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Antibody drug conjugates (ADCs) have improved outcomes for patients withmetastatic breast cancer
(MBC), but there is little data about the sequential use of these agents. In thismulticenter retrospective
cohort study, we identified 84 patients with HER2-low MBC treated sequentially with trastuzumab
deruxtecan (T-DXd) and sacituzumab govitecan (SG) in either order at 5 institutions between
2020–2024. We evaluated clinical parameters associated with time to treatment failure (TTF) and real-
world overall survival (rwOS). Median TTF was longer for ADC1 than ADC2, irrespective of HR-status,
ADC sequence order, age ≤65 or >65 years, presence of visceral disease, or use of an intervening
therapy. Younger age, longer time from MBC diagnosis to start of ADC1, and receipt of SG as ADC1
were associated with longer rwOS from start of ADC1. This cohort represents one of the first
multicenter retrospective series of patients treated with sequential ADCs for HER2-low MBC, which
may inform clinical practice.

Antibodydrug conjugates (ADCs) are an expanding class of biotherapeutics
that have improved the therapeutic index of systemic chemotherapy. ADCs
have demonstrated statistically significant improvements in progression
free survival (PFS) and overall survival (OS) compared to chemotherapy of
physician’s choice in several phase III clinical trials including for patients
with metastatic triple negative breast cancer (mTNBC), HR+ /HER2-
metastatic breast cancer (MBC), and in HER2-lowMBC1–4. Based on these
studies, three ADCs are now FDA-approved for the treatment of HER2-
negative MBC: sacituzumab govitecan (SG) for mTNBC1 and HR+ /
HER2-MBC2, trastuzumab deruxtecan (T-DXd) for HER2-lowMBC3, and
most recently Dato-DXd for HR+ /HER2- MBC4. These ADCs have dif-
ferent antibody targets (TROP2 for SG and Dato-DXd and HER2 for T-
DXd); all utilize topoisomerase I (TOP-1) inhibitor payloads. Additional

ADCs are in development with multiple ongoing phase III trials in both
early-stage and metastatic disease.

Given concurrent clinical trial development and the relevant phase
III clinical trials excluded the use of prior ADCs, little is known about
optimal ADC sequencing and whether resistance develops secondary to
the target or the payload. In HER2 positiveMBC, data suggests sequential
use of HER2-targeted ADCs can be effective5,6. DESTINY-Breast02 ran-
domized patients with HER2+MBC previously treated with T-DM1 to
receive T-DXd vs. trastuzumab or lapatinib with capecitabine and
demonstrated a remarkable improvement in PFS (T-DXd 17.8 months
versus TPC 6.9 months [HR 0.36 p < 0.0001]) and OS6. However, pro-
spective data to guide the sequential use of T-DXd and SG in patients with
HER2-negative MBC are lacking.
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Several outstanding questions impact decisions about the use of
available ADCs and real-world data can provide important information to
help optimize treatment sequencing until prospective data become avail-
able. First, it is important to understand the safety and efficacy of these
agents in a real-world population with diverse patient characteristics,
including patients treated in later line settings and with multiple comor-
bidities who were likely ineligible for the phase III trials that lead to reg-
ulatory approval. Second, sequential use of ADCs may impact safety and
efficacy outcomes, requiring further characterization. Third, it is essential to
identify biomarkers that can help clarify mechanisms of response and
resistance to ADCs to inform future sequencing and treatment strategies.

Here, we report one of the first multi-center retrospective case series
of patients treated with the sequential use of T-DXd and SG, in either
order, for HER2-low MBC. We describe patient characteristics and
evaluate time to treatment failure (TTF), real-world overall survival
(rwOS), and safety data, providing key data about the safety and efficacy of
sequential use of ADCs.

Results
Patient demographic and tumor characteristics prior to ADC1
84 patients with HER2-low MBC were identified and included in this
analysis. Patient demographic and disease characteristics by HR status are
shown in Table 1. Fifty-six patients had HR+ /HER2-low MBC (66.7%)
and 28 patients had HR-/HER2-low MBC (33.3%). Most patients were
female (n = 83; 98.8%), non-Hispanic (n = 66, 78.6%), and white (n = 62,
73.8%). The median age at start of ADC1 was 60.4 years (range 23.0–81.7
years) for patients with HR+ /HER2-low disease and 54.0 years (range
37.5–79.1 years) for patients with HR-/HER2-low disease. Most patients
had tumors with ductal histology (n = 64, 76.2%), with a small number of
patients who had lobular ormixed ductal/lobular histology (n = 9 and n = 6
respectively, 17.9% combined). Nineteen patients (22.6%) had de novo
metastatic disease. Most patients had visceral disease (n = 65, 77.4%) and a
minority of patients had central nervous system (CNS) metastases (n = 14,
16.7%) prior to ADC1.

Systemic therapy in the metastatic setting prior to ADC1
Systemic therapy in themetastatic settingprior toADC1 is shown inTable1.
For patientswithHR+ /HER2-lowMBC (n = 56),median time fromMBC
diagnosis to ADC1 was 44.0 months (range 0.7–199.3 months). Median
prior lines of therapy forMBCprior toADC1were 4 (range0–10), including
a median of 2 prior lines of endocrine therapy (range 0–6) and 2 prior lines
of chemotherapy (range 0–7). Most patients received prior CDK4/6 inhi-
bitor therapy (n = 45, 80.4%) and median time on endocrine therapy for
MBCwas 30.6months (range 0–145.0months). Aminority of patients with
HR+ /HER2-low disease received prior immunotherapy for MBC (n = 13,
23.2%) in the context of a clinical trial.

For patients with HR-/HER2-low MBC (n = 28), median time from
MBC diagnosis to ADC1 was 10.2 months (range 0.5–59.6 months).
Median prior lines of therapy for MBC prior to ADC1 were 2 (including
chemotherapy, PARP inhibitors, range 0–5), including a median of one
prior line of chemotherapy (range 0–4). More than half of the patients
received prior immunotherapy for MBC (n = 18, 64.3%).

Efficacy data and survival status by HR status and ADC
sequence order
Efficacy data and survival status by HR status and ADC sequence order is
summarized in Fig. 1 and Table 2 (also see Supplementary Fig. 1 for indi-
vidual rwOS Kaplan Meier curves by subtype and ADC sequence order).

Of the patients with HR+ /HER2-low MBC (n = 56), 24 patients
(42.9%)were treatedwith SGprior toT-DXd (Fig. 1A). These patients had a
median of 3 prior lines of total therapy forMBCprior to SG (ADC1) (range
0–9), including 2 prior lines of chemotherapy (range 0–7). Half of the
patients (n = 12, 50.0%) received an intervening therapy between ADCs.
The real-world response rate for evaluable patientswas 17/22 (77.3%) for SG
(ADC1) and 8/23 (34.8%) for T-DXd (ADC2). The median TTF was 6.3

months for SG (ADC1) and 3.6 months for T-DXd (ADC2). The median
rwOS from the start of ADC1 was 22.8 months for SG (ADC1) and
7.8 months from the start of ADC2 for T-DXd (ADC2).

Of the patients with HR+ /HER2-low MBC (n = 56), 32 patients
(57.1%)were treatedwithT-DXdprior to SG (Fig. 1B). These patients had a
median of 4.5 prior lines of total therapy for MBC prior to T-DXd (ADC1)
(range 2–10), including 2 prior lines of chemotherapy (range 0–6). Thirteen
patients (40.6%) received an intervening therapy between ADCs. The real-
world response ratewas 15/32 (46.9%) forT-DXd (ADC1) and5/29 (17.2%)
for SG (ADC2). The median TTF was 5.3 months for T-DXd (ADC1) and

Table 1 | Demographic data and treatment history

HR+ /HER2-low
MBC (n = 56)

HR-/HER2-low
MBC (n = 28)

Demographic Data

Median age at start of ADC1,
yrs (range)

60.4 (23.0–81.7) 54.0 (37.5–79.1)

Sex, n (%)

Female 55 (98.2%) 28 (100.0%)

Male 1 (1.8%) 0 (0%)

Ethnicity, n (%)

Hispanic 8 (14.3%) 9 (32.1%)

Non-Hispanic 47 (83.9%) 19 (67.9%)

Unknown 1 (1.8%) 0 (0%)

Race, n (%)

Asian 4 (7.1%) 3 (10.7%)

Black 3 (5.4%) 5 (17.9%)

White 44 (78.6%) 18 (64.3%)

Other/unknown 5 (8.9%) 2 (7.1%)

Histology, n (%)

Ductal 41 (73.2%) 23 (82.1%)

Lobular 7 (12.5%) 2 (7.1%)

Mixed ductal/lobular 5 (8.9%) 1 (3.6%)

Other/unknown 3 (5.4%) 2 (7.1%)

De novo metastatic disease, n (%) 12 (21.4%) 7 (25.0%)

Sites of metastatic disease prior to ADC1

Bone 41 (73.2%) 20 (71.4%)

Liver 34 (60.7%) 11 (39.3%)

Lung 20 (35.7%) 14 (50.0%)

CNS 8 (14.3%) 6 (21.4%)

Visceral disease prior to start
of ADC1

47 (83.9%) 18 (64.3%)

Treatment History

Median time from MBC diagnosis
to start of ADC1, months (range)

44.0 (0.7–199.3) 10.2 (0.5–59.6)

Median lines of therapy prior to ADC1 by type of therapy:

Medan lines ET, number (range) 2 (0–6) 0 (0–1)

Median lines chemotherapy,
number (range)

2 (0–7) 1 (0–4)

Median total lines of therapy,
number (range)

4 (0–10) 2 (0–5)

Prior CDK 4/6 inhibitor use, n (%) 45 (80.4%) n/a

Median time on ET for MBC,
months (range)

30.6 (0–145.0) n/a

Prior immunotherapy, n (%) 13 (23.2%) 18 (64.3%)

HRhormone receptor,MBCmetastatic breast cancer,ET endocrine therapy,CDKcyclin dependent
kinase.
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2.1 months for SG (ADC2). The median rwOS was 17.7 months from the
start of ADC1 for T-DXd (ADC1) and 5.8 months from the start of ADC2
for SG (ADC2).

Of thepatientswithHR-/HER2-lowMBC(n = 28), 25patients (89.3%)
were treatedwith SGprior toT-DXd (Fig. 1C). These patients had amedian

of 2 prior lines of total therapy for MBC prior to SG (ADC1) (range 0–5),
including 1 prior line of chemotherapy (range 0–4). Nine patients (36.0%)
received an intervening therapy between ADCs. The real-world response
rate was 17/25 (68.0%) for SG (ADC1) and 7/21 (33.3%) for T-DXd
(ADC2). The median TTF was 7.5 months for SG (ADC1) and 2.8 months

Fig. 1 | Time to treatment failure (TTF) for ADC1 and ADC2 with or without
intervening therapy (IntTx). A–D Double-headed Swimmer Plots demonstrating
time on treatment in months for each antibody drug conjugates (ADC). Patients
withHR+ /HER2-lowMBC are shown at left (A,B) and those withHR-/HER2-low
MBC are shown at right (C,D). Patients receiving sacituzumab govitecan (SG, red)
followed by trastuzumab deruxtecan (T-DXd, blue) are shown in the top row (A,C)
and patients receiving T-DXd followed by SG are in the bottom row (B,D). For each
tornado plot, each bar represents an individual patient. The time on treatment for

the first ADC (ADC1) is shown at left, if the patient received an intervening therapy
(InTx) the time on treatment is shown in green in the middle (with different shades
of green representing subsequent lines of intervening therapy; if no green bar then
the patient did not receive an intervening therapy), and the time on treatment for the
second ADC (ADC2) is shown at right. Patients stopped ADC therapy due to
progression unless otherwise noted as due to toxicity (X) or if they were still on
therapy at the time of data cutoff (>).

Table 2 | Efficacy and survival status by hormone receptor status and ADC sequence order

HR+ /HER2-low MBC (n = 56) HR-/HER2-low MBC (n = 28)

ADC sequence order SG → TDXd
24 (42.9%)

TDXd → SG
32 (57.1%)

SG → TDXd
25 (89.3%)

TDXd → SG 3 (10.7%)

Median total lines of therapy prior for MBC prior to ADC1,
number (range)

3.0 (0–9) 4.5 (2–10) 2.0 (0–5) 3.0 (1–5)

Median lines of chemotherapy for MBC prior to ADC1,
number (range)

2.0 (0–7) 2.0 (0–6) 1.0 (0–4) 2.0 (0–3)

Use of intervening therapy between ADCs, n (%) 12 (50.0%) 13 (40.6%) 9 (36.0%) 2 (66.7%)

Real-world response rate by investigator assessment, n (%)

ADC1 17/22 (77.3%) 15/32 (46.9%) 17/25 (68.0%) 1/3 (33.3%)

ADC2a 8/23 (34.8%) 5/29 (17.2%) 7/21 (33.3%) 0/2 (0.0%)

Median TTF, mo

ADC1 6.3 5.3 7.5 Undeterminedb

ADC2 3.6 2.1 2.8 Undeterminedb

Median rwOS, mo

ADC1 22.8 17.7 16.5 Undeterminedb

ADC2 7.8 5.8 6.5 Undeterminedb

ADC antibody drug conjugate, HR hormone receptor,MBC metastatic breast cancer, SG sacituzumab govitecan, T-DXd trastuzumab deruxtecan, ADC1 first antibody drug conjugate, ADC2 second
antibody drug conjugate, TTF time to treatment failure, rwOS real world overall survival.
aSeveral responses for ADC2 are not evaluable given patients discontinued therapy prior to first scan, hence change in denominator.
bUndetermined due to small sample size.
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forT-DXd (ADC2).Themedian rwOSwas16.5months for SG (ADC1) and
6.5 months for T-DXd (ADC2).

Of the patients with HR-/HER2-low MBC, 3 patients (10.7%) were
treated with T-DXd prior to SG (Fig. 1D). These patients had amedian of 3
prior lines of total therapy for MBC prior to T-DXd (ADC1) (range 1–5),
including 2 prior lines of chemotherapy (range 0–3). Two patients (66.7%)
received an intervening therapy between ADCs. The real-world response
ratewas 1/3 (33.3%) forT-DXd (ADC1) and0/2 (0.0%) for SG (ADC2).The
median TTF and rwOS were undetermined due to small sample size.

Across HR-status and ADC sequence order, most patients had longer
TTFwithADC1vs. ADC2 (n = 65, 77.4%), but exceptions existed and some
patients had a longer TTFwithADC2vs. ADC1 (n = 19, 22.6%) (Fig. 1). For
the latter group with longer TTF for ADC2, median TTF for ADC1 and
ADC2 were 2.5 months and 6.9 months, respectively. Within this subset of
patients, the majority discontinued ADC1 due to progression (n = 13,
68.4%)with a smaller number discontinuing for toxicity (n = 6, 31.6%), half
of which were due to an ILD diagnosis while on T-DXd (n = 3).

Efficacy data and survival status by key clinical parameters
TTFand rwOSwas evaluatedbykey clinically relevant subgroups, including
age ≤ 65 years vs. >65 years, presence of visceral disease prior to ADC1,
presence of CNS metastases prior to ADC1, and de novo vs. non-de novo
MBCalthough these analyses are limited by small numbers (Supplementary
Fig. 2). Among patients with HR+ /HER2-lowMBC treated with ADCs in
either order, there was no difference in median TTF of ADC1 or ADC2 in
any of these subgroups (Supplementary Fig. 2A, B). When analyzing rwOS
from start of ADC1, there were no significant differences in rwOS between
the subgroups for either ADC sequence order except for patients who
received SG prior to T-DXd by age: patients age ≤65 years (n = 17) had a
longer rwOS compared to patients age >65 years (n = 7) (26.0 vs. 15.7,
p = 0.05) (Supplementary Fig. 2A, B).

Among patients with HR-/HER2-low MBC who were treated with SG
prior to T-DXd (n = 25), therewas no difference inTTFofADC1 andADC2
by age ( ≤ 65 years vs. >65 years), de novo vs. non-de novoMBC, or presence
of visceral metastases. Patients without CNS disease (n= 19) had a longer
TTF of ADC1 (7.9 vs 5.2 months, p = 0.047) and rwOS ADC1 (19.3 vs
11.6 months, p < 0.0001) vs. patients with CNS disease (n = 6) (Supple-
mentaryFig. 2C). Subgroupanalyses forpatientswithHR-/HER2-lowtreated
withT-DXdprior toSGwerenotpossible due to the small sample size (n= 3).

Time to treatment failure (TTF) with and without intervening
therapies
Next, we evaluated whether the use of intervening therapies betweenADCs
affected outcomes. Twenty-five patientswithHR+ /HER2-disease (44.6%)

and 11 patients with HR-/HER2-low MBC (39.3%) received one or more
intervening therapies between ADCs. The most common intervening
therapies included: eribulin (n = 13, 36.1%), liposomal doxorubicin (n = 10,
27.8%), gemcitabine and carboplatin (n = 9, 25.0%), capecitabine (n = 6,
16.7%), paclitaxel (n = 6, 16.7%), vinorelbine (n = 4, 11.1%), olaparib (n = 3,
8.3%), and fulvestrant (n = 3, 8.3%). Adjusting for HR status, there was no
statistically significant difference in TTF of ADC2 in patients who received
an intervening therapy vs not (HR 1.497, 95% CI 0.921–2.434, p = 0.104),
and therewasno statistically significant difference in timeon treatmentwith
the first intervening therapy vs. ADC2 in patients who did not receive an
intervening therapy (HR 0.978 (0.618, 1.547), p = 0.923).

Factors associated with rwOS from start of ADC1 in univariable
and multivariable analysis
We then evaluated factors associated with rwOS from the start of ADC1 in
univariate and multivariate analysis stratified by HR status, as shown in
Table 3 including the following variables: age at start of ADC1, time from
MBC diagnosis to start of ADC1, lines of chemotherapy prior to ADC1,
receipt of intervening therapies between ADCs, ADC treatment order (SG to
T-DXd vs. T-DXd to SG), presence of visceral metastases, presence of CNS
metastases, de novoMBC, ADC1 dose reduction, and ADC2 dose reduction.
In univariate analysis, younger age at start of ADC1 (HR 0.829, 95%
0.730–0.943 using linear terms; HR 1.002, 95% CI 1.001–1.003 using quad-
radic terms, p = 0.030) and longer time fromMBCdiagnosis to start of ADC1
(HR 0.988, 95%CI 0.978–0.997, p= 0.011) were associated with longer rwOS
from start of ADC1. Inmultivariate analysis, age at start of ADC1 (HR 0.864,
95%CI 0.746–1.000 using linear terms, p = 0.050), time fromMBC diagnosis
to start of ADC1 (HR 0.985, 95% CI 0.974–0.997, p= 0.012), and ADC
sequenceorderSG→T-DXdvs.T-DXdtoSG(HR0.461, 95%CI0.246–0.864,
p= 0.016) were associated with longer rwOS from start of ADC1.

SafetydatabyhormonereceptorstatusandADCsequenceorder
Safety data by hormone receptor status and ADC sequence order is sum-
marized in Table 4. During treatment with SG, 41/84 patients (48.8%)
required a dose reduction due to lab abnormalities (n = 26, 31.0%), symp-
toms (n = 12, 14.3%), or other reasons (n = 3, 3.6%). There was no statis-
tically significant difference in rates of dose reduction by HR-status,
whether SG was given as ADC1 vs. ADC2, presence or absence of visceral
disease, or age ≤65 years or > 65 years. Eight patients (9.5%) discontinued
SG due to toxicity per investigator assessment, including 7 patients with
HR+ /HER2-low MBC (12.5%) and one patient with HR-/HER2-low
MBC (3.6%). Most patients received growth factor support during treat-
ment with SG: 35/56 patients withHR+ /HER2-lowMBC (62.5%) and 18/
28 patients with HR-/HER2-low MBC (64.3%). Of those who received

Table 3 | Factors associated with real-world overall survival from start of ADC1 in univariable and multivariable analysis

Simple (or unadjusted effects) N = 84 Multivariable (or adjusted effects) N = 84

Stratified Cox analysis by hormone receptor status HR (95% CI) p value HR (95% CI) p value

Age (yrs) at ADC11 0.83 (0.73, 0.94) 0.030* 0.86 (0.75, 1.00) 0.050*

Age (yrs) at ADC12 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 0.078

Months MBC to ADC1 0.99 (0.98, 0.997) 0.011* 0.99 (0.97, 0.997) 0.012*

Lines of chemotherapy prior to ADC1 1.06 (0.87, 1.28) 0.570 1.22 (0.97, 1.53) 0.087

Receipt of intervening therapy 0.78 (0.46, 1.32) 0.357 NA NA

SG → T-DXd vs T-DXd → SG 0.57 (0.32, 1.02) 0.058 0.46 (0.25, 0.86) 0.016*

Visceral metastasis 1.25 (0.66, 2.36) 0.500 1.25 (0.64, 2.44) 0.507

CNS metastasis 1.55 (0.81, 2.99) 0.189 NA NA

De novo MBC 0.72 (0.37, 1.37) 0.311 NA NA

ADC1 dose reduction 0.61 (0.35, 1.07) 0.082 NA NA

ADC2 dose reduction 1.20 (0.68, 2.10) 0.531 NA NA

P values of ≤0.05 was considered statistically significant and indicated with a bold and (*).
HR hazard ratio,CI confidence interval,ADC antibody drug conjugate, yrs years,MBCmetastatic breast cancer,SG sacituzumab govitecan, T-DXd trastuzumab deruxtecan,CNS central nervous system.
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growth factor support, about half received therapy as primary prophylaxis
(20/35 [57.1%]HR+ /HER2-low; 10/18 [55.6%]HR-/HER2-low), and half
as secondary prophylaxis for neutropenia (15/35 [42.9%] HR+ /HER2-
low; 8/18 [44.4%] HR-/HER2-low). 16/84 total patients (19.0%) required a
treatment delay due to neutropenia.

During treatment with T-DXd, 15/84 patients (17.9%) required a dose
reductiondue to lab abnormalities (n = 4, 4.8%), symptoms (n = 5, 6.0%), or
other reasons (n = 6, 7.1%). Patients who were age >65 years were more
likely to have a T-DXd dose reduction (9/22, 40.9%) compared to patients
who were ≤65 years (6/62, 9.7%) (p < 0.01) as were those with visceral
disease (15/65, 23.1%) vs. those without visceral disease (0/19, 0.0%)
(p = 0.03). There was no statistically significant difference in rates of dose
reduction byHR-status and whether T-DXdwas given as ADC1 vs. ADC2.
Ten patients (11.9%) discontinued T-DXd due to toxicity per investigator
assessment. Eight patients (9.5%) received growth factor support during
treatmentwithT-DXd.Fourteenof 84patients (16.7%)werediagnosedwith
any grade interstitial lung disease (ILD)/pneumonitis, including 9 patients
with HR+ /HER2-low MBC (16.1%) and 5 patients with HR-/HER2-low
MBC(17.9%).Of thepatientswhodeveloped ILD/pneumonitis,median age
was 64 years (range 49–80 years), median bodymass index was 24.9 (range
19–41), 3/14 patients (21.4%)had aprior smoking history, and9/14patients
(64.3%) had metastatic disease involving lung. Half of the patients received
T-DXd as ADC1 (n = 7, 50.0%) and the other half as ADC2 (n = 7, 50.0%).
Median time to onset of ILDwas 3.8months (range 0.3–22.9months). Peak
grade of ILD/pneumonitis by investigator assessment was: grade 1 (n = 3,
3.6%), grade 2 (n = 4, 4.8%), grade 3 (n = 1, 1.2%), grade 4 (n = 3, 3.6%), and
grade 5 (n = 3, 3.6%). Of the 7 patients with grade ≥ 3 ILD, 2 had HR+ /
HER2-lowMBC(28.6%)and5hadHR-/HER2-lowMBC(71.4%).After the
diagnosis of ILD, all patients (n = 14, 100.0%) were treated with

corticosteroids. 9/14 patients (64.3%) required hospitalization and pul-
monary consultation was obtained in 9/14 patients (64.3%). Two patients
with grade 1 ILDwere rechallengedwith T-DXd after imaging resolution of
ground glass opacities (one after completion of steroid taper, one during
steroid taper); neither patient re-developed ILD with T-DXd rechallenge.

Discussion
This is one of the first multicenter retrospective cohorts of patients treated
with sequential ADCs for HER2-low MBC. Median TTF was longer for
ADC1 thanADC2 in all subgroups, regardless ofHR-status, ADC sequence
order, age ≤65 or >65 years, presence of visceral disease, or use of an
intervening therapy. However, there were notable exceptions with some
patients demonstrating a longer duration of response to ADC2 vs. ADC1
(most of whom discontinued ADC1 for progression, others for toxicity).

PatientswithHR+ /HER2-low disease initially treatedwith T-DXd in
our cohort (n = 32) demonstrated a 5.3 month TTF, which is significantly
shorter than the reported median PFS (10.1 months) in the HR+ cohort of
patients in the Destiny-Breast04 trial3. However, patients in our dataset had
a median of 4.5 total lines of prior therapy for MBC compared to 3 lines of
prior therapy in Destiny-Breast-04. In patients who were initially treated
with SG, the median TTF in both HR+ and HR- disease in this cohort was
similar to the median PFS in TROPICS-02 and ASCENT respectively
(HR+ : TTF 6.3months in our cohort vs. PFS 5.5 months in TROPICS-02;
HR- TTF 7.5 months in our cohort vs. PFS 5.6 months in ASCENT)1,2.
However, given that the endpointTTFdoesnot censor for toxicitywhilePFS
does, caution should be taken in cross-study interpretation of these end-
points from a real-world cohort and randomized studies. Additionally,
comparisons of real-world response rate between our study and the
objective response rates in the respective phase 3 ADC trials should also be

Table 4 | Safety data by hormone receptor status and ADC sequence order

HR+ /HER2-low MBC (n = 56) HR-/HER2-low MBC (n = 28)

ADC sequence order SG → TDXd TDXd → SG SG→ TDXd TDXd → SG

During treatment with SG SG as ADC1 (n = 24) SG as ADC2 (n = 32) SG as ADC1 (n = 25) SG as ADC2 (n = 3)

Required SG dose reduction 10 (41.6%) 19 (59.4%) 11 (44.0%) 1 (33.3%)

Due to lab abnormalities 6 (25.0%) 12 (37.5%) 7 (28.0%) 1 (33.3%)

Due to symptoms 4 (16.7%) 4 (12.5%) 4 (16.0%) 0

Due to other reasons 0 3 (9.4%) 0 0

Discontinued SG due to toxicity 3 (12.5%) 4 (12.5%) 1 (4.0%) 0

Received growth factor support during SG 14 (58.3%) 21 (65.6%) 17 (68.0%) 1 (33.3%)

Primary prophylaxis 7 (29.2%) 13 (40.6%) 10 (40.0%) 0

Secondary prophylaxis 7 (29.2%) 8 (25.0%) 7 (28.0%) 1 (33.3%)

Treatment delay due to neutropenia 4 (16.7%) 6 (18.8%) 6 (24.0%) 0

During treatment with T-DXd T-DXd as ADC2 (n = 24) T-DXd as ADC1 (n = 32) T-DXd as ADC2 (n = 25) T-DXd as ADC1 (n = 3)

Required T-DXd dose reduction 4 (16.7%) 8 (25.0%) 3 (12.0%) 0

Due to lab abnormalities 0 2 (6.3%) 2 (8.0%) 0

Due to symptoms 2 (8.3%) 3 (9.4%) 0 0

Due to other reason(s) 2 (8.3%) 3 (9.4%) 1 (4.0%) 0

Discontinued T-DXd due to toxicity 2 (8.3%) 4 (12.5%) 4 (16.0%) 0

Received growth factor support during SG 3 (12.5%) 3 (9.4%) 2 (8.0%) 0

Primary prophylaxis 3 (12.5%) 2 (6.3%) 2 (8.0%) 0

Secondary prophylaxis 0 1 (3.1%) 0 0

Treatment delay due to neutropenia 0 2 (6.3%) 0 0

Diagnosed with any grade ILD/ pneumonitis 2 (8.3%) 7 (21.9%) 5 (20.0%) 0

Grade 1–2 0 7 (21.9%) 0 0

Grade 3–4 1 (4.2%) 0 3 (12.0%) 0

Grade 5 1 (4.2%) 0 2 (8.0%) 0

HR hormone receptor,MBC metastatic breast cancer, ADC1 first antibody drug conjugate, ADC2 second antibody drug conjugates, SG sacituzumab govitecan, T-DXd trastuzumab deruxtecan, ILD
interstitial lung disease.
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interpreted with caution, as patients were treated in different lines of ther-
apy, and our study did not include RECIST assessments, making our eva-
luation of response not directly comparable to RECIST-defined responses.

Several othermulti-center retrospective studies have also evaluated the
efficacy of the sequential use of ADCs in MBC7–12, with similar overall
findings including an overall longer duration of response with ADC1
compared to ADC2. For example, in a multicenter US cohort by Abelman
et. al. that identified patients treated with two ADCs (including experi-
mental ADCs) (n = 68),median time to progression onADC1was 161 days
vs. 77dayswithADC2; among the smaller cohort of patients treatedwith SG
and T-DXd in either order, the median PFS data was strikingly similar
between their cohort and our cohort7. A single center study by Mai et. al.
analyzed patients receiving SG and T-DXd for HER2-negative MBC
(n = 85) and found that 64/85 patients (75.3%) had a longer PFS for ADC1
vs. ADC2, with more notable differences in PFS with SG given first vs.
second compared to T-DXd given first vs. second8. A multicenter French
cohort by Poumeaud et al. including patients treated with both SG and
T-DXd forHER2-negativeMBC(n = 179) alsoobserved longermedianPFS
for the first ADC compared to the second ADC, with no impact on efficacy
ofADC2 in thosewith use of an intervening therapy betweenADCs, similar
to our data9. Using data from the Flatiron Health registry, Tarantino et. al.
evaluated real-world efficacy of T-DXd in patients who had received prior
SG (n = 58) vs. those who had not received prior SG (n = 61), and noted
shortermedian real-world PFS (rwPFS) (3.4 vs. 5.7mo, p = 0.005) and rwOS
(9.0 vs. 14.5mo, p < 0.001) in patients who had received prior SG vs. those
whohadnot receivedprior SG, althoughpatientswho receivedprior SGhad
amedian of 3.0 prior lines of therapy vs. 2.0 for those who had not received
prior SG10. This group also reportedmedian rwPFSwith different treatment
regimens administered after T-DXd in the Flatiron database, and observed
that chemotherapy seemed to perform better than another Topo1 ADC11.

Duration of response ADC1 vs. ADC2, whether the use of an inter-
vening therapy affects the efficacy and safety and ADC2, and whether a
particular ADC sequence order is superior are all important clinical ques-
tions. In our study,most patients derived a longer duration of response from
ADC1vs.ADC2 (n = 65, 77.4%), but therewere a subset of patientswhohad
a longer response to ADC2 vs. ADC1 (n = 19, 22.6%). Analysis of patient
characteristics with a longer duration of response to ADC2 is of significant
interest but is limited by the small number of patients in this subset; future
work in larger patient cohort should specifically evaluate the unique clinical
andmolecular features of this subset of patients. It is also of interest to know
whether the use of an intervening chemotherapy between ADCs may
impacts the safety and efficacy of ADC2. In our study, among patients who
received an intervening chemotherapy between ADCs, TTF for the first
intervening therapy after ADC1 was similar to TTF for ADC2 in patients
whowere treated immediatelywithADC2.However, theremay be potential
selection bias in choice ofADC2 vs. chemotherapy as next line of therapy, so
future prospective data is needed to better address this question. It is also
important to consider how the use of an intervening therapy may impact
safety, including dose modifications and discontinuations, of ADC2; the
sample size is too small to evaluate this question in our dataset, but it should
be investigated in future studies. Finally, regardingoptimalADCsequencing
order, in our multivariate analysis we found that ADC sequence order
SG→T-DXd vs. T-DXd to SG (HR 0.461, 95% CI 0.246–0.864, p = 0.016)
was associated with longer rwOS from start of ADC1; however our study
wasnotdesigned the analyze the efficacyof aparticularADCsequenceorder
given the heterogeneity of this cohort, so this finding should be interpreted
with caution, and future prospective randomized studies can better address
this important question.

In addition to our analysis of sequentialADCefficacy,we also analyzed
real-world safety and toxicity data in our cohort by HR-status and ADC
sequence order. Most retrospective ADC sequencing studies published to
date have not evaluated safety, so this represents a unique contribution of
our study. During treatment with SG, 41/84 patients (48.8%) required a
dose reduction of SG and 8/84 patients (9.5%) discontinued SG due to
toxicity (compared to 22% dose reduction and 4.7% discontinuation of SG

for patientswithmTNBC inASCENT1 and 33.0% dose reduction and 6.0%
discontinuation of SG for patients with HR+ /HER2- MBC in TROPICS-
022). During treatment with T-DXd, 15/84 patients (17.9%) required a dose
reductionofT-DXdand10/84patients (11.9%)discontinuedT-DXddue to
toxicity (compared to 20.8%dose reduction and 15.1%discontinuation rate
inDestiny-Breast-043). Importantly, there was nodifference in rates of dose
reduction by ADC sequence order in patients with either HR+ or HR-
disease.Ofnote, during treatmentwithT-DXd, 14/84 patients (16.7%)were
diagnosed with any grade interstitial lung disease (ILD)/pneumonitis,
which is slightly higher than the percentage of patients diagnosed with ILD
in T-DXd clinical trials (e.g., Destiny-Breast-03 10.5%6, Destiny-Breast-04
12.1%3, pooled analysis of 9 studies with T-DXd 15.4%13). Unfortunately,
there were three patients (3.6%) with grade 5 ILD events in this cohort,
which is a higher rate of grade 5 events than what was seen in the T-DXd
clinical trials (e.g., Destiny-Breast-03 0.0%6; Destiny-Breast-04 0.8%3); we
were unable to definitively adjudicate these cases in this retrospective
review. Interestingly, most patients who were diagnosed with higher grade
ILD had mTNBC, perhaps at least partially related to the fact that most of
these patients received T-DXd as ADC2 so they may have had worse
functional status and disease burden during treatment with T-DXd. Of
note, two patients in this cohort with grade 1 ILD underwent re-challenge
with T-DXd without recurrence of ILD, a finding that has similarly been
reported in a pooled analysis of T-DXd clinical trials14.

To help inform optimal ADC sequencing in the future, additional data
is needed to clarify mechanisms of response and resistance to ADCs. Prior
work has demonstrated that resistance can develop due to modifications of
the target or payload15. In the real-world analysis of sequential ADCs by
Abelman et. al., Tumor DNA sequencing data were available for 20 patients
who had received therapy with more than one ADC. Mutations in genes
associatedwith topoisomerase I, includingTOP1,TOP3A, andTOP3B, were
identified in seven patients who exhibited cross-resistance to the second
ADC, which carried a payload that inhibited topoisomerase I activity7. We
recently presented preliminary analysis of NGS findings from this cohort16,
although this analysis was limited by the use of different NGS assays and
timepoints of collection. Therefore, prospective work is needed to validate
and further clarify mechanisms of ADC resistance. Prospective trials that
include biomarker analyses are planned, including TRADE-DXd which
evaluates T-DXd followed by Dato-DXd or vice versa (NCT06533826, aka
Translational Breast Cancer Research Consortium TBCRC-064), SERIES
which evaluates T-DXd after SG (NCT06263543), and ENCORE, a pro-
spective registry study of sequential ADCs for HER2-negative MBC
(NCT06774027, aka TBCRC-067).

In addition to SG and T-DXd, Dato-DXdwas recently FDA-approved
forHR+ /HER2-MBC4.With numerous otherADCs also in development,
the challenge of ADC sequencing is expected to become increasingly
complex. Key questions remain regarding the optimal sequencing of ADC
therapies, the expected benefit for patients previously treatedwith oneADC
whoare subsequently treatmentwith a secondor third, andwhether toxicity
rates vary depending on the timing of ADC administration in the treatment
sequence. Differences in antibody target and payload will create even more
variability in understanding and addressing these questions. There are also
ongoing studies investigating the use of ADCs for early-stage breast cancer
as neoadjuvant or adjuvant treatment, so understanding how the use of
ADCs in the early-stage may impact efficacy in themetastatic setting is also
an unanswered clinical question. Prospective trials can provide the most
robust data to inform sequencing strategies, but these studies take time,
resources, and may not adequately reflect real-world patient populations.
Therefore, ongoing real-world retrospective evaluation of ADC sequencing
can also continue to provide important initial data that can help refine our
understanding of these agents.

This study has several notable strengths. First, this study answers
important clinical questions in a space where prospective data does not yet
exist, providing key initial data to guide patients and providers. Second, we
performed detailed chart abstraction to capture demographic, clinical, and
treatment data, which allowed for a thorough description of efficacy, safety,
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and survival status in this cohort. Third, the safety analysis performed in this
cohort is unique as other real-world studies with sequential ADCs for
HER2-negativeMBChavenot analyzed safetydata toourknowledge, so this
provides an important addition to the literature.

This study also has several limitations due to its retrospective nat-
ure. First, patients received ADCs at different timepoints in their care
and in either sequence order, so this study is not able to assess the
superiority of ADCs or ADC treatment order. Second, retrospective
chart reviews are limited by written details included in the clinical
record, so it is possible that certain demographic features, toxicities, or
aspects of treatment history were not captured if they were not well-
documented in the electronic medical record; we also did not perform
RECIST reads in this retrospective study, which limits response analysis.
Third, analysis of subgroups is somewhat limited by the smaller number
of patients; additional analyses are needed in a larger patient cohort.
Fourth, full assessment of adverse events associated with each ADC is
limited by the retrospective nature of this study; we tried to specifically
select AEs of interest that could be best described based on retrospective
chart review (e.g., growth factor use, dose reduction, discontinuation,
rates of ILD), but we were unable to adequately describe rates of other
clinically-important AEs with retrospective review (e.g., rates of alope-
cia, nausea, diarrhea, etc.). Finally, given that this was a retrospective
study, we did not have access to tissue and blood samples drawn at
standardized timepoints for correlative assays; future prospective clin-
ical trials that include correlative endpoints will be particularly valuable.

In summary, this retrospective case series describes the real-world
outcomesof patientswithHER2-lowMBCtreatedwith the sequential use of
SGandT-DXd.Optimal sequencing strategies forADCs is anunmet clinical
need. Prospective studies are needed to validate these findings and to
identify biomarkers of ADC response, resistance, and toxicity, which may
inform optimal sequencing strategies in the future.

Methods
Study design and objectives
This is a multicenter retrospective cohort study of patients with HER2-low
MBC treated sequentially with T-DXd and SG in either order, with or
without intervening therapies, at five institutions (University of California
San Francisco,MiamiCancer Institute - BaptistHealth South Florida,Mayo
Clinic Rochester, Rush, University of Minnesota) between 2020 and 2024
(data cutoff January 2024).

Participant Identification
Patients were identified at each site via search of the electronic medical
record or pharmacy databases. Patients were 18 years of age or older and
had HR+ or HR-, HER2-low MBC. HR status was determined by most
recent estrogen receptor (ER) and progesterone receptor (PR) test prior
to ADC1 and tumors were considered HR+ if ER and/or PR was ≥10%
per local pathology assessment. HER2-low was defined as HER2
immunohistochemistry (IHC) 1+ or 2+ without gene amplification by
florescence in situ hybridization / in situ hybridization (FISH/ISH) in
any tumor sample, regardless of stage and per local pathology assess-
ment. All patients previously received both SG and T-DXd for MBC, in
either order, with or without intervening therapies (e.g., a chemotherapy
or other therapy administered in between ADCs). Patients were exclu-
ded during initial screening if they were treated with either ADC in
combination with other therapies (rather than as monotherapy), if they
received another ADC prior to treatment with T-DXd and SG, and/or if
they had HER2-positive breast cancer. After chart extraction, additional
patients were excluded if there were insufficient clinical records to
complete an adequate chart review.

Chart abstraction
Detailed information about patient demographic characteristics, treatment
history, lab values, clinical outcomes, and survival dates were obtained via
manual chart abstraction.

Efficacy analysis
The real-world response rate was defined as the percentage of patients who
had responding disease at the time of the first scan ordered at the discretion
of the treating physician and was per radiology/clinical investigator
assessment; RECIST reads were not performed for this retrospective study.
Time to treatment failure (TTF) was defined as the time from start of ADC
to discontinuation for any reason, including progression of disease, treat-
ment toxicity, or death. rwOSwasdefinedas thedate fromstart of eachADC
to date of death or last known clinical follow up.

Safety analysis
Key safety parameters were extracted per clinical chart review and review
of pharmacy records at each institution. The attribution for dis-
continuation of each ADC was determined by the investigator from each
site per chart review and clinical assessment. Data about dose modifica-
tion, dose delays, and growth factor administration was collected from
pharmacy records at each site. We also evaluated patients who had
documented interstitial lung disease (ILD)/pneumonitis. For the ILD
subgroup analysis, adverse events were coded and graded according to the
National Cancer Institute Common Terminology Criteria for Adverse
Events (version 5.0) definitions per investigator assessment.

Statistics
Datawere analyzedusingPrismSoftware (GraphPad; SanDiego,CA) andR
version 4.2.2 (www.r-project.org). Descriptive statistics were used to sum-
marize numeric responses as rate of events (%) and median (range).
Comparisons between groups were made using the unpaired t test, two-
sided Fisher’s exact test, or log-rank (Mantel-Cox) test as appropriate.
Survival distributions were estimated by the Kaplan-Meier non-parametric
method. Univariable and multivariable analyses of factors associated with
overall survival from start of ADC1 were evaluated using the Cox
proportional-hazards model. All variables with p value < 0.1 on univariable
analysis were included in the final multivariable model. P values of ≤0.05
were considered statistically significant.

Institutional review board statement
This research was approved by the Institutional Review Board at all parti-
cipating institutions: University of California San Francisco; Miami Cancer
Institute, Baptist Health; Mayo Clinic; Rush; University of Minnesota.
Informed consent was not required per IRB given the retrospective, non-
interventional nature of this research. Research was performed in accor-
dance with the Declaration of Helsinki.

Data availability
The datasets generated during the current study are not publicly available to
protect patient privacy but are available from the corresponding author on
reasonable request.
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