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ABSTRACT

PURPOSE Treatment options for patients with unresectable or recurrent biliary tract
cancer (BTC)who progress on a gemcitabine-containing regimen are limited. In
addition, the significance of anti–human epidermal growth factor receptor 2
(HER2) therapy in HER2-expressing BTC has not been sufficiently investigated.

METHODS In this phase II trial, participants from five institutions in Japan were enrolled.
Eligible patients hadpathologically confirmedunresectable or recurrent BTCwith
centrally confirmed HER2-positive (immunohistochemistry [IHC]31 or IHC21
and in situ hybridization [ISH]1) or HER2-low (IHC21 and ISH–, IHC11, and
IHC0 and ISH1) and were refractory or intolerant to a gemcitabine-containing
regimen. The patients received 5.4 mg/kg trastuzumab deruxtecan (T-DXd) once
every 3 weeks until disease progression or unacceptable toxicity. The primary end
point was the confirmed objective response rate (ORR) in HER2-positive BTC by
an independent central review (threshold ORR, 15%; expected ORR, 40%).

RESULTS A total of 32 patients were enrolled and treated. Among these patients, 22 with
HER2-positive disease comprised the primary efficacy population and had a
confirmedORRof 36.4% (90%CI, 19.6 to 56.1; P 5 .01),meeting the primary end
point. Eight with HER2-low disease comprised the exploratory population and
had a confirmed ORR of 12.5%. The most common ≥grade 3 treatment-related
adverse events were anemia (53.1%) and neutropenia (31.3%). Eight patients
(25.0%) had interstitial lung disease (ILD), including two grade 5 events.

CONCLUSION T-DXd showed promising activity in patients with HER2-positive BTC and a
signal of efficacy in patients with HER2-low BTC. Although the safety profile was
generally manageable, ILD requires careful monitoring and early intervention.

INTRODUCTION

Biliary tract cancer (BTC) include intrahepatic and extra-
hepatic cholangiocarcinomas, gallbladder cancer, and cancer
of the ampulla of Vater.1 Only 10%-40% of patients with BTC
have resectable disease, and most patients are typically
diagnosed at an advanced stage.2 Combination chemother-
apy has been the standard first-line treatment for patients
with advanced BTC after a phase III trial established the
effectiveness of cisplatin plus gemcitabine.3 A recent phase
III trial reported that additional durvalumab or pem-
brolizumab in combination with chemotherapy improved
overall survival (OS).4,5 However, the efficacy of second-line
chemotherapy after disease progressionwith thesefirst-line

therapies is limited. Fluorouracil, leucovorin, and oxali-
platin (FOLFOX) demonstrated a survival advantage com-
pared with the best supportive care; however, despite toxic
combination therapy, the progression-free survival (PFS)
and objective response rate (ORR) were approximately
4 months and 5%, respectively.6 In addition, this combi-
nation chemotherapy regimen is not always indicated and
fluoropyrimidine alone is still occasionally used in clinical
practice. S-1 (an oral fluoropyrimidine) is used as an al-
ternative in Asian countries in second-line setting; how-
ever, the reported ORR ranged from 7.5% to 22.7%.7-9 Thus,
further investigations are needed to develop more effective
second- or later-line treatment options for patients with
progressive BTC.

ACCOMPANYING CONTENT

Oncology Grand
Rounds, p. 3170

Appendix

Data Sharing
Statement

Protocol

Accepted April 17, 2024

Published August 5, 2024

J Clin Oncol 42:3207-3217

© 2024 by American Society of

Clinical Oncology

View Online
Article

Creative Commons Attribution
Non-Commercial No Derivatives
4.0 License

ascopubs.org/journal/jco | Volume 42, Issue 27 | 3207

https://orcid.org/0000-0002-9153-3798
https://orcid.org/0000-0002-6560-7503
https://orcid.org/0000-0002-7706-0015
https://orcid.org/0000-0002-1570-6802
https://orcid.org/0000-0003-4480-0029
https://orcid.org/0000-0002-2535-6586
https://orcid.org/0000-0002-4050-2086
https://orcid.org/0000-0002-3754-9027
https://orcid.org/0000-0003-0663-6117
https://orcid.org/0000-0002-4098-5217
https://orcid.org/0000-0002-7569-7813
https://orcid.org/0000-0002-6786-3527
https://orcid.org/0009-0009-9536-1506
https://orcid.org/0000-0003-3534-8296
https://orcid.org/0000-0002-5241-6855
https://orcid.org/0000-0002-2602-7282
https://orcid.org/0000-0002-0489-4756
https://orcid.org/0000-0003-1729-807X
https://doi.org/10.1200/JCO.23.02010
http://ascopubs.org/doi/full/10.1200/JCO.24.00868
https://ascopubs.org/doi/suppl/10.1200/JCO.23.02010
https://ascopubs.org/doi/suppl/10.1200/JCO.23.02010
https://ascopubs.org/doi/suppl/10.1200/JCO.23.02010
http://ascopubs.org/journal/jco


Several targeted therapies have been developed for patients
with progressive BTC. A phase III trial reported that the PFS
associated with ivosidenib, an isocitrate dehydrogenase-1
(IDH1) inhibitor, was improved compared with a placebo in
patients with IDH1-mutant BTC.10 With respect to fibroblast
growth factor receptor-2 (FGFR2) inhibitors, infigratinib,
pemigatinib, and futibatinib achieved an ORR of 18.8%,
35.5%, and 41.7%, respectively, in patients with BTC har-
boring FGFR2 fusions or rearrangements in phase II trials.11-13

A combinationofdabrafenib and trametinib showedanORRof
51% in patientswith the v-rafmurine sarcoma viral oncogene
homolog B1 (BRAF) V600E mutation in a phase II trial.14 In
summary, these molecularly targeted agents have been de-
veloped for patients with BTC after second-line therapy and
have generally demonstrated an ORR of 20%-50%.

Human epidermal growth factor receptor 2 (HER2) over-
expression, gene amplification, or both have been reported
in 15%-30% of gallbladder cancers, 10%-20% of extrahe-
patic cholangiocarcinomas and cancer of the ampulla of
Vater, and 3%-5% of intrahepatic cholangiocarcinomas.15,16

HER2-targeted therapies have been effective inmany cancer
types, including breast and gastric cancers.17,18 Regarding
HER2-positive BTC, the antitumor activity of several agents
has been reported in case reports or case series, and per-
tuzumab plus trastuzumab showed an ORR of 23% in the
HER2-positive BTC cohort of 39 patients in a phase II basket
study.19

Trastuzumab deruxtecan (T-DXd) is an antibody-drug
conjugate composed of a humanized monoclonal anti-
HER2 antibody, a cleavable tetrapeptide-based linker, and
a potent topoisomerase I inhibitor (payload).20 The by-
stander effect of the payload, which readily crosses cell
membranes, contributes to a cytotoxic effect on HER2-low

tumors and heterogeneous HER2-expressing tumors, such
as gastric cancer and BTC.21 In the early stages of its de-
velopment, T-DXdwas shown to be effective in patientswith
HER2-positive metastatic breast cancer who had previously
been treated with trastuzumab emtansine and in patients
with advanced HER2-positive gastric cancer who had pre-
viously been treated with trastuzumab.22 Recently, the
survival benefits of T-DXd for HER2-positive metastatic
breast cancer after trastuzumab and a taxane compared with
trastuzumab emtansine23 and HER2-low metastatic breast
cancer in the second- or later-line compared to the physi-
cian’s choice of chemotherapy have also been established.24

T-DXd is one of the most effective HER2 inhibitors and is
expected to be potent against HER2-low cancers. We chose
the dose of 5.4 mg/m2 because the fact that efficacy was
comparable and safetywas better in breast cancerwas shown
at the time of designing this trial. Recently, a similar trend
has been reported in colorectal cancer,25 which may support
our choice of dose. Since the pharmacokinetic (PK) profiles
of T-DXd in BTC were unclear, and human antihuman an-
tibody (HAHA) was important for the resistancemechanism,
we included them in the exploratory analysis.

Therefore, we aimed to investigate the efficacy and safety of
T-DXd in patients with HER2-positive BTC refractory or
intolerant to treatment including gemcitabine. In addition,
we performed an exploratory evaluation of the HER2-low
BTC cohort.

METHODS

Patients

Adult patients (age 20 years and older) with unresect-
able or recurrent BTC (intrahepatic and extrahepatic

CONTEXT

Key Objective
About 5%-30% of patients with biliary tract cancer (BTC) have human epidermal growth factor receptor 2 (HER2)–positive
disease, and several HER2-targeted therapies have been reported to be effective for those patients. The HERB trial in-
vestigated the efficacy and safety of trastuzumab deruxtecan (T-DXd) in patients with HER2-expressing BTC.

Knowledge Generated
Of 22 patients with HER2-positive disease, the confirmed objective response rate (ORR) was 36.4%, meeting the primary end
point. Of eight patients with HER2-low disease in the exploratory population, ORR was 12.5%. T-DXd showed promising
activity in patients with HER2-positive BTC and a signal of efficacy in patients with HER2-low BTC.

Relevance (E.M. O’Reilly)
Antibody drug conjugates are proving to be a highly important therapeutic class of drugs. T-DXd is the first of its kind to
demonstrate activity in biliary cancers and provides ongoing pathway validation for the importance of HER2 in these
diseases.*

*Relevance section written by JCO Associate Editor Eileen M. O’Reilly, MD.
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cholangiocarcinomas, gallbladder cancer, and cancer of the
ampulla of Vater) who met the following criteria were eli-
gible to participate in the trial: a histologic diagnosis of
adenocarcinoma or adenosquamous carcinoma, confirmed
HER2 expression by central pathologic examination, re-
fractory or intolerant to treatment including gemcitabine, an
Eastern Cooperative OncologyGroup performance status of 0
or 1, ≥1 measurable lesion, adequate organ function, and a
left ventricular ejection fraction >50%. Patients were ex-
cluded if they had interstitial lung disease (ILD) requiring
steroid therapy, or lung disease that could not be ruled out by
imaging at screening. Patients who received previous anti-
HER2 therapy were not excluded. More details are provided
in the protocol.

Study Design and Treatment

This was an open-label, single-arm, multicenter, phase II
trial conducted in Japan. Patients were screened at 30 sites
belonging to SCRUM-Japan, a nationwide genome screening
project, and eligible patients were enrolled in the trial at five
trial sites. A screening study on HER2 expression for BTC
(UMIN000036697) was conducted to identify patients with
HER2-expressing BTC. A central pathologic examination
consisting of immunohistochemistry (IHC) and in situ hy-
bridization (ISH) of archival tissue confirmed the HER2-
expressing status. For IHC, an anti-HER2 antibody
(I-VIEW PATHWAY [4B5]; Ventana Medical Systems, West
Sussex, United Kingdom) and the PathVysion HER2 DNA
Probe Kit (Abbott Laboratories, Abbott Park, IL) were used.
HER2 testing and scoring algorithms complied with the ASCO
and College of American Pathologists guidelines for gastro-
esophageal adenocarcinoma.26 HER2-positive was defined as
IHC31 or 21/ISH 1, and HER2-low was defined as IHC/ISH
21/–, 11/1, 11/–, or 0/1. T-DXd was administered every
3 weeks at a dose of 5.4 mg/kg until radiologic or clinical
disease progression or unacceptable toxicity, including
grade ≥2 ILD.

Study End Points

For tumor assessment, computed tomography or magnetic
resonance imaging was performed every 6 weeks until
24 weeks and every 12 weeks thereafter. The measurements
were based on the RECIST version 1.1, by blinded indepen-
dent central review (BICR) or local investigator review (LIR).
All efficacy analyses were performed for the full analysis set
(FAS), defined as the population of all applicable enrolled
patients with a measurable lesion, excluding those who did
not receive the study treatment and those who were later
confirmed to be ineligible. Safety was assessed for the safety
analysis set (SAS), defined as the population of all enrolled
patients, excluding those who did not receive the study
treatment. The primary end point was confirmed ORR in the
HER2-positive BTC by BICR. It was defined as the proportion
of complete and partial responses confirmed after at least
4 weeks among HER2-positive FAS. Secondary end points
were confirmed ORR in patients in the HER2-low BTC and all

enrolled BTC by BICR, confirmed ORR by LIR in each cohort,
disease control rate (DCR) by BICR and LIR in each cohort,
PFS by LIR and BICR, OS in each cohort, and incidence of
adverse events. The duration of response (DoR) was assessed
by LIR as post hoc analysis. Exploratory analyses included
investigating the PK profiles of T-DXd, total antibody, and
MAAA-1181a (topoisomerase I inhibitor payload) in serum
concentrations and estimating the incidence of HAHA. More
details are provided in the protocol.

Safety

All adverse events during the study period were recorded and
graded according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events version 5.0. Cases
of ILD were assessed by symptoms, laboratory data, and
imaging.

Statistical Analysis

The planned number of HER2-positive BTC for the primary
analysis was 24. We assumed a threshold ORR of 15% and an
expected ORR of 40% for HER2-positive patients to achieve a
one-sided alpha error of .05 and 80%power. Seven confirmed
objective responses were needed to declare the study positive.
To investigate the signs of efficacy in HER2-low disease, an
exploratory cohort with up to eight patients was set up.

The binomial test was performed for the null hypothesis of
true ORR is less than or equal to the threshold ORR of 15%.
The 90% and 95% CIs for the ORR by BICR, the 95% CI for
the ORR by LIR, and the DCRwere estimatedwith the Clopper
and Pearson methods. The median PFS and OS were esti-
mated using the Kaplan-Meier method, and the Brookmeyer
and Crowley method was used to calculate the 95% CI. The
probabilities of PFS andOSwere estimated using theKaplan-
Meier method, and Greenwood’s formula was used to cal-
culate the 95% CI. DoR was also analyzed with the same
methods for the PFS and OS. All analyses were performed
using SAS software (version 9.4).

Trial Oversight

This study was registered at jRCT (jRCT2091220423) and
JMACCT-CTR (JMA-IIA00423) and conducted after protocol
approval by the institutional review boards of the partici-
pating institutions and in accordance with the ethical
principles of the Declaration of Helsinki, Good Clinical
Practice in Japan, and applicable regulatory requirements. All
the participants provided written informed consent.

RESULTS

Study Participants

A total of 300 patients were screened and 296 patients had
both results of IHC and ISH. Among 296 patients, 61 (17
IHC31, 44 IHC21/ISH1; 20.6%) were HER2-positive, 120
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(40.5%) were HER2-low, and 115 (38.9%) were HER2-
negative. The disposition of the enrolled patients is shown
in the flowchart (Fig 1). A total of 32 patients (24 HER2-
positive and eightHER2-low)were enrolled between June 21,
2019, and July 9, 2020, and all patients had adenocarcinoma.
As two HER2-positive patients were eventually found to be
ineligible, the number of patients in the FAS was 30. At the
time of data cutoff on July 9, 2021, the median duration of
follow-up for survival of the HER2-positive BTC was
7.1 months (IQR, 4.7-14.6), all patients discontinued the
study treatment, and four patients were still alive (Appendix
Tables A1-A3, online only). The patient characteristics are
displayed in Table 1. In the HER2-positive BTC (n 5 22),
50.0% of patients had gallbladder cancer, 90.9% had me-
tastatic disease, 72.7% were administered study treatment
as third- or later-line therapy, and 45.5% had an IHC31
HER2 status. All specimens were obtained from the initial
diagnostic biopsy or surgical specimen before systemic
therapy for advanced disease.

Efficacy

The response data for each cohort are shown in Table 2. The
primary end point of the confirmed ORR by BICR in the
HER2-positive BTC was 36.4% (90% CI, 19.6 to 56.1; one-
sided P 5 .01 for rejecting threshold response rate of 15%)
with eight of 22 patients obtaining a confirmed objective

response, including two complete responses. The median
time to response was 1.6 months (95% CI, 1.3 to 2.8). In
HER2-low BTC, one patient (IHC21/ISH–) achieved a
partial response by BICR, resulting in a confirmed ORR of
12.5% (95%CI, 0.3 to 52.7). The confirmed DCR by BICRwas
81.8% (95% CI, 59.7 to 94.8) in the HER2-positive BTC and
75.0% (95% CI, 34.9 to 96.8) in the HER2-low BTC. The
responses of the subgroups are summarized in Appendix
Table A4. Figure 2A shows a waterfall plot of maximum
tumor shrinkage from the baseline in target lesions by BICR
in all eligible patients (waterfall plots by HER2 status are
shown in Appendix Fig A1). The median DoR by LIR for the
whole responder population in the HER2-positive BTC was
estimated to be 7.4 months (95% CI, 2.8 to not applicable;
Fig 2B). Figure 2C shows a spider plot of tumor volume
changes by LIR in all eligible patients. The median PFS by
LIR was 5.1 months (95% CI, 3.0 to 7.3) in the HER2-
positive BTC and 3.5 months (95% CI, 1.2 to 5.5) in the
HER2-low BTC (Figs 3A and 3B). The median OS was
7.1 months (95% CI, 4.7 to 14.6) in the HER2-positive BTC
and 8.9 months (95% CI, 3.0 to 12.8) in the HER2-low BTC
(Figs 3C and 3D).

Safety

SAS included all enrolled patients (n 5 32). Treatment-
related adverse events in SAS patients are shown in

Excluded
  Deviated from the inclusion criteria
  Violated the exclusion criteria

(n = 2)  

(n = 1)a

(n = 1)b

Registered
  HER2-positive BTC
  HER2-low BTC

(n = 32)
(n = 24)
(n = 8)

Safety analysis set
  HER2-positive BTC
  HER2-low BTC

(n = 32)
(n = 24)
(n = 8)

Full analysis set
  HER2-positive BTC
  HER2-low BTC

(n = 30)
(n = 22)
(n = 8)

PK/HAHA analysis set (n = 7)

Screened
  HER2-positive BTC
  HER2-low BTC

(N = 300)
(n = 61)

(n = 120)

FIG 1. Study flow diagram. BTC, biliary tract cancer; HAHA, human antihuman antibody;
HER2, human epidermal growth factor receptor 2; PK, pharmacokinetic. aThe patient was
administered systemic steroid therapy ≤14 days before enrollment. bThe patient had
pulmonary fibrosis on imaging at screening.
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Table 3. Treatment-related ≥grade 3 adverse events were
observed in 81.3% (26/32) of patients. Discontinuation of the
study treatment and dose reduction because of treatment-
related adverse events occurred in 25.0% and 18.8% of pa-
tients, respectively. Treatment-related deaths were ob-
served in two patients (6.3%). The most common ≥grade
3 treatment-related adverse events were anemia (53.1%),
neutropenia (31.3%), decreased WBC count (31.3%), and
decreased lymphocyte count (21.9%). Eight patients (25.0%)
developed ILD, and four (12.5%) were ≥grade 3, including
two grade 5 cases (treatment-related deaths). Details of ILD
are summarized in Appendix Table A5.

PKs and Human Antihumanized Antibody

The PK profiles of T-DXd, total antibody, and MAAA-1181a
in serum concentrations and the incidence of HAHA were
assessed in the samples obtained from seven patients.
Appendix Figure A2 and Appendix Table A6 summarize
the serum concentrations of T-DXd, the total antibody,
and MAAA-1181a. The median serum concentrations of
T-DXd on day 1 of cycles 2, 3, and 4 were 1,860, 4,660, and
5,070 ng/mL, respectively. These exposures were

consistent with those previously reported in patients with
breast cancer.27 All the patients were HAHA-negative.

DISCUSSION

In this phase II trial, the primary cohort of HER2-positive
BTC achieved a confirmed ORR of 36.4% (90% CI, 19.6 to
56.1) with a lower limit of 90% CI exceeding the threshold of
15%, resulting in the primary end point being met. Because
this threshold was set well above the previously reported
ORR for second-line chemotherapy, T-DXd is likely to be at
least more effective than chemotherapy.5 This response rate
was higher than the 23% indicated in a clinical trial of an-
other HER2 inhibitor combination, trastuzumab plus per-
tuzumab.19 In addition, as a leading success in the
development of targeted therapy for BTC, the ORR of the
recently approved FGFR inhibitors is also 20%-40%; thus,
the efficacy of T-DXd is comparable with that of these
agents. Notably, while this trial actually included more than
70% of patients in the third-line treatment and beyond, this
percentage was only 49%-54% in each of the FGFR2 in-
hibitors trials.11-13 It should be emphasized that two of the
responders showed complete responses (CRs; 9.1%), and CR

TABLE 1. Baseline Characteristics (FAS; n 5 30)

Characteristic HER2-Positive (n 5 22) HER2-Low (n 5 8) FAS (n 5 30)

Age, years, median (range) 67.5 (39-78) 68 (43-80) 68 (39-80)

Male, No. (%) 13 (59.1) 5 (62.5) 18 (60.0)

ECOG PS, No. (%)

0 15 (68.2) 6 (75.0) 21 (70.0)

1 7 (31.8) 2 (25.0) 9 (30.0)

Primary tumor location, No. (%)

Intrahepatic cholangiocarcinoma 3 (13.6) 3 (37.5) 6 (20.0)

Extrahepatic cholangiocarcinoma 6 (27.3) 2 (25.0) 8 (26.7)

Gallbladder cancer 11 (50.0) 2 (25.0) 13 (43.3)

Cancer of the ampulla of Vater 2 (9.1) 1 (12.5) 3 (10.0)

Disease status, No. (%)

Unresectable 13 (59.1) 4 (50.0) 17 (56.7)

Recurrent 9 (40.9) 4 (50.0) 13 (43.3)

Disease extent, No. (%)

Locally advanced 2 (9.1) 1 (12.5) 3 (10.0)

Metastatic 20 (90.9) 7 (87.5) 27 (90.0)

No. of previous regimens, No. (%)

1 6 (27.3) 3 (37.5) 9 (30.0)

≥2 16 (72.7) 5 (62.5) 21 (70.0)

HER2 expression, No. (%)

IHC31/ISH1 10 (45.5) 0 10 (33.3)

IHC21/ISH1 12 (54.5) 0 12 (40.0)

IHC21/ISH– 0 6 (75.0) 6 (20.0)

IHC11/ISH– 0 1 (12.5) 1 (3.3)

IHC0/ISH1 0 1 (12.5) 1 (3.3)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; FAS, full analysis set; HER2, human epidermal growth factor
receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization.
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was seldom observed in advanced BTC. Similar to the trend
observed in breast and gastric cancer trials, the ORR in-
creased to 40% in the IHC31 subset (Appendix Table A2).28,29

The confirmed ORR for any of the subgroups by primary
tumor location was >30%; thus, efficacy could be expected
regardless of the primary site. In terms of response dura-
bility, the median DoR of 7.4 months was consistent with
that of 5-9 months observed in trials of FGFR inhibitors.11-13

In the exploratory cohort of HER2-low disease, one patient
(12.5%) achieved a partial response, suggesting that HER2-
low may be beneficial for BTC as it proved to be in breast
cancer.24

Regarding survival, the median PFS in the HER2-positive and
HER2-low BTC was 5.1 months and 3.5 months, respectively.
These might be clinically meaningful durations considering
that there is no standard of care after third-line treatment,
and the PFS is generally reported to be approximately
4 months even with second-line chemotherapy.6 Further-
more, the most frequent primary site of the study population
was gallbladder cancer (43.3% of FAS), which has a poor
prognosis30,31 and an extremely short PFS.9 The OS was re-
versed compared with the PFS; 7.1 months of HER2-positive
was shorter than 8.9months of HER2-low, whichmight have
occurred because of biases in background factors. In fact, the
HER2-low BTC had better PS, fewer previous regimens, and

more intrahepatic cholangiocarcinomas. The observed se-
lection bias could be attributable to the higher prevalence of
HER2-low status compared with HER2-positive status,
coupled with a tendency to select patients in better condition.
Both survival rates were comparable with approximately
6 months of standard second-line chemotherapy.6

Overall, the adverse events observed in this study were
manageable and consistent with those reported in previous
clinical trials of T-DXd. The most common treatment-
related adverse events of ≥grade 3 were hematologic tox-
icities, including anemia and neutropenia. However, febrile
neutropenia occurred in only two patients. Compared with
the previously reported clinical trial results of T-DXd, the
incidence of ILD was slightly higher, although it was not
adjudicated to be drug-related, and those of all grades
and ≥grade 3 were 25.0% and 12.5%, respectively. Notably,
there were two grade 5 cases in this trial. ILD has been
recognized as an important risk factor for T-DXd treatment.
This trial, as well as other T-DXd trials, followed recent ILD
management guideline of T-DXd, including careful moni-
toring of symptoms, laboratory data, and imaging for im-
mediate management with early treatment interruption and
adequate administration of steroids. The principal investi-
gator with the coordinating committee members of the trial
reviewed each case in detail, but all rescue interventions for

TABLE 2. Confirmed Tumor Response (FAS; n 5 30)

Response
HER2-Positive

(n 5 22) HER2-Low (n 5 8) FAS (n 5 30)

BICR

ORR, % 36.4 12.5 30.0

90% CI 19.6 to 56.1a

95% CI 17.2 to 59.3 0.3 to 52.7 14.7 to 49.4

DCR, % (95% CI) 81.8 (59.7 to 94.8) 75.0 (34.9 to 96.8) 80.0 (61.4 to 92.3)

Best response, No. (%)

CR 2 (9.1) 0 2 (6.7)

PR 6 (27.3) 1 (12.5) 7 (23.3)

SD 10 (45.5) 5 (62.5) 15 (50.0)

PD 3 (13.6) 1 (12.5) 4 (13.3)

NE 1 (4.5) 1 (12.5) 2 (6.7)

LIR, % (95% CI)

ORR 36.4 (17.2 to 59.3) 12.5 (0.3 to 52.7) 30.0 (14.7 to 49.4)

DCR 86.4 (65.1 to 97.1) 62.5 (24.5 to 91.5) 80.0 (61.4 to 92.3)

Best response, No. (%)

CR 0 0 0

PR 8 (36.4) 1 (12.5) 9 (30.0)

SD 11 (50.0) 4 (50.0) 15 (50.0)

PD 3 (13.6) 3 (37.5) 6 (20.0)

NE 0 0 0

Abbreviations: BICR, blinded independent central review; BTC, biliary tract cancer; CR, complete response; DCR, disease control rate; FAS, full
analysis set; HER2, human epidermal growth factor receptor 2; LIR, local investigator review; NE, not evaluable; ORR, objective response rate; PD,
progressive disease; PR, partial response; SD, stable disease.
aThe threshold ORR of the primary end point, confirmed ORR among patients with HER2-positive BTC, was 15% with a one-sided alpha error of .05.
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FIG 2. Tumor shrinkage and response durability. (A)Waterfall plots ofmaximum tumor shrinkage
from the baseline by BICR among HER2-positive and HER2-low patients. (B) Duration of response
in HER2-positive patients who responded to study treatment by LIR. (C) Spider plots of tumor
shrinkage at each time point by LIR among HER2-positive and HER2-low patients. BICR, blinded
independent central review; CR, complete response; HER2, (continued on following page)
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ILD were appropriately timed and did not lead to the iden-
tification of any obvious risk factors, including potential
risks. In this trial, the median time to onset of ILD was
124 days (range, 35-247 days), which was shorter than that
in breast cancer trials and longer than that in gastric cancer
trials.22,28 Some logical explanations can be made because of
the relatively high frequency and severity of ILD in this study.
BTC itself could be a risk factor for ILD because the payload is
excreted through the bile. The PK profiles of patients in this
trial, including those who developed ILD, were similar to
those of other cancer types.26 However, PK profiles were
investigated for up to four cycles, and it was unclear whether
the concentration of the drug or payload was elevated at the
time of the occurrence of ILD. The fact that the severity of
ILD was higher in early trials during the development of

T-DXd for breast cancer suggests that familiarity with the
drug by investigators in a certain area may reduce its
severity.22,23,25,29 The incidence of ILD is reported to be higher
in the Japanese subpopulation than in other populations.32

Additionally, the previously heavily treated status might
have increased its frequency.23,28 Thus, same caution is re-
quired when using T-DXd in clinical practice for BTC and
heavily treated patients as for other cancer types.

This trial adopted conventional IHCand ISH testing to identify
BTC with HER2-positive and HER2-low status, and complied
with the guidelines of gastroesophageal cancer for HER2
testing.26We reported theHER2 expressionstatus in454 cases
and found that the patterns of expression were similar to
those of gastroesophageal cancer rather than breast cancer.31

FIG 2. (Continued). human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH,
in situ hybridization; LIR, local investigator review; NE, not evaluable; PD, progressive disease; PR,
partial response; SD, stable disease.
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FIG 3. PFS and OS. (A) PFS by LIR among HER2-positive patients. (B) PFS by LIR among HER2-low patients. (C) OS among HER2-
positive patients. (D) OS amongHER2-low patients. HER2, human epidermal growth factor receptor 2; LIR, local investigator review; OS,
overall survival; PFS, progression-free survival.
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Circulating tumor DNA was also collected from all patients at
multiple points, and the association between the status of
genetic alterations and efficacy will be investigated.

Recently, several effective agents or regimens have emerged
in the space of HER2-positive BTC. Zanidatamab, a bispecific
antibody targeting two HER2 domains, demonstrated an ORR
of 41.3% with a favorable safety profile in a global phase IIb
trial.33 Tucatinib and trastuzumab showed an ORR of 46.7%
with good tolerability in a phase II basket study.34 Trastu-
zumab plus FOLFOX showed an ORR of 29.4% with man-
ageable toxicity in a Korean phase II trial.35 Our next challenge
is to optimize treatments including T-DXd and trastuzumab
plus pertuzumab. Clearly, treatments with high efficacy and
low toxicity should be used as frontline options. However, as
wecurrently onlyhavedataup tophase II trials and cross-trial
comparisons, further clinical trial is eagerly awaited.

The main limitations of this study were that it included a
small number of Japanese patients and was conducted in
a single country. Although our findings may have limited
generalizability, previous trials of chemotherapy and
targeted therapy for BTC have consistently demon-
strated efficacy across different regions and races.
Furthermore, T-DXd has shown its efficacy in multiple
trials in many countries, and another global trial on the
BTC cohort is ongoing (ClinicalTrials.gov identifier:
NCT04482309).

In this trial, T-DXd showed promising activity among pa-
tients with HER2-positive BTC and signal of efficacy among
patientswithHER2-lowBTC. Although the safety profile was
generally manageable, in terms of ILD, there is a probability
that their frequency and severity may be high in patients
with BTC.
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TABLE 3. Treatment-Related Adverse Events Occurring in ≥10% of Patients (SAS; n 5 32)

Safety Summary SAS (n 5 32), No. (%)

Any TRAEs 32 (100)

Grade ≥3 TRAEs 26 (81.3)

Serious TRAEs 6 (18.8)

TRAEs leading to treatment interruption 12 (37.5)

TRAEs leading to treatment discontinuation 8 (25.0)

TRAEs leading to dose reduction 6 (18.8)

Deaths associated with TRAEs 2 (6.3)

Event Any Grade, No. (%) Grade ≥3, No. (%)

Anemia 22 (68.8) 17 (53.1)

Neutrophil count decreased 18 (56.3) 10 (31.3)

WBC count decreased 18 (56.3) 10 (31.3)

Platelet count decreased 14 (43.8) 3 (9.4)

Nausea 14 (43.8) 0

Alopecia 13 (40.6) 0

Anorexia 12 (37.5) 1 (3.1)

Lymphocyte count decreased 11 (34.4) 7 (21.9)

Fatigue/malaise 11 (34.4) 0

Interstitial lung disease/pneumonitis 8 (25.0) 4 (12.5)a

Hypoalbuminemia 7 (21.9) 1 (3.1)

Vomiting 7 (21.9) 0

Mucositis oral 5 (15.6) 0

Abbreviations: SAS, safety analysis set; TRAEs, treatment-related adverse events.
aTwo cases were grade 5.
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APPENDIX

A

-100

-80

-60

-40

-20

0

20

40

60

80

100
M

ax
im

um
 T

um
or

 S
hr

in
ka

ge
 F

ro
m

Ba
se

lin
e 

(%
)

Patients

IHC2+/ISH- IHC1+/ISH- IHC0/ISH+

B

M
ax

im
um

 T
um

or
 S

hr
in

ka
ge

 F
ro

m
Ba

se
lin

e 
(%

)

-100

-80

-60

-40

-20

0

20

40

60

80

100

Patients

IHC3+ IHC2+/ISH+

FIG A1. Waterfall plots by HER2 status of maximum tumor shrinkage from baseline by BICR among
(A) HER2-positive and (B) HER2-low. BICR, blinded independent central review; HER2, human epi-
dermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization.
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FIG A2. PK profile in PK/HAHA analysis set (n5 7). HAHA, human anti-human antibody; HER2, human
epidermal growth factor receptor 2; PK, pharmacokinetic.

TABLE A1. Previous Anticancer Therapy for Unresectable Setting

Regimen No.

Gemcitabine 1 cisplatin 27

S-1 monotherapy 20

Gemcitabine 1 cisplatin 1 S-1 6

Gemcitabine 1 S-1 2

Gemcitabine monotherapy 2

Others (clinical trials) 3

Anti-HER2 therapy 0

Irinotecan-based therapy 0

Abbreviation: HER2, human epidermal growth factor receptor 2.

TABLE A2. Treatment Cycles

Cycle n 5 32, No.

1 4

2 5

3 1

4 3

5 2

6 6

7 1

8 2

9 2

10 2

12 1

14 1

17 1

20 1
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TABLE A3. Reason for Discontinuation

Reason SAS (n 5 32), No. (%)

Disease progression 20 (62.5)

Adverse event 7 (21.9)

Patient refusal related to adverse
event

2 (6.3)

Patient refusal not related to adverse
event

1 (3.1)

Death during protocol treatment 1 (3.1)

Other 1 (3.1)

Abbreviation: SAS, safety analysis set.

TABLE A4. Subgroup Analyses of Confirmed ORR by BICR Among
HER2-Positive Patients

Subgroup No. (%)

HER2-Positive (n 5 22)

Confirmed ORR by
BICR, % (95% CI)

Age, years

≥65 13 (59.1) 38.5 (13.9 to 68.4)

<65 9 (40.9) 33.3 (7.5 to 70.1)

Sex

Male 13 (59.1) 23.1 (5.0 to 53.8)

Female 9 (40.9) 55.6 (21.2 to 86.3)

ECOG PS

PS 0 15 (68.2) 40.0 (16.3 to 67.7)

PS 1 7 (31.8) 28.6 (3.7 to 71.0)

Primary tumor location

Intrahepatic cholangiocarcinoma 3 (13.6) 33.3 (0.8 to 90.6)

Extrahepatic cholangiocarcinoma 6 (27.3) 33.3 (4.3 to 77.7)

Gallbladder cancer 11 (50.0) 36.4 (10.9 to 69.2)

Ampulla of Vater cancer 2 (9.1) 50.0 (1.3 to 98.7)

Disease status

Unresectable 13 (59.1) 38.5 (13.9 to 68.4)

Recurrent 9 (40.9) 33.3 (7.5 to 70.1)

Disease extent

Locally advanced 2 (9.1) 50.0 (1.3 to 98.7)

Metastatic 20 (90.9) 35.0 (15.4 to 59.2)

HER2 expression

IHC31 10 (45.5) 40.0 (12.2 to 73.8)

IHC21 12 (54.5) 33.3 (9.9 to 65.1)

Abbreviations: BICR, blinded independent central review; ECOG PS,
Eastern Cooperative Oncology Group performance status; HER2,
human epidermal growth factor receptor 2; IHC,
immunohistochemistry; ORR, objective response rate.

TABLE A5. Details of ILD or Pneumonitis

Details
Patients With ILD or
Pneumonitis (n 5 8)

Grade, No. (%)

1 3 (37.5)

2 1 (12.5)

3 2 (25.0)

4 0

5 2 (25.0)a

Time to onset, days, median (range) 124 (35-247)b

Age, years, median (range) 73 (51-75)

Male, No. (%) 5 (62.5)

No. of previous regimens, No. (%)

1 4 (50.0)

≥2 4 (50.0)

Previous administered anticancer
agents, No. (%)

Gemcitabine 8 (100)

Cisplatin 7 (87.5)

S-1 6 (75.0)

Investigational agent 1 (12.5)

HER2 status of IHC/ISH, No. (%)

31/1 5 (62.5)

21/1 3 (37.5)

Lung metastasis, No. (%) 3 (37.5)

Smoking history,c No. (%) 3 (37.5)

Biliary drainage, No. (%) 4 (50.0)

Abbreviations: HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry; ILD, interstitial lung disease; ISH, in situ
hybridization.
aOne patient had recurrent disease with liver and lymph node
metastases after surgery for extrahepatic cholangiocarcinoma and
underwent one line of previous cancer therapy with gemcitabine alone.
The patient was initially diagnosed with grade 2 ILD 183 days after the
initiation of trastuzumab deruxtecan and received oral prednisolone at
1 mg/kg once daily. After 1 week, the patient progressed to grade 3 ILD
and received intravenous methylprednisolone 1,000 mg once daily for 3
days, followed by gradual tapering of oral prednisolone from 50 mg to
30 mg once daily for 3 weeks. However, the disease worsened again to
grade 4, despite the readministration of intravenous
methylprednisolone at 1,000 mg once daily, and the patient died 44
days later after the event onset. The other patient had recurrent disease
with livermetastases after surgery for intrahepatic cholangiocarcinoma
and received two previous cancer therapies with gemcitabine plus
cisplatin and S-1. The patient was initially transported to another
emergency hospital because of respiratory failure and suspected to be
severe COVID-19 disease 127 days after the initiation of trastuzumab
deruxtecan. Four days later, the patient received intravenous
methylprednisolone 1,000 mg once daily for 3 days at the diagnosis of
ILD. However, the patient died 6 days later after the event onset.
bAll patients developed ILD or pneumonitis during the protocol
treatment period.
cSmoking history was collected retrospectively.
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TABLE A6. PK Properties in PK/HAHA Analysis Set (n 5 7)

Property Trastuzumab Deruxtecan Total Antibody MAAA-1181a

Cmax, mg/mL, mean (SD) 96.8 (13.0) 83.7 (13.5) 11.5 (4.65)a

AUClast, mg$day/mL, mean (SD) 410 (106) 406 (110) 24.5 (8.96)b

Tmax, hours, median (range) 6.83 (1.62-7.13) 1.88 (1.62-7.13) 3.88 (1.65-4.07)

AUCinf,c mg$day/mL, mean (SD) 452 (112) 454 (116) 25.7 (9.47)b

t1/2,c days, mean (SD) 4.83 (0.941) 4.82 (1.28) 4.76 (1.02)

Abbreviations: AUCinf, area under the concentration versus time curve from time zero extrapolated to infinity; AUClast, area under the concentration
versus time curve from time zero to the time of the last quantifiable concentration; Cmax, maximum serum concentration; HAHA, human antihuman
antibody; PK, pharmacokinetic; SD, standard deviation; Tmax, time of observed Cmax; t1/2, terminal elimination half-life.
ang/mL.
bng$day/mL.
cn 5 6.
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