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Trastuzumab deruxtecan (DS-8201) is an antibody–drug conjugate composed of a humanized monoclonal
anti-HER2 antibody, a cleavable tetrapeptide-based linker and a potent topoisomerase I inhibitor. The
drug’s efficacy has been proven in HER2-positive breast and gastric cancers. The rate of HER2 positivity in
biliary tract cancer (BTC) has been reported to be 5–20%, and case reports and clinical trials have suggested
that HER2 inhibitors might be active in HER2-positive BTC. Here we describe the rationale and design of
the phase II HERB trial that will evaluate the efficacy and safety of trastuzumab deruxtecan in patients
with HER2-expressing unresectable or recurrent BTC. The primary end point will be the centrally assessed
objective response rate in HER2-positive patients.

Plain language summary: Trastuzumab deruxtecan (DS-8201) is a new drug against HER2, a receptor on
cell membranes that has sensitivity to targeted inhibitors. The drug’s efficacy has been proven in HER2-
positive breast and gastric cancers. Some studies have suggested that HER2 inhibitors might be active in
HER2-positive biliary tract cancers. This article describes the design of a new clinical trial. The HERB trial is
designed to evaluate the efficacy and safety of trastuzumab deruxtecan in patients with HER2-expressing
biliary tract cancers.

Clinical trial registration: JMA-IIA00423.
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Biliary tract cancers (BTCs) include intrahepatic and extrahepatic cholangiocarcinoma, gallbladder cancer and
cancer of the ampulla of Vater. Although the prevalence and mortality of BTC vary based on the primary site
and geographical region, its incidence is increasing worldwide [1]. Complete surgical resection is the gold-standard
treatment modality, but only 10–40% of patients have resectable disease [2]. Most patients with BTC present with
locally advanced or metastatic disease and have poor prognoses, with 5-year survival rates of less than 5–10% [3].
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Chemotherapy is the standard-of-care for locally advanced or metastatic BTC, and cisplatin plus gemcitabine
was established as the standard first-line regimen [4]. The efficacy of second-line chemotherapy after progression
with cisplatin plus gemcitabine is limited. Although the ABC-06 phase III trial showed a survival advantage
with fluorouracil, leucovorin and oxaliplatin (FOLFOX) plus active symptom control (ASC) over ASC alone,
FOLFOX plus ASC conferred a median overall survival (OS) of 6.2 months, median progression-free survival
(PFS) of 4.0 months and objective response rate (ORR) of only 5% [5]. Other second-line chemotherapy options
include fluorouracil, leucovorin and irinotecan (FOLFIRI), but this is based on several small retrospective studies,
and its efficacy is also modest [6]. Recently, NIFTY, an open-label, randomized, phase IIb study, reported that
liposomal irinotecan (nal-IRI) in combination with fluorouracil and leucovorin (5-FU/LV) significantly improved
PFS compared with 5-FU/LV alone [7], but nal-IRI has not been approved for BTC. Because oxaliplatin and
irinotecan are not covered by insurance in Japan, S-1 (an oral fluoropyrimidine) is often used as an alternative based
on the results of phase II trials that showed an ORR of 7.5–22.7% [8–10].

Novel molecular targets such as FGFR2 fusions, IDH1 mutation and BRAFV600E mutation were found to be
attractive for BTC in phase II or phase III trials, although EGFR-targeted therapies failed to demonstrate efficacy [11].
Pemigatinib achieved an ORR of 35.5% in patients with BTC harboring FGFR2 fusions or rearrangements [12],
infigratinib achieved an ORR of 18.8% in FGFR2 fusions [13], dabrafenib plus trametinib showed an ORR of 51%
in BRAFV600E mutations [14] and ivosidenib was superior to placebo in PFS in IDH1 mutations [15]. While these are
important discoveries, there are still issues to be addressed, such as resistance mechanisms and the need for effective
biomarkers [16].

HER2 is a tyrosine kinase transmembrane receptor, and its overexpression and gene amplification are involved
in tumor growth and progression. HER2-targeted therapy is effective in treating advanced breast and gastric
cancers [17–25]. In BTC, HER2 overexpression and/or gene amplification have been reported in several studies, and
the HER2 positivity rates in extrahepatic and intrahepatic cholangiocarcinoma are estimated to be 10–20% and
5%, respectively [26–40]. Although lapatinib, a HER2-targeted dual tyrosine kinase inhibitor, did not show efficacy in
small clinical trials for unselected BTC patients [41,42], responses were observed among HER2-positive BTC patients
treated with trastuzumab, trastuzumab emtansine or neratinib in case reports and case series [43–47], suggesting that
HER2-targeted therapy might be effective in patients with HER2-positive BTC. Recently, the results of the BTC
cohort of MyPathway, a nonrandomized, multicenter, open-label, phase IIa multiple basket study, were reported,
showing an ORR of 23% in 39 HER2-positive patients treated with a dual anti-HER2 regimen, pertuzumab plus
trastuzumab [48].

Trastuzumab deruxtecan (DS-8201)
Trastuzumab deruxtecan (DS-8201) is an antibody–drug conjugate composed of a humanized monoclonal anti-
HER2 antibody with the same amino acid sequence as trastuzumab, a cleavable tetrapeptide-based linker, and a
potent topoisomerase I inhibitor as the cytotoxic drug (drug payload); it has a drug-to-antibody ratio of approxi-
mately 8:1. Although the linker is stable in plasma, it is selectively cleaved after internalization by lysosomal enzymes
such as cathepsins, which are overexpressed in the tumor microenvironment, releasing the topoisomerase I inhibitor
payload [49]. The released payload has a bystander effect that readily crosses the cell membrane [50], allowing for a
potent cytotoxic effect on HER2-low-expressing tumors and those with heterogeneous HER2 expression, such as
gastric cancer and BTC.

In a dose-escalation phase I trial in patients with advanced breast and gastric cancers, although the maximum
tolerated dose of trastuzumab deruxtecan was not reached, the most likely recommended phase II dosing was
selected to be 5.4 or 6.4 mg/kg, based on safety and activity [51]. As for breast cancer, a subsequent dose-expansion
phase I trial reported that trastuzumab deruxtecan had preliminary activity with an ORR of 59.5% in patients
with advanced HER2-positive (immunohistochemistry [IHC] 3+ or IHC 2+/in situ hybridization [ISH]-positive)
breast cancer previously treated with trastuzumab emtansine and a manageable safety profile [52]. Another cohort
of dose-escalation phase I trials in patients with breast cancer assessed the activity of trastuzumab deruxtecan
against HER2-low-expressing tumors (IHC 1+ or IHC 2+/ISH negative) and showed an ORR of 37.0% in 54
patients [53]. In a single-group multicenter phase II study that confirmed the efficacy of trastuzumab deruxtecan in
patients with HER2-positive metastatic breast cancer previously treated with trastuzumab emtansine (DESTINY-
Breast01), 184 patients received the recommended dose of 5.4 mg/kg, and 112 (60.9%) achieved an objective
response; the median response duration was 14.8 months and the median PFS was 16.4 months. The most common
adverse events of grade 3 or higher were a decreased neutrophil count (20.7%), anemia (8.7%) and nausea (7.6%),
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but more attention should be paid to interstitial lung disease (2.7%, including 2.2% of grade 5 severity), an
occasionally fatal adverse event [21].

As for gastric cancer, in a dose-expansion phase I trial that assessed the safety and activity of trastuzumab
deruxtecan in patients with advanced HER2-positive gastric cancer previously treated with trastuzumab, 19/44
patients (43.2%) had a confirmed objective response. In a subsequent randomized multicenter phase II study that
evaluated trastuzumab deruxtecan at 6.4 mg/kg compared with chemotherapy in 187 patients with HER2-positive
advanced gastric cancer who had progressed after receiving at least two previous regimens including trastuzumab
(DESTINY-Gastric01), an ORR of 51% was achieved in the trastuzumab deruxtecan group, compared with 14%
in the chemotherapy group (p < 0.001); the median OS times were 12.5 and 8.4 months, respectively (hazard
ratio: 0.59; p = 0.01). Interstitial lung diseases were observed in 12 patients (9.6%), and the most common adverse
events of grade 3 or higher in the deruxtecan group were decreased neutrophil count (51%), anemia (38%) and
decreased white cell count (21%) [25]. Based on this evidence, trastuzumab deruxtecan was approved for metastatic,
HER2-positive breast and gastric cancer in the USA and Japan and for metastatic, HER2-positive breast cancer in
the UK and the EU.

As for colorectal cancer, in a single-group multicenter phase II study, 24/53 (45.3%) patients with HER2-positive
tumors achieved a confirmed objective response [54]. For HER2-positive uterine carcinosarcoma, an investigator-
initiated registration-directed phase II trial (UMIN000029506) is ongoing. In addition, in the aforementioned
dose-expansion phase I trial, confirmed objective responses were observed in HER2-expressing (IHC ≥1+) non-
small-cell lung cancer, salivary gland cancer, BTC and endometrial cancer [55].

Collectively, these data suggest that trastuzumab deruxtecan has a potent HER2 inhibitory effect even after
multiple treatments, including anti-HER2 therapy, activity in HER2-low-expressing tumors, and promising efficacy
in many HER2-positive cancer types, including BTC. However, careful attention should be paid to the development
of interstitial lung disease.

HERB trial
The HERB trial (NCCH1805, JMA-IIA00423), an investigator-initiated registration-directed trial funded by the
Japan Agency for Medical Research and Development and Daiichi Sankyo, is being conducted to evaluate the
efficacy and safety of trastuzumab deruxtecan in patients with HER2-expressing unresectable or recurrent BTC
refractory or intolerant to treatment including gemcitabine. An investigator-initiated registration-directed trial
means that the trial follows the Pharmaceuticals and Medical Devices Agency Act and Japanese good clinical
practice for a new drug application [56].

Objectives
The primary objective of this trial was to assess the benefit of trastuzumab deruxtecan on the ORR in HER2-
positive (defined as IHC 3+ or IHC 2+/ISH+; ISH+ defined as HER2/chromosome 17 copy number ≥2.0)
BTC patients by central imaging review. The secondary objectives included assessment of the following: ORR
in all HER2-expressing patients by central imaging review, ORR in HER2-low-expressing (defined as IHC/ISH
status of 0/+, 1+/−, 1+/+ or 2+/−) patients by central imaging review, ORR by local investigator review,
disease control rate (DCR) by central imaging and local investigator review, PFS by central imaging and local
investigator review, OS in two cohorts (HER2-positive and HER2-low-expressing) and the total population (all
HER2-expressing) and incidence of adverse events. Exploratory objectives include investigating the pharmacokinetic
profiles of trastuzumab deruxtecan, total antibody and MAAA-1181a (topoisomerase I inhibitor payload) in serum
concentrations, estimating the incidence of human anti-human antibodies, assessing responses and survivals in
registry data as an external control group, and performing ctDNA analyses.

Key eligibility criteria
The key inclusion and exclusion criteria are presented in Table 1. In this trial we enroll patients with unresectable
or recurrent BTC histologically diagnosed as adenocarcinoma or adenosquamous carcinoma, with confirmed
HER2 expression by central pathological examination, who were refractory to or intolerant of treatment including
gemcitabine and have adequate organ function. Eligible patients have an Eastern Cooperative Oncology Group
performance status of 0 or 1, are aged 20 years or older, have one or more measurable lesions and a left ventricular
ejection fraction >50%. Patients with interstitial lung disease, pneumonitis requiring steroid therapy, or lung
diseases that could not be ruled out by imaging during the screening period are excluded.

future science group 10.2217/fon-2022-0214

https://center6.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000033713


Clinical Trial Protocol Ohba, Morizane, Ueno et al.

Table 1. Key inclusion and exclusion criteria in the HERB trial.
Inclusion criteria Exclusion criteria

– Adenocarcinoma or adenosquamous carcinoma is histologically diagnosed
– HER2 expression† is confirmed by central pathological examination of the designated
HER2 screening trial. HER2-expressing is defined as any of the following: ≥1+ by IHC;
positive by ISH
– Unresectable or recurrent biliary tract cancer
– No moderate or severe ascites
– 20 years or older
– ECOG PS 0 or 1
– Measurable lesions are present
– Refractory or intolerant to treatment, including gemcitabine
– Left ventricular ejection fraction of �50% (echocardiography or multiple-gated
acquisition)
– The most recent test values within 14 days before enrollment meet all of the following:
neutrophil count ≥1500/mm3; hemoglobin ≥9.0 g/dl; platelet count ≥100,000/mm3; total
bilirubin ≤1.5 mg/dl; AST ≤100 IU/l; ALT ≤100 IU/l; creatinine clearance ≥30 ml/min
– Written informed consent

– Active double cancer
– History/complication of symptomatic congestive heart failure within
6 months prior to enrollment or serious arrhythmias requiring treatment
– History/complication of myocardial infarction or unstable angina within
6 months prior to enrollment
– QTcF �470 ms (women) or QTcF �450 ms (men) on 12-lead ECG
– Past non-infectious interstitial lung disease or pneumonitis requiring
steroid therapy. Complicated by interstitial lung disease or pneumonitis.
Or these lung diseases cannot be ruled out by imaging during the
screening period
– Adverse events considered related to prior therapy that are not
recovered to ≤grade 1 except alopecia

†The primary cohort (n = 24) of HER2-positive patients (defined as IHC 3+ or IHC 2+/ISH+) and the exploratory cohort (n =�8) of HER2-low-expressing patients (defined as IHC/ISH
status of 0/+, 1+/-, 1+/+, or 2+/-).
ECOG PS: Eastern Cooperative Oncology Group performance status; IHC: Immunohistochemistry; ISH: In situ hybridization; QTcF: Corrected QT interval.

Trial sites
(n = 5)

SCRUM-
Japan sites

(n = 30)

Only
screening

sites
(n = 25)

HERB
preSCR

lHC
lSH

HER2-
positive

HER2-
positive

HER2-
expressing

Referred to 
trial sites

Not referred to trial sites

Key inclusion criteria
Histologically confirmed
unresectable or recurrent BTC
Centrally confirmed HER2-
expressing status
Refractory or intolerant to
treatment including 
gemcitabine
ECOG PS 0 or 1

Eligible*

lneligible

HERB trial
Trastuzumab deruxtecan 

(DS-8201)
5.4 mg/kg lV

day 1, every 3 weeks

Follow-up every 6 weeks
for the first 24 weeks,

every 12 weeks thereafter
for radiologic progression

and/or survival status

SCRUM-Japan registry study

External control group

•

•

•

•

Figure 1. HERB trial design.
*The primary cohort (n = 24) of HER2-positive patients(defined as lHC 3+ or lHC 2+/lSH +) and the exploratory cohort
(n = <8) of HER2-low-expressing patients (defined as lHC/lSH status of 0/+, 1+/-, 1+/+, or 2+/-).
BTC: Biliary tract cancer; ECOG PS: Eastern Cooperative Oncology Group performance status; HERB preSCR: Screening
study of HER2 expression for biliary tract cancer; IHC: Immunohistochemistry; ISH: In situ hybridization; IV:
Intravenous; SCRUM-Japan: Cancer Genome Screening Project for Individualized Medicine in Japan.

Study design
HERB is an open-label, single-group, multicenter, phase II trial (Figure 1). Patients will be screened at 30 screening
study sites in Japan, and eligible patients will be enrolled in the trial at five trial sites out of the 30 sites. The first
patient was enrolled on 21 June 2019.

A screening study of HER2 expression for BTC (HERB preSCR, UMIN000036697) will be conducted to
detect HER2-expressing BTC in the facilities of SCRUM-Japan, a nationwide cancer genome screening project in
Japan. In this study, confirmation of HER2-expressing status will be obtained by central pathological examination
using IHC and ISH on archival tissue. If HER2-positive BTC is detected at a site not conducting the trial, the
patient will be referred to one of the five trial sites. HER2-positive patients not referred to the trial sites or who are
ineligible for inclusion will be registered in the SCRUM-Japan registry study (UMIN000028058).

Patients will receive trastuzumab deruxtecan at a dose of 5.4 mg/kg, administered by intravenous infusion every
3 weeks. Study treatment will continue until radiological or clinical disease progression, unacceptable toxicity
(including grade 2 or higher interstitial lung disease) or withdrawal of consent.

Evaluations
Tumor assessments using computed tomography (CT) scanning or MRI will be performed, based on the Response
Evaluation Criteria in Solid Tumors version 1.1, by central imaging and local investigator review at weeks 6, 12,
18 and 24 and at every 12 weeks thereafter until radiological progression or the end of the study.
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All toxicities experienced during the study will be recorded and graded according to the National Cancer Institute’s
Common Terminology Criteria for Adverse Events version 5.0. Hematology and biochemistry monitoring will
be performed at least once per treatment cycle and at the withdrawal visit before the initiation of sub-treatment.
Chest CT for evaluating safety (i.e., assessing the development of interstitial lung disease) will be performed every
6 weeks. For cardiotoxicity assessment, echocardiography will be performed every four treatment cycles.

Mandatory plasma samples for ctDNA analysis will be collected at baseline, on day 1 of cycle 2 and at the
withdrawal visit. In approximately six patients, serum will be collected for pharmacokinetic analysis at days 1, 8
and 15 of cycle 1 and day 1 of cycles 2, 3 and 4, and for human anti-human antibody analysis on days 1 and 8 of
cycle 1 and day 1 of cycles 2 and 4, and at the withdrawal visit.

Statistical analysis methods
A total of 32 patients, including 24 with HER2-positive BTC and up to eight with HER2-low-expressing BTC,
will be enrolled in this study. To analyze the ORR as the primary end point in patients with HER2-positive BTC,
assuming a threshold response rate of 15% and an expected response rate of 40% with a one-sided significance
level of α = 0.05 and β = 0.2 (80% power) for the entire study, the required number of patients is 22. The
expected number of enrolled HER2-positive patients is 24, assuming that some patients are ineligible or receive
no study treatment. In addition, up to eight patients (minimum six) with HER2-low-expressing BTC will be
exploratively enrolled as eligible patients who will not be subject to the primary end point analysis. The purpose
of this exploratory cohort is to explore whether signs of efficacy will be seen among HER2-low-expressing BTC
patients.

All efficacy analyses will be performed for the full analysis set, defined as the population of all eligible patients,
excluding those who receive no study treatment. Safety will be assessed for the safety analysis set, defined as the
population of all registered patients, excluding those who receive no study treatment.

The binomial test will be performed for the null hypothesis of the true ORR in patients with HER2-positive BTC
less than or equal to the threshold ORR of 15%. The 90 or 95% CIs for the ORR and DCR will be estimated using
the Clopper and Pearson methods. The ORR is defined as the proportion of patients with a confirmed complete
response or confirmed partial response as the best overall response, while the DCR is defined as the proportion
of patients with a confirmed complete response or confirmed partial response and stable disease (confirmation
requires at least 4 weeks of sustained effect) as the best overall response. PFS is defined as the time from the date
of registration until disease progression or death from any cause or censor at the date of the last visit for patients
without progression, and OS is defined as the time from the date of registration until death from any cause or
censor or the final follow-up date for survivors. The median PFS and OS will be estimated using the Kaplan–Meier
method, and the Brookmeyer and Crowley methods will be used to calculate the 95% CI. The probability of OS
and PFS will be estimated using the Kaplan–Meier curve, and Greenwood’s formula will be used to calculate the
95% CI. The ORR, PFS and OS will also be estimated using the SCRUM-Japan registry data as an external control
group.

Ethical considerations
The HERB trial is being conducted following the trial protocol approved by the institutional review boards of the
participating institutions, with registration at JMA-IIA00423, and with the ethical principles of the Declaration of
Helsinki, good clinical practice and applicable regulatory requirements. Informed consent will be obtained from
all patients before enrollment in the study.

Discussion & future perspective
Although some benefit has been shown from standard regimens of FOLFOX or nal-IRI + 5-FU/LV (which
demonstrated superiority of OS or PFS in a randomized trial) and alternative regimens of FOLFIRI or S-1 (which
had modest activity in retrospective or phase II trials), the prognosis for patients with BTC who are refractory to
cisplatin plus gemcitabine remains poor. For FOLFOX, the median OS was approximately 6 months, and the ORR
was 5% [5]. Thus more effective treatment strategies that improve response rates and extend survival in patients
with BTC receiving second-line or later chemotherapy are needed.

Several molecular targets (e.g., FGFR2 fusion, IDH1 mutation and BRAFV600E) have been discovered in BTC,
and targeted therapies for these have shown some efficacy [12–15], but the prevalence of any of these genetic alterations
is small: only a few percent. The rate of HER2 positivity in BTC has been reported to be 5–20%, which is relatively
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high, and case reports and clinical trials have suggested that HER2 inhibitors might be active in HER2-positive
BTC as well as breast and gastric cancer [48]. Based on the results of clinical trials to date, trastuzumab deruxtecan
is more active than other existing HER2 inhibitors and has the characteristics of being effective in heavily treated
and HER2-low-expressing cases [21,25,52–54]. Against this background, trastuzumab deruxtecan is currently the most
promising drug for HER2-expressing BTC, and the purpose of the HERB trial is to confirm whether trastuzumab
deruxtecan is truly effective for HER2-positive BTC.

For this trial we established a HER2-expressing BTC screening study using the classical HER2 screening methods,
IHC and ISH. Comprehensive genomic profiling (CGP) using tissue or blood samples is becoming the mainstream
method to confirm HER2 amplification, but we noticed in our preliminary study that IHC and ISH have
higher screening sensitivity than CGP using tissue samples (Ohba et al., [unpublished data]). Additionally, CGP
reflects gene amplification, and classical screening methods such as IHC and ISH account for the cell membrane’s
subsequent protein overexpression. Theoretically, the latter is more directly related to the drug efficacy, because
trastuzumab deruxtecan binds to HER2 receptors on the cell membrane and is internalized in tumor cells. Because
ctDNA will be measured in parallel in this study, the design allows us to compare the efficacy of the study treatment
and the CGP findings using blood samples.

In terms of safety, interstitial lung disease is the most important adverse event associated with trastuzumab
deruxtecan because of its potential fatality. Given that the gastrointestinal system mainly excretes this payload via
bile, it is necessary to observe whether the frequency of interstitial lung disease increases in BTC with bile stasis and
the subsequent increase in blood concentration due to bile duct obstruction. In this study the pharmacokinetics of
trastuzumab deruxtecan will be analyzed for BTC.

In this study we set the threshold response rate at 15% and the expected response rate at 40%, which is
exceptionally high, to show that this drug is more effective than any other existing cytotoxic drug or regimen. If
this level of efficacy is demonstrated, it is expected that the mainstream secondary treatment for BTC will shift
from cytotoxic therapy to molecular targeted therapy.

Immunotherapy with immune checkpoint inhibitors is emerging as a new treatment modality for BTC. Although
the efficacy of immune checkpoint inhibitors as single agents is limited in BTC [57,58], several phase III trials of
immune checkpoint inhibitors in combination with cisplatin plus gemcitabine as a first-line therapy are under
way [59,60] In addition, there is growing interest in developing combinations of immunotherapy and molecularly
targeted therapies for many cancer types. Therefore the combination of trastuzumab deruxtecan and immune
checkpoint inhibitors is expected to be used in BTC. To supplement this rationale, we are observing the immune
response during treatment with this drug as an extra-protocol study.

A limitation of this study is that it will be a cohort of a small number of Japanese patients. With a limited number
of cases, there will be a risk of underestimating or overestimating the efficacy of the therapy. In addition, there are
racial differences in the frequency of interstitial lung disease, meaning that the results should be interpreted with
caution.

Taken together, this study has the potential to lead to the approval of a therapeutic agent for a novel target in
BTC. If the agent is found to be highly effective, the treatment of BTC will not only move toward molecular
targeted therapies, but also extend the approaches to first-line as well as second-line systemic therapy. Moreover,
the combination of such agents with immunotherapy could bring dramatic advances to this area. In the future, it
is envisioned that genuine precision medicine will be achieved in BTC.

Conclusion
The HERB trial will assess the benefit of trastuzumab deruxtecan in patients with HER2-positive unresectable or
recurrent BTC. The results of HERB have the potential to enrich the treatment options in second-line settings or
beyond and to improve the response and survival of these patients. The first report on the primary end point of
the trial is expected in 2022.

10.2217/fon-2022-0214 Future Oncol. (Epub ahead of print) future science group



Multicenter phase II trial of trastuzumab deruxtecan for HER2+ unresectable or recurrent BTC Clinical Trial Protocol

Executive summary

Background
• The prognosis for patients with biliary tract cancer (BTC) refractory to cisplatin plus gemcitabine remains poor,

with a median overall survival (OS) of approximately 6 months and an objective response rate (ORR) of 5%.
• The rate of HER2 positivity in BTC has been reported to be 5–20%, and case reports and clinical trials have

suggested that HER2 inhibitors might be active in HER2-positive BTC.
• Trastuzumab deruxtecan is an antibody–drug conjugate composed of a humanized monoclonal anti-HER2

antibody, a cleavable tetrapeptide-based linker and a potent topoisomerase I inhibitor; it is the most promising
drug among the various HER2 inhibitors.

HERB trial
• The multicenter, phase II HERB trial was designed to investigate the efficacy and safety of trastuzumab

deruxtecan in patients with HER2-expressing unresectable or recurrent BTC who were refractory or intolerant to
treatment including gemcitabine.

• A total of 32 patients, including 24 with HER2-positive BTC and up to eight with HER2-low-expressing BTC, will be
enrolled in this study.

• Enrolled patients will receive trastuzumab deruxtecan at a 5.4 mg/kg dose, and this will be administered by
intravenous infusion every 3 weeks.

• The primary end point is the centrally assessed ORR in HER2-positive patients.
• The secondary end points are ORR in all HER2-expressing patients, ORR in HER2-low-expressing patients, disease

control rate, progression-free survival, OS and the incidence of adverse events.
• Exploratory end points are the pharmacokinetics of trastuzumab deruxtecan, total antibody and drug payload;

incidence of human anti-human antibodies; responses and survivals in registry data as an external control group;
and serial ctDNA analyses.

• The study had 80% power for the primary end point in HER2-positive BTC patients, with a one-sided α error of
5%, threshold ORR of 15% and expected ORR of 40%.

• The first patient was enrolled on 21 June 2019, and the first report of the primary end point result is expected in
2022.
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