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ADCs structure and mechanisms of action



What are antibody-drug conjugates (ADC)?

 ADCs are monoclonal antibodies conjugated by a 

linker with a cytotoxic payload

 Delivery of the payload to specific molecular targets in 

tumor cells

 Improved therapeutic index (↑ activity  and  ↓ toxicity)

 Overcome the limitations of mAb therapies and 

cytotoxic chemotherapy

Linker

Antibody

Cytotoxic payload 

Subbiah et al. Current Problems in Cancer 2021



ADCs mechanisms of action

Adapted from: Drago et al. Nat Rev Clin Oncol 2021

Payload-independent
antitumour activity

ADC internalization and 
processing

Intracelular payload release  cell death

Payload diffusion 

Cytotoxic activity against neighbouring cells 
(“bystander effect”)



Timeline of ADC

Tarantino et al. CA Cancer J Clin 2021



ADCs for the treatment of breast cancer



Currently approved ADCs for the treatment of breast cancer

Nader-Marta G et al. (under review)

Trastuzumab emtansine
(T- DM1)

Trastuzumab deruxtecan
(T- DXd)

Sacituzumab govitecan

Monoclonal antibody Trastuzumab Trastuzumab Sacituzumab, hRS7
Type of monoclonal antibody Humanized IgG1 Humanized IgG1 Humanized IgG1

Target antigen HER2 HER2 Trop-2
Payload Emtansine Deruxtecan SN-38

Payload class
Maytansinoid -

Microtubule inhibitor
Camptothecin -

Topoisomerase-I inhibitor
Camptothecin -

Topoisomerase-I inhibitor
Payload membrane permeability Low High High

Bystander effect No Yes Yes
Linker subtype Non-cleavable Cleavable Cleavable

Linker structure Thioether linker (SMCC) Tetrapeptide-based Hydrolysable (CL2A)
Linker cleavage trigger Lysosomal degradation Lysosomal cathepsins Low pH
Drug-to-antibody ratio ≈  3.5 (mean) ≈  8 ≈  7.6 (mean)

Conjugation
Stochastic

Random Lysine 
Site-specific

Cysteine residues
Maleimide moiety 

Endocytosis mechanism Caveolae-endocytic pathway Caveolae-endocytic pathway Clatherin-mediated endocytosis
Half-life ≈ 4 days ≈ 7 days ≈ 15 hours (mean)

Excretion Biliary Biliary Intestinal (enterohepatic circulation)



T-DXd 

5.4 mg/kg Q3W

(n = 261)

T-DM1 

3.6 mg/kg Q3W

(n = 263)

R

1:1

DESTINY-Breast03

Patients

• Unresectable or metastatic HER2+ 

breast cancer 

• Previously treated with trastuzumab 

and taxane in advanced/metastatic 

setting

Stratification factors

• Hormone receptor status 

• Prior treatment with pertuzumab 

• History of visceral disease

Primary endpoint

• PFS (BICR)

Key secondary endpoint

• OS 

Secondary endpoints

• ORR (BICR and investigator)

• DOR (BICR)

• PFS (investigator)

• Safety

Cortes J. ESMO 2021

Interim analysis for PFS (data cutoff: May 21, 2021)

• Efficacy boundary for superiority: P < 0.000204 (based on 245 events)

• IDMC recommendation to unblind study (July 30, 2021)

Key secondary endpoint, OS: boundary for efficacy: P < 0.000265 (based on 86 events)



DESTINY-Breast03

Cortes J. ESMO 2021



DESTINY-Breast03 – PFS and OS

Cortes J. NEJM 2022

Early OS data with relatively few events 

(33 in the T-DXd arm, 53 in the T-DM1 arm)
aP = .007172, but does not cross pre-specified boundary of P < .000265

Progression-free survival Overall survival

T-DXd replaces T-DM1 as preferred second-line therapy for advanced HER2-positive breast cancer

HR 0.28



DESTINY-Breast03

Cortes J. ESMO 2021



DESTINY-Breast03 - Safety

n (%)

T-DXd

(n = 257)

T-DM1 

(n = 261)

Any drug-related TEAE 252 (98.1) 226 (86.6)

Drug-related TEAE Grade ≥3 116 (45.1) 104 (39.8)

Serious drug-related TEAE 28 (10.9) 16 (6.1)

Drug-related TEAE associated 
with discontinuation

33 (12.8) 13 (5.0)

Drug-related TEAE associated 
with dose reduction

55 (21.4) 33 (12.6)

Drug-related TEAE associated 
with an outcome of death

0 (0.0) 0 (0.0)

Adjudicated as drug-related ILD/pneumonitisa, n (%)

n (%) Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Any Grade

T-DXd (n = 257) 7 (2.7) 18 (7.0) 2 (0.8) 0 0 27 (10.5)

T-DM1 (n = 261) 4 (1.5) 1 (0.4) 0 0 0 5 (1.9)

• There were no grade 4 or 5 adjudicated drug-related ILD/pneumonitis events observed with T-DXd

Cortes J. ESMO 2021



HER2-low breast cancer

Tarantino P et al. JCO 2020
Schettini F NPJ Breast Canc 2021



DESTINY-Breast04

Modi S. ASCO 2022
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DESTINY-Breast04

Modi S. ASCO 2022



DESTINY-Breast04 – Hormone receptor-positive (N = 494)

Modi S. ASCO 2022

Progression-free survival Overall survival



DESTINY-Breast04 – Hormone receptor-negative (N = 68)

Modi S. ASCO 2022

Progression-free survival Overall survival



Sacituzumab Govitecan in TNBC

 ASCENT trial

Bardia. NEJM 2021

1:1

Sacituzumab govitecan

(10 mg/kg IV D1 and D8 q3w)

Single-agent chemotherapy

(eribulin, vinorelbine, capecitabine, 

or gemcitabine)

- mTNBC (N = 468)

- ≥ 2 prior CT (prior taxane) 

- ECOG PS 0-1



Sacituzumab Govitecan in HR+ breast cancer

 TROPiCS-02 trial

Rugo H et al. ESMO 2022



Sacituzumab Govitecan

 TROPiCS-02 trial

Rugo H et al. ESMO 2022



Nader-Marta G et al. (under review)

Hormone receptor-positive /
HER2-negative

ET (AI or fulvestrant) + CDK4/6 inhibitor

Cytotoxic chemotherapy (if visceral crisis)

Fulvestrant + CDK4/6 inhibitor (if no prior use)

Fulvestrant-alpelisib (if PIK3CA mutated)

PARP inhibitor (if BRCA/PALB2 mutated)

Everolimus-exemestane

Trastuzumab deruxtecan (if HER2-Low*)

Sacituzumab govitecan

Cytotoxic chemotherapy

Triple negative

ICI + Chemotherapy (if PD-L1+) 

PARP inhibitor (if gBRCA mutation)

Chemotherapy (if PD-L1- and gBRCA wild type) 

Sacituzumab govitecan

Trastuzumab deruxtecan (if HER2-Low*)

Cytotoxic chemotherapy

Trastuzumab + Pertuzumab + Taxane**

Trastuzumab emtansine

Trastuzumab-chemotherapy

Lapatinib-trastuzumab

Margetuximab-chemotherapy 

Neratinib-chemotherapy 

ET + HER2-targeted agent

Trastuzumab deruxtecan

Tucatinib + Trastuzumab + Capecitabine

HER2-positive 

Treatment Algorithms for Metastatic Breast Cancer



Nader-Marta G et al. (under review)

Toxicities of ADCs approved for BC treatment

Rates of adverse events retrieved from 
DESTINY-Breast03 and ASCENT trials



ADCs for the treatment of urothelial carcinoma



EV-301 - Enfortumab Vedotin in Urothelial Carcinoma

Powles et al.  NEJM 2021

PFS OS

Enfortumab Vedotin

• Anti-Nectin-4 mAB

• Payload: microtubule inhibitor

3rd line



TROPHY-U-01 - Sacituzumab Govitecan in previously treated Urothelial Carcinoma

Tagawa S et al. J Clin Oncol 2021

TROPHY-U-01 – Cohort 1

• Multicohort, open-label, phase II

• mUC after prior platinum and ICI

• N = 113

• mPFS 5.4 months 

• mOS 11 months

• ORR 27% 

• mDoR 7.2 months



EV-Pembro vs EV - First-line mUC unfit for cisplatin 

EV-103 Cohort K
• Open-label, multiple cohort

• Phase 1b/2 study

Primary endpoint: ORR 

by RECIST v1.1 per BICR

Rosenberg J ESMO 2022



ADCs for the treatment of NSCLC



T-DXd in HER2-mutant NSCLC

Li BT et al. NEJM 2022

DESTINY-Lung01

• Phase II (N = 91)

• Metastatic HER2-mutant NSCLC (~ 3%)

• 86% exon 20 insertions

• Refractory to standard treatment

• Primary endpoint: ORR

ORR: 55%

DoR: 9.3 m

mPFS: 8.2m mOS: 17.8m

T-DM1 in HER2-mutant NSCLC

• Phase II Basket trial (N = 18)

• ORR: 44%

• mDOR: 4 m

• mPFS: 5 m

Li BT et al. JCO 2018



ADCs activity in HER2-mutant tumors

Li BT et al. Cancer Discov 2020 

Activating HER2 mutations increase receptor trafficking

Increase the internalization rate of 

ADC–HER2 complexes

(regardless of the HER2 overexpression or 

intrinsic dependence on HER2 signalling for 

cell growth and/or survival)



ADCs for the treatment of gastrointestinal cancers



T-DXd in HER2+ gastric cancer

Shitara K et al. NEJM 2020

DESTINY-Gastric01

PFS

OS

HER2-positive gastric cancer (15-20%)



T-DXd in HER2+ Colorectal Cancer

Siena S et al. Lancet Oncol 2021

DESTINY-CRC01 trial (N = 78)

• HER2-positive CRC (2-3%)

• Open-label, phase II

• Cohort A: IHC 3+ or IHC 2+ and ISH+

• Cohort B: IHC 2+ and ISH-neg

• Cohort C: IHC 1+

• ≥ 2 prior lines (30% prior anti-HER2)

mPFS: 7 m

mOS: 5.4 m

ORR in Cohort A (N = 49): 45.3% 



Perspectives and future directions



ADC-based combination strategies

Adapted from: Drago et al. Nat Rev Clin Oncol 2021

Modulation of target expression

and/or processing
Promoting antitumour immunity Increasing ADC delivery to tumour tissue



Novel Antibody–Drug Conjugates

Adapted from: Tarantino P et al. CA Cancer 2021

Bispecific ADCs Dual Payload ADCs
ADCs with immune-stimulating 

payloads (e.g. TLR8 agonist) Radionuclide ADCs



Criscitiello et al. J Hematol Oncol 2021

Novel targets for ADCs in solid tumors

CEACAM5

c-MET

Folate Receptor Alpha

HER3

LIV-1

Mesothelin

Tissue factor



Take home messages

• ADCs are a class of potent anticancer agents characterized by a smart form of targeted drug delivery

• Unprecedented efficacy in the treatment of early and advanced cancer and across different cancer types

• Potential for tumor-agnostic treatments

• New ADCs demonstrate efficacy in populations with low expression of target antigens

• Different toxicity profile

• Future directions:

• Explore synergistic interactions between ADCs and other agents 

• Understand resistance mechanisms  treatment sequencing
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