PaCa-2 pancreatic xenograft  [50]
MUC1 SAR566658 Cleavable DM4 (maytansinoid) Capan-2 pancreatic xenograft  [51]

HzMUC1-MMAE Cleavable VC MMAE (auristatin) Capan-2 and CFPAC-1 pancreatic xenograft  [52]
ICAM1 ICAM1-DM1 Non-cleavable SMCC DM1 (maytansinoid) PANC-1 pancreatic xenograft  [53]
CD71 CX-2029 Cleavable VC MMAE (auristatin) Patient-derived pancreatic model (PA6237)  [54]
Glypican-1 GPC1-ADC Cleavable VC MMAE (auristatin)

MMAF (auristatin)
BxPC3 and BxPC3 GPC-1 Knockout pancreatic 
xenograft
Patient-derived pancreatic model (PK645 PDAC, 
PK565 PDAC, PK175, and KPK1)

 
[55–
57]

SLC44A4 ASG-5ME Cleavable VC MMAE (auristatin) Patient-derived pancreatic model (AG-Panc3 (ortho-
topic), AG-Panc4 and AG-Panc2)

 [58]

DR5 Oba01 Cleavable VC MMAE (auristatin) MIA PaCa-2 and PL45 pancreatic xenograft
Patient-derived pancreatic model (PA1266 and 
PA1198)

 [59]

ADC: antibody drug conjugate; CEA: carcinoembryonic antigen; DR5: death receptor 5; EGFR: epidermal growth factor receptor; GPC-1: glypican-1; HER3: human 
epidermal growth factor receptor 3; ICAM-1: intracellular adhesion molecule 1; MMAE: monomethyl auristatin E; MMAF: monomethyl auristatin F; MUC1: mucin-1; 
SMCC: succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate; Trop2: trophoblast antigen 2; VC: valine-citrulline
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The humanized EGFR-targeting antibody LR004 
showed anti-tumor activity when given as a single treat-
ment in MIA PaCa-2 and PANC-1 pancreatic tumor 
models, with the response potentiated when multiple 
doses were given [35].

Mesothelin
The low expression of mesothelin on healthy tissues and 
its overexpression in malignancy, particularly carcinoma, 
has made it an promising target for antibody-based can-
cer treatments [60]. Mesothelin is expressed in > 90% of 
pancreatic cancers [61, 62], making it an attractive target 
for therapy.

An anti-mesothelin targeting ADC, BAY 94-9343, was 
used for the treatment of pre-clinical cancer models 
including pancreatic cancer [18]. In this study, meso-
thelin was overexpressed on the human pancreatic can-
cer cell line MIA PaCa-2, and the resulting cell line was 
sensitized to the anti-mesothelin ADC. In a subcutane-
ous pancreatic cancer model, a dose-dependent response 
to the ADC was observed, with a complete response 
seen at the highest administered dose delivered across 
three injections. In a PDX model of pancreatic can-
cer (PAXF736), this ADC given at the maximum dose 
resulted in transient regression of tumors and was supe-
rior to the standard treatment of gemcitabine [18].

AMA-MMAE has been used in treating a range of 
cancers including pancreatic cancer [36]. Interestingly, 
although the four pancreatic cancer cell lines examined 
showed appreciable mesothelin expression in vitro, the 
response to the ADC varied in vivo and was indepen-
dent of the expression levels of mesothelin. This was 
not due to downregulation of mesothelin because its 
expression was confirmed ex vivo; however, PET imaging 
using 89Zr-anti-meosthelin ADC showed reduced tumor 
uptake in the unresponsive pancreatic cancer models. 
This result was unlikely to be due to shedding of meso-
thelin from the cancer cells, but rather lower antigen 
internalization for the less-responsive pancreatic can-
cer models, thereby reducing the amount of active drug 
released [36].

Carcinoembryonic antigen (CEA)
The carcinoembryonic antigen (CEA), also known as car-
cinoembryonic antigen-related cell adhesion molecule 5 
(CEACAM5) and CD66e, is a cell-surface adhesion pro-
tein and its expression is limited to the gastrointestinal 
tissue during fetal development. However, CEA is highly 
expressed in a variety of different cancer types, including 
pancreatic cancer [63].

A humanized CECAM5 mAb (labetuzumab) was con-
jugated with SN-38, a camptothecin which inhibits topoi-
somerase I, resulting in cell cycle arrest and apoptosis. As 
a free drug, SN-38 is detoxified back to its glucuronide 

form, then reconverted back in the intestine, causing 
delayed toxicity [64]. Therefore, improved methods of 
drug delivery specific to the cancer were required. Gov-
indan et al. prepared labetuzumab with SN-38 and a 
cleavable linker and tested the ADC in a variety of in vivo 
models including pancreatic cancer [37]. They showed 
that repeated treatment with labetuzumab-SN-38 was 
well tolerated and significantly increased survival in a 
human pancreatic cancer xenograft model which was 
superior to mice treated with equimolar amounts of free 
antibody and free drug.

Knutson et al. used a CEA-targeting mouse mAb con-
jugated with a near-infrared fluorophore and paclitaxel 
and showed that this ADC could be tracked in vitro and 
in vivo and was internalized by BxPC-3 pancreatic cancer 
cells [38]. When used at equivalent molar concentration 
in vitro, the ADC was less effective compared to the free 
paclitaxel; however, when used in vivo, the ADC targeted 
the tumor and reduced tumor growth compared to an 
equimolar amount of free drug when given as 5 injec-
tions, 3 days apart, although statistical significance was 
not reached.

A humanized CEACAM5 mAb conjugated via a SPDB 
linker to DM4 (SAR408701) showed efficacy in vitro 
against pancreatic cancer cell lines [39]. Although not 
examined in vivo using pancreatic cancer models, the 
ADC was shown to be effective as single and multiple 
treatments for PDXs of colon, lung and stomach cancer 
[39].

Trop2
Trophoblast antigen 2 (Trop2) is a transmembrane gly-
coprotein with varied expression in healthy tissues and 
is overexpressed in some cancer types where its signal-
ing results in increased proliferation, self-renewal and 
invasion [65, 66]. Trop2 is overexpressed in over half of 
pancreatic cancers and its elevated expression correlates 
with decreased overall survival, metastasis, and worse 
progression-free survival [67].

A humanized anti-Trop2 ADC (hRS7) was effective in 
controlling tumor growth in two human pancreatic can-
cer xenograft models when given as eight treatments, 
whereas the treatment with the pro-drug irinotecan 
(given at a SN-38-dose equivalent) had no significant 
effect on tumor growth. Interestingly, a control ADC 
with the same linker and payload also showed significant 
tumor growth inhibition compared to irinotecan alone, 
suggesting induction of bystander killing by the control 
ADC [16].

Sharkey et al. used a novel strategy of combining 
an ADC with a radiolabelled antibody (radioimmu-
notherapy, RIT) in a variety of pre-clinical models of 
human cancer, including pancreatic cancer [41]. Using 
a similar 8-treatment strategy as above, hRS7-SN-38, 
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an anti-Trop2 ADC showed some anti-tumor activity, 
but with only a 10% cure rate. Administration of a sin-
gle dose of 2.8 MBq (75 µCi) or 4.8 MBq (130 µCi) of 
Yttrium-90-labelled humanized anti-mucin PAM4 anti-
body resulted in 10% and 50% cure rate, respectively. The 
combination of both hRS7-SN-38 and 90Y-hPAM4 (start-
ing on the same day) resulted in 40% and 90% cure rate at 
2.8 MBq and 4.8 MBq 90Y-hPAM4, respectively. Further-
more, complete cures could be induced with a combina-
tion approach of chemotherapy (gemcitabine), RIT and 
ADC.

Modification of the humanized anti-Trop2 antibody 
RN927C, where the C-terminal lysine of the heavy chain 
was replaced with a specific tag, allowed for exact conju-
gation of the linker and drug payload, resulting in a DAR 
of exactly 2. This ADC showed a dose-dependent reduc-
tion in tumor growth in a pancreatic xenograft model 
and three different pancreatic PDXs models, which was 
superior compared to conventional gemcitabine chemo-
therapy [42].

Tissue factor
Tissue factor (TF), also known as CD142, activates the 
coagulation cascade in response to tissue damage and 
trauma in healthy tissues. TF is overexpressed in can-
cer, where it increases tumor cell growth likely through 
increased angiogenesis, and increases metastasis leading 
to poorer prognosis [68].

Anti-mouse and anti-human TF mAbs were used to 
generate TF-targeting ADCs [43], and the cytotoxicity of 
the anti-human TF-ADC correlated to expression of TF 
on pancreatic cell lines in vitro. These ADCs showed a 
dose-dependent anti-tumor response in vivo in a human 
pancreatic cancer xenograft model expressing high lev-
els of TF. Interestingly, both the anti-mouse-TF and iso-
type control ADC showed some anti-tumor response, 
although weaker than that seen with the anti-human 
ADC. Tumor analysis showed high uptake of the anti-
human ADC within the periphery of the tumor, while 
the anti-mouse ADC and control ADC showed reduced 
tumor uptake and were in the tumor stroma. In a low 
TF-expressing xenograft model, both the anti-human 
and anti-mouse TF ADC showed equivalent anti-cancer 
activity, suggesting that perfusion of the ADCs into the 
tumor is sufficient to elicit some tumor response. This is 
likely due to cleavage of the ADC in the tumor microen-
vironment and the permeable nature of the drug induc-
ing bystander killing.

Tsumura et al. generated anti-mouse TF ADCs with 
a VC linker and MMAE payload using the standard 
maleimide-based conjugation or through bis-alkylation 
conjugation (bisAlk), which can re-bridge the reduced 
interchain disulfide bonds [44]. Using a TF-expressing 
murine pancreatic cancer cell line (mPan), both ADCs 

showed similar binding in vitro and similar potency 
against mPan TF-expressing cells but not wild-type 
mPan cells. When examined in vivo, both ADCs were 
well tolerated and active against mPan TF-expressing 
subcutaneous xenografts. The bisAlk ADC showed some 
improvement in tumor control at lower administered 
dose, and significantly reduced tumor growth in the 
mPan WT xenograft model, which had lower TF expres-
sion. This ADC was also successful in controlling tumor 
growth in an orthotopic model using mPan TF-express-
ing cells. This effect was due, in part, to a reduction in 
TF-expression and killing of endothelial cells.

A humanized, anti-human TF mAb demonstrated 
specific cytotoxicity to human pancreatic cancer cells in 
vitro, but not to the same cell line which had TF knocked 
out. The mAb alone showed no therapeutic effect in sub-
cutaneous pancreatic cancer xenograft models but, when 
given as an ADC in three injections, was able to attenuate 
tumor growth. This response was specific for TF-express-
ing tumor cells as there was no response to the ADC in 
a TF-KO xenograft model. This ADC was also effective 
in an orthotopic and peritoneal dissemination model of 
pancreatic cancer [45].

A mouse mAb to human TF (SC1) reduced pancreatic 
cancer cell migration in vitro, and reduced tumor growth 
in vivo. ADCs of this antibody using SMCC-DM1 or VC-
MMAE payloads were generated and showed potency 
against pancreatic cancer cells in vitro. The SC1-MMAE 
ADC and a humanized variant of the ADC, given once 
a week for 4 weeks showed a dose-dependent reduction 
in tumor growth. This treatment was well tolerated, with 
the equivalent amount of docetaxel required to induce 
the same tumor growth inhibition, resulting in toxicities 
that led to substantial weight loss [46].

Breij et al. generated a panel of human TF-specific 
human antibodies and screened them for their ability to 
induce antibody dependent cellular cytotoxicity (ADCC) 
and inhibit TF:FVIIa intracellular signaling (likely pre-
venting production of proangiogenic factors, cytokines 
and adhesion molecules) while having minimal impact 
on TF coagulant activity. These antibodies alone showed 
some benefit when given as a prophylactic treatment 
shortly after tumor cell injection in pancreatic cancer 
xenograft models yet had little effect when used to treat 
established tumors. ADCs were next generated by con-
jugating the TF antibodies to MMAE or MMAF using a 
VC linker. Across the three mAb clones studied, the ADC 
with the MMAE payload showed superior activity com-
pared to MMAF in regressing tumor growth in a pancre-
atic xenograft model, and controlled tumor growth when 
given as a single treatment or as multiple treatments. 
This ADC was used to treat a pancreatic PDX model with 
heterogeneous expression of TF, and the ADC induced 
complete regression in these mice [47].
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HER3
HER3 is part of the human epidermal growth factor 
(HER) family, which has no or minimal intrinsic activity; 
however it is overexpressed in a variety of cancers and is 
associated with increased metastasis, poorer response 
to therapy and decreased survival [69]. Cancer associ-
ated fibroblasts secrete neuregulin-1 (NRG1), which acti-
vates the HER3 pathway and promotes pancreatic tumor 
growth in vivo [70].

Bourillon et al. generated a HER3 targeting ADC using 
a non-NRG1 competitive mouse mAb (9F7-F11) conju-
gated to MMAE using a VC cleavable linker. As this ADC 
not only induced apoptosis but also caused cell cycle 
arrest in G2/M phase, the authors reasoned that prior 
treatment with this ADC would radiosensitize cancer 
cells. Indeed, this approach did sensitize two xenograft 
and one PDX model of pancreatic cancer to external 
beam radiation both in vitro and in vivo, due to reduced 
proliferation, increased DNA damage and apoptosis [48].

A therapeutic humanized anti-HER3 antibody (EV20) 
conjugated through a cathepsin-cleavable linker to the 
DNA minor groove-binding agent NMS-P528, was 
shown to be effective in a variety of xenograft models, 
including pancreatic cancer [49]. A single, high dose 
(40 mg/kg) of the ADC was able to control the growth of 
a well-established pancreatic cancer xenograft and was 
well tolerated with no significant changes in hematologic 
profile.

CD70
CD70 is a costimulatory molecule and member of the 
tumor necrosis factor superfamily. It is expressed on 
activated B- and T-cells, limiting its expression to lym-
phoid tissues. It is overexpressed in some cancers, where 
it interacts with its ligand, CD27, to induce prolifera-
tion and can dampen anti-tumor immune response [71]. 
CD70 is expressed in approximately 25% of pancreatic 
cancers and its elevated expression is correlated with 
increased metastasis and poorer response to chemother-
apy [50, 72].

A humanized CD70 targeting (SGN-75) ADC was 
effective at killing a CD70-expressing ovarian cancer cell 
line, but it had no effect on the pancreatic cancer cell 
lines tested (Panc-1 and MIA PaCa-2) due to low or no 
CD70 expression on these lines, respectively. A CD70-
expressing MIA PaCa-2 line was generated and was 
shown to be sensitive to SGN-75 in vitro. When given as 
four injections SGN-75 was able to significantly decrease 
tumor growth when the same line was used as a xeno-
graft model [50].

MUC1
Mucin 1 (MUC1) is normally expressed on all epithelial 
cells and it, along with other mucin glycoproteins, form 

the major macromolecular component of mucus. MUC1 
expression in normal pancreas is minimal, whereas its 
expression is increased in approximately 90% of pancre-
atic cancers [73].

The CA6 sialoglycotope of MUC1, a MUC1 epitope 
with limited expression on healthy tissue and overex-
pressed in epithelial cancers, was shown to be expressed 
by 76% of pancreatic cancers using the humanized anti-
body, huDS6 [51]. The antibody was conjugated with 
DM4 using a SPDB cleavable linker and this ADC showed 
a dose-dependent reduction in tumor growth when given 
as a single dose in a pancreatic xenograft model.

A humanized antibody (HzMUC1) which binds to an 
alternate MUC1 epitope, the SEA domain, was conju-
gated with a cleavable VC linker to MMAE. This ADC 
was shown to induce G2/M arrest and cause apoptosis 
in pancreatic cells in vitro. This was mirrored in vivo, 
with three doses of the ADC significantly decreasing the 
growth of pancreatic cancer xenografts by reducing pro-
liferation and inducing apoptosis within the tumor [52].

ICAM1
Intracellular adhesion molecule 1 (ICAM1, also known 
as CD54) is a multifunctional cell surface protein of the 
immunoglobulin superfamily which is overexpressed in 
cancers. The KRAS G12D mutation, which accounts for 
approximately 30% of all KRAS mutations in pancreatic 
cancer, drives expression of ICAM1 by acinar cells in 
vivo a mouse model, attracting macrophages to accel-
erate formation of pre-cancer pancreatic lesions [74]. 
This marker was shown to ubiquitously expressed by 
4 pancreatic cancer cell lines examined, with a range of 
3 × 105 to 106 molecules per cell, while expression was 
near absent on normal human pancreatic duct epithelial 
cells. This was confirmed using healthy pancreatic and 
pancreatic cancer tissue microarrays, with no ICAM1 
detected in normal pancreas and high ICAM1 expression 
in pancreatic cancer, with ICAM1 expression correlating 
with stage of disease and survival. The authors demon-
strated that while an ICAM1-targeting antibody alone 
did not alter cell proliferation, it did however inhibit 
cell migration in vitro. A range of ICAM1 ADCs were 
generated with different linkers and payloads including 
an ADC with non-cleavable linker and low cell perme-
able drug (ICAM1-DM1), which showed the greatest 
potency against pancreatic cancer cells while not altering 
the viability of normal human pancreatic duct epithelial 
cells. When examined in an orthotopic pancreatic can-
cer model, the ICAM1 ADC significantly reduced tumor 
growth in part by reducing tumor cell proliferation. This 
treatment also reduced the level of metastatic disease 
[53].
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CD71
CD71, also known as transferrin receptor 1 is over-
expressed by most tumors, however its expression in 
healthy tissues has limited it targeting capabilities. To 
bypass this Singh et al. developed a novel probody drug 
conjugate targeted to CD71. The probody composed of 
the CD71-targeting antibody CX-051, contained a mask-
ing peptide which prevented the antibody from binding 
to its target. The masking peptide was associated with 
the antibody via a protease-cleavable linker which, when 
cleaved within the tumor microenvironment, would free 
the masking peptide, allowing the antibody to bind to 
CD71. The probody was conjugated to MMAE via a VC 
linker and showed efficacy in a variety of different mod-
els, including pancreatic cancer [54].

Glypican-1
Glypican-1 (GPC1) is a heparan sulfate proteoglycan 
which is bound to the plasma membrane via glyco-
sylphosphatidylinositol. GPC1 expression is absent or 
low in normal healthy pancreas and is overexpressed in 
pancreatic cancer, where its elevated expression is corre-
lated with poorer survival [75].

Tsujii and colleagues showed that the majority of pan-
creatic cancer patients express GPC1 on both the tumor 
and stromal cells, particularly cancer-associated fibro-
blasts (CAFs). They generated an ADC targeting human 
GPC1 conjugated with MMAF or MMAE via a VC linker. 
Both ADCs were shown to be effective in directly kill-
ing GPC1-positive pancreatic cells in vitro and in vivo 
[55–57]. In a PDX model with stromal-positive and can-
cer-negative GPC1 expression, the MMAE ADC outper-
formed the MMAF conjugate, which was attributed to 
processing of the ADC by CAFs, resulting in release of 
MMAE which was pumped out of the cells via the drug 
exporter MDR-1 and killed surrounding bystander cells 
[56]. Using a mixed model of GPC-1 expressing and KO 
pancreatic cancer cell line, it was shown that a human-
ized version of the MMAE ADC could significantly 
reduce tumor growth, while the ADC had no effect KO 
pancreatic cancer xenograft alone [57].

GPC-1 has become a controversial biomarker in pan-
creatic cancer. GPC-1 is present in two forms: mem-
brane-bound protein and as a soluble fragment due to 
shedding or cleavage. In liquid biopsies, circulating exo-
somes were found to be highly GPC-1 positive in patients 
with PDAC [76] and correlated with disease burden [77]. 
However, it has also been shown that extracellular vesi-
cles from patients with benign pancreatic disease also 
exhibit high GPC-1 expression, bringing in to question 
its utility as a diagnostic biomarker [78]. These conflict-
ing results highlight the need for more research into 
GPC-1 as a prognostic marker in pancreatic cancer. As 
ADCs undergo intracellular processing it is likely that 

the ADC will only act on the membrane bound GPC-1 
protein, however there is potential that the ADC could 
bind to the soluble fragment found in circulating exo-
somes, which may limit the availability of ADC to target 
the tumor. To address this Tsujii and colleagues analyzed 
the efficacy of their ADC in the presence of recombinant 
human GPC-1 and showed minimal inhibitory effects at 
concentrations equivalent to circulating GPC-1 in PDAC 
patients [56].

SLC44A4
SLC44A4, also known as CTL4, is a choline transport-
like protein. This protein is overexpressed in epithelial 
cancers, including 90% of pancreatic cancers, with lim-
ited expression in healthy tissues. An ADC comprising 
anti-SLC44A4 antibody conjugated to MMAE by a VC 
linker (ASG-5ME) controlled tumor growth in multiple 
tumor models, including subcutaneous and orthotopic 
PDX models of pancreatic cancer [58].

Death receptor 5 (DR5)
Tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL) receptor, death receptor 5 (DR5) shows little to 
no expression in normal cells but is over-expressed on a 
range of cancers including pancreatic cancer [79]. A DR5 
targeting ADC (Oba01) has recently shown promising 
pre-clinical anti-tumor activity both as a monotherapy 
and in combination with gemcitabine in cell-line derived 
and patient-derived pancreatic cancer xenograft models 
[59]. While both treatments showed efficacy as stand-
alone agents, the two drugs were able to synergise to sig-
nificantly prolong tumor control.

This large body of pre-clinical work in the develop-
ment of ADCs for the treatment of pancreatic cancer has 
yielded largely positive results. ADCs have demonstrated 
efficacy in both xenograft and patient-derived pancre-
atic tumor models and this has been seen with a range 
of ADCs encompassing different target antigens, linkers 
and payload combinations. This pre-clinical evidence 
supports the clinical investigation of ADCs as a treat-
ment modality for pancreatic cancer.

ADCs in clinical development for pancreatic cancer
A number of early phase clinical trials have taken place 
investigating ADCs for the treatment of pancreatic can-
cer starting from 2010. The data available from www.
clinicaltrials.gov at the writing of this paper shows that 
there are trials investigating several different tumor-asso-
ciated antigens including mesothelin, Trop-2, TF, human 
epidermal growth factor receptor 2 (HER2) and Guany-
lyl Cyclase C (GCC) in pancreatic cancer. Additionally, 
these trials are investigating different payloads including 
auristatins, maytansinoids and topoisomerase I inhibitors 
and include both cleavable and non-cleavable linkers. A 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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list of these trials is presented in Table 2. Despite this, the 
results from only a minority of these clinical studies have 
been published to date. The next section summarizes the 
trials with data available in either published manuscript 
or abstract form.

Anetumab ravtansine (AR) is an ADC consisting of 
a fully human IgG1 mAb directed toward the tumor-
associated antigen mesothelin and is conjugated to the 
maytansine derivative DM4 via a cleavable linker. AR 
was first investigated in clinical trial NCT01439152 a 
large phase I, open-label, multicenter, dose-escalation 
and dose-expansion study in mesothelin expressing solid 
tumors, including nine pancreatic cancer patients [80]. 
Three pancreatic cancer patients enrolled in the study 
showed stable disease. This was then followed up with 
clinical study NCT03023722, a multicenter, non-ran-
domized, phase II study evaluating the efficacy of AR in 
mesothelin-expressing advanced pancreatic cancer [81]. 
The results from this study were reported on ClinicalTri-
als.gov in 2021, showing that of the fourteen pancreatic 
cancer patients enrolled in the study, two achieved sta-
ble disease and the median time to progression was 63.5 

days. Pancreatic cancer patients were also included in 
the multi-indication phase 1b study of AR, clinical trial 
NCT03102320 [82]. The study was completed in 2022, 
but the results are not yet published. Further clinical 
evaluation of AR in pancreatic cancer is currently under-
way in a phase I study evaluating AR in combination 
with checkpoint inhibition and gemcitabine in advanced 
pancreatic cancer (NCT03816358). At data cut off 
(22/01/2022), thirty three patients were enrolled across 
three arms, investigating different combinations with AR 
[83]. Arms 1 and 2, which evaluated AR in combination 
with nivolumab (anti-PD-1 mAb) and nivolumab + ipili-
mumab (anti-CTLA4 mAb) respectively, observed stable 
disease in two participants each (2/9 for Arm 1 and 2/8 
for Arm 2). In Arm 3, where patients received AR in com-
bination with nivolumab and gemcitabine, stable disease 
was observed in all eight patients enrolled in the cohort. 
Given the disease control rate and tolerability, Arm 3 will 
be tested in an expanded cohort, with these studies cur-
rently ongoing.

Sacituzumab govitecan (SG) targets tumor-associ-
ated Trop-2, which is over-expressed on a range of solid 

Table 2 ADCs investigated in clinical trials for pancreatic cancer
Trial Number Phase ADC name Target Linker Payload Status
ADC Monotherapy
NCT05043987 Phase I CPO102 Claudin 18.2 Cleavable MMAE (auristatin) Not yet 

recruiting
NCT05525286 Phase I/II SOT102 Claudin 18.2 Non-cleavable Anthracycline PNU159682 Recruiting
NCT05156866 Phase I TORL-2-307-ADC Undisclosed Undisclosed Undisclosed Recruiting
NCT05498597 Phase I AMT-151 Folate Receptor 

alpha
Undisclosed Undisclosed Recruiting

NCT04659603 Phase II Tusamitamab Ravtansine CEACAM5 Cleavable DM4 (maytansinoid) Recruiting
NCT03602079 Phase I/II A166 HER2 Cleavable Duo-5 (anti-microtubule 

agent)
Active, not 
recruiting

NCT01631552 Phase I/II Sacituzumab Govitecan-hziy Trop-2 Cleavable SN-38 (topoisomerase I 
inhibitor)

Completed

NCT01166490 Phase I ASG-5ME SLC44A4 Cleavable MMAE (auristatin) Completed
NCT03023722 Phase II Anetumab Ravtansine Mesothelin Cleavable DM4 (maytansinoid) Completed
NCT02999672 Phase II Trastuzumab Emtansine HER2 Non-cleavable DM1 (maytansinoid) Completed
NCT01577758 Phase I TAK-264 (MLN0264) GCC Cleavable MMAE (auristatin) Completed
NCT02202785 Phase II TAK-264

(MLN0264)
GCC Cleavable MMAE (auristatin) Terminated

NCT03449030 Phase I TAK-164 GCC Cleavable DGN549 (DNA alkylating 
agent)

Terminated

NCT02908451 Phase I AbGn-107 AG7 antigen Proprietary linker DM4 (maytansinoid) Terminated
ADC in combination with oral PARP inhibitor AZD5305
NCT04644068 Phase I/II Trastuzumab Deruxtecan

Datopotamab Deruxtecan
HER2
Trop2

Cleavable Deruxtecan (topoisomer-
ase I inhibitor)

Recruiting

ADC in combination with checkpoint inhibition
NCT05293496 Phase I MGC018 B7-H3 Cleavable Duocarmycin analog Recruiting
NCT04925284 Phase I XB002 Tissue factor Proprietary linker ZymeLink Auristatin Recruiting
NCT03816358 Phase I Anetumab Ravtansine Mesothelin Cleavable DM4 (maytansinoid) Active, not 

recruiting
ADC: antibody drug conjugate; B7-H3: B7-homolog 3; CEACAM5: carcinoembryonic antigen-related cell adhesion molecule 5; GCC: Guanylyl Cyclase C; HER2: 
human epidermal growth factor receptor 2; MMAE: monomethyl auristatin E
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tumors including pancreatic cancer, and is currently FDA 
approved for use in triple negative breast cancer [15]. 
This ADC, which consists of a humanized anti-Trop2 
IgG1 mAb conjugated to SN-38 via a cleavable linker, was 
investigated in the phase I/II study, NCT01631552. This 
study involved a large cohort of patients with a range of 
malignancies including sixteen patients with pancreatic 
cancer. While efficacy was seen in several cancer cohorts, 
results in pancreatic cancer were not as promising. Seven 
of the sixteen pancreatic cancer patients (43.8%) had 
stable disease post therapy, but the progression-free sur-
vival was only 2 months and median overall survival was 
4.5 months [84]. While further trials of SG are underway 
for other cancer types, no further evaluation appears to 
be planned for pancreatic cancer. Interestingly another 
Trop-2 targeting ADC, datopotamab deruxtecan (Dato-
DXd, DS-1062a), which is also conjugated to a potent 
DNA topoisomerase I inhibitor is under investigation 
in a phase I/II clinical trial NCT04644068 in combina-
tion with the oral PARP inhibitor AZD5305 for a range 
of solid cancers including pancreatic cancer. The trial is 
ongoing, and results have not yet been published.

The ADC XB002, targets TF which is overexpressed 
by a number of solid tumors including pancreatic can-
cer. XB002 is composed of a TF-directed human anti-
body conjugated to a novel cytotoxic payload, ZymeLink 
Auristatin via a proprietary linker and is currently being 
investigated in the open-label, multicenter, first-in-
human phase I trial NCT04925284 [85]. Preliminary 
results of the ongoing trial have shown no objective 
responses, however at time of reporting (October 2022) 
three of the nineteen patients with stable disease remain 
on treatment, one of whom has pancreatic cancer [86]. 
The trial is ongoing with an expansion cohort planned, 
testing XB002 as both a monotherapy and in combina-
tion with nivolumab.

TAK-264 (formerly MLN0264) consists of a fully 
human IgG1 monoclonal anti-GCC antibody conju-
gated via a protease-cleavable linker to MMAE. TAK-
264 was initially tested in a phase 1, first-in-human 
study (NCT01577758) which evaluated its efficacy in 
advanced, GCC-expressing gastrointestinal malignancies 
[87]. Two patients with pancreatic cancer were included 
in the study and both patients had durable stable dis-
ease. As a result of these promising early signs of clini-
cal benefit in pancreatic cancer patients, TAK-264 was 
investigated further in a phase II study, NCT02202785. 
This study, which enrolled forty three pancreatic can-
cer patients, achieved an objective response rate of 3%, 
with one patient achieving a partial response [88], and an 
additional nine patients having stable disease. Patients in 
the study received a median of 2 (range 1–10) treatment 
cycles, with thirty six patients discontinuing the trial 
due to disease progression. Based on the interim efficacy 

results, stage 2 of the study was not initiated, and the trial 
was terminated early due to futility. The authors did not 
find correlation between tumor antigen expression and 
ADC efficacy and suggest that failed internalization of 
the ADC and/or poor penetration of the ADC into the 
tumor may account for the limited efficacy of this ADC 
in pancreatic cancer. A subsequent ADC, TAK-164, was 
developed based on the same GCC antibody using an 
alternative DNA alkylating payload. This Phase I study 
NCT03449030, was open to patients with GCC express-
ing pancreatic cancer, however no pancreatic cancer 
patients were recruited into the study which was termi-
nated due to insufficient clinical benefit [89].

ASG-5ME is an ADC consisting of a human IgG2 mAb 
which targets the solute carrier receptor SLC44A4 con-
jugated to MMAE via a cleavable linker. NCT01166490 
was a phase 1, dose-escalation, multicenter study which 
recruited patients with advanced pancreatic and gas-
tric cancers, thirty five of whom were pancreatic cancer 
patients [90]. A disease control rate of 33% was observed 
at maximum tolerated dose with a partial response in one 
patient with pancreatic cancer. The median duration of 
disease control was 2 months. Although ASG-5ME was 
generally well tolerated with a toxicity profile similar to 
that observed with other MMAE-containing ADCs, there 
was limited evidence of antitumor activity with an objec-
tive response rate similar to conventional systemic che-
motherapy. The authors of the study confirmed SLC44A4 
antigen expression on patient’s tumors but suggested that 
further investigation of this ADC is not warranted. It was 
postulated that characteristics of the antigen itself such 
as internalization rate, intracellular trafficking, and local-
ization, may contribute to the limited effectiveness of the 
ADC in patients.

AbGn-107 is an ADC directed against the AG-7 anti-
gen, a Lewis A-like glycol-epitope which is overexpressed 
by several gastrointestinal tumors including pancre-
atic cancer. AbGn-107 is composed of a humanized IgG 
anti-AG-7 antibody conjugated to a dolastatin analogue 
via a proprietary cleavable linker and has been evalu-
ated in a phase Ia, first-in-human dose escalation study 
(NCT02908451). Thirty five patients, which included 
twenty pancreatic cancer patients, were enrolled in the 
study across six dose levels [91]. The best response was 
two patients with stable disease across two different dos-
ing regimens, however it is not clear if these were pan-
creatic cancer patients. Although AbGn-107 was well 
tolerated and had preliminary evidence of effectiveness, 
no further data has been published for this ADC in pan-
creatic cancer.

Trastuzumab emtansine (T-DM1) is an ADC that 
targets HER2 and is conjugated to the maytansinoid 
DM1 via a non-cleavable thioether linker. T-DM1 was 
originally FDA approved in 2013 for the treatment of 
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metastatic HER2-positive breast cancer [15]. T-DM1 was 
investigated in a multicenter, non-randomized, phase II 
study, NCT02999672, for the treatment HER2 overex-
pressing metastatic pancreatic cancer and cholangiocar-
cinoma. The results from this study were reported on 
ClinicalTrials.gov in 2019, showing that of the seven par-
ticipants enrolled in the study, one participant achieved 
a partial response with progression free survival of 2.58 
months. The trial was terminated early, and no further 
data have been published for this ADC in pancreatic 
cancer.

Taken together these clinical studies suggest that 
despite great success of ADCs in the treatment of hema-
tological malignancies and breast cancer, the same 
potential has not yet been realized in clinical trials for 
pancreatic cancer. This is likely due to the aggressive 
and treatment refractory nature of this disease, which 
presents many challenges. However, as our understand-
ing of the unique pancreatic cancer microenvironment 
improves, these hurdles can be addressed and overcome 
to improve the success of ADCs in the clinic.

Current hurdles and future directions of ADC therapy in 
pancreatic cancer
Although preclinical studies have shown promise for the 
therapeutic application of ADCs for the treatment of 
pancreatic cancer, clinical trials so far have shown lim-
ited efficacy as a monotherapy. This is likely due to sev-
eral factors which include the characteristics of the ADC 
itself such as choice of tumor antigen, linker molecule or 
payload. Another limitation of these pre-clinical studies, 
which makes assessment of clinical effectiveness difficult 
is that most studies have employed a human antigen-
specific antibody, which targets the xenograft tumours, 
but does not bind to the equivalent antigen expressed 
by healthy tissues of the murine hosts, and thus does not 
represent the toxicities of off-tumor binding of the ADC. 
Moving forward, it is important that there is a focus on 
developing therapeutic strategies that address and over-
come some of the barriers facing ADCs in pancreatic 
cancer, including target selection, ADC characteristics 
and therapeutic combinations (Fig. 2).

Targeting the right tumor antigen is a crucial factor to 
the success of an ADC. Given the vast array of targets 
being investigated in pancreatic cancer, it would suggest 
that we are yet to determine the best target for this dis-
ease. Some studies noted that antigen expression does 
not necessarily correlate with clinical response [88], and 
suggest that poor antigen internalization and trafficking 
of the ADC into tumor cells may be limiting factors to 
their effectiveness in patients [88, 90]. Approaches that 
target the tumor stroma rather than cancer cells, e.g. 
glypican-1 on CAFs [56] or tumor endothelial marker 
8 (TEM8) on CAFs, endothelium and pericytes [92] 

present as a promising approach moving forward. These 
strategies may help to bypass the poor internalization 
and trafficking of tumor associated antigens and deliver 
free drug to the tumor microenvironment in a tumor 
specific, target independent manner.

The pancreatic tumor microenvironment, which is 
known to be extremely desmoplastic, poorly vascular-
ized and immunologically suppressed, may also contrib-
ute to the limited efficacy of ADCs in the clinic. As an 
ADC is composed of an intact antibody, the ADC may 
poorly perfuse into the tumor due to its large size, lim-
iting access to tumor associated antigen. New research 
approaches are focussing on reducing the size of these 
molecules to improve their pharmacological properties 
[93]. A recent study developed a single domain or nano-
body ADC targeting the oncofetal antigen 5T4, conju-
gated to the topoisomerase inhibitor SN-38 [94]. The 
authors demonstrated using both tumor organoids from 
pancreatic cancer patients and pancreatic cancer xeno-
graft models, that the nanobody ADC demonstrated 
superior tumor penetration, higher tumor uptake and 
faster accumulation compared to a conventional IgG1-
based ADC.

Combining drugs that work by different and comple-
mentary mechanisms of action, has proven to be an 
effective strategy for targeting cancer. Resistance to gem-
citabine chemotherapy is common in pancreatic can-
cer and as a result combining gemcitabine with other 
chemotherapeutics such as nab-paclitaxel have shown 
to improve therapeutic benefit [5]. The combination of 
gemcitabine with ADCs has been investigated in a num-
ber of preclinical studies [92, 95, 96] and the combina-
tion is now being tested in clinical trials (NCT04659603, 
NCT03816358). Cazes et al. investigated TR1801-
ADC, an ADC which targets the tumor antigen MET 
and is conjugated to the PBD toxin, tesirine, in human 
pancreatic cancer xenograft models. They found that 
TR1801-ADC was able to synergize with gemcitabine 
and improve tumor response in gemcitabine-resistant 
PDX tumors [95]. Similarly, MLN0264 an anti-GCC tar-
geting ADC showed superior tumor growth inhibition 
when combined with gemcitabine, compared to either 
therapy alone in pancreatic PDX models [96]. Szot et al. 
also demonstrated significantly reduced tumor burden in 
orthotopic human pancreatic cancer models when their 
TEM8 + stoma targeting ADC was combined with gem-
citabine compared to either treatment given as a mono-
therapy [92]. The combination of gemcitabine with ADCs 
is now being tested clinically with tusamitamab ravtan-
sine, an ADC selectively targeting CEACAM5, currently 
being evaluated alone and in combination with gem-
citabine in patients with metastatic pancreatic adeno-
carcinoma (NCT04659603). The mesothelin-targeting 
ADC, AR, is also being evaluated in combination with 
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gemcitabine and nivolumab (NCT03816358). Early data 
is showing promising results for the AR combination, 
with all eight patients treated so far achieving stable dis-
ease [83].

Pancreatic cancer is commonly associated with a 
highly immunosuppressive microenvironment and con-
sequently limited efficacy with immunotherapy has been 
seen. Pancreatic cancer is associated with low mutational 
burden, leading to reduced antigenicity and allows the 
cancer to escape immunosurveillance [97]. The low anti-
genicity of pancreatic cancer can also be attributed to 
reduced DC numbers and perturbed antigen presenta-
tion [98]. Defects in the maturation of DCs in pancreatic 
cancer patients have also been described and is sug-
gested to contribute to tumor tolerance [99]. The com-
bined cytotoxicity and immunomodulatory properties of 
ADC payloads may help to overcome poor antigenicity 

in pancreatic cancer not only by inducing DNA dam-
age but also by increasing DC maturation and upregu-
lation of MHC antigen presentation machinery, which 
has been described for a number of ADCs [19–21, 100]. 
The immune-suppressive pancreatic tumor microenvi-
ronment is also attributed to the extensive infiltration of 
M2-type macrophages, myeloid derived suppressor cells 
(MDSC) and T-regulatory cells coupled with reduced 
numbers of cytotoxic T lymphocytes [101, 102]. Pro-
tumorigenic M2 macrophages contribute to the immune-
suppressive microenvironment through the secretion of 
anti-inflammatory cytokines and proteases and by pro-
moting the expansion of MDSC, which potentiate the 
immune suppression by recruiting T regulatory cells 
to inhibit CD8 + effector function [103]. Interestingly, 
unlike DCs the immunomodulation of macrophages 
by ADCs is poorly understood. There is evidence that 

Fig. 2 Strategies to improve ADC efficacy in pancreatic cancer
Schematic representation of different approaches being undertaken to improve efficacy of ADC therapy in pancreatic cancer. (A) Synergistic interaction 
between the ADC and immunotherapy may enhance therapeutic response. ADC payloads are known to exhibit immunomodulation through upregula-
tion of co-stimulatory molecules on dendritic cells, which can synergize with checkpoint inhibition to enhance effector T-cell function. (B) Reducing the 
size of the ADC using nanobody ADCs may help to increase perfusion of the drug into the poorly vascularized and desmoplastic tumor microenviron-
ment (TME) associated with pancreatic cancer. (C) Targeting TME associated antigens may bypass the poor internalization associated with tumor antigens 
but still allow tumor specific delivery of the payload. (D) Targeting two different mechanisms of cell death by combining ADCs with chemotherapy such 
as gemcitabine, may help to overcome resistance and improve efficacy compared to either treatment alone. ADC: antibody drug conjugate;CAF: cancer 
associated fibroblast;DC: dendritic cell;GPC-1: glypican-1;PD-1: programmed cell death protein 1
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chemotherapeutic agents with similar mechanisms of 
action to ADC payloads such as cyclophosphamide and 
paclitaxel can influence macrophage phenotype and acti-
vation by promoting an M1 pro-inflammatory phenotype 
[104, 105]. ADC mediated conversion of macrophages 
toward a pro-inflammatory and anti-tumorigenic state, 
would contribute to overcoming the immunosuppres-
sive TME in pancreatic cancer and further investiga-
tion into the immunomodulatory properties of ADC in 
this area is warranted. Combining ADCs with immune 
checkpoint inhibition represents a rational therapeu-
tic strategy, owing to these immunomodulatory prop-
erties of ADC payloads and the potential for synergy 
with immunotherapy. Hence, combination studies have 
become a central focus of ADC studies both preclinically 
and clinically. Although ADCs and checkpoint inhibitors 
have been trialled in several cancers including breast, 
urothelial, lung and ovarian cancer [106], there are lim-
ited studies in pancreatic cancer. Pancreatic cancer is 
known to be highly immune-suppressed with limited 
activity seen with immunotherapy alone [107]. MGC018 
is a duocarmycin-based ADC that targets B7-H3, an 
immunomodulatory molecule that is overexpressed on 
a wide range of cancers including pancreatic cancer. In 
preclinical studies, MGC018 was shown to be effective 
against pancreatic PDX models and in immunocompe-
tent mouse models expressing human B7-H3, with the 
combination of MGC018 with anti-PD-1 checkpoint 
inhibition being synergistic [108]. MGC018 is currently 
being evaluated in a phase I clinical trial (NCT05293496) 
in combination with a bispecific DART molecule that 
targets both CTLA-4 and PD-1 (lorigerlimab), in solid 
tumors including pancreatic cancer. Other ADCs are also 
being evaluated clinically in pancreatic cancer patients in 
combination with checkpoint inhibition including XB002 
(NCT04925284) and AR (NCT03816358). These trials 
are ongoing, so it remains to be determined if this combi-
nation will be successful for pancreatic cancer.

Surgical resection remains the only curative option 
for pancreatic cancer patients, however less than 20% of 
patients are eligible at diagnosis. Neoadjuvant therapy 
is used in cases of advanced but locally confined disease 
to control the tumor prior to surgical resection. In pan-
creatic cancer, neoadjuvant therapy is recommended by 
International Guidelines for borderline resectable and 
locally advanced pancreatic cancer [109]. The aim of neo-
adjuvant therapy is to prolong survival and to increase 
resection rates in patients with more advanced disease by 
controlling early systemic spread and increasing tumor-
free resection margins [110]. Neoadjuvant therapy in 
pancreatic cancer has focussed on chemotherapy or 
chemoradiotherapy, but in other cancer types, ADCs are 
being explored in this space. The HER2 targeting ADC 
trastuzumab emtansine in combination with pertuzumab 

has been shown to be as effective as neoadjuvant chemo-
therapy in HER2 + breast cancer and was associated with 
a reduced toxicity profile [111–113]. Trastuzumab derux-
tecan is also being evaluated as a neoadjuvant therapy low 
breast cancer with low HER2 expression (NCT04553770) 
[114]. Trop-2 targeting ADC sacituzumab govitecan has 
shown success as a single agent neoadjuvant therapy in 
triple negative breast cancer patients (NCT04230109) 
[115]. Brentuximab vedotin has been used successfully 
as a neoadjuvant in lymphoma [116] and enfortumab 
vedotin has shown efficacy in invasive urothelial cancer 
[117]. Given the promise in other cancer types, there is 
certainly potential for the use of ADCs as neoadjuvant 
therapy in pancreatic cancer.

Conclusions
Pancreatic cancer is one of the most lethal malignan-
cies, with very limited treatment options for the major-
ity of patients. Through tumor specific delivery of highly 
potent cytotoxic agents, ADCs present as an attractive 
therapeutic approach for the treatment of pancreatic 
cancer. This is demonstrated by the large body of pre-
clinical studies showing proof of anti-tumor activity 
through the targeting of a range of different tumor asso-
ciated antigens in pancreatic cancer. Despite a number of 
clinical trials being undertaken to evaluate ADCs in pan-
creatic cancer, the clinical translation of this pre-clinical 
promise is yet to be realised. Factors including the harsh 
TME, altered vascularization of pancreatic tumors as 
well as poor antigen mediated ADC internalization are 
some of the main hurdles faced by ADCs in pancreatic 
cancer and further investigation to evaluate the molecu-
lar mechanisms of intrinsic and/or acquired resistance 
to ADCs in pancreatic cancer is warranted. Nonetheless, 
this versatile and diversifying therapeutic platform pro-
vides endless opportunities for customization and fine-
tuning for improved tumor targeting, linker chemistries 
and payload properties. Future work in this area focused 
on tailoring the ADC to better tackle the pancreatic can-
cer microenvironment, will likely increase ADC effective-
ness. Similarly, rationally designed combination therapies 
also hold great potential to improve efficacy and poten-
tiate anti-tumor immune response in pancreatic patients 
and we await results from ongoing trials to guide future 
research in this area. While ADCs have not yet hit the 
mark in pancreatic cancer, the constantly evolving nature 
of this treatment modality means that there is still poten-
tial for ADCs to have a relevant clinical impact in the 
treatment of pancreatic cancer.

Acknowledgements
Figures were created using biorender.com.



Page 14 of 16Wittwer et al. Journal of Experimental & Clinical Cancer Research          (2023) 42:280 

Authors’ contributions
NLW: conceptualization, writing - original draft, writing - review & editing. 
MPB: funding acquisition, writing - original draft, writing - review & editing. 
VL: writing - review & editing. AHS: conceptualization, funding acquisition, 
writing - original draft, writing - review & editing.

Data Availability
Not applicable.

Declarations

Financial support
This work was supported by a grant from Pankind, The Australian Pancreatic 
Cancer Foundation, Health Services Charitable Gifts Board (Adelaide, SA), and 
AusHealth Pty Ltd.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 5 June 2023 / Accepted: 16 October 2023

References
1. 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.

2. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J 
Clin. 2023;73:17–48.

3. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM. 
Projecting cancer incidence and deaths to 2030: the unexpected burden 
of thyroid, liver, and pancreas cancers in the United States. Cancer Res. 
2014;74:2913–21.

4. Conroy T, Hammel P, Hebbar M, Ben Abdelghani M, Wei AC, Raoul JL, et al. 
FOLFIRINOX or Gemcitabine as Adjuvant Therapy for Pancreatic Cancer. N 
Engl J Med. 2018;379:2395–406.

5. Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M, et al. 
Increased survival in Pancreatic cancer with nab-paclitaxel plus gemcitabine. 
N Engl J Med. 2013;369:1691–703.

6. Lambert A, Schwarz L, Borbath I, Henry A, Van Laethem JL, Malka D, et al. An 
update on treatment options for pancreatic adenocarcinoma. Ther Adv Med 
Oncol. 2019;11:1758835919875568.

7. Tempero MA, Malafa MP, Al-Hawary M, Asbun H, Bain A, Behrman SW, et al. 
Pancreatic adenocarcinoma, Version 2.2017, NCCN Clinical Practice guidelines 
in Oncology. J Natl Compr Canc Netw. 2017;15:1028–61.

8. Sohal DPS, Kennedy EB, Khorana A, Copur MS, Crane CH, Garrido-Laguna I, et 
al. Metastatic Pancreatic Cancer: ASCO Clinical Practice Guideline Update. J 
Clin Oncol. 2018;36:2545–56.

9. Ducreux M, Cuhna AS, Caramella C, Hollebecque A, Burtin P, Goere D, et al. 
Cancer of the pancreas: ESMO Clinical Practice guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol. 2015;26(Suppl 5):v56–68.

10. Principe DR, Underwood PW, Korc M, Trevino JG, Munshi HG, Rana A. The cur-
rent treatment paradigm for pancreatic ductal adenocarcinoma and barriers 
to therapeutic efficacy. Front Oncol. 2021;11:688377.

11. Fu Z, Li S, Han S, Shi C, Zhang Y. Antibody drug conjugate: the biological mis-
sile for targeted cancer therapy. Signal Transduct Target Ther. 2022;7:93.

12. Coats S, Williams M, Kebble B, Dixit R, Tseng L, Yao NS, et al. Antibody-drug 
conjugates: future directions in clinical and translational strategies to 
improve the Therapeutic Index. Clin Cancer Res. 2019;25:5441–8.

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

14. Lu J, Jiang F, Lu A, Zhang G. Linkers having a crucial role in Antibody-Drug 
conjugates. Int J Mol Sci. 2016;17:561.

15. Baah S, Laws M, Rahman KM. Antibody-drug Conjugates-A Tutorial Review. 
Molecules. 2021;26.

16. Staudacher AH, Brown MP. Antibody drug conjugates and bystander killing: is 
antigen-dependent internalisation required? Br J Cancer. 2017;117:1736–42.

17. Kovtun YV, Audette CA, Ye Y, Xie H, Ruberti MF, Phinney SJ, et al. Antibody-
drug conjugates designed to eradicate tumors with homogeneous and het-
erogeneous expression of the target antigen. Cancer Res. 2006;66:3214–21.

18. Golfier S, Kopitz C, Kahnert A, Heisler I, Schatz CA, Stelte-Ludwig B, et al. Ane-
tumab ravtansine: a novel mesothelin-targeting antibody-drug conjugate 
cures tumors with heterogeneous target expression favored by bystander 
effect. Mol Cancer Ther. 2014;13:1537–48.

19. Martin K, Müller P, Schreiner J, Prince SS, Lardinois D, Heinzelmann-Schwarz 
VA, et al. The microtubule-depolymerizing agent ansamitocin P3 programs 
dendritic cells toward enhanced anti-tumor immunity. Cancer Immunol 
Immunother. 2014;63:925–38.

20. Muller P, Martin K, Theurich S, Schreiner J, Savic S, Terszowski G, et al. Micro-
tubule-depolymerizing agents used in antibody-drug conjugates induce 
antitumor immunity by stimulation of dendritic cells. Cancer Immunol Res. 
2014;2:741–55.

21. Rios-Doria J, Harper J, Rothstein R, Wetzel L, Chesebrough J, Marrero A, et al. 
Antibody-drug Conjugates Bearing Pyrrolobenzodiazepine or Tubulysin pay-
loads are Immunomodulatory and synergize with multiple immunotherapies. 
Cancer Res. 2017;77:2686–98.

22. Drago JZ, Modi S, Chandarlapaty S. Unlocking the potential of antibody-drug 
conjugates for cancer therapy. Nat Rev Clin Oncol. 2021;18:327–44.

23. Waight AB, Bargsten K, Doronina S, Steinmetz MO, Sussman D, Prota AE. 
Structural basis of Microtubule destabilization by Potent Auristatin Anti-
mitotics. PLoS ONE. 2016;11:e0160890.

24. Lopus M. Antibody-DM1 conjugates as cancer therapeutics. Cancer Lett. 
2011;307:113–8.

25. Ricart AD. Antibody-drug conjugates of calicheamicin derivative: gem-
tuzumab ozogamicin and inotuzumab ozogamicin. Clin Cancer Res. 
2011;17:6417–27.

26. Beekman AM, Cominetti MMD, Searcey M. Duocarmycins as antibody–drug 
conjugate (ADC) payloads. Cytotoxic payloads for antibody – drug conju-
gates2019. p. 187–208.

27. Hartley JA, Flynn MJ, Bingham JP, Corbett S, Reinert H, Tiberghien A, et al. Pre-
clinical pharmacology and mechanism of action of SG3199, the pyrroloben-
zodiazepine (PBD) dimer warhead component of antibody-drug conjugate 
(ADC) payload tesirine. Sci Rep. 2018;8:10479.

28. Goldenberg DM, Cardillo TM, Govindan SV, Rossi EA, Sharkey RM. Trop-2 is 
a novel target for solid cancer therapy with sacituzumab govitecan (IMMU-
132), an antibody-drug conjugate (ADC). Oncotarget. 2015;6:22496–512.

29. Ogitani Y, Aida T, Hagihara K, Yamaguchi J, Ishii C, Harada N, et al. DS-8201a, A 
Novel HER2-Targeting ADC with a novel DNA topoisomerase I inhibitor, dem-
onstrates a Promising Antitumor Efficacy with differentiation from T-DM1. 
Clin Cancer Res. 2016;22:5097–108.

30. Hartley JA. Antibody-drug conjugates (ADCs) delivering pyrrolobenzodiaz-
epine (PBD) dimers for cancer therapy. Expert Opin Biol Ther. 2021;21:931–43.

31. Oliveira-Cunha M, Newman WG, Siriwardena AK. Epidermal growth factor 
receptor in Pancreatic cancer. Cancers (Basel). 2011;3:1513–26.

32. Wong OK, Tran TT, Ho WH, Casas MG, Au M, Bateman M, et al. RN765C, a low 
affinity EGFR antibody drug conjugate with potent anti-tumor activity in 
preclinical solid Tumor models. Oncotarget. 2018;9:33446–58.

33. Li Z, Wang M, Yao X, Luo W, Qu Y, Yu D, et al. Development of a Novel EGFR-
Targeting antibody-drug Conjugate for Pancreatic Cancer Therapy. Target 
Oncol. 2019;14:93–105.

34. Greene MK, Chen T, Robinson E, Straubinger NL, Minx C, Chan DKW, et al. 
Controlled coupling of an ultrapotent auristatin warhead to cetuximab yields 
a next-generation antibody-drug conjugate for EGFR-targeted therapy of 
KRAS mutant Pancreatic cancer. Br J Cancer. 2020;123:1502–12.

35. Zhu M, Zhou L, Hu S, Miao Q, Gong J, Zhang N, et al. Rational design and 
systemic Appraisal of an EGFR-Targeting antibody-drug conjugate LR-DM1 
for Pancreatic Cancer. J Med Chem. 2022;65:7141–53.

36. van Terwisscha AG, Ogasawara A, Pacheco G, Vanderbilt AN, Tinianow JN, 
Gupta N, et al. Preclinical efficacy of an antibody-drug Conjugate Targeting 
Mesothelin correlates with quantitative 89Zr-ImmunoPET. Mol Cancer Ther. 
2017;16:134–42.

37. Govindan SV, Cardillo TM, Moon SJ, Hansen HJ, Goldenberg DM. CEACAM5-
targeted therapy of human colonic and Pancreatic cancer xenografts 
with potent labetuzumab-SN-38 immunoconjugates. Clin Cancer Res. 
2009;15:6052–61.

38. Knutson S, Raja E, Bomgarden R, Nlend M, Chen A, Kalyanasundaram R, et 
al. Development and evaluation of a fluorescent Antibody-Drug Conjugate 



Page 15 of 16Wittwer et al. Journal of Experimental & Clinical Cancer Research          (2023) 42:280 

for Molecular Imaging and targeted therapy of Pancreatic Cancer. PLoS ONE. 
2016;11:e0157762.

39. Decary S, Berne PF, Nicolazzi C, Lefebvre AM, Dabdoubi T, Cameron B, et 
al. Preclinical activity of SAR408701: a novel Anti-CEACAM5-maytansinoid 
antibody-drug Conjugate for the treatment of CEACAM5-positive epithelial 
tumors. Clin Cancer Res. 2020;26:6589–99.

40. Cardillo TM, Govindan SV, Sharkey RM, Trisal P, Goldenberg DM. Humanized 
anti-trop-2 IgG-SN-38 conjugate for effective treatment of diverse epithelial 
cancers: preclinical studies in human cancer xenograft models and monkeys. 
Clin Cancer Res. 2011;17:3157–69.

41. Sharkey RM, Karacay H, Govindan SV, Goldenberg DM. Combination radioim-
munotherapy and chemoimmunotherapy involving different or the same 
targets improves therapy of human pancreatic carcinoma xenograft models. 
Mol Cancer Ther. 2011;10:1072–81.

42. Strop P, Tran TT, Dorywalska M, Delaria K, Dushin R, Wong OK, et al. RN927C, 
a site-specific Trop-2 antibody-drug conjugate (ADC) with enhanced Stabil-
ity, is highly efficacious in Preclinical Solid Tumor models. Mol Cancer Ther. 
2016;15:2698–708.

43. Koga Y, Manabe S, Aihara Y, Sato R, Tsumura R, Iwafuji H, et al. Antitumor 
effect of antitissue factor antibody-MMAE conjugate in human pancreatic 
Tumor xenografts. Int J Cancer. 2015;137:1457–66.

44. Tsumura R, Manabe S, Takashima H, Koga Y, Yasunaga M, Matsumura Y. 
Evaluation of the antitumor mechanism of antibody-drug conjugates against 
tissue factor in stroma-rich allograft models. Cancer Sci. 2019;110:3296–305.

45. Tsumura R, Anzai T, Manabe S, Takashima H, Koga Y, Yasunaga M, et al. 
Antitumor effect of humanized anti–tissue factor antibody–drug conju-
gate in a model of peritoneal disseminated Pancreatic cancer. Oncol Rep. 
2021;45:329–36.

46. Zhang X, Li Q, Zhao H, Ma L, Meng T, Qian J, et al. Pathological expression of 
tissue factor confers promising antitumor response to a novel therapeutic 
antibody SC1 in triple negative Breast cancer and pancreatic adenocarci-
noma. Oncotarget. 2017;8:59086–102.

47. Breij EC, de Goeij BE, Verploegen S, Schuurhuis DH, Amirkhosravi A, Francis J, 
et al. An antibody-drug conjugate that targets tissue factor exhibits potent 
therapeutic activity against a broad range of solid tumors. Cancer Res. 
2014;74:1214–26.

48. Bourillon L, Bourgier C, Gaborit N, Garambois V, Lles E, Zampieri A, et al. An 
auristatin-based antibody-drug conjugate targeting HER3 enhances the 
radiation response in Pancreatic cancer. Int J Cancer. 2019;145:1838–51.

49. Capone E, Lattanzio R, Gasparri F, Orsini P, Rossi C, Iacobelli V et al. EV20/NMS-
P945, a Novel Thienoindole based antibody-drug Conjugate Targeting HER-3 
for solid tumors. Pharmaceutics. 2021;13.

50. Ryan MC, Kostner H, Gordon KA, Duniho S, Sutherland MK, Yu C, et al. Target-
ing pancreatic and ovarian carcinomas using the auristatin-based anti-CD70 
antibody-drug conjugate SGN-75. Br J Cancer. 2010;103:676–84.

51. Nicolazzi C, Caron A, Tellier A, Trombe M, Pinkas J, Payne G, et al. An antibody-
drug Conjugate Targeting MUC1-Associated Carbohydrate CA6 shows 
promising Antitumor activities. Mol Cancer Ther. 2020;19:1660–9.

52. Wu G, Li L, Liu M, Chen C, Wang G, Jiang Z, et al. Therapeutic effect of a 
MUC1-specific monoclonal antibody-drug conjugates against Pancreatic 
cancer model. Cancer Cell Int. 2022;22:417.

53. Huang J, Agoston AT, Guo P, Moses MA. A rationally designed ICAM1 anti-
body drug Conjugate for Pancreatic Cancer. Adv Sci (Weinh). 2020;7:2002852.

54. Singh S, Serwer L, DuPage A, Elkins K, Chauhan N, Ravn M, et al. Nonclinical 
efficacy and safety of CX-2029, an Anti-CD71 Probody-Drug Conjugate. Mol 
Cancer Ther. 2022;21:1326–36.

55. Nishigaki T, Takahashi T, Serada S, Fujimoto M, Ohkawara T, Hara H, et al. Anti-
glypican-1 antibody-drug conjugate is a potential therapy against Pancreatic 
cancer. Br J Cancer. 2020;122:1333–41.

56. Tsujii S, Serada S, Fujimoto M, Uemura S, Namikawa T, Nomura T, et al. Glypi-
can-1 is a Novel Target for Stroma and Tumor Cell Dual-Targeting antibody-
drug conjugates in Pancreatic Cancer. Mol Cancer Ther. 2021;20:2495–505.

57. Munekage E, Serada S, Tsujii S, Yokota K, Kiuchi K, Tominaga K, et al. A 
glypican-1-targeted antibody-drug conjugate exhibits potent Tumor growth 
inhibition in glypican-1-positive Pancreatic cancer and esophageal squa-
mous cell carcinoma. Neoplasia. 2021;23:939–50.

58. Mattie M, Raitano A, Morrison K, Morrison K, An Z, Capo L, et al. The Discovery 
and Preclinical Development of ASG-5ME, an antibody-drug Conjugate Tar-
geting SLC44A4-Positive epithelial tumors including pancreatic and Prostate 
Cancer. Mol Cancer Ther. 2016;15:2679–87.

59. Zheng C, Zhou D, Li W, Duan Y, Xu M, Liu J, et al. Therapeutic efficacy of 
a MMAE-based anti-DR5 drug conjugate Oba01 in preclinical models of 
Pancreatic cancer. Cell Death Dis. 2023;14:295.

60. Faust JR, Hamill D, Kolb EA, Gopalakrishnapillai A, Barwe SP. Mesothelin: an 
immunotherapeutic target beyond solid tumors. Cancers (Basel). 2022;14.

61. Argani P, Iacobuzio-Donahue C, Ryu B, Rosty C, Goggins M, Wilentz RE, et al. 
Mesothelin is overexpressed in the vast majority of ductal adenocarcinomas 
of the pancreas: identification of a new Pancreatic cancer marker by serial 
analysis of gene expression (SAGE). Clin Cancer Res. 2001;7:3862–8.

62. Le K, Wang J, Zhang T, Guo Y, Chang H, Wang S, et al. Overexpression of 
Mesothelin in Pancreatic Ductal Adenocarcinoma (PDAC). Int J Med Sci. 
2020;17:422–7.

63. Zinczuk J, Zareba K, Romaniuk W, Kaminska D, Niziol M, Baszun M, et al. 
Expression of Chosen Carcinoembryonic-Related Cell Adhesion molecules 
in Pancreatic Intraepithelial Neoplasia (PanIN) Associated with chronic 
Pancreatitis and pancreatic ductal adenocarcinoma (PDAC). Int J Med Sci. 
2019;16:583–92.

64. Ramesh M, Ahlawat P, Srinivas NR. Irinotecan and its active metabolite, SN-38: 
review of bioanalytical methods and recent update from clinical pharmacol-
ogy perspectives. Biomed Chromatogr. 2010;24:104–23.

65. Stepan LP, Trueblood ES, Hale K, Babcook J, Borges L, Sutherland CL. 
Expression of Trop2 cell surface glycoprotein in normal and Tumor tissues: 
potential implications as a cancer therapeutic target. J Histochem Cytochem. 
2011;59:701–10.

66. Shvartsur A, Bonavida B. Trop2 and its overexpression in cancers: regulation 
and clinical/therapeutic implications. Genes Cancer. 2015;6:84–105.

67. Fong D, Moser P, Krammel C, Gostner JM, Margreiter R, Mitterer M, et al. High 
expression of TROP2 correlates with poor prognosis in Pancreatic cancer. Br J 
Cancer. 2008;99:1290–5.

68. Hisada Y, Mackman N. Tissue factor and Cancer: regulation, Tumor Growth, 
and Metastasis. Semin Thromb Hemost. 2019;45:385–95.

69. Lyu H, Han A, Polsdofer E, Liu S, Liu B. Understanding the biology of HER3 
receptor as a therapeutic target in human cancer. Acta Pharm Sin B. 
2018;8:503–10.

70. Liles JS, Arnoletti JP, Kossenkov AV, Mikhaylina A, Frost AR, Kulesza P, et al. 
Targeting ErbB3-mediated stromal-epithelial interactions in pancreatic ductal 
adenocarcinoma. Br J Cancer. 2011;105:523–33.

71. Jacobs J, Deschoolmeester V, Zwaenepoel K, Rolfo C, Silence K, Rottey S, et 
al. CD70: an emerging target in cancer immunotherapy. Pharmacol Ther. 
2015;155:1–10.

72. Nakamura K, Sho M, Akahori T, Nishiwada S, Kunishige T, Nakagawa K, et al. 
Clinical relevance of CD70 expression in resected Pancreatic cancer: prognos-
tic value and therapeutic potential. Pancreatology. 2021;21:573–80.

73. Qu CF, Li Y, Song YJ, Rizvi SM, Raja C, Zhang D, et al. MUC1 expression in 
primary and metastatic Pancreatic cancer cells for in vitro treatment by (213)
Bi-C595 radioimmunoconjugate. Br J Cancer. 2004;91:2086–93.

74. Liou GY, Doppler H, Necela B, Edenfield B, Zhang L, Dawson DW, et al. Mutant 
KRAS-induced expression of ICAM-1 in pancreatic acinar cells causes attrac-
tion of macrophages to expedite the formation of precancerous lesions. 
Cancer Discov. 2015;5:52–63.

75. Lu H, Niu F, Liu F, Gao J, Sun Y, Zhao X. Elevated glypican-1 expression is asso-
ciated with an unfavorable prognosis in pancreatic ductal adenocarcinoma. 
Cancer Med. 2017;6:1181–91.

76. Melo SA, Luecke LB, Kahlert C, Fernandez AF, Gammon ST, Kaye J, et al. Glypi-
can-1 identifies cancer exosomes and detects early Pancreatic cancer. Nature. 
2015;523:177–82.

77. Frampton AE, Prado MM, Lopez-Jimenez E, Fajardo-Puerta AB, Jawad ZAR, 
Lawton P, et al. Glypican-1 is enriched in circulating-exosomes in Pancreatic 
cancer and correlates with Tumor burden. Oncotarget. 2018;9:19006–13.

78. Lucien F, Lac V, Billadeau DD, Borgida A, Gallinger S, Leong HS. Glypican-1 and 
glycoprotein 2 bearing extracellular vesicles do not discern Pancreatic cancer 
from benign pancreatic Diseases. Oncotarget. 2019;10:1045–55.

79. Dall’Ora M, Rovesti G, Reggiani Bonetti L, Casari G, Banchelli F, Fabbiani L, 
et al. TRAIL receptors are expressed in both malignant and stromal cells in 
pancreatic ductal adenocarcinoma. Am J cancer Res. 2021;11:4500–14.

80. Hassan R, Blumenschein GR Jr., Moore KN, Santin AD, Kindler HL, Nemunaitis 
JJ, et al. First-in-Human, Multicenter, Phase I dose-escalation and expansion 
study of anti-mesothelin antibody-drug Conjugate Anetumab Ravtansine in 
Advanced or metastatic solid tumors. J Clin Oncol. 2020;38:1824–35.

81. Chokshi S, Hochster HS. An open-label, phase II study of intravenous 
anetumab ravtansine, an anti-mesothelin antibody drug conjugate, in 



Page 16 of 16Wittwer et al. Journal of Experimental & Clinical Cancer Research          (2023) 42:280 

pretreated mesothelin-expressing advanced Pancreatic cancer. J Clin Oncol. 
2018;36:TPS540–TPS.

82. Adjei AA, Bekaii-Saab TS, Berlin J, Philip PA, Mercade TM, Walter A, et al. 
Phase 1b multi-indication study of the antibody drug conjugate anetumab 
ravtansine in patients with mesothelin-expressing advanced or recurrent 
malignancies. J Clin Oncol. 2018;36:TPS2607–TPS.

83. Spiliopoulou P, Kasi A, Abushahin LI, Cardin DB, Lenz H-J, Dayyani F, et al. 
Phase ib study of anetumab ravtansive in combination with immunotherapy 
or immunotherapy plus chemotherapy in mesothelin-enriched advanced 
pancreatic adenocarcinoma: NCI10208. J Clin Oncol. 2022;40:4136.

84. Bardia A, Messersmith WA, Kio EA, Berlin JD, Vahdat L, Masters GA, et al. Saci-
tuzumab Govitecan, a trop-2-directed antibody-drug conjugate, for patients 
with epithelial cancer: final safety and efficacy results from the phase I/II 
IMMU-132-01 basket trial. Ann Oncol. 2021;32:746–56.

85. Ulahannan S, Johnson ML, Park H, Vandross A, Uttamsingh S, Li J, et al. A 
phase 1 study of the anti-tissue factor antibody-drug conjugate XB002 in 
patients with advanced solid tumors (JEWEL-101): initial results from the 
dose-escalation stage. Eur J Cancer. 2022;174:92–S3.

86. Exelixis I. Exelixis announces promising initial dose-escalation results from 
the First-in-human phase 1 JEWEL-101 trial evaluating XB002 in patients with 
Advanced Solid tumors at ENA 2022. 2022.

87. Almhanna K, Kalebic T, Cruz C, Faris JE, Ryan DP, Jung J, et al. Phase I study of 
the investigational Anti-guanylyl Cyclase antibody-drug Conjugate TAK-264 
(MLN0264) in adult patients with Advanced Gastrointestinal malignancies. 
Clin Cancer Res. 2016;22:5049–57.

88. Almhanna K, Wright D, Mercade TM, Van Laethem JL, Gracian AC, Guillen-
Ponce C, et al. A phase II study of antibody-drug conjugate, TAK-264 
(MLN0264) in previously treated patients with advanced or metastatic 
pancreatic adenocarcinoma expressing guanylyl cyclase C. Invest New Drugs. 
2017;35:634–41.

89. Kim R, Leal AD, Parikh A, Ryan DP, Wang S, Bahamon B et al. A phase I, first-
in-human study of TAK-164, an antibody-drug conjugate, in patients with 
advanced gastrointestinal cancers expressing guanylyl cyclase C. Cancer 
Chemother Pharmacol. 2023.

90. Coveler AL, Ko AH, Catenacci DV, Von Hoff D, Becerra C, Whiting NC, et al. A 
phase 1 clinical trial of ASG-5ME, a novel drug-antibody conjugate targeting 
SLC44A4, in patients with advanced pancreatic and gastric cancers. Invest 
New Drugs. 2016;34:319–28.

91. Ko AH, Coveler AL, Schlechter BL, Bekaii-Saab TS, Wolpin BM, Clark JW, et al. 
Phase Ia, first-in-human study of AbGn-107, a novel antibody-drug conjugate 
(ADC), in patients with gastric, colorectal, pancreatic, or biliary cancers. J Clin 
Oncol. 2020;38:713.

92. Szot C, Saha S, Zhang XM, Zhu Z, Hilton MB, Morris K, et al. Tumor stroma-
targeted antibody-drug conjugate triggers localized anticancer drug release. 
J Clin Invest. 2018;128:2927–43.

93. Panikar SS, Banu N, Haramati J, Del Toro-Arreola S, Riera Leal A, Salas P. 
Nanobodies as efficient drug-carriers: Progress and trends in chemotherapy. J 
Control Release. 2021;334:389–412.

94. Wu Y, Li Q, Kong Y, Wang Z, Lei C, Li J, et al. A highly stable human single-
domain antibody-drug conjugate exhibits superior penetration and treat-
ment of solid tumors. Mol Ther. 2022;30:2785–99.

95. Cazes A, Betancourt O, Esparza E, Mose ES, Jaquish D, Wong E, et al. A MET 
targeting antibody-drug Conjugate overcomes Gemcitabine Resistance in 
Pancreatic Cancer. Clin Cancer Res. 2021;27:2100–10.

96. Zhang J, Gallery M, Wyant T, Stringer B, Manfredi M, Danaee H, et al. Abstract 
PR12: MLN0264, an investigational, first-in-class antibody-drug conjugate 
(ADC) targeting guanylyl cyclase C (GCC), demonstrates antitumor activity 
alone and in combination with gemcitabine in human Pancreatic cancer 
xenograft models expressing GCC. Mol Cancer Ther. 2013;12:PR12–PR.

97. Li X, Gulati M, Larson AC, Solheim JC, Jain M, Kumar S, et al. Immune check-
point blockade in Pancreatic cancer: trudging through the immune desert. 
Semin Cancer Biol. 2022;86:14–27.

98. Dallal RM, Christakos P, Lee K, Egawa S, Son YI, Lotze MT. Paucity of dendritic 
cells in Pancreatic cancer. Surgery. 2002;131:135–8.

99. Tjomsland V, Spangeus A, Sandstrom P, Borch K, Messmer D, Larsson M. 
Semi mature blood dendritic cells exist in patients with ductal pancreatic 
adenocarcinoma owing to inflammatory factors released from the Tumor. 
PLoS ONE. 2010;5:e13441.

100. Wittwer NL, Staudacher AH, Liapis V, Cardarelli P, Warren H, Brown MP. An 
anti-mesothelin targeting antibody drug conjugate induces pyroptosis 
and ignites antitumor immunity in mouse models of cancer. J Immunother 
Cancer. 2023;11.

101. Hiraoka N, Onozato K, Kosuge T, Hirohashi S. Prevalence of FOXP3 + regula-
tory T cells increases during the progression of pancreatic ductal adenocarci-
noma and its premalignant lesions. Clin Cancer Res. 2006;12:5423–34.

102. Lenzo FL, Kato S, Pabla S, DePietro P, Nesline MK, Conroy JM, et al. Immune 
profiling and immunotherapeutic targets in Pancreatic cancer. Ann Transl 
Med. 2021;9:119.

103. Cui R, Yue W, Lattime EC, Stein MN, Xu Q, Tan XL. Targeting tumor-associated 
macrophages to combat Pancreatic cancer. Oncotarget. 2016;7:50735–54.

104. Buhtoiarov IN, Sondel PM, Wigginton JM, Buhtoiarova TN, Yanke EM, Mahvi 
DA, et al. Anti-tumour synergy of cytotoxic chemotherapy and anti-CD40 
plus CpG-ODN immunotherapy through repolarization of tumour-associated 
macrophages. Immunology. 2011;132:226–39.

105. Javeed A, Ashraf M, Riaz A, Ghafoor A, Afzal S, Mukhtar MM. Paclitaxel and 
immune system. Eur J Pharm Sci. 2009;38:283–90.

106. Nicolo E, Giugliano F, Ascione L, Tarantino P, Corti C, Tolaney SM, et al. Com-
bining antibody-drug conjugates with immunotherapy in solid tumors: cur-
rent landscape and future perspectives. Cancer Treat Rev. 2022;106:102395.

107. Karamitopoulou E. Tumour microenvironment of Pancreatic cancer: immune 
landscape is dictated by molecular and histopathological features. Br J Can-
cer. 2019;121:5–14.

108. Scribner JA, Chiechi M, Li P, Son T, Hooley J, Li Y et al. Abstract 5203: MGC018, 
a duocarmycin-based antibody-drug conjugate targeting B7-H3, exhibits 
immunomodulatory activity and enhanced antitumor activity in combina-
tion with checkpoint inhibitors. Cancer Research. 2020;80:5203-.

109. Tempero MA, Malafa MP, Al-Hawary M, Behrman SW, Benson AB, Cardin DB, 
et al. Pancreatic adenocarcinoma, Version 2.2021, NCCN Clinical Practice 
guidelines in Oncology. J Natl Compr Canc Netw. 2021;19:439–57.

110. Springfeld C, Ferrone CR, Katz MHG, Philip PA, Hong TS, Hackert T, et al. Neo-
adjuvant therapy for Pancreatic cancer. Nat Rev Clin Oncol. 2023;20:318–37.

111. Matikas A, Johansson H, Gryback P, Bjohle J, Acs B, Boyaci C, et al. Survival out-
comes, Digital TILs, and On-treatment PET/CT during Neoadjuvant Therapy 
for HER2-positive Breast Cancer: results from the Randomized PREDIX HER2 
trial. Clin Cancer Res. 2023;29:532–40.

112. Clark AS, Yau C, Wolf DM, Petricoin EF, van ‘t Veer LJ, Yee D, et al. Neoadjuvant 
T-DM1/pertuzumab and paclitaxel/trastuzumab/pertuzumab for HER2(+) 
Breast cancer in the adaptively randomized I-SPY2 trial. Nat Commun. 
2021;12:6428.

113. Hurvitz SA, Martin M, Jung KH, Huang CS, Harbeck N, Valero V, et al. Neoadju-
vant Trastuzumab Emtansine and Pertuzumab in human epidermal growth 
factor receptor 2-Positive Breast Cancer: three-year outcomes from the Phase 
III KRISTINE Study. J Clin Oncol. 2019;37:2206–16.

114. Bardia A, Hurvitz S, Press MF, Wang LS, McAndrew NP, Chan D et al. Abstract 
GS2-03: GS2-03 TRIO-US B-12 TALENT: Neoadjuvant trastuzumab deruxtecan 
with or without anastrozole for HER2-low, HR + early stage Breast cancer. 
Cancer Res. 2023;83:GS2-03-GS2-.

115. Spring L, Tolaney SM, Desai NV, Fell G, Trippa L, Comander AH, et al. Phase 2 
study of response-guided neoadjuvant sacituzumab govitecan (IMMU-132) 
in patients with localized triple-negative Breast cancer: results from the 
NeoSTAR trial. J Clin Oncol. 2022;40:512.

116. Allchin RL, Wickenden K, Pilgrim S, Wilson-Morkeh I, Miall FM. The successful 
use of neo adjuvant Brentuximab Vedotin in the treatment of BIA-ALCL. 
Hemasphere. 2020;4:e501.

117. Petrylak DP, Flaig TW, Mar N, Gourdin TS, Srinivas S, Rosenberg JE, et al. Study 
EV-103 cohort H: antitumor activity of neoadjuvant treatment with enfor-
tumab vedotin monotherapy in patients (pts) with muscle invasive Bladder 
cancer (MIBC) who are cisplatin-ineligible. J Clin Oncol. 2022;40:435.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Antibody drug conjugates: hitting the mark in pancreatic cancer?
	Abstract
	Background
	ADC targets in preclinical models of pancreatic cancer
	Epidermal growth factor receptor
	Mesothelin
	Carcinoembryonic antigen (CEA)
	Trop2
	Tissue factor
	HER3
	CD70
	MUC1
	ICAM1
	CD71
	Glypican-1
	SLC44A4
	Death receptor 5 (DR5)


	ADCs in clinical development for pancreatic cancer
	Current hurdles and future directions of ADC therapy in pancreatic cancer
	Conclusions
	References


