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Abstract
Background

Antibody-drug conjugates (ADCs), consisting of an antibody designed against a

specific target at the cell membrane linked with a cytotoxic agent, are an emerging
class of therapeutics. Since ADC tumor cell targets do not have to be drivers of tumor

growth, ADCs are potentially relevant for a wide range of tumors currently lacking clear

oncogenic drivers. Therefore, we aimed to define the landscape of ADC targets in a
broad range of tumors.

Materials and methods

PubMed and ClinicalTrials.gov were searched for ADCs that are or were evaluated
in clinical trials. Gene expression profiles of 18,055 patient derived tumor samples
representing 60 tumor (sub)types and 3,520 healthy tissue samples were collected

from the public domain. Next, we applied Functional Genomic mRNA-profiling to

predict per tumor type the overexpression rate at the protein level of ADC targets with
healthy tissue samples as a reference.

Results

We identified 87 ADCs directed against 59 unique targets. A predicted overexpression

rate of ≥ 10% of samples for multiple ADC targets was observed for high incidence

tumor types like breast cancer (n = 31 with n = 23 in triple negative breast cancer),
colorectal cancer (n = 18), lung adenocarcinoma (n = 18), squamous cell lung cancer

(n = 16) and prostate cancer (n = 5). In rare tumor types we observed, amongst others,

a predicted overexpression rate of 55% of samples for CD22 and 55% for ENPP3 in

adrenocortical carcinomas, 81% for CD74 and 81% for FGFR3 in osteosarcomas, and
95% for c-MET in uveal melanomas.

Conclusion

This study provides a data driven prioritization of clinically available ADCs directed
against 59 unique targets across 60 tumor (sub)types. This comprehensive ADC target
landscape can guide clinicians and drug developers which ADC is of potential interest
for further evaluation in which tumor (sub)type.
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Introduction
Despite progress in anticancer drug treatment including molecularly targeted agents

that inhibit specific oncogenic “driver” pathways, most patients still die of metastatic
disease. Therefore, there remains an unmet need to develop new systemic treatment
options to improve survival of cancer patients.

Numerous patients fail to benefit from molecularly targeted agents because

their tumors lack oncogenic drivers to target. In this context, an interesting emerging

class of therapeutics are antibodies bound to a cytotoxic agent, known as antibody-

drug conjugates (ADCs). ADC targets do not have to be drivers of tumor growth to be
meaningful because they serve as an entry point for the cytotoxic agent. This makes
ADCs potentially relevant for a wide range of tumors.

After an ADC is bound to its tumor specific molecular target, the cytotoxin

is internalized and activated. This allows the selective cellular tumor delivery of a
high concentration of the cytotoxin that would cause severe dose-limiting toxicities

if administered systemically. To prevent unintended biodistribution the total body

target expression should favor the tumor instead of healthy tissues.1 An established
example of an ADC is trastuzumab emtansine, which is currently part of standard of

care in patients with human epidermal growth factor receptor 2 (HER2) overexpressing
metastatic breast cancer.2
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Immunohistochemical (IHC) analyses allows to investigate the protein

expression of ADC targets in different tumor (sub)types and healthy tissues. However,
large scale IHC analysis for a target is time consuming and demands extensive

resources. Therefore, we currently lack data about the expression of ADC targets for

numerous tumor types, which impedes potential effective treatment with available
ADCs in a significant subset of cancer patients.

To this end, we used the recently developed method of functional genomic

mRNA profiling (FGmRNA profiling) to predict overexpression rates of ADC targets
at the protein level.3 FGmRNA profiling can correct a gene expression profile of an

individual tumor for physiological and experimental factors, which are considered not
to be relevant for the observed tumor phenotype.

In this manuscript, we applied FGmRNA profiling to a large database containing

a broad spectrum of different tumor and healthy tissue (sub)types. Subsequently, we

used the resulting FGmRNA profiles to prioritize potential ADC targets per tumor (sub)
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type. In addition, we present an overview of ADCs which are currently marketed or in
clinical development for anti-cancer treatment.

Materials and methods
Search strategy

To identify targets for clinically available ADCs PubMed was searched at the latest April
2017. The following search terms were used: “antibody-drug conjugate”, “cancer”,

“tumor” and “oncology” in various combinations, spelling variants and synonyms. The
search was limited to manuscripts published in English and involving clinical trials.

Reviews were excluded. In addition, ClinicalTrials.gov was searched in April 2017 for
on-going studies with ADCs with the search terms [antibody-drug conjugate] AND

[cancer]. Finally, abstracts and posters from the ASCO 2015/2016 and ECCO-ESMO

2015 and ESMO 2016 meetings were selected using “antibody-drug conjugate” as
search term.

Moreover, information on ADCs, ADC targets, linked cytotoxins, tumor type

and status of clinical development (phase 1-3) was collected. If we could not find
that information in the previously described sources we searched Embase to collect

additional information using the name of the identified ADC as term. In case an ADC

is in different phases of clinical development for a specific indication, we chose to
systematically report the highest phase.

Data acquisition

Publicly available microarray expression data was extracted from the Gene Expression
Omnibus (GEO).4 The analysis was confined to the Affymetrix HG-U133 Plus 2.0

platform (GEO accession identifier: GPL570). Samples were included for analysis if
they represented healthy tissue or cancer tissue obtained from patients or healthy

individuals and raw data was available. Only tumor (sub)types with ≥ 5 samples were

included for analysis. Pre-processing and quality control was performed as previously
described.3,5 For the breast cancer cohort receptor status was collected or inferred as

described before.5,6

Predicting overexpression rates of ADC targets at the protein level

First, we applied FGmRNA profiling to each individual sample, both cancer and healthy
tissue. For a detailed description of FGmRNA profiling we refer to Fehrmann et al.3
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In short, we analyzed 77,840 expression profiles of publicly available samples with
principal component analysis and found that a limited number of “Transcriptional
Components” (TCs) capture the major regulators of the mRNA transcriptome.

Subsequently, we identified a subset of TCs that described non-genetic regulatory
factors. We used these non-genetic TCs as covariates to correct microarray expression

data and observed that the residual expression signal (i.e. FGmRNA profile) captures
the downstream consequences of genomic alterations on gene expression levels.

Subsequently, for each individual gene that is targeted by ADC(s) we

determined the percentage of samples per tumor (sub)type with a significant increased

FGmRNA signal, which is considered a proxy for protein overexpression. The threshold

was defined in the set of FGmRNA profiles of healthy tissues by calculating the
97.5th percentile for the FGmRNA signal of the target under investigation. For each

individual tumor sample, the gene under investigation was marked as overexpressed
when the FGmRNA signal was above the 97.5th percentile threshold as defined in the

healthy tissue samples. Per tumor (sub)type the percentage of samples with marked

overexpression is reported per target. In addition, we determined the number of ADC
targets showing predicted overexpression in ≥ 75%, ≥ 50% and ≥ 25% of samples

for at least one tumor type. As the Affymetrix HG-U133 Plus 2.0 platform contains

multiple probes representing an individual gene we choose to systematically report
per tumor (sub)type the probe with the highest predicted percentage of samples with
a significant increased FGmRNA signal.

06

In addition, we predicted ADC target overexpression based on regular mRNA

data by applying the same methodology as described above.

137

Chapter 06

Results
Identified ADCs

A total of 87 ADCs were identified of which 2 are registered for use in humans and 55

are currently under clinical evaluation (Table 1 and Supplementary Table S1). For 16
ADCs, clinical evaluation was terminated for various reasons and the status of clinical
evaluation of 14 ADCs is unknown. In total 61 ADCs are studied in solid tumors, 21

in hematological malignancies and 5 in both solid and hematological malignancies.
In solid tumors, the largest number of ADCs (n = 24) is evaluated in breast cancer

including 12 in triple negative breast cancer (TNBC), followed by non-small cell lung

cancer (NSCLC) (n = 18), gastric cancer (n = 16) and ovarian cancer (n = 16) (Figure

1). Supplementary Figures S1 and S2 provide a comprehensive overview of ADCs in
clinical development for treatment of solid-, hematological- and pediatric tumors.

Eight ADCs are currently in phase 3 trials, including the registered brentuximab

vedotin and trastuzumab emtansine. Twenty-two ADCs are evaluated in phase 2 trials
and 7 ADCs that have been evaluated in phase 2 trials did not proceed to phase 3

for various reasons. In addition, 28 ADCs are tested in phase 1 clinical trials and 22

have been assessed but did not (yet) proceed to phase 2 for several reasons. Detailed
information can be found in Table 1 and Supplementary Figures S1 and S2.

Table 1

Overview of registered ADCs and ADCs in clinical trials for cancer treatment

Target

Cytotoxin

ADC

Phase

5T4

MMAF

PF-06263507a

1

AXL

MMAE

HuMax-AXL-ADC

2

BCMA

MMAF

GSK2857916

1

c-MET

MMAE

ABBV-399

1

C4.4a

Auristatin W derivative

BAY1129980

1

CA6

DM4

SAR566658

2

CA9

MMAE

BAY79-4620

Cadherin-6

Maytansine

HKT288

1

CD19

DM4

Coltuximab ravtansinec

2

CD19

MMAF

Denintuzumab mafodotin

2

CD19

PBD

ADCT-402

1

CD19

PBD

SGN-CD19B

1

CD22

Calicheamicin

Inotuzumab ozogamicin

3

138

b

1

The antibody-drug conjugate target landscape across a broad range of tumor types

Table 1

continued

Target

Cytotoxin

ADC

Phase

CD22

MMAE

Pinatuzumab vedotin

2

CD25

PBD

ADCT-301

1

CD27L

DM1

AMG 172d

1

CD30

MMAE

Brentuximab vedotin

Registered

CD33

Calicheamicin

Gemtuzumab ozogamicin

3

CD33

DM4

AVE9633

1

CD33

PBD

Vadastuximab talirine

3

CD37

DM4

IMGN529

2

CD37

MMAE

AGS67E

CD44v6

DM1

Bivatuzumab mertansine

CD56

DM1

Lorvotuzumab mertansinef

2

CD70

Duocarmycin

MDX-1203d

1

CD70

MMAE

Vorsetuzumab mafodotind

1

CD70

MMAF

SGN-CD70A

1

CD74

Doxorubicin

Milatuzumab doxorubicinc

2

CD79b

MMAE

Polatuzumab vedoting

2

CD123

PBD

SGN-CD123A

1

CD138

DM4

Indatuximab ravtansine

2

CEA

DM4

SAR408701

2

CEA

SN-38

Labetuzumab govitecan

2

cKit

Maytansine

LOP628h

1

Cripto protein

DM4

BIIB015

1

CS1

MMAE

ABBV-838

1

DLL3

Not disclosed

SC-002

1

DLL3

PBD

Rovalpituzumab tesirine

3

EDNRB

MMAE

DEDN6526A

1

EFNA4

Calicheamicin

PF-06647263

1

EGFR

DM1

IMGN289b

1

EGFR

MMAF

ABT-414

2

EGFRvIII

DM1

AMG 595

ENPP3

MMAF

AGS-16C3F

2

EPHA2

MMAF

MEDI-547b

1

FGFR2

Auristatin W derivative

BAY1187982e

1

FGFR3

DM4

LY3076226

1

FLT3

Not disclosed

AGS62P1

1

FOLR1

DM4

Mirvetuximab soravtansine

3

e

1
b

d

e

d

1

06
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Table 1

continued

Target

Cytotoxin

ADC

Phase

GPNMB

MMAE

Glembatumumab vedotin

2

GUCY2C

MMAE

MLN0264

2

HER2

Auristatin payload

XMT-1522

1

HER2

DM1

Trastuzumab emtansine

Registered

HER2

Duocarmycin

SYD-985

1

HER2

DXd

DS-8201A

1

HER2

Liposomal doxorubicin

MM-302i

2

HER2

MMAE

RC48-ADC

2

HER2

MMAF

ARX788

1

HER2

Tubulysin

MEDI-4276

2

HER3

DXd

U3-1402

2

Integrin alpha

DM4

IMGN388a

2

LAMP-1

DM4

SAR428926

1

Lewis Y

Doxorubicin

SGN-15

2

LIV-1

MMAE

SGN-LIV1A

1

LRRC15

MMAE

ABBV-085

1

MSLN

DM4

Anetumab ravtansine

2

MSLN

MMAE

DMOT4039A

e

1

MSLN

Not disclosed

BMS-986148

2

MUC1

DM1

Cantuzumab mertansinej

1

MUC1

DM4

Cantuzumab ravtansinea

2

MUC16

MMAE

Sofituzumab vedotin

d

1

NaPi2b

MMAE

Lifastuzumab vedotin

2

Nectin-4

MMAE

Enfortumab vedotin

1

NOTCH3

Auristatin payload

PF-06650808d

1

p-CAD

Not disclosed

PCA-062

1

PSMA

DM1

MLN2704e

2

PSMA

MMAE

PSMA ADC 1301c

2

PTK7

Auristatin

PF-06647020

1

SLC44A4

MMAE

ASG-5ME

1

SLITRK6

MMAE

ASG-15MEd

1

STEAP1

MMAE

Vandortuzumab vedotind

1

TF

MMAE

Tisotumab vedotin

2

TIM-1

MMAE

CDX-014

1

TROP-2

SN-38

Sacituzumab govitecan

3

Not disclosed

MMAE

DFRF4539Ad

1
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Table 1

continued

Target

Cytotoxin

ADC

Phase

Not disclosed

Not disclosed

AbGn-107

1

Not disclosed

Not disclosed

SC-003

1

a Development discontinued to focus on other product candidates.
b Development terminated due to safety reasons.
c According to ClinicalTrials.gov no on-going phase 2 studies on February 16, 2017. Development status unknown.
d According to ClinicalTrials.gov no on-going phase 1 studies on February 16, 2017. Development status unknown.
e Development discontinued (not further specified).
f Phase 2 study stopped prematurely due to no significant benefit and possible harm in SCLC. Phase 2 studies in leukemia and
pediatric tumors still on-going.
g Development has been discontinued in CLL after phase 1 evaluation, development on-going in NHL.
h Phase 1 study terminated prematurely.
i Phase 2/3 study terminated since it failed to show benefit over control arm per DMC and confirmed via futility analyses.
j Development terminated due to the company’s decision to replace DM1 with DM4.
k Development discontinued in gastric and pancreatic cancer, unknown status in prostate cancer.

Abbreviations: AXL, AXL receptor tyrosine kinase; BCMA, B-cell maturation antigen; CA6, carbonic anhydrase 6; CA9,
carbonic anhydrase 9; CD, cluster of differentiation; CEA, carcinoembryonic antigen; CLL, chronic lymfocytic leukemia; DLL3,
delta-like canonical notch ligand 3; DMC, data monitoring committee; EDNRB, endothelin receptor type B; EFNA4, ephrin A4;
EGFR, epidermal growth factor receptor; ENPP3, ectonucleotide pyrophosphatase/phosphodiesterase 3; EPHA2, EPH receptor
A2; FGFR2, fibroblast growth factor receptor 2; FGFR3, fibroblast growth factor receptor 3; FLT3, FMS-like tyrosine kinase 3;
FOLR1, folate receptor 1; GPNMB, glycoprotein non-metastatic B; GUCY2C, guanylate cyclase 2C; HER2, human epidermal
growth factor receptor 2; HER3, human epidermal growth factor receptor 3; LAMP-1, lysosomal-associated membrane protein
1; LRRC15, leucine rich repeat containing 15; MMAE, monomethyl auristatin E; MMAF, monomethyl auristatin F; MSLN,
mesothelin; MUC1, mucin 1; MUC16, mucin 16; NaPi2b, sodium-dependent phosphate transport protein 2B; NHL, nonHodgkin lymphoma; NOTCH3, notch 3; p-CAD, p-cadherin; PBD, pyrrolobenzodiazepine; PSMA, prostate-specific membrane
antigen; PTK7, protein tyrosine kinase 7; SLC44A4, solute carrier family 44 member 4; SCLC, small cell lung cancer; SLITRK6,
SLIT like family member 6; STEAP1, STEAP family member 1; TF, tissue factor; TIM-1, T cell immunoglobulin and mucin
protein-1; TROP-2, trophoblast cell-surface antigen.
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A

Phase I
Phase II
Phase III

NEC

Germ
cell tumor

Thyroid
cancer

Osteosarcoma
Mesothelioma
Melanoma

1

0

HNSCC

0

0

Solid cancers

0

3

2

GBM

26

1
AA

Peritoneal /
Fallopian tube
cancer

1

3

10

2

2

1
Endometrial
cancer

1

1

3

0
0
0
0
1
0
0

3
0

3

3
1

0

0

6

Cervix
cancer

0 0 0 0

0

0

8

6
0

0 0
0
0 0

0

0

3

0

0

1
1
0
0
1

10

3

3

0

4

1

0

1

1

RCC

1

NSCLC

Esophageal
cancer

9

3
5
4

5

Urothelial/
bladder
cancer

3

6

6

Prostate
cancer

8

2

5

10

SCLC

2

2

5

Ovarian
cancer

TNBC

4

4

3

Breast cancer

Gastric and/or
GEJ cancer

Pancreas cancer

1

0

CRC
GIST

GI

Cholangio
carcinoma

HCC

Figure 1
ADCs in clinical trials for treatment of A) solid tumors, and B) hematological and pediatric tumors. The total number
of identified ADCs under clinical evaluation are shown per tumor type and per stage of clinical development. More
extensive information can be found in Supplementary Figure S1 and S2. The U.S. Food and Drug Administration
and European Medicines Agency registered trastuzumab emtansine for treatment of HER2-positive metastatic
breast cancer and brentuximab vedotin for treatment of NHL are not shown.

142

The antibody-drug conjugate target landscape across a broad range of tumor types

B

Phase I
Phase II

Pediatric
tumors

Phase III

ALL

Hematological
tumors

AML

2

0

5
0
1

2

APL

1

1

0

MM

4

0

0

2

3

1

0
1

4

1

0

1
1

0

0

0

1

6

0

0
0

7

CLL

1

1

1

MDS

0

1

0

CML

0

NHL

1
1
1

HCL

1

06

HL

PLL

Figure 1

JMML

continued

Abbreviations: AA, anaplastic astrocytomas; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia;
APL, acute promyelocytic leukemia; cholangio, cholangio carcinoma; CLL, chronic lymphocytic leukemia; CML,
chronic myeloid leukemia; CRC, colorectal cancer; GBM, glioblastoma multiforme; GEJ, gastro-esophageal
junction; GI, gastrointestinal; GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; HCL, hairy
cell leukemia; HER2, human epidermal growth factor receptor 2; HL, Hodgkin lymphoma; HNSCC, head and
neck squamous cell carcinoma; JMML, juvenile myelomonocytic leukemia; MDS, myelodysplastic syndrome; MM,
multiple myeloma; NEC, neuroendocrine carcinoma; NHL, non-Hodgkin lymphoma; NSCLC, non-small cell lung
cancer; PLL, prolymphocytic leukemia; RCC, renal cell cancer; SCLC, small cell lung cancer; TNBC, triple negative
breast cancer.
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Identified ADCs targets

Targets are publicly disclosed for 84 of the 87 ADCs (Table 1). These 84 ADCs target

59 unique targets. Eight ADCs are directed against HER2, including trastuzumab
emtansine. In addition, the cluster of differentiation (CD) proteins CD19, CD33, CD70
and epidermal growth factor receptor (EGFR) and mesothelin (MSLN) are each targeted
by at least 3 different ADCs.

Cytotoxins linked to ADCs

We identified 13 cytotoxins that are utilized in the set of 87 ADCs (Table 2). For 6 ADCs,

the cytotoxin used is not publicly disclosed. The most frequently identified cytotoxins
are the auristatins MMAE (n = 26) and MMAF (n = 8) and the maytansine derivates DM4

(n = 13) and DM1 (n = 8). Detailed information is provided in Table 2.

Predicted protein overexpression rates of ADC targets by FGmRNA
profiling
We identified 18,055 samples representing 60 different tumor (sub)types and 3,520

samples representing 22 healthy tissue (sub)types. We predicted protein overexpression
rates for the 59 identified ADC targets. A predicted protein overexpression rate of ≥
75% of samples was observed for 17 ADC targets in at least 1 tumor (sub)type, ≥

50% for 38 and ≥ 25% for 56. Figure 2 shows predicted protein overexpression rates
for all 59 unique ADC targets in each of the 60 different tumor (sub)types. Detailed
information can be found in Supplementary Table S2.

Predicted overexpression for 59 unique ADC targets across 60 tumor (sub)

types based on regular mRNA data is available as Supplementary Table S3.

Predicted protein overexpression for ADC targets in frequently diagnosed tumor
(sub)types

Predicted overexpression rates of ≥ 10% of samples for multiple ADC targets was
observed in colorectal cancer (n = 18), lung adenocarcinoma (n = 18), squamous cell

lung cancer (n = 16) and prostate cancer (n = 5). Predicted overexpression rate of ≥

10% of samples was observed for 25 ADC targets in estrogen receptor (ER)-negative/

HER2-positive breast cancer, 23 in TNBC, 18 in ER-positive/HER2-positive breast

cancer and 17 in ER-positive/HER2-negative breast cancer. Next, for the frequently
occurring breast-, lung-, and prostate cancer we highlight ADC targets with potential
clinical impact as they have not been clinically explored in these tumor types.

For solute carrier family 44 member 4 (SLC44A4) a predicted overexpression

rate of ≥ 35% of samples was observed in all breast cancer subtypes except for only
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9% in TNBC. In HER2-positive breast cancer a predicted overexpression rate of 44%
was observed for nectin-4 (PVRL4) and in ER-positive breast cancer 41% for fibroblast

growth factor receptor 3 (FGFR3). In TNBC, the highest predicted overexpression rate
with 51% was observed for nectin-4, followed by 39% for mucin 16 (MUC16). In lung
adenocarcinomas we observed predicted overexpression rates of 36% for nectin-4

and 34% for ectonucleotide pyrophosphatase/phosphodiesterase 3 (ENPP3), while in
squamous cell lung cancer 43% for carbonic anhydrase (CA9) and 42% for nectin-4.

For protein tyrosine kinase 7 (PTK7) 11% predicted overexpression was found in
prostate cancer.

Predicted protein overexpression for ADC targets in rare tumor (sub)types

We observed predicted overexpression of ≥ 10% of samples for several ADC targets that
have not been clinically explored in rare tumor types, with currently only limited treatment

options, like adrenocortical carcinomas, osteosarcomas, squamous cell esophageal
cancer and uveal melanomas (Figure 2). We observed a predicted overexpression

rate of 55% of samples for CD22 and 55% for ENPP3 in adrenocortical carcinomas,

and 46% of samples for glycoprotein non-metastatic b (GPNMB) in squamous cell
esophageal cancer. In osteosarcomas, we show high predicted overexpression of
FGFR3 and CD74 both in 81% of samples, followed by neural cell adhesion molecule 1

(NCAM1) and ephrin type-A receptor 2 (EPHA2) (73%). In most other sarcoma subtypes
tested, these ADC targets show similar overexpression patterns except for EPHA2. In

uveal melanomas c-MET ranked highest with an observed predicted overexpression
rate of 95%, followed by CD44 (94%).

Predicted protein expression for ADC targets in healthy tissues

Detailed information concerning the distribution of individual ADC target mRNA-signals
across 22 different healthy tissues is provided as Supplementary Figure S3. For

example, we observed relative high levels of mRNA-signals for GPNMB in a subset
of healthy skin samples. In a phase 2 trial in 124 TNBC patients, being treated with

the GPNMB directed ADC glembatumumab vedotin, treatment related skin rash was

observed in 47% of patients, ranging from mild erythema to more involved maculopapular
dermatologic toxicity.7 In addition, treatment related pruritus, hyperpigmentation and
peeling was seen. Supplementary Table S4 shows per healthy tissue type the median

ranked mRNA-signal for all ADC targets, which can be used to predict per healthy

tissue type the ADC target with potential the highest toxicity. Supplementary Figure

S4 shows the distribution of individual ADC target FGmRNA signals across 22 different
healthy tissues.
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A

Urogenital - Vulva cancer

Gastrointestinal - Gastric cancer

Gastrointestinal - Hepatocellular carcinoma

Gastrointestinal - Pancreas cancer

Gastrointestinal - Periampullary cancer

Head and Neck - Nasopharynx

Head and Neck - Squamous cell carcinoma

Lung cancer - Adenocarcinoma

Lung cancer - Neuroendocrine

Lung cancer - Squamous cell carcinoma

Melanoma - Cutaneous

Melanoma - Uveal

Sarcoma - Ewings

Sarcoma - Leiomyo

Sarcoma - Lipo

Sarcoma - Not otherwise specified

Sarcoma - Osteo

Sarcoma - Synovial

Sarcoma - Undifferentiated

Urogenital - Bladder cancer

Urogenital - Cervical cancer

Urogenital - Ovarian cancer

Urogenital - Prostate cancer

Urogenital - Renal chromophobe carcinoma

Urogenital - Renal clear cell carcinoma

Urogenital - Renal papillary carcinoma

Breast cancer - ER-neg / HER2-pos

Breast cancer - ER-pos / HER2-neg

Breast cancer - ER-pos / HER2-pos

Breast cancer - TNBC

Central nervous system - Anaplastic astrocytoma

Central nervous system - Anaplastic oligoastrocytoma

Central nervous system - Anaplastic oligodendroglioma

Central nervous system - Astrocytoma

Central nervous system - Ependymoma

Central nervous system - Glioblastoma

Central nervous system - Medulloblastoma

Central nervous system - Meningioma

Central nervous system - Oligoastrocytoma

Central nervous system - Oligodendroglioma

Central nervous system - Pilocytic astrocytoma
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Figure 2

legend

Predicted ADC target overexpression analyzed by FGmRNA profiling in A) solid tumors, and B) hematological
and pediatric tumors. Predicted ADC target overexpression profiles per tumor type are represented as dots. The
size of the dots indicates the percentage of patient derived tumor samples with predicted overexpression of an
ADC target, e.g. the larger the diameter the more samples show target overexpression. The x-axis represents 59
identified ADC targets, both the gene and protein name are shown.

Table 2

Cytotoxins part of ADCs and their mechanism of action
Number

Cytotoxin

Mechanism of action

of ADCs

Auristatin*

Inhibitor of tubulin polymerization

3

Auristatin W derivative

Inhibitor of tubulin polymerization

2

Calicheamicin

Causes DNA double strand breaks

3

DM1

Inhibitor of tubulin polymerization

8

DM4

Inhibitor of tubulin polymerization

13

Doxorubicin

Inhibitor of DNA relegation, causing DNA double strand breaks

2

Duocarmycin

Breaks down adenine-specific molecules in DNA

2

DXd

Topoisomerase inhibitor

2

Liposomal doxorubicin

Inhibitor of DNA relegation, causing DNA double strand breaks

1

Maytansine*

Inhibitor of tubulin polymerization

1

MMAE

Inhibitor of tubulin polymerization

26

MMAF

Inhibitor of tubulin polymerization

8

PBD

Interferes with the action of endonuclease enzymes on DNA and blocks

6

transcription by inhibiting DNA polymerase in a sequence specific
manner
SN-38

Topoisomerase inhibitor

2

Tubulysin

Inhibitor of tubulin polymerization

1

* Not further specified.

Abbreviations: MMAE, monomethyl auristatin E; MMAF, monomethyl auristatin F; PBD, pyrrolobenzodiazepines.
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Predicted protein overexpression rates for all genes present in our dataset (n

= 22,484) for the 60 tumor (sub)types as determined with FGmRNA profiling or regular
mRNA based analysis is provided in respectively Supplementary Table S5 and S6.

Discussion
A systematic search identified 87 ADCs directed against 59 unique targets that are
or were evaluated in clinical trials for cancer treatment. Subsequently, we predicted

protein overexpression rates for these 59 ADC targets in 60 tumor (sub)types utilizing
FGmRNA profiling.

FGmRNA profiling is a recently developed method that is capable to correct

a gene expression profile of an individual tumor for physiological and experimental
factors, which are considered not to be relevant for the observed tumor phenotype.3

We considered the residual mRNA levels (FGmRNA signal) a better proxy for protein

expression in tumor samples than regular mRNA expression levels. FGmRNA profiling
can only be applied to gene expression profiles generated with the Affymetrix HG-U133
Plus 2.0 platform, as this platform formed the basis for its development. The samples

available for the Affymetrix HG-U133 Plus 2.0 platform currently still represent the most

extensive collection of human gene expression profiling data available generated
using a single uniform platform.

FGmRNA profiling allows us to determine predicted protein overexpression

rates for many potential drugable targets across a broad spectrum of tumor types
in a rapid, efficient and consistent manner. In this manuscript, we predicted 93%

HER2 overexpression in histological proven ER-negative/HER2-positive and 85% in
ER-positive/HER2-positive breast cancer, which serves as a positive validation of our
methodology. Predicted overexpression of EGFR in NSCLC is ~30% lower than IHC
data in literature, however, contrary to HER2 IHC testing, a standardized protocol

for EGFR IHC analysis is lacking which might have a strong impact on IHC results.8
Moreover, we used FGmRNA profiling to detect overexpression of AXIN2, CEMIP,
CD44 and JUN in expression profiles of colorectal adenomas when compared to a

set of normal colon samples and confirmed these predictions in an independent set of
colorectal adenomas with IHC analysis.9
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However, mRNA data must be interpreted with some caution, since mRNA

transcripts might not always be translated to the protein, protein levels might be low due
to high turn-over or might not end up on the cell membrane.10 In addition, expression

profiles of complex biopsies obtained from tumors cannot inform us about tumor

heterogeneity. Moreover, distinction between tumor cells and surrounding non-tumor

cells as source of ADC target overexpression is difficult.6 By using a large set of various

healthy tissue samples as a reference to determine the threshold for “overexpression” we

could minimalize the effect of ADC target overexpression in non-tumor cells. However,
IHC analyses has also some well-known disadvantages. Often highly heterogeneous

scoring methods or different staining antibodies with varying antibody-target affinities are
used, which impedes accurate comparison of IHC patterns in different studies of different

tumor types. Also, it precludes a general cut off for IHC indicating overexpression of the
protein of interest. To illustrate this problem, we previously reported on 5 different anti-

MSLN staining antibodies and 13 different scoring systems used in literature to study
MSLN IHC expression in cancer, showing broad variation in MSLN-positivity, for example
varying between 0-69% in NSCLC.6 Therefore, to obtain a final estimated expression rate

for a specific ADC target in a specific tumor type based on IHC results from literature
is very hard and this hampers direct comparison with our predicted rates. However, the

provided predicted expression rates in this manuscript – which are approximations of

expression rates obtained with IHC – have the advantage over IHC based results that they
are all obtained with exactly the same methodology. This allows researchers to directly

compare the predicted expression rates between tumor (sub)types and target antigens

to prioritize which ADC targets should be considered for subsequent recommended IHC
validation and enables them to use resources more efficiently.

Design of effective ADCs requires appropriate target selection which has proven

to be surprisingly complex. ADC targets can be present either on tumor cells, tumorassociated cells (e.g. tumor endothelial cells), or in the tumor microenvironment.11 Ideally

the ADC target is highly overexpressed with limited heterogeneity at the cell membrane
of tumor cells but is not, or only very limited, expressed at the cell membrane of healthy
cells making the target (nearly) “tumor-specific”.12 However, most ADC targets are

tumor-associated instead of tumor-specific and therefore the relative bio-distribution of
ADCs to tumor and healthy tissue is often a limiting factor for broad clinical applicability.1

Extensive information about ADC target overexpression in healthy cells is not available

in literature. Therefore, we also provided the mRNA based expression levels for the 59
ADC targets in a set of 22 healthy tissue types, including organs at risk of toxicity such
as liver, heart, and lung. Potentially, this data can be used to generate hypotheses with
regards to the potential toxicity of an ADC with a specific target.
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In this study, we focused on predicted protein overexpression rates of ADC

targets in 60 tumor (sub)types. The ADC target landscape we created can also be

applied to other antibody-related therapeutics, like bi-specific antibodies, immunotoxins
(antibodies or antibody fragments fused with a toxin), radioimmunoconjugates

(radiolabelled antibodies) and chimeric antigen receptors. In line with ADCs, these
treatment approaches do not require a driver target to be successful.

In conclusion, our data provides clinicians and drug developers with an

instrument that facilitates for further evaluation.
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Scan the QR code with your smartphone or go to:
https://academic.oup.com/annonc/article/28/12/3083/4211055#supplementary-data

Supplementary Figure S1
Overview of ADCs in clinical trials for treatment of solid tumors. Identified ADCs that are currently in clinical
evaluation or have been evaluated in patients with solid tumors. Results are shown per tumor type and per stage of
clinical evaluation (phase 1-3). The U.S. Food and Drug Administration and European Medicines Agency registered
trastuzumab emtansine for treatment of HER2-positive metastatic breast cancer is not shown.
Abbreviations: AA, anaplastic astrocytomas; cholangio, cholangio carcinoma; CRC, colorectal cancer; GBM,
glioblastoma multiforme; GEJ, gastro-esophageal junction; GI, gastrointestinal; GIST, gastrointestinal stromal
tumor; HCC, hepatocellular carcinoma; HER2, human epidermal growth factor receptor 2; HNSCC, head and
neck squamous cell carcinoma; NEC, neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; RCC, renal
cell cancer; SCLC, small cell lung cancer; TNBC, triple negative breast cancer.
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Scan the QR code with your smartphone or go to:
https://academic.oup.com/annonc/article/28/12/3083/4211055#supplementary-data

Supplementary Figure S2
Overview of ADCs in clinical trials for treatment of hematological and pediatric tumors. Identified ADCs that are
currently in clinical evaluation or have been evaluated for treatment of hematological or pediatric tumors. Results are
shown per tumor type and per stage of clinical evaluation (phase 1-3). The FDA and EMA registered brentuximab
vedotin for treatment of NHL is not shown.
Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; APL, acute promyelocytic
leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; EMA, European Medicines
Agency; FDA, U.S. Food and Drug Administration; HCL, hairy cell leukemia; HL, Hodgkin lymphoma; JMML,
juvenile myelomonocytic leukemia; MDS, myelodysplastic syndrome; MM, multiple myeloma; NHL, non-Hodgkin
lymphoma; PLL, prolymphocytic leukemia.
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Supplementary Figure S3
Predicted protein expression for ADC targets in healthy tissues. For each ADC target we show regular mRNA based
signals across 22 healthy tissues. The figure headings contain the ADC target and the probe used for analyses.
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Supplementary Figure S4
Predicted protein expression for ADC targets in healthy tissues. For each ADC target we show regular mRNA based
signals across 22 healthy tissues. The figure headings contain the ADC target and the probe used for analyses.
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Supplementary Table S1

Identified registered ADCs and ADCs in clinical trials for

			

cancer treatment and related references

ADC

Reference

ABBV-085

ClinicalTrials.gov identifier NCT02565758.

ABBV-399

Strickler JH, Nemunaitis JJ, Weekes CD, et al. Phase 1, open-label, dose-escalation and expansion study
of ABBV-399, an antibody drug conjugate (ADC) targeting c-Met, in patients (pts) with advanced solid
tumors. J Clin Oncol 2016; 34 (Suppl abstr 2510).
Angevin E, Strickler J, Weekes C, et al. First-in-human phase 1 study of ABBV-399, an antibody-drug
conjugate (ADC) targeting c-MET, in patients with non-small cell lung cancer (NSCLC). J Thorac Oncol
2017; 12: 5395-5396.

ABBV-838

ClinicalTrials.gov identifiers NCT02462525, NCT02951117.

AbGn-107

ClinicalTrials.gov identifier NCT02908451.

ABT-414

Reardon DA, Lassman AB, van den Bent M, et al. Efficacy and safety results of ABT-414 in combination
with radiation and temozolomide in newly diagnosed glioblastoma. Neuro Oncol 2016; doi: 10.1093/
neuonc/now257 [Epub ahead of print].
Phillips AC, Boghaert ER, Vaidya KS, et al. ABT-414: an anti-EGFR antibody-drug conjugate as a potential
therapeutic for the treatment of patients with squamous cell tumors. Mol Cancer Ther 2013; 12 (Suppl 1
abstr A250).
Goss GD, Vokes EE, Gordon MS, et al. ABT414-in patients with advanced solid tumors likely to overexpress
the epidermal growth factor receptor (EGFR). J Clin Oncol 2015; 33 (Suppl abstr 2510).
Van Den Bent MJ, Gan HK, Lassman AB, et al. Efficacy of a novel antibody-drug conjugate (ADC), ABT414, as monotherapy in epidermal growth factor receptor (EGFR) amplified, recurrent glioblastoma (GBM).
J Clin Oncol 2016; 34 (Suppl abstr 2542).

ADCT-301

Tallman MS, Feingold JM, Spira AI, et al. A phase 1, open-label, dose-escalation, multicenter study to
evaluate the tolerability, safety, pharmacokinetics, and activity of ADCT-301 in patients with relapsed or
refractory CD25-positive acute myeloid leukemia. J Clin Oncol 2016; 34 (Suppl abstr TPS7071).

ADCT-402

Chung KY, Hamadani M, Kahl BS, et al. A phase 1 adaptive dose-escalation study to evaluate the
tolerability, safety, pharmacokinetics, and antitumor activity of ADCT-402 in patients with relapsed or
refractory B-cell lineage non Hodgkin lymphoma (B-NHL). J Clin Oncol 2016; 34 (Suppl abstr TPS7580).

AGS-16C3F

Thompson JA, Motzer R, Molina AM, et al. Phase 1 studies of anti-ENPP3 antibody drug conjugates
(ADCs) in advanced refractory renal cell carcinomas (RRCC). J Clin Oncol 2015; 33 (Suppl abstr 2503).

AGS62P1

ClinicalTrials.gov identifier NCT02864290.

AGS67E

Sawas A, Savage KJ, Perez RP, et al. A first in human experience of the anti-CD37 antibody-drug
conjugate AGS67E in lymphoid malignancies. J Clin Oncol 2016; 34 (Suppl abstr 7549).

AMG 172

ClinicalTrials.gov identifier NCT01497821.

AMG 595

ClinicalTrials.gov identifier NCT01475006.

Anetumab

Blumenschein GR, Hassan R, Moore KN, et al. Phase I study of anti-mesothelin antibody drug conjugate

ravtansine

anetumab ravtansine (AR). J Clin Oncol 2016; 34 (Suppl abstr 2509).
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ADC
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Reference
Hassan R, Jennens R, Van Meerbeeck JP, et al. Randomized phase II study of anetumab ravtansine or
vinorelbine in patients with metastatic pleural mesothelioma. J Thorac Oncol 2017; 12: S1087-S1088.

ARX788

ClinicalTrials.gov identifier NCT02512237.

ASG-5ME

Coveler AL, Ko AH, Catenacci DV, 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: 319-328.
Morris M, Bruce J, Reyno L, et al. Phase 1 trial of ASG-5me in metastatic castration resistant prostate
cancer (CRPC). J Clin Oncol 2012; 30 (Suppl abstr 4568).

ASG-15ME

Petrylak DP, Heath EI, Sonpavde G, et al. Anti-tumor activity, safety and pharmacokinetics (PK) of AGS15E
(ASG-15ME) in a phase I dose escalation trial in patients (pts) with metastatic urothelial cancer (mUC). J
Clin Oncol 2016; 34 (Suppl abstr 4532).

AVE9633

Lapusan S, Vidriales MB, Thomas X, et al. Phase I studies of AVE9633, an anti-CD33 antibodymaytansinoid conjugate, in adult patients with relapsed/refractory acute myeloid leukemia. Invest New
Drugs 2012; 30: 1121-1131.

BAY79-4620

ClinicalTrials.gov identifiers NCT01028755, NCT01065623.

BAY1129980

ClinicalTrials.gov identifier NCT02134197.

BAY1187982

ClinicalTrials.gov identifier NCT02368951.

BIIB015

ClinicalTrials.gov identifier NCT00674947.

Bivatuzumab

Riechelmann H, Sauter A, Golze W, et al. Phase I trial with the CD44v6-targeting immunoconjugate

mertansine

bivatuzumab mertansine in head and neck squamous cell carcinoma. Oral Oncol 2008; 44: 823-829.

06

Rupp U, Schoendorf-Holland E, Eichbaum M, et al. Safety and pharmacokinetics of bivatuzumab
mertansine in patients with CD44v6-positive metastatic breast cancer: final results of a phase I study.
Anticancer Drugs 2007; 18: 477-485.
Tijink BM, Buter J, de Bree R, et al. A phase I dose escalation study with anti-CD44v6 bivatuzumab
mertansine in patients with incurable squamous cell carcinoma of the head and neck or esophagus. Clin
Cancer Res 2006; 12: 6064-6072.
BMS-986148

ClinicalTrials.gov identifiers NCT02341625, NCT02884726.

Brentuximab

Pro B, Advani R, Brice P, et al. Brentuximab vedotin (SGN-35) in patients with relapsed or refractory

vedotin

systemic anaplastic large-cell lymphoma: results of a phase II study. J Clin Oncol 2012; 30: 2190-2096.
Younes A, Gopal AK, Smith SE, et al. Results of a pivotal phase II study of brentuximab vedotin for patients
with relapsed or refractory Hodgkin’s lymphoma. J Clin Oncol 2012; 30:2183-2189.

Cantuzumab

Moskowitz CH, Nademanee A, Masszi T, et al. Brentuximab vedotin as consolidation therapy after

mertansine

autologous stem-cell transplantation in patients with Hodgkin’s lymphoma at risk of relapse or progression
(AETHERA): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2015; 385: 1853-1862.

Cantuzumab

Rodon J, Garrison M, Hammond LA, et al. Cantuzumab mertansine in a three-times a week schedule: a
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ADC

Reference

ravtansine

phase I and pharmacokinetic study. Cancer Chemother Pharmacol 2008; 62: 911-919.

CDX-014

Goff LW, Papadopoulos K, Posey JA, et al. A phase II study of IMGN242 (huC242-DM4) in patients with
CanAg-positive gastric or gastroesophageal (GE) junction cancer. J Clin Oncol 2009; 27 (Suppl abstr
e15625).

Coltuximab

ClinicalTrials.gov identifier NCT02837991.

ravtansine

Coiffier B, Thieblemont C, de Guibert S, et al. A phase II, single-arm, multicentre study of coltuximab
ravtansine (SAR3419) and rituximab in patients with relapsed or refractory diffuse large B-cell lymphoma.
Br J Haematol 2016; 173: 722-730.
Kantarjian HM, Lioure B, Kim SK, et al. A phase II study of coltuximab ravtansine (SAR3419) monotherapy
in patients with relapsed or refractory acute lymphoblastic leukemia. Clin Lymphoma Myeloma Leuk 2016;
16: 139-145.

DEDN6526A

Infante JR, Sandhu SK, McNeil CM, et al. A first-in-human phase I study of the safety and pharmacokinetic
(PK) activity of DEDN6526A, an anti-endothelin B receptor (ETBR) antibody-drug conjugate (ADC), in
patients with metastatic or unresectable melanoma. Cancer Res 2014; 74 (Suppl abstr CT233).

Denintuzumab

Chen RW, Jacobsen ED, Kostic A, Liu T, Moskowitz CH. A randomized, phase 2 trial of denintuzumab

mafodotin

mafodotin and RICE vs RICE alone in the treatment of patients (pts) with relapsed/refractory (r/r) diffuse
large B-cell lymphoma (DLBCL) who are candidates for autologous stem cell transplant (ASCT). J Clin
Oncol 2016; 34 (Suppl abstr TPS7584).
Fathi AT, Borate U, DeAngelo DJ, et al. A phase 1 study of denintuzumab mafodotin (SGN-CD19A) in
adults with relapsed or refractory B-lineage acute leukemia (B-ALL) and highly aggressive lymphoma.
Blood 2015; 126: 1328 (abstr).

DFRF4539A

ClinicalTrials.gov identifier NCT01432353.

DMOT4039A

Weekes CD, Lamberts LE, Borad MJ, et al. Phase I Study of DMOT4039A, an antibody-drug conjugate
targeting mesothelin, in patients with unresectable pancreatic or platinum-resistant ovarian cancer. Mol

DS-8201A

Cancer Ther 2016; 15: 439-447.
ClinicalTrials.gov identifier NCT02564900.

Enfortumab

Rosenberg JE, Heath EI, Van Veldhuizen PJ, et al. Anti-tumor activity, safety and pharmacokinetics (PK)

vedotin

of ASG-22CE (ASG-22ME; enfortumab vedotin) in a phase I dose escalation trial in patients (pts) with
metastatic urothelial cancer (mUC). J Clin Oncol 2016; 34 (Suppl abstr 4533).

Gemtuzumab

Bross PF, Beitz J, Chen G, et al. Approval summary: gemtuzumab ozogamicin in relapsed acute myeloid

ozogamicin

leukemia. Clin Cancer Res 2001; 7: 1490-1496.
Hills RK, Castaigne S, Appelbaum FR, et al. Addition of gemtuzumab ozogamicin to induction
chemotherapy in adult patients with acute myeloid leukaemia: a meta-analysis of individual patient data
from randomised controlled trials. Lancet Oncol. 2014; 15: 986-996.
Castaigne S, Pautas C, Terre C, et al. Effect of gemtuzumab ozogamicin on survival of adult patients with
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de-novo acute myeloid leukaemia (ALFA-0701): a randomised, open-label, phase 3 study. Lancet 2012;
379: 1508-1516.

Glembatumumab

Yardley DA, Weaver R, Melisko ME, et al. EMERGE: A randomized phase II study of the antibody-drug

vedotin

conjugate glembatumumab vedotin in advanced glycoprotein NMB-expressing breast cancer. J Clin Oncol
2015; 33: 1609-1619.
Ott PA, Hamid O, Pavlick AC, et al. Phase I/II study of the antibody-drug conjugate glembatumumab
vedotin in patients with advanced melanoma. J Clin Oncol 2014; 32: 3659-3666.
Bendell J, Saleh M, Rose AA, et al. Phase I/II study of the antibody-drug conjugate glembatumumab
vedotin in patients with locally advanced or metastatic breast cancer. J Clin Oncol 2014; 32: 3619-3625.

GSK2857916

Cohen AD, Popat R, Trudel S, et al. First in human study with GSK2857916, an antibody drug conjugated
to microtubule-disrupting agent directed against b-cell maturation antigen (BCMA) in patients with
relapsed/refractory multiple myeloma (MM): results from study BMA117159 part 1 dose escalation. Blood
2016; 128 (abstr 1148).

HKT288

ClinicalTrials.gov identifier NCT02947152.

HuMax-AXL-ADC

ClinicalTrials.gov identifier NCT02988817.

IMGN289

ClinicalTrials.gov identifier NCT01963715.

IMGN388

Thompson DS, Patnaik A, Bendell JC, et al. A phase I dose-escalation study of IMGN388, in patients with
solid tumors. J Clin Oncol 2010; 28 (Suppl abstr 3058).

IMGN529

06

Stathis A, Freedman AS, Flinn IW, et al. A phase I study of IMGN529, an antibody-drug conjugate (ADC)
targeting CD37, in adult patients with relapsed or refractory B-cell non-Hodgkin’s lymphoma (NHL). Blood
2014; 124: 1760 (abstr).

Indatuximab

Kelly KR, Sigel DS, Chanan-Khan AA, et al. Indatuximab ravtansine (BT062) in combination with low-dose

ravtansine

dexamethasone and lenalidomide or pomalidomide: clinical activity in patients with relapsed/refractory
multiple myeloma. Blood 2016; 128: 4486 (abstr).

Inotuzumab

Goy A, Forero A, Wagner-Johnston N, et al. A phase 2 study of inotuzumab ozogamicin in patients with

ozogamicin

indolent B-cell non-Hodgkin lymphoma refractory to rituximab alone, rituximab and chemotherapy, or
radioimmunotherapy. Br J Haematol 2016; 174: 571-581.
Kantarjian HM, DeAngelo DJ, Stelljes M, et al. Inotuzumab ozogamicin versus standard therapy for acute
lymphoblastic leukemia. N Engl J Med 2016; 375: 740-753.

Labetuzumab

Cohen SJ, Starodub AN, Lieu CH, et al. Labetuzumab govitecan (IMMU-130), an anti-CEACAM5 / SN-38

govitecan

antibody-drug conjugate is active in patients (pts) with heavily pretreated metastatic colorectal cancer
(mCRC): phase II results Efrat Dotan. Cancer Research 2016; 76 (Suppl abstr CT065).

Lifastuzumab

Banerjee SN, Oza AM, Birrer MJ, et al. A randomized, open-label, phase II study of anti-NaPi2b antibody-

vedotin

drug conjugate (ADC) lifastuzumab (Lifa) vedotin (DNIB0600A) compared to pegylated liposomal

LOP628

doxorubicin (PLD) in patients (pts) with platinum-resistant ovarian cancer (PROC). J Clin Oncol 2016; 34
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Lorvotuzumab

ClinicalTrials.gov identifier NCT02221505.

mertansine

Shah MH, Lorigan P, O’Brien ME, et al. Phase I study of IMGN901, a CD56-targeting antibody-drug
conjugate, in patients with CD56-positive solid tumors. Invest New Drugs 2016; 34: 290-299.
Socinski MA, Kaye FJ, Spigel DR, et al. Phase 1/2 study of the CD56-targeting antibody-drug conjugate
lorvotuzumab mertansine (IMGN901) in combination with carboplatin/etoposide in small-cell lung cancer
patients with extensive stage disease. Clin Lung Cancer 2017; 18: 68-76.
Berdeja JG. Lorvotuzumab mertansine: antibody-drug-conjugate for CD56+ multiple myeloma. Front
Biosci (Landmark Ed) 2014; 19: 163-170.

LY3076226

ClinicalTrials.gov identifier NCT02529553.

MDX-1203

Owonikoko TK, Hussain A, Stadler WM, et al. First-in-human multicenter phase I study of BMS-936561
(MDX-1203), an antibody-drug conjugate targeting CD70. Cancer Chemother Pharmacol 2016; 77: 155162.

MEDI-547

Annunziata CM, Kohn EC, LoRusso P, et al. Phase 1, open-label study of MEDI-547 in patients with
relapsed or refractory solid tumors. Invest New Drugs 2013; 31: 77-84.

MEDI-4276

ClinicalTrials.gov identifier NCT02576548.

Milatuzumab

ClinicalTrials.gov identifier NCT01101594.

doxorubicin
Mirvetuximab

Moore KN, Martin LP, O’Malley DM, et al. Safety and efficacy of mirvetuximab soravtansine (IMGN853), a

soravtansine

folate receptor alpha-targeting antibody-drug conjugate, in platinum-resistant ovarium, fallopian tube, or
primary peritoneal cancer: a phase 1 expansion study. J Clin Oncol 2017; 35: 1112-1118.
Moore KN, Borghaei H, O’Malley DM, et al. Phase 1 dose-escalation study of mirvetuximab soravtansine
(IMGN853), a folate receptor α-targeting antibody-drug conjugate, in patients with solid tumors. Cancer
2017; doi: 10.1002/cncr.30736 [Epub ahead of print].
O’Malley DM, Martin LP, Moore KN, Nepert DL, Ruiz-Soto R, Vergote I. FORWARD II: A phase Ib study
to evaluate the safety, tolerability and pharmacokinetics of mirvetuximab soravtansine (IMGN853) in
combination with bevacizumab, carboplatin or pegylated liposomal doxorubicin in adults with folate
receptor alpha (FRa)-positive advanced epithelial ovarian cancer (EOC), primary peritoneal, fallopian tube,
or endometrial cancer. J Clin Oncol 2016; 34 (Suppl abstr TPS5611).

MLN0264

Almhanna K, Kalebic T, Cruz C, et al. Phase I study of the investigational anti-guanylyl cyclase antibodydrug conjugate TAK-264 (MLN0264) in adult patients with advanced gastrointestinal malignancies. Clin
Cancer Res 2016; 22: 5049-5057.
Almhanna K, Miron ML, Wright D, et al. Phase II study of the antibody-drug conjugate TAK-264 (MLN0264)
in patients with metastatic or recurrent adenocarcinoma of the stomach or gastroesophageal junction
expressing guanylyl cyclase C. Invest New Drugs 2017; 35: 235-241.
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Almhanna K, Wright D, Mercade TM, et al. A phase II trial of TAK-264, a novel antibody-drug conjugate
(ADC), in patients with pancreatic adenocarcinoma expressing guanylyl cyclase C (GGC). Cancer Research
2016; 76 (Suppl abstr CT117).

MLN2704

Milowsky MI, Galsky MD, Morris MJ, et al. Phase 1/2 multiple ascending dose trial of the prostate-specific
membrane antigen-targeted antibody drug conjugate MLN2704 in metastatic castration-resistant prostate
cancer. Urol Oncol 2016; 34: doi: 10.1016/j.urolonc.2016.07.005.

MM-302

Miller K, Cortes J, Hurvitz SA, et al. HERMIONE: a randomized phase 2 trial of MM-302 plus trastuzumab
versus chemotherapy of physician’s choice plus trastuzumab in patients with previously treated,
anthracycline-naive, HER2-positive, locally advanced/metastatic breast cancer. BMC Cancer 2016; 16:
352-363.

PCA-062

ClinicalTrials.gov identifier NCT02375958.

PF-06263507

Shapiro GI, Vaishampayan UN, LoRusso P, et al. First-in-human trial of an anti-5T4 antibodymonomethylauristatin conjugate, PF-06263507, in patients with advanced solid tumors. Invest New Drugs
2017; 35: 315-323.

PF-06647020

Tolcher AW, Calvo E, Maitland ML, et al. A phase 1 study of PF-06647020, an antibody-drug conjugate
targeting PTK7, in patients with advanced solid tumors. Eur J Cancer 2015; 51 (Suppl abstr 28LBA).
Sachdev JC, Maitland M, Sharma M, et al. A phase 1 study of PF-0664720, an antibody-drug conjugate
(ADC) targeting protein tyrosine kinase 7 (PTK7), in patients with advanced solid tumors including platinum
resistant ovarian cancer (OVCA). Ann Oncol 2016; 27: 1-36 (abstr LBA35). 10.1093/annonc/mdw435.

PF-06647263

Hong DS, Garrido-Laguna I, Krop IE, et al. First-in-human dose escalation, safety, and PK study of a novel
EFNA4ADC in patients with advanced solid tumors. J Clin Oncol 2015; 33 (Suppl abstr 2520).

PF-06650808

Rosen LS, Wesolowski R, Gibson B, et al. A phase 1 dose escalation, safety, and pharmacokinetic study
of PF-06650808, an anti-Notch3 antibody drug conjugate, in adult patients with advanced solid tumors.
Eur J Cancer 2015; 51 (Suppl abstr 30LBA).

Pinatuzumab

Advani RH, Lebovic D, Chen A, et al. Phase I study of the anti-CD22 antibody-drug conjugate pinatuzumab

vedotin

vedotin with/without rituximab in patients with relapsed/refractory B-cell non-Hodgkin’s lymphoma. Clin
Cancer Res 2017; 23: 1167-1176.
Morschhauser F, Flinn I, Advani RH, et al. Preliminary results of a phase II randomized study (ROMULUS)
of polatuzumab vedotin (PoV) or pinatuzumab vedotin (PiV) plus rituximab (RTX) in patients (pts) with
relapsed/refractory (R/R) non-Hodgkin lymphoma (NHL). J Clin Oncol 2014; 32 (Suppl abstr 8519).

Polatuzumab

Palanca-Wessels MC, Czuczman M, Salles G, et al. Safety and activity of the anti-CD79B antibody-drug

vedotin

conjugate polatuzumab vedotin in relapsed or refractory B-cell non-Hodgkin lymphoma and chronic
lymphocytic leukaemia: a phase 1 study. Lancet Oncol 2015; 16: 704-715.
Morschhauser F, Flinn I, Advani RH, et al. Preliminary results of a phase II randomized study (ROMULUS)
of polatuzumab vedotin (PoV) or pinatuzumab vedotin (PiV) plus rituximab (RTX) in patients (pts) with
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relapsed/refractory (R/R) non-Hodgkin lymphoma (NHL). J Clin Oncol 2014; 32 (Suppl abstr 8519).

PSMA ADC 1301

Petrylak D, Smith D, Appleman L, et al. A phase 2 trial of prostate-specific membrane antigen antibody
drug conjugate (PSMA ADC) in taxane refractory metastatic castration-resistant prostate cancer (mCRPC).
J Clin Oncol 2014; 32 (Suppl abstr 5023).
Elinzano H, Hebda N, Luppe D, et al. PSMA ADC for progressive glioblastoma: Phase II Brown University
Oncology Research Group Study. J Clin Oncol 2016; 34 (Suppl abstr 2065).

RC48-ADC

ClinicalTrials.gov identifiers NCT02881190, NCT02881138, NCT03052634.

Rovalpituzumab

Rudin CM, Pietanza MC, Bauer TM, et al. Rovalpituzumab tesirine, a DLL3-targeted antibody-drug

tesirine

conjugate, in recurrent small-cell lung cancer: a first-in-human, first-in-class, open-label, phase 1 study.
Lancet Oncol 2017; 18: 42-51.

Sacituzumab

Bardia A, Mayer IA, Diamond JR, et al. Efficacy and safety of anti-trop-2 antibody drug conjugate

govitecan

sacituzumab govitecan (IMMU-132) in heavily pretreated patients with metastatic triple-negative breast
cancer. J Clin Oncol 2017; doi: 10.1200/JCO.2016.70.8297 [Epub ahead of print].
Faltas B, Goldenberg DM, Ocean AJ, et al. Sacituzumab govitecan, a novel antibody-drug conjugate, in
patients with metastatic platinum-resistant urothelial carcinoma. Clin Genitourin Cancer 2016; 14: e75-79.
Camidge DR, Heist RS, Masters GA, et al. Therapy of metastatic, non-small cell lung cancer (mNSCLC)
with the anti-Trop-2-SN-38 antibody-drug conjugate (ADC), sacituzumab govitecan (IMMU-132). J Clin
Oncol. 2016; 34 (Suppl abstr 9011).
Starodub A, Camidge DR, Scheff RJ, et al. Trop-2 as a therapeutic target for the antibody-drug conjugate
(ADC), sacituzumab govitecan (IMMU-132), in patients (pts) with previously treated metastatic small-cell
lung cancer (mSCLC). J Clin Oncol 2016; 34 (Suppl abstr 8559).

SAR408701

Gazzah A, Stjepanovic N, Ryu MH, et al. First-in-human phase I trial of the anti-CEACAM5 antibody-drug
conjugate SAR408701 in patients with advanced solid tumors (NCT02187848). Eur J Cancer 2016; 69
(Suppl abstr 23).

SAR428926

ClinicalTrials.gov identifier NCT02575781.

SAR566658

Gomez-Roca CA, Boni V, Moreno V, et al. A phase 1 study of SAR566658, an anti CA6-antibody drug
conjugate (ADC), in patients (Pts) with CA6-positive advanced solid tumors (STs) (NCT01156870). J Clin
Oncol 2016; 34 (Suppl abstr 2511).

SC-002

ClinicalTrials.gov identifier NCT02500914.

SC-003

ClinicalTrials.gov identifier NCT02539719.

SGN-15

Ross HJ, Hart LL, Swanson PM, et al. A randomized, multicenter study to determine the safety and efficacy
of the immunoconjugate SGN-15 plus docetaxel for the treatment of non-small cell lung carcinoma. Lung
Cancer 2006; 54: 69-77.
Ajani JA, Kelsen DP, Haller D, Hargraves K, Healey D. A multi-institutional phase II study of BMS182248-01 (BR96-doxorubicin conjugate) administered every 21 days in patients with advanced gastric
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adenocarcinoma. Cancer J 2000; 6: 78-81.

SGN-CD19B

ClinicalTrials.gov identifier NCT02702141.

SGN-CD70A

ClinicalTrials.gov identifier NCT02216890.

SGN-CD123A

ClinicalTrials.gov identifier NCT02848248.

SGN-LIV1A

Forero-Torres A, Modi S, Specht J, et al. Phase 1 study of the antibody-drug conjugate (ADC) SGN-LIV1A
in patients with heavily pretreated metastatic breast cancer. Cancer Res 2017; 77 (Suppl abstr P6-12-04).

Sofituzumab

Xu J, Zhang R, Saad O, et al. Pharmacokinetics of an antibody-drug conjugate (ADC)-DMUC5754A in a

vedotin

phase I study with platinum-resistant ovarian cancer (PROC) or unresectable pancreatic cancer (PANC).
Clin Pharmacol Ther 2015; 97: S34-5 (abstr).

SYD-985

Van Herpen CM, Banerji U, Mommers EC, et al. Phase I dose-escalation trial with the DNA-alkylating antiHER2 antibody-drug conjugate SYD985. Eur J Cancer 2015; 51 (Suppl abstr 333).

Tisotumab

ClinicalTrials.gov identifiers NCT02552121, NCT02001623.

vedotin
Trastuzumab

Verma S, Miles D, Gianni L, et al. Trastuzumab emtansine for HER2-positive advanced breast cancer. N

emtansine

Engl J Med 2012; 367: 1783-1791.
Krop IE, Kim SB, Gonzalez-Martin A, et al. Trastuzumab emtansine versus treatment of physician’s choice
for pretreated HER2-positive advanced breast cancer (TH3RESA): a randomised, open-label, phase 3 trial.
Lancet Oncol 2014; 15: 689-699.

06

U3-1402

ClinicalTrials.gov identifier NCT02980341.

Vadastuximab

Stein AS, Walter RB, Advani AS, Ho PA, Erba HP. SGN-CD33A (Vadastuximab Talirine) followed by

talirine

allogeneic hematopoietic stem cell transplant (AlloHSCT) results in durable complete remissions (CRs) in
patients with acute myeloid leukemia (AML). Biol Blood Marrow Transplant 2016; 22 (Suppl abstr 292).
Yang J, Ravandi F, Advani A, et al. A phase 1b study of vadastuximab talirine as maintenance and in
combination with standard consolidation for patients with acute myeloid leukemia (AML). Blood 2016;
128: 340 (abstr).

Vandortuzumab

Danila DC, Szmulewitz RZ, Baron AD, et al. A phase I study of DSTP3086S, an antibody-drug conjugate

vedotin

(ADC) targeting STEAP-1, in patients (pts) with metastatic castration-resistant prostate cancer (CRPC). J
Clin Oncol 2014; 32 (Suppl abstr 5024).

Vorsetuzumab

Tannir NM, Forero-Torres A, Ramchandren R, et al. Phase I dose-escalation study of SGN-75 in patients

mafodotin

with CD70-positive relapsed/refractory non-Hodgkin lymphoma or metastatic renal cell carcinoma. Invest
New Drugs 2014; 32: 1246-1257.

XMT-152

ClinicalTrials.gov identifier NCT02952729.
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Predicted protein overexpression rates of ADC targets
across 60 tumor (sub)types by FGmRNA profiling

Scan the QR code with your smartphone or go to:
https://academic.oup.com/annonc/article/28/12/3083/4211055#supplementary-data

Supplementary Table S3

Predicted protein overexpression rates of ADC targets
across 60 tumor (sub)types based on regular mRNA data
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Median mRNA expression of ADC targets per healthy
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Supplementary Table S5

Predicted protein overexpression rates for 22,484 genes
across 60 tumor (sub)types by FGmRNA profiling
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Predicted protein overexpression rates for 22,484 genes
across 60 tumor (sub)types based on regular mRNA data
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