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Study design
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HER2-status

variables (Sajjadi et al., 2022). In this respect, several studies are
ongoing for the development of new technologies and
implementation of dedicated guidelines that could provide
more comprehensive and accurate assessments of HER2 status
in view of HER2-low mBC. Among novel methods, artificial
intelligence (AI)-based digital pathology has the potential to
complement the traditional pathological analysis and to
improve the accuracy of HER2 testing. In this mini review we
will discuss all these challenges and opportunities, providing
practical suggestions for HER2 testing, and “old” but at the
same time “new” task in pathology.

Current challenges: how far from the
perfect test?

The identification of low HER2 expression levels is not a
trivial task because it relies on multiple methodological and
analytical variables (Table 2). These variables might trouble the
testing sensitivity and reproducibility, particularly for the
discrimination between HER2-low score 1+ and “HER2-
zero” (i.e., IHC score 0), which comprises also the subset of
“HER2 ultra-low” (i.e., score 0 with incomplete and faint
staining in ≤10% of tumor cells) (Sajjadi et al., 2022). The

TABLE 1 HER2 scoring by immunohistochemistry according to the expanded spectrum of positivity (ASCO/CAP 2021).

Membrane staining pattern Tumor cells Score Classical category Expanded spectrum

Intense, complete >10% 3+ HER2+ HER2+

Weak-to-moderate, complete >10% 2+ HER2+ (if ISH+) HER2+ (if ISH+)

HER2- (if ISH-) HER2-low (if ISH-)

Faint/barely perceptible, incomplete >10% 1+ HER2- HER2-low

Faint/barely perceptible, incomplete ≤10% 0 HER2- HER2 Ultra low

No staining HER2- HER2-zero

Abbreviations: IHC, immunohistochemistry; ISH, in situ hybridization; HER2, human epidermal growth factor receptor 2.

FIGURE 1
Graphical representation of HER2 expression spectrum, with score definition and interpretation according to ASCO/CAP guidelines. ISH, in situ
hybridization.

Frontiers in Molecular Biosciences frontiersin.org02

Sajjadi et al. 10.3389/fmolb.2023.1176309

The introduction of novel anti-HER2 ADC fhas transformed the traditional dichotomy of HER2 status to an 
expanded spectrum. However, the identification of HER2-low tumors is challenged by methodological and 
analytical variables that might influence the sensitivity and reproducibility of HER2 testing 

Fusco et al. Front Molec Path 2023



HER2-low heterogeneous phenotypePathological correlates

• More ER+
• Less Grade 3
• Lower Ki67

Zhang G, et al. BMC Med 2022



HER2-low heterogeneous characterizationAlmost the same challenges as for PD-L1

Scott M, et al. Poster 1021, ASCO 2021 Miglietta F, et al. ESMO Breast 2021; Lambein K, et al. AJCP 2013

• Different antibodies and detection systems
• Different platforms
• Different scoring systems (ASCO/CAP vs Ventana)
• Spatial and temporal heterogeneity
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When test for HER2-low
the dynamic of HER2HOW TO DEFINE HER2-LOW BREAST CANCER?

Tarantino P, et al. HER2-Low Breast Cancer: Pathological and Clinical Landscape. J Clin Oncol 2020;38(17):1951–62.  doi: 10.1200/JCO.19.02488; American Society of Clinical Oncology. Copyright © 2020, Wolters Kluwer Health. 
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◆ HER2-low status changes over time

◆ Which timepoint to use to define a tumour as HER2 low?
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How test for HER2-low 
different results with different assays

Different results with different antibodies

DAKO Poly-HercepTest Ventana 4B5 antibody  

Zhang H, et al. Am J Clin Pathol. 2022;157:328-336



HER2-low: different results at rescoring
RETRO BC: HER2-Low Prevalence in HER2-Negative 
Unresectable/Metastatic BCa

BC, breast cancer; HER2, human epidermal growth factor receptor 2; HR, hormone receptor.
a Two patients were missing HER2 rescore data. b Rescored biopsy sample dated before 30 days prior to unresectable/metastatic BC diagnosis date. c Rescored biopsy sample dated on/after 30 days prior to
unresectable/metastatic BC diagnosis date.
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RETRO BC: Concordance (Rescores vs Historical Scores)1

a Concordance includes only patients with both historical and rescored IHC scores available. b Indicates moderate agreement (defined as κ 0.4 to ≤ 0.6).2
BC, breast cancer; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry.
1. Viale G et al. San Antonio Breast Cancer Symposium 2022; December 5-9, 2022; San Antonio, TX. Poster HER2-15. 2. Landis JR, Koch GG. Biometrics. 1977;33(1):159-174. 

Overall concordance 81.3% (n = 639/786)a

Cohen . (95% CI): 0.583 (0.523-0.643)b

HER2-low
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agreement 
87.5%

HER2 IHC 0
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Viale G et al. San Antonio Breast Cancer Symposium 2022

HER2-low and HER2 0: different results at rescoring



Open issues

• Distinction b/w IHC score 0 vs 1+ is not pursued in the daily clinical 
practice

• Definition of 1+ score is not univocal (ASCO/CAP vs 4B5 Ventana)

• Definition of 2+ score (>reflex ISH) may include or not intense but 
incomplete membrane staining and 10% or less pos cells

• Concordance among different Ab/assay for score 0 and 1+ has not been 
fully evaluated (Ventana 4B5 vs old HercepTest vs newHerceptest vs 
Others)



In clinical practiceHER2 reporting: open questions

Today’s report

• HER2 negative
• Score 2+ (20% of tumor cells)
• ISH: not amplified



HER2 reporting: open questions

Today’s report

• HER2 negative

• Score 2+ (20% of tumor cells)

• ISH: not amplified

• What about the remaining
80% tumor cells?

• Important to know if they (and 
how many of them) are 1+?

• Should we report on the % of 
tumor cells without any
staining (null)?

• Should we adopt the HER2-low 
terminology in the report?

In clinical practice



Precision or Prediction ?
The exciting results of the clinical studies for HER2-low disease were obtained by selecting 
pts with an usual IHC test (4B5) and with the ASCO scoring system

Neither the test nor the scoring system were developed to identify tumors with HER2-low
Do we need «precision» or «prediction» ?



DB-06: What about HER2-ultralow 



Hormone receptor positive breast cancers express a wide range of HER2<br />

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.

DB-06: What about HER2-ultralow 



HER2 status

variables (Sajjadi et al., 2022). In this respect, several studies are
ongoing for the development of new technologies and
implementation of dedicated guidelines that could provide
more comprehensive and accurate assessments of HER2 status
in view of HER2-low mBC. Among novel methods, artificial
intelligence (AI)-based digital pathology has the potential to
complement the traditional pathological analysis and to
improve the accuracy of HER2 testing. In this mini review we
will discuss all these challenges and opportunities, providing
practical suggestions for HER2 testing, and “old” but at the
same time “new” task in pathology.

Current challenges: how far from the
perfect test?

The identification of low HER2 expression levels is not a
trivial task because it relies on multiple methodological and
analytical variables (Table 2). These variables might trouble the
testing sensitivity and reproducibility, particularly for the
discrimination between HER2-low score 1+ and “HER2-
zero” (i.e., IHC score 0), which comprises also the subset of
“HER2 ultra-low” (i.e., score 0 with incomplete and faint
staining in ≤10% of tumor cells) (Sajjadi et al., 2022). The

TABLE 1 HER2 scoring by immunohistochemistry according to the expanded spectrum of positivity (ASCO/CAP 2021).

Membrane staining pattern Tumor cells Score Classical category Expanded spectrum

Intense, complete >10% 3+ HER2+ HER2+

Weak-to-moderate, complete >10% 2+ HER2+ (if ISH+) HER2+ (if ISH+)

HER2- (if ISH-) HER2-low (if ISH-)

Faint/barely perceptible, incomplete >10% 1+ HER2- HER2-low

Faint/barely perceptible, incomplete ≤10% 0 HER2- HER2 Ultra low

No staining HER2- HER2-zero

Abbreviations: IHC, immunohistochemistry; ISH, in situ hybridization; HER2, human epidermal growth factor receptor 2.

FIGURE 1
Graphical representation of HER2 expression spectrum, with score definition and interpretation according to ASCO/CAP guidelines. ISH, in situ
hybridization.

Frontiers in Molecular Biosciences frontiersin.org02

Sajjadi et al. 10.3389/fmolb.2023.1176309

The identification of low HER2 expression 
levels is not a trivial task particularly for 
the discrimination between HER2-low 
score 1+ and “HER2- zero” (i.e., IHC score 
0), which comprises also the subset of 
“HER2 ultra-low” (i.e., score 0 with 
incomplete and faint staining in ≤10% of 
tumor cells) 



Slide 13

PFS/OS in HER2-ultralow: pre-specified exploratory analysis



In whom should we use T-DXd ?

In case of ultra-low

- Apparent efficacy benefit but differences not evaluated for significance (small sample size)
- More toxicity (>G3 AEs and fatal AEs) than TPC
- No OS impact
- No QoL data

What is missing ?

- no data of T-DXd in ultra-low in 2L
- no data of T-Dxd in ultra-low HR-neg



What line of Tx should we use T-DXd ?



Approach to therapy for metastatic hormone receptor positive breast cancer

Possible algorhitm in HR+/HER2-



What about HER2 score 0



DAISY trial 



Best Objective Response rate according to HER2



T-DXd in HER 0 (null) ?
No clinical data. Preclicnial evidences suggest limited or null effect in HER20 (IHC)



T-DXd in HER 0 (null) ?

If is true, it imples there is a lower limit of HER2 expression below which 
T-DXd is not beneficial

Consider that if this subset would be very small then the testing may be 
not worthwhile 

Consider the heterogeneity



How do we test for these patients ?

What’s going on?

Current IHC is not accurate for distiguishing HER2-low or ultralow cancers from 
HER2 0 cancers

- Test designed to distinguish IHC 3+ from everything else
- NOT designed to distinguish ultra-low vs null (what is the lowest cut-off)?

What’s next?

- Multiple new assys in R/D (HER2 mRNA, heterogeneity)
- Trials to evaluate these assyas (DB-15 evaluating IHC HER2=0)



ERBB2 mRNA vs. IHC



antiHER2 active ?

antiHER2 active ?

ERBB2 mRNA vs. IHC



491Breast Cancer Research and Treatment (2024) 203:487–495 

1 3

was observed when stratifying by nodal involvement or 
menopausal status.

Distribution of HER2 gene expression in different 
HER2 IHC score categories

None of the patients in the study population had a score 
above the established threshold of 10.7 for HER2 gene 
expression positivity. The distribution of HER2 gene 
expression was found to be non-normal, with a median 
expression of 9.20 [IQR: 8.70–9.60]. There was a positive 
correlation between the expression of the HER2 gene and 
the HER2 IHC score across three groups, namely HER2-
0, HER2-1 + , and HER2-2 + /ISH-negative. In particu-
lar, the HER2-0 group had a median score of 8.90 (IQR: 
8.5–9.28), while the HER2 1 + and HER2-2 + /ISH-nega-
tive groups had median scores of 9.40 (IQR: 8.90–9.72) 
and 9.51 (IQR: 9.30–10.0), respectively. Nonetheless, 
there was considerable overlap in scores observed across 
all three groups (Fig. 2). The observed higher patient 
density within the HER2-2 + /ISH-negative group, in 

comparison with the HER2-zero and HER2-1 + groups, 
indicates a more pronounced association between HER2 
gene expression and HER2 IHC score in the HER2-2 + /
ISH-negative group. However, this correlation is not as 
definitive as previously hypothesised (Fig. 3).

After adjusting for covariates such as age, menopausal 
status, tumour size, progesterone expression, Ki-67, and 
lymph nodal involvement, a significant positive correla-
tion was found between HER2 gene expression and HER2 
IHC in both HER2-1 + [OR 1.42 (95% CI 1.21 to 1.68), 
p < 0.001] and HER2-2 + /ISH-negative [OR 1.96 (95% 
CI 1.61 to 2.37), p < 0.001)] compared to HER2-0. The 
results of the study demonstrate a statistically significant 
inverse relationship between the expression of the HER2 
gene and elevated levels of Ki-67 [OR 0.98 (95% CI 0.969 
to 0.982), p < 0.001)].

Upon splitting the HER2-zero  into HER2-null  and 
HER2-ultralow subgroups, no significant variation was 
detected in the expression of the HER2 gene between 
the two subgroups. This suggests a similar distribution 
of HER2 mRNA in cases of minimal or no IHC staining 
(Supplementary Table 1).

Fig. 2  Distribution of HER2 gene expression across HER2 IHC categories
Gaudio BCRT 2024

B/w Jan 2021 and Jan 2023, 229 consecutive 
HR-positive HER2-negative early BC (T1-3 N0-1) 
have been characterised by IHC and ODX 

Due to the substantial overlap, the HER2 gene 
expression is unable to properly distinguish 
HER2-low and HER2-zero IHC whose accurate 
identification is critical in the context of HER2-
negative BC 

ERBB2 mRNA vs. IHC



In case oif HER2-null: TROPICS-02



ADCs sequencing



ADCs sequencing
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THE ADC SEQUENCING DILEMMA

1. Tarantino P, et al. Presented at ASCO 2024. By permission of Dr P. Tarantino; 2. Morganti S, et al. Presented at ESMO 2024. By permission of Dr S. Morganti. 3. Abelman R, et al. Presented at ASCO 2023. By permission 
of Dr R. Abelman. 
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ADC AFTER ADC – THE TRADE-DXd PHASE 2 TRIAL

Principal investigator: Ana C. Garrido-Castro, MD. NCT06533826. By permission of Prof AC Garrido-Castro.

TRADE DXd Ph2 trial



MANAGEMENT OF INTERSTITIAL LUNG DISEASE 
WITH T-DXd

Tarantino P, Tolaney SM. JCO Oncol Pract 2023;19(8):526–7; available at: https://doi.org/10.1200/OP.23.00097; accessed Sep 2024. Figure created from data in the article.

◆ Careful patient selection is 
warranted before initiating 
T-DXd to optimise the 
monitoring strategies 
based on the baseline risk

◆ Screening continues 
during treatment, with 
regular clinical 
assessments to exclude 
signs/symptoms of ILD

◆ The fundamental 
diagnostic tools for ILD 
remain radiological scans, 
with preference for high-
resolution CT scans of the 
chest

◆ A baseline scan is 
recommended, with repeat 
scans to be performed 
every 6-12 weeks

◆ Minimising the risk of ILD 
involves teamwork, which 
includes educating 
patients and all the care 
team, as well as 
multidisciplinary 
management once ILD is 
suspected

◆ T-DXd should always be 
interrupted if ILD is 
suspected; it can only be 
restarted in the case of 
asymptomatic ILD that 
fully resolves

◆ The mainstay for treating 
T-DXd- induced ILD 
remains corticosteroids, 
with the dose to be 
adapted to the toxicity 
grade

Toxicity of Special Interest: ILD



1. University of California, San Francisco
2. Toulose/Paris, France
3. Dana Farber, Boston
4. Mass Gen, Boston
5. Memorial SKCC, New York

Retrospective RWD

ADCs sequencing



UCSF RWD (N=84, HR+=56)

1. Huppert L, et al. Presented at ASCO 2024. Poster #61. 
2. Huppert L, et al. Presented at SABCS 2023. Poster #PS08-04.
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• Median lines of therapy for MBC prior to SG:1

– Median lines chemo: 2.0 (range 0-7)
– Median total lines of therapy: 3.0 (range 0-9)

• IntTx between ADCs: 50.0%1
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• Median lines of therapy for MBC prior to T-DXd:1

– Median lines chemo: 2.0 (range 0-6)
– Median total lines of therapy: 4.5 (range 2-10)

• IntTx between ADCs: 40.6%1

T-DXd → SG
(n=32, 57.1%)
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Median rwPFS
from time of each ADC start, months
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UCSF RWD (N=84, HR+=56)



Tentative take home message #1

The performance of ADC2 is expected to be inferior than ADC1, with exceptions



France RWD (N=179, TNBC=108)

Main patient characteristics ADC treatment

Characteristics
Total 

(N=179)

Median age, years (range)  54 (30-80)

De novo MBC, n (%)  39 (21.8)

Histological subtype, n (%)

Invasive ductal carcinoma  152 (84.9)

Invasive lobular carcinoma  23 (12.8)

Other 4 (2.2)

Germline BRCA/PALB2 status, n (%)  146 (81.6)

Wild Type 126 (86.3)

Germline pathogenic variant 20 (13.7)

BRCA1 / BRCA2  10 (6.8) / 9 (6.2)

PALB2 1 (0.7)

Tumor phenotype, n (%)  

HR positive (HR+) 71 (39.7)

HR negative (HR-) 108 (60.3)

HER2-low 179 (100)

Systemic treatment, n (%)

(Neo) adjuvant chemotherapy 123 (89.8)

iCDK4/6 for HR+ patients 65 (91.5)

ADC1 was a median of 3rd line (1:10) of CT

ADC2 was a median of 5th line (2:12) of CT

ADC1 = SG  
(N=115)

ADC1 = T-DXd  
(N=64)

ADC2 = T-DXd  
(N=115)

ADC2 = SG  
(N=64)

Intermediary lines  
n= 18 (28.1%)
1 (n=16), 2 (n=2)

Intermediary lines  
n= 57 (49.6%)

1 (n=36), 2 (n=1)
≥ 3 (n= 7)

. 
1. Poumeaud F, et al. Presented at SABCS 2023. Poster #PS08-02.



. 
1. Poumeaud F, et al. Presented at SABCS 2023. Poster #PS08-02.
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France RWD (N=179, TNBC=108)

Nearly 40% of pts with primary resistance to ADC1 had initial disease control with ADC2



Sequencing of ADCs with a similar payload results in modest outcomes in pretreated pts. 
However, a non-negligible subset of pts exhibits an increased responses to ADC2 vs ADC1. 

Tentative take home message #1

The performance of ADC2 is expected to be inferior than ADC1, with exceptions



ADCs, antibody-drug conjugates; CI, confidence interval; HER2, human epidermal growth factor receptor-2; TNTT, time to next treatment.
1. Morganti S, et al. Presented at ESMO BC 2024. Poster #213P.

Median TTNT from ADC1 and ADC2

Median TTNT from ADC1 
(months)

Median TTNT from ADC2 
(months)

Overall population
(n=62) 4.34 (95% CI 3.68-5.52) 5.39 (95% CI 3.91-8.38)

HR+/HER2-
(n=33, 53%) 4.66 (95% CI 3.09-5.75) 5.62 (95% CI 3.91-NA)

TNBC
(n=29, 47%) 4.11 (95% CI 3.68-6.87) 5.29 (95% CI 2.66-NA)

ADC Sequence Intervening chemo Consecutive

TT
N

T 
Pr

ob
ab

ili
ty

1.00

0.75

0.50

0.25

0.00
0 6 12

Months
2 4 8 10 14

HR+/HER2−

Median follow up was 23.1 (21.7-27.4) months

Median TTNT-postADC1: 4.37 months 
(95%CI 3.12-4.89)
Median TTNT-postADC1 when postADC1 
was ADC2 vs different treatment
(HR 0.89, 95% CI 0.43-1.87, p=0.76). 
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Dana Farber RWD (N=62 HER2-)

26 (41.9%) pts received consecutive ADCs and 36 (58.1%) pts received intervening treatments bw ADC1 and ADC2



Dana Farber RWD (N=62 HER2-)

Change in MoAb and/or change in the Payload (or both) can impact on Tx efficacy 

HR+/HER2− TNBC

ADC1

antiTrop2-
TOPi

antiHER2-
TOPi

nonHER2/ 
nonTrop2-MI

ADC2

antiTrop2-
TOPi

antiHER2-
TOPi

ADC1 ADC2

antiTrop2-
TOPi

antiTrop2-
TOPi

antiHER2-
TOPi

nonHER2/ 
nonTrop2-MI

antiHER2-
TOPi

*ET/CDK4/6i (1), IO single agent (1), ADC/TT (1)
ADCs, antibody-drug conjugates; HER2, human epidermal growth factor receptor-2; HR, hormone receptor; Mi, microtubule inhibitor; TOPi, topoisomerase inhibitor; Trop2, tumor-associated calcium signal transducer 2.

1. Morganti S, et al. Presented at ESMO BC 2024. Poster #213P.



Tentative take home message #2

The performance of ADC2 is expected to be inferior than ADC1, with exceptions

To prioritize ADC sequence, we should consider more granular data of patients and 
tumor characteristics, including TROP-2 and HER2 antigen expression

Sequencing of ADCs with a similar payload results in modest outcomes in pretreated pts. 
However, a non-negligible subset of pts exhibits an increased responses to ADC2 vs ADC1. 



MassGen Hospital (A3 study, N=68 HR+=30)

Time To Progression ADC1 vs. ADC2
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PFS1: 161 days (95% CI: 131-224)
PFS2: 77 days (95% CI: 51-112) P<0.01

Subtype

HR+/HER2−

TNBC

Therapy

ADC1

ADC2

ADC, antibody drug conjugate; CI, confidence interval; HER2, human epidermal growth factor receptor; PFS, progression free survival; TNBC, triple-negative breast cancer.
1. Abelman R, et al. Presented at SABCS 2023. Poster #PS08-03.
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(66,7%)
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Change in Ab target, change in payload

Change in Ab target, same payload

Same Ab target, change in payload

Same Ab target, same payload

P=0.53

Cross-Resistance to Later ADC Based on ADC- to-ADC Characteristics

ADC, antibody drug conjugate; CI, confidence interval; HER2, human epidermal growth factor receptor; PFS, progression free survival; TNBC, triple-negative breast cancer.
1. Abelman R, et al. Presented at SABCS 2023. Poster #PS08-03.

MassGen Hospital (A3 study, N=68 HR+=30)



To reduce the risk of cross-resistance in ADC sequencing, the MoAb change in ADC2 might 
be more relevant than the payload change 

Tentative take home message #3

The performance of ADC2 is expected to be inferior than ADC1, with exceptions

To prioritize ADC sequence, we should consider more granular data of patients and 
tumor characteristics, including TROP-2 and HER2 antigen expression

Sequencing of ADCs with a similar payload results in modest outcomes in pretreated pts. 
However, a non-negligible subset of pts exhibits an increased responses to ADC2 vs ADC1. 



MSKCC RWD (N=85, TNBC=52)
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1. Mai N, et al. Presented at ASCO 2024. Poster #63.

Patients Treated with SG First PFS à T-Dxd Patients Treated with T-Dxd First PFS à SG

In 75% of patients, the PFS of ADC2 was shorter than ADC1 by a pseudo median of 2 months (95% CI -2.85-1.13, p=<001)



. 
1. Mai N, et al. Presented at ASCO 2024. Poster #63.

Variable Hazard Ratio (95% CI) p-value

Baseline Clinical Data

Age 0.98 (0.96-1.01) 0.2

Treatment Lines Preceding ADC2 1.10 (1.01-1.21) 0.034*

ADC1 Time to Treatment Failure 0.94 (0.89-1.00) 0.044*

First ADC

SG

T-DXd 1.23 (0.68-2.24) 0.5

ER Status

ER+

TNBC 1.0 (0.52-1.90) 0.99

Lower Hazards of Progression Higher Hazards of Progression

0,75 1 1,25

Clinical Variables Associated with Longer ADC2 PFS

MSKCC RWD (N=85, TNBC=52)



Intervening chemotherapy bw ADC1 and ADC2 and/or other treatment lines before 
ADC2 appear to have a unfavorable impact on ADC sequence

Tentative take home message #4

To reduce the risk of cross-resistance in ADC sequencing, the MoAb change in ADC2 might 
be more relevant than the payload change 

The performance of ADC2 is expected to be inferior than ADC1, with exceptions

To prioritize ADC sequence, we should consider more granular data of patients and 
tumor characteristics, including TROP-2 and HER2 antigen expression

Sequencing of ADCs with a similar payload results in modest outcomes in pretreated pts. 
However, a non-negligible subset of pts exhibits an increased responses to ADC2 vs ADC1. 



The Emerging Challenge of Sequencing



The Emerging Challenge of Sequencing



The Emerging Challenge of Sequencing



The Emerging Challenge of Sequencing



Need additional biomarkers to aid treatment selection

Need sequencing studies 

Need of understanding of MoR  

The Emerging Challenge of Sequencing


