
npj | precision oncology Article
Published in partnership with The Hormel Institute, University of Minnesota

https://doi.org/10.1038/s41698-024-00698-4

A signal-seeking phase 2 study of
Trastuzumab emtansine in tumours
harbouring HER2 amplification or
mutation

Check for updates

Subotheni Thavaneswaran 1,2,3,4 , Frank Lin 1,3,4,5, John P. Grady4, David Espinoza1, Min Li Huang3,6,
Sarah Chinchen1, Lucille Sebastian1, Maya Kansara4, Tony Mersiades1, Chee Khoon Lee1,
Jayesh Desai 7, Peter Grimison8, Michael Brown9, Michael Millward10, Rosemary Harrup11,
KenO’Byrne12,AdnanNagrial13, PaulCraft14, JohnSimes 1,AnthonyM.Joshua2,3,4 &DavidM.Thomas2,4,15

This single-arm phase II non-randomised trial (ACTRN12619001265167) evaluated trastuzumab
emtansine in solid cancers withHER2 amplification or mutation detected by comprehensive genomic
profiling. The primary objective was objective response (OR), while secondary objectives included the
time to progression (TTP) on study to TTP on prior therapy ratio, progression-free survival (PFS) and
overall survival (OS). The cohort included 16 tumourswithHER2mutations (group 1) and 16withHER2
amplification (group 2). After 17monthsmedian follow-up, ORs occurred in 19%of group 1 (1 salivary
gland carcinoma (SGC), 2 lung cancers) and 25% of group 2 (3 SGCs, 1 uterine carcinoma). Fourteen
of 29 TTP-evaluable patients achieved a TTP ratio ≥1.3, including 10 without an OR. Median PFS and
OS were 4.5 (95% CI 2.1–7.0) and 18.2 months (95% CI 8.1-not reached) respectively. Trastuzumab
emtansine showedmodest ORs and a favourable change in disease trajectory in selectHER2-altered
solid cancers.

Trastuzumab emtansine (T-DM1) is an antibody drug conjugate that
links a cytotoxic microtubule-inhibitory agent emtansine, to
trastuzumab1. The antibody binds to cells expressing HER2, permitting
targeted, potent, intratumoural release of emtansine2. T-DM1 has trans-
formed the management of advanced HER2 positive breast cancer and is
considered the standard of care in several related settings3. In the phase 3
EMILIA and TH3RESA trials, T-DM1 demonstrated an improved
progression-free survival (PFS), overall survival (OS) and toxicity profile
compared with lapatinib plus capecitabine and physician’s choice treat-
ment respectively1,4,5. These trials included patients previously exposed to
trastuzumab and a taxane, and an even more refractory setting following
both trastuzumab and lapatinib.

In other advanced cancers, T-DM1 has shown mixed results. In the
phase 2/3GATSBY trial, T-DM1did not improve outcomes comparedwith
a taxane in the second-line advanced gastric cancer setting with HER2
overexpression6. Within the NCI-MATCH precision medicine study,
T-DM1 was evaluated as subprotocol EAY131-Q, comprised of HER2
amplified (copy number >7 on NGS) advanced cancers. This study yielded
anoverall objective response rate (ORR)of 6%(2patientswithparotid gland
cancers). None of the remaining 33 patients (11 colorectal, 14 gynaecolo-
gical, 4 lung, 3 biliary tract cancers and a case of extramammary Paget’s of
the scrotum) achieved an objective response7. Within another multi-
histology basket trial of T-DM1 (NCT02675829) the salivary gland cohort
(n = 10) with HER2 amplified tumours demonstrated an ORR of 90%,

1NHMRC Clinical Trials Centre, University of Sydney, Sydney, NSW, Australia. 2The Kinghorn Cancer Centre, St Vincent’s Hospital, Sydney, NSW, Australia.
3School of Clinical Medicine, Faculty of Medicine and Health, University of NSW, Sydney, NSW, Australia. 4Garvan Institute of Medical Research, Sydney, NSW,
Australia. 5Kinghorn Centre for Clinical Genomics, Sydney, NSW, Australia. 6SydPath Department of Anatomical Pathology, St Vincent’s Hospital, Sydney, NSW,
Australia. 7Peter MacCallum Cancer Centre, Melbourne, VIC, Australia. 8Chris O’Brien Lifehouse, Sydney, NSW, Australia. 9Royal Adelaide Hospital, Adelaide, SA,
Australia. 10Linear Clinical Research & University of Western Australia, Perth, WA, Australia. 11Royal Hobart Hospital, Hobart, TAS, Australia. 12Princess Alexandra
Hospital and Queensland University of Technology, Brisbane, QLD, Australia. 13Westmead Hospital, Sydney, NSW,
Australia. 14The Canberra Hospital, Canberra, ACT, Australia. 15Centre for Molecular Oncology, University of New
South Wales, Sydney, NSW, Australia. e-mail: s.thavaneswaran@garvan.org.au

npj Precision Oncology |           (2024) 8:195 1

12
34

56
78

90
():
,;

12
34

56
78

90
():
,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41698-024-00698-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41698-024-00698-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41698-024-00698-4&domain=pdf
http://orcid.org/0000-0002-8946-6709
http://orcid.org/0000-0002-8946-6709
http://orcid.org/0000-0002-8946-6709
http://orcid.org/0000-0002-8946-6709
http://orcid.org/0000-0002-8946-6709
http://orcid.org/0000-0001-9250-6874
http://orcid.org/0000-0001-9250-6874
http://orcid.org/0000-0001-9250-6874
http://orcid.org/0000-0001-9250-6874
http://orcid.org/0000-0001-9250-6874
http://orcid.org/0000-0003-4246-9344
http://orcid.org/0000-0003-4246-9344
http://orcid.org/0000-0003-4246-9344
http://orcid.org/0000-0003-4246-9344
http://orcid.org/0000-0003-4246-9344
http://orcid.org/0000-0002-3740-7563
http://orcid.org/0000-0002-3740-7563
http://orcid.org/0000-0002-3740-7563
http://orcid.org/0000-0002-3740-7563
http://orcid.org/0000-0002-3740-7563
mailto:s.thavaneswaran@garvan.org.au


including five complete responses following prior HER-2 directed therapy8.
The advanced HER2mutant NSCLC cohort within this trial also yielded a
positive result, with anORRof 44%andmedianPFSof 5months following a
median of two prior lines of systemic treatment9. Only an early report of the
remaining cohorts has been presented, including an ORR of 22% (4/18) in
the endometrial cancer cohort and 17% (1/6) each, for the biliary tract and
ovarian cancer cohorts10. These pan-cancer studies suggest that response
rates to T-DM1 vary widely by histotype.

Additionally, the co-occurring mutational profile of a tumour may
impact clinical outcomes. In colorectal cancers, the initial HER2 studies
excluded RAS mutant tumours11. This may in part be due to evidence
suggesting limited efficacy for EGFR-monoclonal antibody therapies in the
presence of HER2 overexpression despite RAS wildtype status12. While the
reciprocality of this remains unclear, other trials have demonstrated that the
interplay between these molecular pathways can be influenced by the
HER2-targeted therapy used. In the DESTINY CRC-02 trial, optimal effi-
cacy with trastuzumab-deruxtecan was achieved amongst tumours with
HER2 IHC 3+ , irrespective of RAS status. However, in the MOUNTAI-
NEER trial with tucatinib+ trastuzumab, efficacy was seen for both HER2
IHC 2+ /ISH positive and IHC 3+ tumours, but only RASwildtype disease
was included13,14.

While there are several regulatory body approved HER2-directed
therapies for cancers with HER2 overexpression, only trastuzumab-
deruxtecan (T-Dx) has approval for the treatment of HER2 mutant non-
small cell lung cancer. This may in part relate to the additional complexities
seen with HER2 mutations when examined pre-clinically. The specific
properties of the mutation create significant variation in the potency of
HER2-directed therapies by cancer histotype and location, even within the
same exon. Mutation-induced conformational states and the size of the
drug-binding pocket can affect the potency and durability of the drug
response15.

Here, we report the findings of our trial of T-DM1 within the Aus-
tralian pan-cancer Molecular Screening and Therapeutics (MoST)
program16. This signal-seeking national platform study provides advanced
cancer patients access to comprehensive genomic profiling (CGP), with the
identification of HER2 mutations, or genomic amplification establishing
eligibility for this studyofT-DM1.Wemaintained apan-cancer approach to
capture rare cancers, or small subsets of more common cancers in patients
with tumours harbouring these genomic features.

Methods
Study design and participants
This was a phase II, open-label trial conducted at 16 Australian centres,
registered with anzctr.org.au (Trial ID: ACTRN12619001265167) within
the framework of theMoST program16 on the 12th of September 2019. The
patient cohorts enroledwere –(1) a pan-cancer, treatment-refractory cohort
(n = 32), and (2) a first-line advanced non-small cell lung cancer cohort
(n = 32); of which only the former is reported here. Patients eligible for the
pan-cancer cohort were ≥18 years of age, with treatment-refractory,
advanced cancers. Patients were required to have an Eastern Cooperative
Oncology Group performance status (ECOG PS) 0–2; measurable disease
by Response Evaluation Criteria in Solid Tumours (RECIST v1.1)17, or
individual study chair approval for evaluable but non-measurable disease,
and adequate cardiac (left ventricular ejection fraction, LVEF > 50%),
hepatic, renal and bone marrow function. For patients with disease invol-
ving the central nervous system, they had to be asymptomatic, previously
treated and controlled. All patients were required to have failed (or be
unsuitable for) standard therapies for their tumour type, if they exist, and to
have not previously received a HER2-directed therapy.

To establish molecular eligibility, patients’ archival tumour specimens
underwent CGP. A panel-based assay was employed for sequencing and
evolved over time to include in-house assays, Illumina TruSight Tumour
170 (TST170), Illumina TruSightOncology 500 (TSO500), and Foundation
Medicine® CDx18. Screening results were reviewed by a molecular tumour
board (MTB) to determine genomic eligibility for the trial: either activating

mutations in HER2 (group 1, n = 16) or HER2 amplification (defined as at
least 6 copies) in the absence of mutation (group 2, n = 16). Group 2
excluded breast and gastric cancers based on established efficacy data in
these cancer types. For samples sequenced on the Foundation Medicine®
CDx panel, the pipelines used to determine copy number and small variant
pathogenicity are proprietary. For TSO500 variant calling was performed
using the Illumina TSO500 local app v2.019. For other panels, variant calling
was performed using Vardict v1.8.220. After variant calling, variant anno-
tation was performed using VEP v9820 and annotated with COSMIC,
ClinVar, gnomAD and CADD using vcfanno21. Potential pathogenic var-
iants were identified using these databases and confirmed in OncoKB22.
Copy number variant estimation was performed using CNVkit v0.9823 and
tumour purity and ploidy were estimated using PureCN v1.1624 to turn fold
change into estimated copy number. The pipeline was run on DNAnexus
and genomic interpretation finalised using gentian, an in-house developed
tool for assimilating and assessing targeted capture panel data (not pub-
lished). HER2 immunohistochemistry (IHC) and in situ hybridisation
(ISH)wereperformedcentrally in theAnatomical PathologyDepartmentof
Sydpath, St Vincent’s Hospital, Sydney Australia. H&E slides of the tumour
are reviewed prior to scoring HER2 IHC+ /- ISH. Although HER2 IHC
scoring in cancer types other than breast and gastric are not standardised,
the gastric HER2 criteria (HER2 ratio >2, copy number >6) was adopted to
increase the threshold for a positive signal. Supplementary Table 1 sum-
marises these molecular characteristics on an individual patient basis.

Study ethics and consent
The study was performed in accordance with the Declaration of Helsinki,
with central/institutional ethics and local research governance approval.
TheMoST programhas been approved by the St Vincent’sHospital Sydney
Human Research Ethics Committee (reference, HREC/16/SVH/23) as has
this clinical trial (2019/ETH12466). All participants provided written
informed consent to partake in this study. An independent data and safety
monitoring committee provided independent assessments of patient safety.

Study procedures
Eligible patients were enroled into one of two groups based on theHER2
alteration present. All patients received trastuzumab emtansine, which
was administered intravenously at a dose of 3.6 mg/kg every 21 days until
disease progression, unmanageable toxicity, or a decision by the patient,
or clinician to cease. Treatment toxicities were evaluated using the
National Cancer Institute Common Terminology Criteria, version 5.024.
Up to 2 dose level reductions of T-DM1 were permitted on trial: 3 mg/kg
and 2.4 mg/kg. Treatment was withheld during TDM1-related adverse
events of Grade 3–4 severity and not restarted until the adverse event had
resolved to Grade 0–1. If improvement did not occur within 42 days
(6 weeks) of the next planned dose of treatment, treatment was to be
discontinued. Response assessments were performed every 9 weeks
according to RECIST v1.1.

Endpoints
The primary endpoint was objective response as measured by RECIST 1.1,
with confirmation on two consecutive scans scheduled at 9-week intervals.
A key secondary endpoint was the ratio of time-to-progression on study
(TTP2) to time-to-progression on last line of systemic therapy (TTP1) prior
to trial enrolment. A TTP2:TTP1 ratio ≥1.3 was the threshold for clinical
activity25. Data relating to prior lines of therapy and duration were provided
by the referring clinician at the time of study enrolment. This information
was reviewed and an adjudication of TTP1 was done centrally at the con-
clusion of the trial, but without concurrent knowledge of other study end-
points. For patients without an evaluable TTP1, TTP2 exceeding 6 months
was considered sufficient to meet criteria for clinical benefit.

Other secondary objectives included PFS, progression-free survival
rate at 6months (PFS6), time to treatment failure, duration of response, OS,
safety and tolerability and quality of life measured by the EORTC QLQ-
C3026. PFS is defined as the interval from date of registration to the date of
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first evidence of disease progression or death from any cause, whichever
occurredfirst. Participantswhodid not progress or diewere censoredon the
date of their last clinical, or tumour assessment. Time to treatment failure
was defined as the date of registration to the date of discontinuation of study
treatment for any reason. OS was defined as the interval from the date of
registration to date of death from any cause.

Tertiary correlates aimed to assess the differential response by tumour
histotype, co-occurring genomic alterations and HER2 alteration type
(amplification or mutation). HER2 status by standard pathology assays
including IHC and ISH was also examined in relation to clinical outcomes.

Statistical considerations
This open-label phase II trial enroled 32patients (twomodules of 16 patients
each), selected based on an activating HER2mutation, or HER2 amplifica-
tion in the absence of mutation. We envisaged ≥3 responding patients per
module to be sufficient to indicate a signal of activity,whilemoduleswith<3/
16 responses were considered to not support the molecular hypothesis
behind the trial27. As these trials are signal seeking in nature, involving a
heterogeneous group of tumour histologies, formal power calculations were
not possible. A module size of 16 was chosen as sufficient for detecting a
signal of therapeutic efficacy. This is analogous to thefirst of the two stages of
the Simon phase 2 trial design, where typically 10–16 participants determine
whether formal expansion into a larger phase 2 trial is justifiable16,28.

Results
Patient disposition and baseline characteristics
Thirty-two patients meeting molecular and other trial eligibility were
enroled over a 20-month period (June 2020 to February 2022) and allocated
to one of two groups: HER2mutation (group 1, n = 16) or HER2 amplifi-
cation (group 2, n = 16). Differences in mutation pattern were observed
according to histotype. Lung cancers (n = 11) were the most common
cancer type in group 1 and colorectal (n = 5) and salivary gland carcinomas
(n = 4) in group 2. Themedian age of the overall study cohort was 64 (range
35 to 83) years, 47% were male and 63% had an ECOG PS of 0 (Table 1).

Key clinical endpoints
Of the 31 patients with RECIST measurable disease at baseline, 7 (22%,
95%CI: 22–39%) had anobjective response; 3 partial responses (19%, 95%
CI: 7–43%) in the HER2 mutation group and 3 partial and 1 complete
response (25%, 95% 10–49%) in the HER2 amplified group (Fig. 1). Of
these 7 patients, 4 had an evaluable TTP1 and attained a TTP2:TTP1 ratio
of ≥1.3 and 3 without an evaluable TTP1 achieved a TTP2 ≥ 6 months
(Supplementary Table 2). All 7 patients achieving an objective response
had a TTP2 ≥ 6 months. An additional 10 (3 of 13 in group 1 and 7 of 12
patients in group 2) achieved a TTP2:TTP1 ratio ≥1.3 in the absence of an
objective response. A total of 17 patients (53%, 95%CI:36–69%) achieved
an objective tumour response and/or TTP2:TTP1 ratio ≥1.3. Thirteen
patients achieved PD as best response (Fig. 2). For patients with an eva-
luable TTP1 who achieved a TTP2:TTP1 ratio of ≥1.3 (n = 14), median
PFS was longer at 7.4 (95% CI, 4.90–10.38) months, compared with 2.0
(95%CI, 1.4–2.1)months for thosewith aTTP ratio <1.3 (n = 15; log-rank
P <0.0001). There was also a trend towards a longer median OS for
patients with a TTP ratio ≥1.3, median OS 18.2 (95% CI, 8.3 to not
reached) months compared with 8.1 (95%CI, 3.1–18.2) months for those
without (log-rank P = 0.12).

Other secondary clinical endpoints
The waterfall plot provides a visualisation of the depth of response and best
response achieved for individual patients, based on histotype (Fig. 1). The
median duration of the objective responses in group 1 was 4.3 (IQR 1.9 to
11.0) months and 7.2 (IQR 5.4 to 14.5) months in group 2 (Fig. 2).

After a median follow-up of 17 months, the median PFS was
2.4months (95%CI 1.4–6.1) in group 1 and 6.1months (95%CI 2.2–8.5) in
group 2. The proportion of patients progression-free at 6 months was 31%
(95% CI 11–54%) in group 1 and 56% (95% CI 30–76%) in group 2. The
Kaplan–Meier analyses are shown in Fig. 3. The median time to treatment
failure closely paralleled PFS, at 2.8 months (95% CI 0.72–5.6) in group 1
and 6.0 months (95% CI 1.8–8.3) in group 2. The median OS was
12.2 months (95% CI 4.6–19.6) for group 1 and 18.2 months (95% CI
8.3 months to not reached) for group 2 (Fig. 3).

Tertiary correlatives - outcome within histotypes and HER2
mutation type
In group 1 (HER2mutation) objective responses were seen in 2 of 11 lung
cancers (all adenocarcinomas), and one patient with a salivary gland cancer
(SGC). In group2 (HER2 amplified), objective responseswere seen amongst
3 of 4 SGC with measurable disease and the remaining SGC achieved a
sustained non-CR/non-PD. The remaining objective response in group 2
was in a patient with a uterine serous adenocarcinoma.

Of theHER2mutant lung cancers, objective responseswere seen in 2 of
11 patients, both with exon 20 insertions (Y772_A775dup and
G778_P780dup), of which there were 8 amongst the lung cancers. An
additional 4 HER2 mutant lung cancer patients achieved SD, again with
exon 20 insertions - two G776 and two YVMA, with a median PFS of 4.0
months (95% CI 1.4–8.2). Supplementary Table 1 captures histotype, and
HER2 alteration details for the entire study cohort. Three patients with lung
cancer received T-DM1 in the second line setting while the remainder were
in the third line setting or more (range 2nd to 8th line).

For the SGC (n = 5) an objective response was achieved amongst 4
(80%), median PFS 16.7 months and median OS not reached. The uterine
cancer with genomic amplification (18 copies), discordant with ISH testing
results, also achieved an objective response. There were no objective
responses amongst the colorectal cancers (n = 5) despite all demonstrating
2–3+HER2 expression by IHC, positive by ISH and RAS/ RAF wildtype.
Overall, the SGC appeared to have higher objective responses compared
with the non-small cell lung cancers, colorectal cancers, and other cancer
types (Supplementary Table 3).

Other histologies with more than one patient included gallbladder
adenocarcinomas (n = 2) in group 1; high grade serous ovarian cancer
(n = 2) in group 2. Neither of these cancer types had an objective tumour

Table 1 | Baseline characteristics

Group 1:
HER2
mutation
(n = 16)

Group 2:
HER2
amplifica-
tion
(n = 16)

Overall
(n = 32)

Characteristic No. % No. % No. %

Median age, years (range) 64 (38–73) 64 (35–83) 64 (35–83)

Male sex 5 31% 10 63% 15 47%

ECOG status

0 8 50% 12 75% 20 63%

1 7 43% 3 19% 10 31%

2 1 6% 1 6% 2 6%

Lines of prior systemic treatment,
median (range)

2 (0–7) 2 (0–4) 2 (0–7)

Cancer origin

Lung 11 69% 1 6% 12 38%

Salivary gland 1 6% 4 25% 5 16%

Colorectal 5 31% 5 16%

Ovary 3 19% 3 9%

Gallbladder 2 13% 2 6%

Uterus 1 6% 1 6% 2 6%

Cervix 1 6% 1 3%

Bladder 1 6% 1 3%

Pancreas 1 6% 1 3%
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response (Fig. 1). Of five cancers with S310Y/F mutations, none had an
objective response (two gallbladder, two lung, one bladder).

Impact of co-occurring molecular alterations
KRAS and otherMAP kinase pathway alterations were present in 6 patients
and did not confer significant differences in PFS or OS, although likely
limited by small patient numbers. The hazard ratio (HR) for progression
was 0.87 (95% 0.3–2.3; P = 0.78) and the HR for death was 0.50 (95% CI
0.16–1.57; P = 0.32) in the absence, compared with the presence of a co-
occurring MAP kinase pathway alterations. However, co-mutations in the
MAPKpathwaywere associatedwith a lack of disease control with only one
of 6 patients with a MAP kinase alteration achieving an objective tumour
response. Similarly, only one of 7 patients achieving an objective response
harboured a MAP kinase pathway mutation (EGFR 455D). This was a
patient with a treatment-naïve SGC and HER2 L755S mutation. No
responses were seen in a HER2 310Y mutant lung adenocarcinoma har-
bouring aNRASG13R co-mutation from a primarymetastatic biopsy, or a
tumour with secondary HER2 genomic amplification and FYCO1-RAF1
fusion following exposure to anEGFR exon 20 inhibitor for a tumourwith a
primary EGFR exon 20 insertion (D770_N771insSVD). Patients with
genomic amplification in AKT1, 2, and 3 also did not demonstrate a
response. Figure 4 provides an overview of the co-occurring mutational
landscape at an individual patient level.

We also explored whether genomic amplification could supplement
standard of care testing using IHC and ISH. In group 1, there were two
patientswith lung cancer, one tumourharbouring aY772_A775dup and the
other a R217H mutation. These tumours were both found to have protein
expression by IHC, but negative on ISH testing; one achieved an objective
response with T-DM1. All other cancer types in group 1 eligible based on a
HER2 mutation (without genomic amplification) had variable IHC results
ranging from1 to 2+ andwere ISHnegative, with the exception of a salivary
gland tumour which was 3+ on IHC and ISH positive, with aHER2 L755S

mutation identified as the underlying genomic driver. In group2, an ovarian
cancer and a uterine cancer with genomic amplification, both positive on
IHC testing were ISH negative, with the uterine cancer achieving an
objective tumour response.All remaining group2patients selected based on
genomic amplification of HER2 demonstrated IHC 1-3+ and were ISH
positive (SupplementaryTable 1).Within group1, therewere nodifferences
in objective response, PFS, or OS based on IHC status of 0, 1-2+ , 3+ , or
ISH negative versus positive. Group 2 also showed no differences in
objective response rates, PFS, or OS based on IHC status of 0, 1-2+ or 3+
and only two patients were ISH negative, limiting comparisons (Supple-
mentary Tables 4.1–4.3).

Safety and tolerability
A median of 8.5 cycles (interquartile range 3 to 12; range 1 to 36) of
T-DM1 were received by study patients. There were no patients
requiring dose reductions, and only two treatment delays required for
one patient. There were 3 treatment discontinuations due to toxicity: a
patient with grade 2 pneumonitis, a grade 2 thrombocytopenia, and
grade 3 liver toxicity. At the time of the study analysis, one patient was
still receiving treatment.

All patients experienced at least one adverse event (AE), the worst
grade reached per patient being grade 1–2 for 25 (78%) patients and ≥grade
3 for the remaining 7 (22%) patients. The most common AEs across grades
were nausea and fatigue (n = 11 patients each, 34%), constipation and ele-
vated AST and/or ALT (n = 9 each, 28%) and dry mouth (n = 5, 16%). A
grade 3 or worse AE comprised one episode each of sepsis and fall
(experienced by one patient), fever, intracranial haemorrhage, broncho-
pulmonary haemorrhage, and one patient experienced an elevated alanine
transaminase, alkaline phosphatase, GGT and bilirubin (this patient ceased
treatment due to liver toxicity) (Table 2). Six serious AE occurred amongst
five patients, with two of these events adjudicated to be related to T-DM1:
pneumonitis and fever.

Fig. 1 | Waterfall plot of best response and depth of response. Group 1 (HER2 mutation) and group 2 (HER2 amplification).
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Quality of life
Using the global health status score, with a negative score indicating a
deterioration in quality of life, we compared baseline, to average on study
scores. Compared to visit 1, no change was observed in mean on-study
global health status based on the QLQ-C30, in group 1, −1.59 (95% CI
−11.55 to+8.38) or group 2,+2.1 (95%CI:−6.7 to+10.8). The change in
mean on-study global health status also did not differ based on whether an

objective response was achieved (mean change from baseline 0.06, 95% CI
−14.5 to+14.6) or not (mean change 0.55, 95% CI−6.89 to+7.99); or for
patientswhohadanobjective response and/orTTP2:TTP1 ratio≥1.3 (mean
change from baseline +4.00, 95% CI −4.42 to +12.42) or patients not
achieving these clinical parameters (mean change−3.99, 95%CI−13.86 to
+5.89). Overall, the mean changes in global health status and other sub-
scales did not meet thresholds for clinically meaningful differences29.

Fig. 2 | Swimmer plot of time to progression (TTP) - TTP1: on treatment prior to
study enrolment and TTP2: on study treatment and duration of response (where
applicable). CR complete response, DoR duration of response, EOT end of

treatment, HGSChigh-grade serous carcinoma,HGSPChigh-grade serous papillary
carcinoma, non-CR/non-PD non-complete response/non-progressive disease, PD
progressive disease, PR partial response, SD stable disease, UC urothelial carcinoma.

Fig. 3 | KaplanMeier curves of progression-free survival (PFS) and overall survival (OS) by group. A progression-free survival (PFS) including proportion progression-
free at 6 months and median PFS by group. B overall survival (OS) including proportion alive at 6 months and median OS by group.
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Subsequent lines of treatment
Participants were generally referred to this trial by their treating
oncologist when considered refractory to standard of care for their
cancer type. Despite this, most patients received further treatment fol-
lowing progression on this trial. This included chemotherapy, immu-
notherapy, endocrine therapy as well as other HER2-directed therapies
(Supplementary Table 5).

Discussion
T-DM1 demonstrates a signal of anti-tumour activity across a diverse
range of heavily pre-treated solid tumours withHER2 alterations. Clinical
activity was seen with objective tumour responses in three (19%) and four
(25%) patients in the HER2mutant and amplified groups respectively, as
well as a favourable shift in disease trajectory with an additional 10 (3 in
group 1 and 7 in group 2) patients demonstrating a TTP2:TTP1 ratio ≥ 1.3
(53% of the study cohort). Median PFS was 2.4 and 6.1 months; 31% and

56% of patients were progression-free at 6 months and median OS was
10.9months and18.2months for group1 and2 respectively. Therewere no
new toxicity concerns and quality of life was maintained amongst study
patients. Interestingly, genomic amplificationwas seen in a few cases in the
absence of HER2 positivity by ISH, including patients achieving an
objective response.

The higher rate of objective tumour responses seen in patients with
salivary gland carcinomas with HER2 amplification (n = 4) is consistent
with earlier studies8. To our knowledge, the IHC and ISH positivity with
CGP revealing an underlying exon 19 L755P mutation without genomic
amplification, is a novel finding in the absence of standardised CGP testing
for these rare cancers.

Notably, only two of the 11 (18%) HER2 mutant NSCLC patients
achieved an objective response in our study, both with exon 20 inser-
tions. This is lower than in an earlier study with 44% (8 of 18 patients)
achieving an objective response9. This may relate to our study protocol

Fig. 4 |Genomics plot for individual patients includingHER2 group and co-occurring genomic alterations. IHC immunohistochemistry, ISH in situ hybridisation, non-
CR/ non-PD non-complete response/ non-progressive disease, TTP time to progression (TTP1 on prior therapy, TTP2 on study treatment).

https://doi.org/10.1038/s41698-024-00698-4 Article

npj Precision Oncology |           (2024) 8:195 6



mandating a confirmed objective response at two consecutive radi-
ological assessments undertaken 9 weeks apart. Most of the remaining
NSCLC patients had at least SD as best response (n = 7), but not sus-
tained over the subsequent 9 weeks (Fig. 1) including one additional

patient with over 30% reduction, and three patients with over 20%
reduction in tumour burden as best response by RECIST at a single
timepoint.

No cancers with S310F/Y exon 8 furin-like cysteine-rich domain
mutations (n = 5) demonstrated an objective response. While previous
case reports have shown activity for T-DM1 in colorectal cancer30,31,
our study adds to the growing body of basket studies showing limited
activity in this histotype7. This is even amongst the optimal molecular
subgroup of RAS-wildtype, HER2 amplified cancers with over-
expression by IHC, ISH positive, and naïve to HER2-targeted
therapies30. On the other hand, one participant with a HER2 ampli-
fied uterine serous adenocarcinoma demonstrated an objective
response to T-DM1, consistent with a previous basket study9. Pooled
analysis of individual patient data from earlier basket trials and large
prospective studies are warranted in a number of these histotypes with
recurring signals of activity with HER2-inhibition, given that this is a
rare and disparate patient population.

Based on the diverse range of cancer types included, PFS and OS
may not capture subsets with an improved disease trajectory. The
majority of substudy patients were treatment refractory, with a
median of 2 prior lines of therapy (IQR 1 to 3.5), and limited options
available for next lines. In addition to patients achieving an objective
response, a significant proportion of study patients displayed a
TTP2:TTP1 ratio ≥1.3 (5 in group 1 and 9 in group 2). This indicates
disease stabilisation compared to a prior line of standard treatment for
an individual patient. This corresponded to a favourable change in
disease trajectory amongst these patients, with a longer median PFS
and a trend towards a longer median OS compared with patients not
achieving a ratio ≥1.3.

Despite this being a refractory cohort, most patients received further
systemic therapy following progression on trial. This indicates a robust
patient cohort with preserved ECOG performance status, suitable for
further treatments, andmay in part explain the longOS relative tomedian
progression on trial. While these favourable baseline characteristics and
natural disease coursemay have permitted these patients to gain access to
a range of therapies, there is some indication that OS is improved with
receipt of a HER2-directed therapy. As our Australian consensus
guidelines (https://www.eviq.org.au) indicate that systemic treatment
protocols for SGC are supported only by limited evidence, patients with
this cancer type were uniquely permitted to enrol without receipt of prior
systemic therapies. Study patients demonstrated outcomes that were at
least comparable to phase II trial results with the CAP regimen
(cyclophosphamide, doxorubicin and cisplatin) yielding an ORR of 50%,
median response duration of 7 months and median OS of 21 months32,33.
Importantly, these salivary gland patients (n = 3) without an evaluable
TTP1 achieved durable objective responses on study (Fig. 2), making it
unnecessary to apply the TTP2 threshold of ≥6 months. Amongst the
HER2-mutant NSCLCpatients in our screening cohort, themajority who
were still suitable to receive a further line of systemic therapy following
MoST screening had already received a HER2-directed therapy, pre-
cluding a comparison of outcomes for patients not having received
HER2-targeted treatments. For HER2-mutant NSCLC, the NCCN
guidelines have recently prioritised T-Dx in the second line setting,
otherwise T-DM134. Of the 19 cases ofHER2-mutant lung cancers in our
cohort, 11 received T-DM1 through this trial but the majority were in a
later than second line setting. This indicates limited access to HER2-
directed therapies for Australian patients outside a clinical trial setting
and an interest in pursuing these therapies where possible despite unclear
translatability of available clinical trial evidence in the later line setting.
The tertiary correlatives revealed insights into varied HER2 expression
levels by tumour type, including instances of genomic amplification in the
absence of ISH positivity.While detection of amplification using targeted
capture panels has a risk of both false positive and negative calls and is
further confounded by tumour purity and DNA quality35,36, the assays
used for most of our study patients have been extensively validated

Table 2 | Adverse events occurring in ≥5% of patients,
including all G3+ adverse events

Organ system Any Grade, N (%) Grade 3+, N (%)

Haematological

Anemia 2 (6)

Reduced platelets 3 (9)

Gastrointestinal

Abdominal pain/ bloating 2 (6)

Constipation 9 (28)

Diarrhoea 2 (6)

Dry mouth 5 (16)

Dyspepsia/ GORD 5 (16)

Mucositis/ lip pain 2 (6)

Nausea 11 (34)

Vomiting 4 (13)

Respiratory

Bronchopulmonary haemorrhage 1 (3) 1 (3)

Cough 3 (9)

Pneumonitis 2a(6)

Musculoskeletal

Pain – back 4 (13)

Pain - chest wall 3 (9)

Neurological

Blurred vision 2 (6)

Headache 2 (3)

Intracranial haemorrhage 1 (3) 1 (3)

Peripheral sensory neuropathy 3 (9)

General

Anorexia 4 (13)

Fall 1 (3) 1 (3)

Fatigue/ lethargy 12 (38)

Fever 3 (9) 1 (3)a

Insomnia 3 (9)

Rash 4 (13)

Weight loss 2 (6)

Infections

Flu-like symptoms 2 (6)

Sepsis 1 (3) 1 (3)

URTI 2 (6)

Investigations

Elevated ALT 9 (28) 1 (3)

Elevated AST 9 (28) 1 (3)

Elevated ALP 3 (9) 1 (3)

Elevated GGT 2 (6) 1 (3)

Elevated bilirubin 4 (13) 1 (3)

Elevated lipase 1 (3) 1 (3)

Hypercalcemia 2(6)

TOTAL 80 12

ENT ear nose throat, GORD gastroesophageal reflux disease, LDH lactate dehydrogenase, URTI
upper respiratory tract infection.
aCentrally adjudicated as a T-DM1 related serious adverse events.
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orthogonally for copy number estimation36. Newer HER2-directed anti-
body-drug conjugates (ADC) have demonstrated better efficacy in breast
cancer patients with low HER2 expression (IHC 1-2+ ; ISH negative)
compared with T-DM137,38. This is partly explained by the highly
membrane-permeable payload of T-Dx compared with T-DM1; per-
mitting the cytotoxic moieties of T-Dx to enter neighbouring cells and
allowing a bystander killing effect39. However, T-Dx remains an ineffec-
tive strategy for colorectal cancers with lowHER2 expression40. Similarly,
while none of the colorectal cancer patients withHER2overexpression on
our trial achieved an objective response with T-DM1, several other
HER2-directed approaches including T-Dx, have yielded objective
responses, ranging from 32% to 45%40–43. With emerging data for the
efficacy of T-Dx in a range of cancer types even following exposure to
other HER2-directed agents44, access to the optimal strategy and the
sequencing of these drugs becomes an important consideration.

In our cohort, the SGC were all 2-3+ on IHC and ISH positive,
including the HER2 mutant case without genomic amplification. On the
other hand, CGP revealed genomic amplification of HER2 in the uterine
serous cancer that was ISH negative. Also, a NSCLC case with a HER2
mutation and genomic amplification demonstrated expression by IHC but
was ISH negative. This is not a common phenomenon in lung cancers,
where HER2 mutations are not associated with amplification; and there is
usually good concordance between HER2 IHC and ISH45. Both cases
achieved an objective tumour response with study treatment, highlighting
the incremental value of CGP for these individual patients. This also
highlights the value of pan-cancer trials—the uterine serous cancer
achieving an objective tumour response contributes substantially to the
growing literature on the important role forHER2-directed therapies in this
rare cancer type46.

A major strength of this signal-seeking study is inclusion of less
common cancer histotypes which continue to have limited access to
clinical trials. Biomarker assessment by CGP and comparison with
other modalities supports careful biomarker selection and setting of
thresholds individualised to histotype and the chosen targeted ther-
apeutic agent. However, the small number of individual histotypes is
hypothesis-generating rather than conclusive. Also, the use of archival
tissue obtained at different timepoints in the disease trajectory can
challenge comparison of dynamic biomarkers and their interpretation
across different testing platforms. This supports pooling of data from
biomarker-selected trials both by histotype and alteration type, as well
as modality of alteration testing, to optimise therapeutic decision-
making for an individual patient and their cancer.

This study demonstrates a modest signal of activity for T-DM1 in
refractory HER2-altered solid tumours. This was principally driven by the
SGC, NSCLCs, and a single case of uterine serous carcinoma. No responses
were seen in colorectal cancers. Apooled analysis of similar basket studies of
T-DM1 in refractory cancers and larger prospective studies in specific
tumour types is vital to enhancing our understanding of the patient
population most likely to benefit from this treatment.

Data availability
Themolecular data on whichMTB recommendations are made is available
upon reasonable request. The authors declare that the data supporting the
findings of this trial are available within the manuscript and its supple-
mentary information.
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