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A B S T R A C T

Purpose
Trop-2, expressed in most triple-negative breast cancers (TNBCs), may be a potential target for
antibody-drug conjugates. Sacituzumab govitecan, an antibody-drug conjugate, targets Trop-2 for
the selective delivery of SN-38, the active metabolite of irinotecan.

Patients and Methods
We evaluated sacituzumab govitecan in a single-arm, multicenter trial in patients with relapsed/
refractory metastatic TNBC who received a 10 mg/kg starting dose on days 1 and 8 of 21-day
repeated cycles. The primary end points were safety and objective response rate; secondary end
points were progression-free survival and overall survival.

Results
In 69 patients who received a median of five prior therapies (range, one to 12) since diagnosis, the
confirmed objective response rate was 30% (partial response, n = 19; complete response, n = 2),
the median response duration was 8.9 (95% CI, 6.1 to 11.3) months, and the clinical benefit rate
(complete response + partial response + stable disease $ 6 months) was 46%. These responses
occurred early, with a median onset of 1.9 months. Median progression-free survival was 6.0 (95%
CI, 5.0 to 7.3) months, and median overall survival was 16.6 (95% CI, 11.1 to 20.6) months. Grade
$ 3 adverse events included neutropenia (39%), leukopenia (16%), anemia (14%), and diarrhea
(13%); the incidence of febrile neutropeniawas 7%. Themajority of archival tumor specimens (88%)
were moderately to strongly positive for Trop-2 by immunohistochemistry. No neutralizing anti-
bodies to the ADC or antibody were detected, despite repeated cycles developed.

Conclusion
Sacituzumab govitecan was well tolerated and induced early and durable responses in heavily
pretreated patients with metastatic TNBC. As a therapeutic target and predictive biomarker, Trop-2
warrants further research.

J Clin Oncol 35:2141-2148. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Despite considerable progress in management
over the past few decades,1 breast cancer still
carries a high mortality that accounted for
521,900 deaths worldwide in 2012.2 Triple-
negative breast cancer (TNBC), defined as the
absence of estrogen and progesterone receptors
and lack of human epidermal growth factor re-
ceptor 2 (HER2) gene amplification, comprises
15% to 20% of breast cancers.3,4 TNBC has a high
mortality rate because of its aggressive behavior,

with a median survival of 10 to 13 months from
time of metastasis.4-7

TNBC disproportionally affects younger
patients, particularly premenopausal African
American women, and frequently displays ho-
mologous recombination deficiency and high
genomic instability5,6 that may predict sensitivity
to DNA-damaging agents, such as platinum and
DNA repair inhibitors, including poly(ADP-
ribose) polymerase-1 inhibitors.5,7,8 The man-
agement of TNBC could be improved by the
development of specific targeted agents because
most available drugs achieve progression-free
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survival (PFS) of , 3.5 months.4,5,8-15 Therefore, we evaluated an
antibody-drug conjugate (ADC), sacituzumab govitecan (IMMU-
132), that targets Trop-2, a glycoprotein elevated in various solid
cancers, including TNBC.16-20

Trop-2 is a 46-kD glycoprotein initially identified in a tro-
phoblast cancer cell line21 and is overexpressed in many epithelial
cancers.18-20,22 It plays a multifunctional cellular role, including the
transducing of cytoplasmic Ca2+ that depends on a specific protein
kinase C phosphorylation site.23 Both Trop-2 and the biscistronic
CYCLIN D1-Trop-2 mRNA chimera have oncogenic properties.24,25

The overexpression of Trop-2 correlates with a poor prognosis in
several cancers,19,20 including breast cancer.20,25

Sacituzumab govitecan comprises a toxic payload, SN-38
(7-ethyl-10-hydroxycamptothecin), which is a topoisomerase
I–inhibiting drug that causes double-stranded DNA breaks that lead
to apoptosis.26 Irinotecan, the prodrug of SN-38, has activity in solid
tumors, including metastatic breast cancer,27,28 but its complex
pharmacology limits delivery of SN-38, which has a 100- to 1,000-
fold higher potency than irinotecan and contributes to poor tol-
erability, with approximately one third of patients experiencing
grade 3 to 4 diarrhea.29 In contrast, sacituzumab govitecan can
deliver higher levels of SN-38 to tumors with an improved thera-
peutic index.16-18,30 A phase I dose-finding trial in advanced solid
cancers, including metastatic TNBC (mTNBC), showed encour-
aging therapeutic activity without preselection of patients on the
basis of Trop-2 expression by their tumors.31 The phase II portion of
the study expanded accrual in select cancers. This article presents
results for all patients with mTNBC who received sacituzumab
govitecan at the 10 mg/kg dose level selected for development.

PATIENTS AND METHODS

Patients
We enrolled female or male patients $ 18 years of age who had

mTNBC refractory to or relapsed after at least one standard line of
therapy since diagnosis and measurable disease by computed tomog-
raphy scan (or magnetic resonance imaging). TNBC status was con-
firmed locally according to American Society of Clinical Oncology/
American College of Pathology guidelines.31a,31b

Eligible patients had an Eastern Cooperative Oncology Group per-
formance status of 0 or 1, adequate bonemarrow, hepatic and renal function,
and prior toxicities at study entry of grade# 1 by National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI-CTCAE) version
4.03. Patients with brain metastasis were excluded, unless treated and
without progression, and were not receiving high-dose corticosteroids for at
least 4 weeks; other enrollment criteria have been described previously.31

Study Oversight
The protocol was approved by the participating institutions’ review

boards and conducted in accordance with the Declaration of Helsinki and
the International Conference on Harmonization Good Clinical Practice
guidelines. All patients provided written informed consent. Immunomedics
sponsored the trial, which was designed through a collaboration of the
sponsor and the lead investigators. All authors vouch for the accuracy of the
data and analysis and adherence of the trial to the protocol.

Study Design and Treatment
The study objectives were to evaluate safety and antitumor activity of

sacituzumab in patients with advanced epithelial cancer, including mTNBC.

The protocol was a phase I and II basket design, single-arm, multicenter
study that enrolled patients with many different cancer types (including
patients with mTNBC), all of whom received sacituzumab govitecan
administered intravenously on days 1 and 8 of 21-day cycles. The study
population comprised all patients from the phase II portion and one
patient given 10 mg/kg from the phase I trial. Objective response rate
(ORR) was measured by Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST 1.1). Treatment was continued as long as evidence
of clinical benefit existed and discontinued as a result of progression,
unacceptable toxicity, investigator or patient decision, or death. In
patients without disease progression, a treatment break after eight cycles
was permitted after discussion with the sponsor. Toxicities were man-
aged in accordance with standard medical practice and/or by dose
modification specified in the protocol.

Study Assessments
Safety was evaluated weekly according to NCI-CTCAE version 4.03.

Tumor response was assessed locally (including use of radiology core
laboratories) every 8 weeks until disease progression, with a partial
response (PR) or complete response (CR) requiring confirmation within
4 to 6 weeks after the initial response, as required by RECIST 1.1 for
single-arm studies.

Tumor Trop-2 Immunohistochemistry and Immunogenicity
Available archival tumor specimens were stained for Trop-2 by

immunohistochemistry (IHC) as reported previously.31 Positivity re-
quired at least 10% of the tumor cells to be stained, with an intensity
scored of 1+ (weak), 2+ (moderate), and 3+ (strong). Examples of cases
with 1+, 2+, and 3+ staining for Trop-2 are shown in Appendix Figure
A1 (online only). Antibody responses to sacituzumab govitecan, the
antibody, and SN-38 were monitored in serum samples taken at
baseline and then before each even numbered cycle by enzyme-linked
immunosorbent assays performed by the sponsor, as previously re-
ported.31 Although the Trop-2 results were not required for eligibility,
Trop-2 analysis on prior (archived) biopsy or surgical specimens was
prespecified. The association between Trop-2 and clinical outcomes
was done as post hoc and exploratory analyses.

Statistics
The study enrolled the number of patients that would provide 90%

power to exclude an unacceptably low 10%ORR (the null hypothesis) with
95% confidence if the true rate is 25%. On the basis of a Simon two-stage
optimal design, 82 patients with TNBC who had received at least one
standard line of therapy were initially planned to be enrolled. However, we
observed a much-higher-than-anticipated efficacy. With 69 patients en-
rolled, the statistical design requirements for efficacy, on the basis of an
independent statistical review, were met, and the null hypothesis was
rejected with . 99.9% confidence.

All patients administered any dose of study drug were included in
the safety evaluation. The frequency and severity of adverse events (AEs)
were tabulated by Medical Dictionary for Regulatory Activities Preferred
Term and System Organ Class for each dose group. AEs were classified
using the Medical Dictionary for Regulatory Activities version 1031c, with
severity assessed by NCI-CTCAE version 4 toxicity grades. AEs that led to
death or to discontinuation from treatment also were summarized
separately.

To be included in the assessment of treatment response, the pro-
tocol required completion of at least one treatment cycle, but we included
all patients on an intention-to-treat basis per RECIST 1.1 recommen-
dations. Response duration was defined from the time of the first evi-
dence of response until progression, whereas PFS and OS were defined
from time of the first dose of sacituzumab govitecan to progression or
death (PFS) or death alone (OS). Duration of response, PFS, and OS were
determined by Kaplan-Meier method by using MedCalc version 16.4.3
statistical software (MedCalc Software, Ostend, Belgium).
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RESULTS

Patients
Between July 2013 and March 2016, we enrolled 69 patients

with mTNBC (68 females, one male). Demographics are listed in
Table 1. These patients had at least one prior therapy since diagnosis
and were in the dosing cohort of 10 mg/kg. The median age was
56 years (range, 31 to 81 years). Most patients had extensive met-
astatic disease and were heavily pretreated (median of five lines of
therapy since diagnosis; range, one to 12), with the majority having
received taxanes, anthracyclines, and platinum agents. Prior treat-
ment with PD-1 (programmed cell death) or PD-L1 (programmed
cell death ligand) immune checkpoint inhibitor antibodies also were
given to four patients as the last therapy before enrollment.

Treatment Administration and AEs
At the data cutoff on August 2, 2016, with a median follow-up

of 16.6 months, 62 patients had discontinued treatment, and seven

still received therapy. A median of 14 doses were administered per
patient (range, one to 67), with a median duration of exposure of
5.3 months (range, 0.2 to 23.1 months). To prevent potential infusion
reactions, most patients had coadministration of premedication that
included an antihistamine; 56% also had a corticosteroid added.

Of the 69 patients, one or more grade $ 3 AEs developed in
41% and were predominantly neutropenia (39%), but the in-
cidence of febrile neutropenia was 7% (Table 2). Other grade 3 to 4
AEs were leukopenia (16%), anemia (14%), diarrhea (13%), and
vomiting (10%); grade 3 thrombocytopenia occurred in two pa-
tients (3%). Three patients discontinued treatment because of AEs
after six to seven doses (grade 3 rash/mucositis, grade 3 transient
infusion reaction, grade 2 fatigue after six doses). No therapy-
related deaths occurred.

Dose reductions, primarily as a result of neutropenia, occurred
in 13 patients (19%) in the first two cycles (either dose 2 or 3), with an
additional 11 (16%) requiring later dose reductions. No neutralizing
antibodies to the ADC SN-38 or to the antibody were detected,
including after the administration of multiple therapy cycles.

Overall Efficacy
Of the 69 patients, three withdrew as a result of early progression

after receiving only one or two doses without a postbaseline computed
tomography assessment, but they were included in the intention-to-
treat analysis. Overall, 30% (21 of 69) achieved confirmed objective
responses (19 PRs, two CRs) with a 95% CI of 20% to 43% (Table 3),
and 69.5% (48 of 69) experienced a reduction of tumor burden as
shown in the waterfall plot in Fig 1A. The median time to an objective
response was 1.9 months (range, 1.3 to 13.4 months), with 13 (62%)

Table 1. Demographics and Baseline Characteristics of Study Population
(N = 69)

Characteristic
Patients,
No. (%)

Sex
Female 68 (99)
Male 1 (1)

Median age, years (range) 56 (31-81)
Ethnicity
White 57 (83)
Black 4 (6)
Asian 2 (3)
Other/not specified 6 (9)

ECOG performance status
0 23 (33)
1 46 (67)

Stage at initial diagnosis*
I 12 (17)
II 25 (36)
III 21 (30)
IV 10 (14)

Median No. of prior therapies (range) 5 (1-12)
Prior chemotherapy drugs (. 10%)
Taxanes 67 (97)
Cyclophosphamide 63 (91)
Anthracyclines 58 (84)
Platinum agents 48 (70)
Fluoropyrimidine agents 34 (49)
Gemcitabine 30 (43)
Eribulin 27 (39)
Vinorelbine 13 (19)
Ixabepilone 8 (12)

Sites of disease†
Lymph node 43 (62)
Lung 35 (51)
Liver 30 (43)
Chest 28 (41)
Bone 21 (30)
Skin 7 (10)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
*Original stage not available for one patient with initial surgically resectable local
disease.
†As reported by baseline imaging Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 assessment.

Table 2. Adverse Events in Study Population

Adverse Event All Grades, No. (%) Grades $ 3, No. (%)

Nausea 51 (74) 5 (7)
Neutropenia 47 (68) 27 (39)
Diarrhea 41 (59) 9 (13)
Anemia 38 (55) 10 (14)
Vomiting 35 (51) 7 (10)
Fatigue 35 (51) 6 (9)
Alopecia 31 (45) 0 (0)
Constipation 26 (38) 1 (1)
Rash 19 (28) 1 (1)
Abdominal pain 18 (26) 2 (3)
Leukopenia 17 (25) 11 (16)
Dyspnea 16 (23) 6 (9)
Back pain 16 (23) 0 (0)
Anorexia 16 (23) 0 (0)
Urinary tract infection 16 (23) 2 (3)
Hypomagnesemia 15 (22) 0 (0)
Dehydration 13 (19) 4 (6)
Dizziness 13 (19) 1 (1)
Headache 13 (19) 1 (1)
Hyperglycemia 13 (19) 1 (1)
Hypokalemia 13 (19) 1 (1)
Hypophosphatemia 12 (17) 7 (10)
Elevated ALP 11 (16) 2 (3)
Arthralgia 11 (16) 0 (0)
Febrile neutropenia 5 (7) 5 (7)

NOTE. Frequency of 69 patients with events regardless of causality that oc-
curred in. 15% (all grades) or. 3% (grades$ 3) of patients. Abbreviation: ALP,
alkaline phosphatase.
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of the 21 responders achieving . 30% reduction at the first re-
sponse assessment at 8 weeks (Fig 1B). Nine (43%) of the 21 con-
firmed responders continued treatment for at least 12 months, and
the median duration of response was 8.9 months (95% CI, 6.1 to
11.3 months; Table 3). Figure 1C illustrates the time course of tumor
response, with the majority of patients having durable responses and
three having as long as approximately 20 months. Because 11 pa-
tients had stable disease (SD) for at least 6 months, the clinical
benefit rate (CR + PR + SD $ 6 months) was 46% (Table 3).

Three of the four patients who had received prior immune
checkpoint inhibitor therapy achieved a PR with sacituzumab
govitecan (one confirmed). Only one of these patients had an an-
titumor response of 4 months duration to the anti-PD-L1 antibody.

The median PFS at the cutoff was 6.0 months (95% CI, 5.0 to
7.3 months; Fig 1D), and themedian OSwas 16.6 months (95%CI,
11.1 to 20.6 months; Fig 1E; Table 3). These findings include two
patients whose disease progressed per RECIST 1.1 with new brain
lesions but who continued sacituzumab govitecan therapy after
whole-brain irradiation. One patient’s non-CNS target lesions
remained stable for an additional 9.1 months, and the other’s non-
CNS target lesions maintained a PR for 7.5 months.

Examples of treatment responses are shown in Fig 2. The first
patient had four prior therapy regimens, including two in the
metastatic setting, with a PD-L1 inhibitor being the last treatment. She
achieved a PR within 1.7 months, with a maximum tumor reduction
of 54% (Figs 2A to 2C). The duration of response was 14.4 months
(42 doses given). Another patient had a PR for 10.8 months, with
a 66% reduction as the best response, including resolution of her
extensive skin involvement and significant improvement in cancer-
related pain (Figs 2D to 2J). A third patient had six prior cytotoxic
regimens and achieved an ongoing PR of 13.2 months duration.

BRCA Status
Of 43 patients with assessable BRCA1 germline status at

enrollment, seven (16%) had mutations with one PR, four SD, and
two progressive disease, whereas 36 (84%) had BRCA1 wild-type
genes with nine CR/PR, 15 SD, and 12 progressive disease, resulting
in an ORR of 14% (one of seven) versus 25% (nine of 36),
respectively.

Trop-2 Staining
Forty-eight patients had archival tumors (60% primary tu-

mors, 40% miscellaneous metastases) evaluated for Trop-2 ex-
pression. Of these, 42 (88%) had moderate (2+) to strong (3+)
Trop-2 staining, with the majority expressing Trop-2 in . 50% of
tumor cells, whereas only six (12%) hadweak (1+; n= 4) or noTrop-2
staining (n = 2). Forty-six of these patients had a response assessment;
the other two withdrew before having their first response assessment.
All responders had moderate to strong Trop-2 staining, whereas
patients whose specimens had only weak (1+) or no Trop-2 staining
had SD as the best response (Table 4). Among all 48 patients, the trend
was toward a higher PFS in those with moderate to strong Trop-2
staining than in those with weak to no Trop-2 (median PFS, 7.1 v
3.1 months; P = .019; Appendix Fig A2, online only). However, the
number of specimens with 1+ or no staining was limited (n = 6), and
results should be interpreted with caution.

DISCUSSION

We identified Trop-2 as a novel target in TNBC that can be
exploited therapeutically with an ADC. Sacituzumab govitecan was
well tolerated and led to early and durable objective responses.

The efficacy and safety results suggest that sacituzumab
govitecan has meaningful clinical activity and a manageable safety
profile and can be administered for long periods through 21-day
cycles of dosing on days 1 and 8 without becoming immunogenic.
We enrolled patients with extensive metastatic disease who were
heavily pretreated (median of five prior regimens) with standard
breast cancer drugs, including taxanes, anthracyclines, and plati-
num agents. In addition, four patients had previously received
an immune checkpoint inhibitor, and although only one had
responded briefly to this modality, three had a PR with sacituzumab
govitecan. This anecdotal observation suggests that the ADC and
PD-1/PD-L1 antibodies represent non–cross-resistant therapeutic
options for a potential combination therapy, which requires further
study.

Overall, approximately one third of the patients achieved
a confirmed objective response, and one half had a $ 6-month
clinical benefit rate with sacituzumab govitecan therapy. Themedian
PFS of 6 months compares favorably with the PFS of approximately
3.5 months reported in earlier treatment settings in mTNBC trials
that evaluated standard agents, including cisplatin, capecitabine,
nab-paclitaxel, and eribulin.4,5,8-14 Similarly, the median OS of
16.6 months, despite being in a heavily pretreated population,
compares favorably with a previously reported OS of, 13 months
after second-line therapy.4-7

ADCs represent an emerging therapeutic modality where anti-
bodies are used as vehicles for carrying cytotoxic agents selectively to
tumors, such as DM-1 linked with trastuzumab in trastuzumab
emtansine.32-35 With sacituzumab govitecan, the cytotoxic drug is
SN-38, the active metabolite of irinotecan that is a topoisomerase
I inhibitor with 2 to 3 logs higher potency than irinotecan.29 Although
irinotecan has broad anticancer activity,26 it has had limited use as
a monotherapy because of a modest therapeutic index (high rates of
neutropenia and severe diarrhea).36 The humanized anti-Trop-2 hRS7
monoclonal antibody was derived from a murine IgGK1.

37 A concern
of Trop-2 expression in normal tissues has been raised,38 but the

Table 3. Treatment Efficacy in Intention-to-Treat Data Set (N = 69)

Efficacy
Best Overall Response,

No. (%)

CR 2 (3)
PR 19 (28)
SD 31 (45)
PD 17 (25)
Confirmed objective response (CR + PR) 21 (30)
95% CI 20 to 43

Clinical benefit (CR + PR + SD $ 6 months) 32 (46)
95% CI 34 to 59

Median duration of objective response, months
(95% CI)

8.9 (6.1 to 11.3)

Median PFS, months (95% CI) 6.0 (5.0 to 7.3)
Median OS, months (95% CI) 16.6 (11.1 to 20.6)

Abbreviations: CR, complete response; OS, overall survival; PD, progressive
disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Fig 1. Efficacy assessments. (A) A waterfall plot that shows the percentage of change in sum of target lesions at the time of best response for 66 of the 69 patients who
had at least one postbaseline computed tomography assessment. Forty-eight patients had reductions from baseline, including 23 with at least a 30% reduction (two
confirmed complete responses [CRs], 19 confirmed partial responses [PRs], two unconfirmed PRs classified as stable disease by Response Evaluation Criteria in Solid
Tumors [RECIST] version 1.1). (B) A swimmer graph that depicts the duration of treatment, onset, and duration of response for 21 responders. Fourteen patients
progressed and discontinued treatment at that time (barswithout arrows). Six have continuing response and treatment at this time (bars with arrows). Onewho progressed
with new brain lesions after 12.2 months of treatment (star) but after localized radiation to the brain currently continues treatment cycles (bar with arrow) with additional
shrinkage to body target lesions. (C) Percentage of change in sum of target lesions during treatment of each of the 21 responders; the gray arrow indicates the time course
for the patient with brain metastases. (D) Kaplan-Meier progression-free survival graph for all 69 patients, with 63 having progressed. (E) Kaplan-Meier overall survival graph
for all 69 patients, with 33 deceased. PD, progressive disease.
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acceptable safety profile for sacituzumab govitecan, both in animal
models17 and in the current clinical trial, suggest that in normal
tissues, Trop-2 either is poorly accessible (eg, intracellular, restricted to
epithelial cells on the luminal side of ducts and glands) or is expressed
in lower quantities. In addition, normal tissues that express Trop-2
may not be as sensitive to the cytotoxic effects of SN-38. Therefore,
Trop-2 is an attractive target for the development of novel therapeutics
for a variety of epithelial cancers, including TNBC.16-18,22,39,40

We determined that almost all (88%) of the archival tumor
samples in paraffin from these patients expressed relatively high
levels of Trop-2 by IHC, which suggests that pretherapy bio-
marker assessment for patient selection is not required. However,
we appreciate that evaluation of Trop-2 in more-recent biopsy

specimens of metastases and/or Trop-2 evaluation in circulating
tumor cells may provide important predictive information. Al-
though preliminary, the intensity of staining suggests predictability
for improved PFS. However, given the absence of a control group,
one cannot claim predictive use of Trop-2 because it could also be
a prognostic biomarker. Furthermore, even if the drug is more
active in TNBC than in other phenotypes, whether this reflects
general greater sensitivity of TNBC to chemotherapy versus spe-
cific interaction with Trop-2 expression needs to be determined.
Indeed, the Trop-2 staining results should be considered pre-
liminary and hypothesis generating and requires further validation.

This ADC proved to be more effective at a dose equivalent to
irinotecan in nonclinical studies because sacituzumab govitecan

Pretreatment

Pretreatment

During Treatment

Case Study 1

A

D F H

J

E G I

B C

Case Study 2

During Treatment

0.1 mm

0.1 mm

Fig 2. Examples of patients with objective responses. Case study 1: A 48-year-old woman with an initial diagnosis of triple-negative breast cancer in November 2007
received four prior lines of treatment (two lines in a metastatic setting, including an anti-PD-L1 immune checkpoint inhibitor) and presented with lung and lymph node
metastases at the time of enrollment in February 2015. She achieved a partial response that started 1.7 months after initiation of treatment with sacituzumab govitecan,
with a best response of 54% reduction at 9.0 months and progression occurring at 14.4 months (partial response duration, 12.7 months). (A) Baseline image of two of the
three target lesions: a 243 19-mm left-upper-lungmass (arrow) and amediastinal lymph node (173 29-mm; circle). (B) After 16 doses (July 2015), these two target lesions
decreased to 13 3 7 and 93 19 mm, respectively. (C) Trop-2 expression in an archived tumor specimen by immunohistochemistry that shows 1+ to 2+ staining (overall,
2+). Case study 2: A 67-year-old womanwith an initial diagnosis of estrogen receptor–positive breast cancer in 2007 that was treated by lumpectomy and local radiation. In
2012, a local recurrence was treated with neoadjuvant doxorubicin and cyclophosphamide followed by taxol and a mastectomy. One year later, the patient received
a diagnosis of metastatic disease, which was biopsy-proven triple-negative breast cancer. She was enrolled in a clinical trial and had stable disease for 3 months, but she
discontinued treatment because of progression, including new brain metastases. After stereotactic radiosurgery and three cycles of eribulin, the patient progressed and
was enrolled in the current study. Her brain metastases had been stable for . 3 months at the time of enrollment. (D) and (F) Baseline (September 2014) and (E) and
(G) 7.2-month follow-up (April 2015) computed tomography scans performed after 22 treatments that showed two target lesions: (D) and (E) axillary and (F) and (G)
mediastinal lymph nodes (arrows). Her first computed tomography response assessment in November 2014 showed a 41% reduction (partial response) after just six
doses, which was confirmed 1 month later, and at this time, magnetic resonance imaging showed no evidence of intracranial metastases. (H) Photograph of the patient’s
skin involvement at the onset of treatment (September 2014) and (I) a photograph that shows a response in December 2014. The patient continued treatment, with 66%
reduction as the overall best response recorded in September 2015 and with four of the five nontarget lesions remaining stable and one completely resolved
(supraclavicular lymph node). However, in October 2015, two of the nontarget lesions progressed, and shewaswithdrawn from the study. (J) Trop-2 expression in archived
tumor by immunohistology that shows 3+ staining.
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contains seven to eight SN-38 molecules per IgG and delivers more
SN-38 to tumors than does irinotecan.16-18,30 In addition, sacituzumab
govitecan has demonstrated antibody-mediated cellular cytotoxicity
in vitro,16 which suggests a possible immunotherapeutic function of
the ADC that could contribute to the durability of the responses
observed in this study.

The patients tolerated prolonged therapy with up to 67 doses
given over 23 months, and no evidence of a host immune response
to the ADC was present. The treatment had no life-threatening or
fatal events, and the toxicity profile was generally mild and man-
ageable, with the primary dose-limiting toxicity from sacituzumab
govitecan being neutropenia. Of note, few patients had febrile
neutropenia (7%) or severe diarrhea (13%). Thus, the toxicities of
this ADC appear to be related primarily to the drug SN-38, but
overall incidence and severity are much lower than observed with
irinotecan.29 The reduced diarrhea and other intestinal toxicity
observed with this therapy may be explained in part by sacituzumab
govitecan releasing a very low amount of the glucuronidated de-
rivative of SN-38 that is responsible for diarrhea.30

In conclusion, single-agent treatment with sacituzumab
govitecan was well tolerated and highly active in heavily pretreated
patients with mTNBC. These results support further testing of this
ADC in TNBC and the potential role of Trop-2 as a predictive
biomarker. The study highlights howADCs against a suitable target
and with an appropriate linker could improve the therapeutic
index, potentially advancing the selectivity and potency of such
cancer therapeutics. On the basis of discussions with regulatory
authorities and the Breakthrough Therapy designation for mTNBC
from the Food and Drug Administration, the study of a more

restricted patient population with at least two prior therapies for
metastatic disease is currently underway (NCT01631552).
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Appendix
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Fig A1. Example of scoring for Trop-2 staining. (A) 1+, generally weak membrane or cytoplasmic staining in.10% of tumor cells; (B) 2+, moderately stained membrane
or cytoplasm in .10% of tumor cells; (C) 3+, strongly stained membrane or cytoplasm in . 10% of tumor cells.
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Fig A2. Trop-2 IHC scoring vs. PFS (n = 48). (A) Kaplan-Meier plot for 4 separate
groupswith the 0 (n = 2) and 1+ (n = 4) combined, including 21 patientswho did not
have a specimen for Trop-2 analysis. (B) Kaplan-Meier plot comparing PFS for
patients with specimens stained 0 and 1+ combined vs. those with 2+ and 3+
Trop-2 staining combined.
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