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abstract

PURPOSE Insertion mutations in Erb-b2 receptor tyrosine kinase 2 gene (ERBB2 or HER2) exon 20 occur in
2%-5% of non–small-cell lung cancers (NSCLCs) and function as an oncogenic driver. Poziotinib, a tyrosine
kinase inhibitor, was evaluated in previously treated patients with NSCLC with HER2 exon 20 insertions.

METHODS ZENITH20, a multicenter, multicohort, open-label phase II study, evaluated poziotinib in patients with ad-
vanced or metastatic NSCLC. In cohort 2, patients received poziotinib (16 mg) once daily. The primary end point was
objective response rate evaluated by independent review committee (RECIST v1.1); secondary outcomemeasures were
disease control rate, duration of response, progression-free survival, and safety and tolerability. Quality of lifewas assessed.

RESULTS Between October 2017 and March 2021, 90 patients with a median of two prior lines of therapy (range,
1-6) were treated.With amedian follow-up of 9.0months, objective response rate was 27.8% (95%CI, 18.9 to 38.2);
25 of 90 patients achieved a partial response. Disease control rate was 70.0% (95%CI, 59.4 to 79.2). Most patients
(74%) had tumor reduction (median reduction 22%). Median progression-free survival was 5.5 months (95% CI,
3.9 to 5.8); median duration of responsewas 5.1months (95%CI, 4.2 to 5.5). Clinical benefit was seen regardless of
lines and types of prior therapy, presence of central nervous systemmetastasis, and types ofHER2mutations. Grade
3 or higher treatment-related adverse events included rash (48.9%), diarrhea (25.6%), and stomatitis (24.4%).
Most patients had poziotinib dose reductions (76.7%), with median relative dose intensity of 71.5%. Permanent
treatment discontinuation because of treatment-related adverse events occurred in 13.3% of patients.

CONCLUSION Poziotinib demonstrates antitumor activity in previously treated patients with HER2 exon 20 in-
sertion NSCLC.
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INTRODUCTION

Genetic alterations in the Erb-b2 receptor tyrosine
kinase 2 gene (ERBB2), also known as human epi-
dermal growth factor receptor 2 gene (HER2), occur in
many cancer types and function as oncogene
drivers.1,2 Insertion mutations in exon 20 of HER2 are
detected in 2%-5% of non–small-cell lung cancers
(NSCLCs) and are associated with never-smoker sta-
tus, female sex, and adenocarcinoma histology.3-5 To
date, there are no approved targeted therapies for this
patient population; an unmet clinical need remains.5

Poziotinib is an irreversible pan-ErbB inhibitor with
activity against mutations or insertions ofHER1 (ErbB1;
epidermal growth factor receptor [EGFR]), HER2
(ErbB2), and HER4 (ErbB4).6,7 Preclinical studies of
EGFR and HER2 exon 20 insertion mutation cancer
cells have demonstrated sensitivity to poziotinib, dif-
ferentiating it from other EGFR tyrosine kinase inhibitors
(TKIs) that have limited activity against exon 20

insertions.8-13 Given that poziotinib may represent a
viable treatment option for patients with EGFR orHER2
exon 20–mutated tumors, the ZENITH20 study was
initiated to evaluate poziotinib in patients with NSCLC
with exon 20 insertion mutations. The 16 mg/d dose
was chosen to improve tolerability as it was the highest
daily dose without dose-limiting toxicity in a phase I
study.8 Furthermore, 16 mg daily was also used in a
single-site investigator-initiated lung cancer trial
(NCT03066206) that demonstrated tolerable toxicity
and antitumor efficacy.14,15

Here, we report the effects of poziotinib in a cohort of
previously treated patients with HER2 exon 20
insertion-positive NSCLC in the ZENITH20 trial.

METHODS

Study Design and Patients

The ZENITH20 trial is a phase II, multicenter, multi-
cohort, open-label study. In cohort 2, patients
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age $ 18 years were eligible if they were previously treated
for locally advanced or metastatic NSCLC with documented
HER2 exon 20 insertion mutations. Patients must have
measurable NSCLC disease (per RECIST Guidelines, v1.1).
Patients with known brain metastases were eligible if the
patient’s condition was stable, defined as asymptomatic,
with no requirement for high dose or increasing doses of
systemic corticosteroids, and no need for any anticonvul-
sant therapy for metastatic brain disease. For the patient
who has had radiation therapy, sequential post-treatment
magnetic resonance imaging (MRI) tests, at least 4-6
weeks apart, should show no increase in brain lesion
size or volume within 4 weeks before the study. The study
was conducted in accordance with Good Clinical Practice
guidelines and the Declaration of Helsinki and in discussion
with the US Food and Drug Administration. All patients
provided written informed consent.

Study Procedures

Patients received 16 mg poziotinib orally once daily in an
outpatient setting during each 28-day treatment cycle for up
to 24months. The dose could be reduced in 2-mg increments
if necessary in the presence of toxicity. Dose interruption up to
28 days was allowed. Tumor assessments (using computed
tomography, positron emission tomography-computed
tomography, or MRI) were performed. Response evaluation
was conducted by a blinded independent committee review
using RECIST v1.1 at baseline, after 4 and 8 weeks of
treatment, and every 8 weeks thereafter for up to 24 months.
Patients with known brain lesions underwent MRI for tumor
assessment at baseline and during the trial. MRI was not
required for patients who did not have known brain
metastasis.

Adverse events (AEs) were monitored throughout the study
and for 35 days after poziotinib discontinuation and, along
with laboratory abnormalities, were graded by investigators
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events version 4.03.

Study End Points

The primary end point was objective response rate (ORR).
Secondary outcome measures were disease control rate
(DCR), duration of response (DoR), progression-free sur-
vival (PFS), and safety and tolerability. Quality of life was
also assessed (Data Supplement, online only). The primary
analysis population included all patients who received $ 1
dose of poziotinib. Analyses were also conducted on the
evaluable population, which included only patients who
had a target lesion at baseline and were evaluable for tumor
response.

Statistical Analysis

This study was designed to have 85% power to reject a
nondesired ORR of 17% versus a clinically meaningful
ORR of 30% in a two-sided test with a significance level of
5%. On the basis of the above test of hypotheses and per
discussion with the US Food and Drug Administration, the
criterion for the primary efficacy was the lower bound of
95% CI of the ORR to be above 17%. All efficacy and safety
outcomes were analyzed using descriptive statistics. The
ORR and DCR were also evaluated with 95% CI, and DoR
and PFS were evaluated with Kaplan-Meier estimates and
plots. Statistical analyses were conducted using SAS 9.4
software (SAS Institute, Cary, NC).

RESULTS

Patients

Between October 2017 and March 2021, 90 patients were
enrolled and treated in ZENITH20 cohort 2 (Table 1).
Median age was 60 years, 64.4% were female, and 65.6%
were never-smokers. At study entry, 96.7% of patients had
adenocarcinoma histopathology, 3.3% had squamous cell
carcinomas, and 15.6% had stable CNS metastasis. All
patients had received one to six prior lines of treatment
(median: two lines; 38.9% had received $ 3 lines of prior
therapy); 96.7% had prior platinum chemotherapy, 67.8%

CONTEXT

Key Objective
There is an unmet need for developing targeted therapy for lung cancers withHER2 exon 20 insertions. ZENITH20 cohort 2

assessed the efficacy and safety of poziotinib, a small-molecule inhibitor, in patients who had prior treatments.
Knowledge Generated
In the 90 patients who received poziotinib for their previously treatedHER2 exon 20 lung cancers, the response rate was 27.8%

(95% CI, 18.9 to 38.2) and disease control rate was 70.0% (95% CI, 59.4 to 79.2), with clinical benefit seen regardless of
lines and types of prior therapy, presence of central nervous system metastasis, and type of HER2 insertions. Treatment-
related adverse events were generally consistent with class effect, with rash, diarrhea, and stomatitis being themost common.

Relevance
These findings demonstrated that poziotinib is a potentially meaningful therapeutic option for patients with metastatic lung

cancer harboring HER2 exon 20 insertion mutations.
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had received an immune checkpoint inhibitor (CPI), 27.8%
received prior anti-HER2 therapy, and 65.6% of patients
had chemotherapy in combination or sequentially with a
CPI (Table 1, Data Supplement). Of the 25 patients who
received prior anti-HER2 therapy, all had taken at least one
antibody (trastuzumab, n5 22) or antibody-drug conjugate
(ADC, ado-trastuzumab emtansine, n 5 6; Data Supple-
ment). At data cutoff (March 5, 2021), the median follow-
up was 9.0 months (range, 0-17.6 months), treatment was
ongoing in one (1.1%) patient, and 89 patients (98.9%)
had discontinued treatment. Primary reasons for discon-
tinuation were progressive disease (53 [58.9%] patients)

and AEs (13 [14.4%] patients: 10 related AEs and three
unrelated AEs; Data Supplement).

Efficacy

In the primary analysis population, ORR was 27.8% (95%CI,
18.9 to 38.2), with 25 of 90 treated patients achieving partial
response (PR) and none achieving complete response. The
DCR was 70.0% (95% CI, 59.4 to 79.2; Table 2). The
evaluable population (n 5 74) demonstrated an ORR and
DCR of 35.1% (95% CI, 24.4 to 47.1) and 82.4% (95% CI,
71.8 to 90.3), respectively (Table 2). Most patients had tumor
shrinkage (as-treated population: 74.4% [67 of 90], evalu-
able population: 90.5% [67 of 74]) (Fig 1A). Sixteen patients
were excluded from the evaluable population due to absence
of baseline target lesions (n 5 4), lack of follow-up scans
(n 5 6), or lack of adequate follow-up for evaluable tumor
response per RECIST v1.1 (n 5 6) (Data Supplement).

Among the 25 responders, median time to response was
32 days (range, 23-183 days), median DoR was 5.1 months
(95% CI, 4.2 to 5.5), and 24% had DoR . 6 months
(Table 2; Data Supplement). Median PFS for all 90 treated
patients was 5.5 months (95% CI, 3.9 to 5.8), and 37.8%
(95% CI, 25.5 to 50.0) were progression-free at 6 months
(Table 2; Data Supplement).

Efficacy in Subgroups

Patients derived benefit from poziotinib across demo-
graphic subgroups (Data Supplement). Efficacy was pre-
served in patients who had received multiple prior lines of
therapy: ORR was 37.1% (95% CI, 21.5 to 55.1; n5 35) in
those who had $ 3 prior lines of therapy, 21.4% (95% CI,
8.3 to 41; n 5 28) in those who had two lines, and 22.2%
(95% CI, 8.6 to 42.3; n 5 27) in those with one prior
systemic therapy (Fig 2).

Of the 61 patients who had received prior CPI therapy, 16
(26.2%) were responders. Twenty-five patients had received
prior anti-HER2 therapy with $ 1 antibody or ADC, and all
had prior chemotherapy (Data Supplement). Three patients
were treated previously with trastuzumab and afatinib, and
one received trastuzumab and neratinib therapies. Among
the 25 patients, six achieved PR (24.0%), including two who
received prior trastuzumab and afatinib. The patient with
prior neratinib therapy had a reported tumor reduction, but
response status was not confirmed (Data Supplement).

Fourteen patients had known stable CNS metastases upon
enrollment. ORR for these patients was 28.6%, with a
median PFS of 7.4 months (Data Supplement). One patient
with two brain lesions at baseline had an absence of both
brain lesions on $ 2 MRI scans. Nine additional patients
achieved at least CNS stable disease (SD), and the
remaining four did not have adequate follow-up scans.
None of the 14 patients had isolated CNS progression.
Among the 14 patients, 13 received prior CNS radiation,
including three who had whole-brain radiation therapy, five
who underwent localized treatments such as stereotactic

TABLE 1. Demographic and Baseline Characteristics in Patients With
Advanced NSCLC and HER2 Exon 20 Insertion
Characteristic N 5 90

Age, years, median (range) 60 (25-86)

Sex, No. (%)

Female 58 (64.4)

Male 32 (35.6)

Ethnicity, No. (%)

White 70 (77.8)

Black or African American 4 (4.4)

American Indian or Alaska Native 1 (1.1)

Asian 12 (13.3)

Other 3 (3.3)

Smoker, No. (%)

Current 1 (1.1)

Former 30 (33.3)

Never 59 (65.6)

ECOG performance status, No. (%)

0 38 (42.2)

1 52 (57.8)

NSCLC histopathology, No. (%)

Adenocarcinoma 87 (96.7)

Squamous cell carcinoma 3 (3.3)

Stable CNS metastasis at study entry, No. (%) 14 (15.6)

No. of prior therapies, median (range) 2 (1-6)

Type of prior therapy, No. (%)

Prior 1 line 27 (30.0)

Prior 2 lines 28 (31.1)

Prior $ 3 lines 35 (38.9)

Prior platinum 87 (96.7)

Prior CPI 61 (67.8)

Prior anti-HER2 25 (27.8)

Prior chemotherapy, CPIa 59 (65.6)

Abbreviations: CPI, checkpoint inhibitor; ECOG, Eastern Cooperative
Oncology Group; HER2, human epidermal growth factor receptor 2;
NSCLC, non–small-cell lung cancer.

aAdministered separately or in combination.
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radiosurgery, and five who lacked detailed radiation in-
formation. Nine had CNS radiation within 12 weeks of study
entry (Data Supplement).

The distribution pattern of the HER2 insertion mutations
observed in our cohort was consistent with prior literature.11

The HER2 Y772_A775dupYVMA mutation was the most
frequent and occurred in 65 (72.2%) patients, of whom the
ORR was 20.0% (95% CI: 11.1%-31.8%), median DoR was
5.2 months, and median PFS was 5.4 months. In patients
whose tumors had G778_P780dupGSP or G776delinsVC
mutations, ORRs were 100% (n 5 7) and 27.3% (n 5 11);
median PFS was 7.6 and 3.9 months; and median DoR was
5.3 and 4.6 months, respectively (Data Supplement).

Safety

Treatment-emergent AEs occurred in all patients. Treatment-
related AEs (TRAEs) were reported in 88 (97.8%) patients,
with 71 (78.9%) having grade 3 and four patients (4.4%)
having grade 4 TRAEs (Data Supplement).

The most common TRAEs were rash (91.1%), diarrhea
(82.2%), and stomatitis (68.9%), and grade $ 3 inci-
dences were rash (48.9%), diarrhea (25.6%), and sto-
matitis (24.4%) (Table 3). Serious TRAEs occurring in $ 1
patient were rash (n 5 3; 3.3%), asthenia, diarrhea, de-
hydration, and stomatitis (n5 2 each; 2.2%). Median time

to onset of treatment-related rash, diarrhea, and stomatitis
was 8, 6, and 7 days, respectively, with grade 3 events
occurring later, at 52.5, 13, and 10 days, respectively.
Treatment-emergent AEs occurring in 10% or more of
patients are shown in the Data Supplement. Among the 61
patients with prior CPI treatment, the percentage of patients
with grade $ 3 TRAEs (77.1%; rash, diarrhea, stomatitis,
elevated liver function tests, and pneumonitis) was nu-
merically lower than that of the other 29 (89.7%), sug-
gesting that toxicity was not increased in patients receiving
sequential CPI and poziotinib.

Four patients (4.4%) had five incidences of grade 4 TRAEs
(stomatitis, dyspnea, hypomagnesemia, hypocalcemia,
and pancreatitis relapsing), and 1 (1.1%) had a grade 5
TRAE (pneumonia). Grade 1 pneumonitis occurred in one
patient. Although diarrhea was the second most common
TRAE, dehydration (n 5 4; 4.4%), hyponatremia (n 5 4;
4.4%), and increased creatinine (n 5 3; 3.3%) were un-
common. Increased alanine aminotransferase (n 5 4;
4.4%) and aspartate aminotransferase (n5 3; 3.3%) were
infrequent. Serious TRAEs occurred in 14.4% of patients.
Twelve (13.3%) patients permanently discontinued treat-
ment because of TRAEs (Data Supplement).

Health-related quality of life was measured using European
Organisation for Research and Treatment of Cancer Quality
of Life Core30 and the Quality of Life Lung Cancer 13
questionnaire, scored from 0 to 100 ($ 10 point change
from baseline [cycle 1 day 1] considered clinically
meaningful; Data Supplement).16,17 Quality of Life Core30
functional and symptom scores were stable-to-improved,
although without statistical significance. Quality of Life Lung
Cancer 13 questionnaire mean scores indicated clinically
meaningful improvement in cough (–16.5 to –13.9) from
cycle 2 to cycle 7, and improvements in dyspnea (between
–8.7 and –2.4) and chest pain (–6.9 to –5.5) were main-
tained to cycle 7 (Data Supplement).

Twenty-one patients (23.3%) remained on 16 mg poziotinib
throughout the study; the remainder had $ 1 dose reduc-
tions such that their final dose was 14 mg (22.2%), 12 mg
(30%), 10 mg (22.2%), or 8 mg (2.2%). Median relative
dose intensity (percentage of total actual dose administered
divided by planned dose for duration of treatment) was
71.5%. Duration of treatment ranged from 1 to 708 days
(median, 112.5 days), with treatment administered for 1-675
days (median, 86.5 days). Seven patients (7.8%) were on
treatment $ 12 months, and another four patients (4.4%)
were treated$ 9 months. One patient who responded to the
study drug from week 4 and progressed at week 64 is still
receiving treatment for almost 2 years because of SD for
clinical benefit as assessed by the investigator.

All 25 patients who achieved PR had a dose interruption,
and 22 had a dose reduction. Eighteen responses were
reported while on the 16-mg daily dose. Even with dose

TABLE 2. Clinical Response (RECIST Guidelines, v1.1 by BICR) in Patients With
Advanced NSCLC and HER2 Exon 20 Insertion
Parameter As-Treateda (N 5 90) Evaluableb (n 5 74)

ORR, No. (%)
95% CI

25 (27.8)c

18.9 to 38.2
26 (35.1)d

24.4 to 47.1

Best overall response, No. (%)

CR 0 (0) 0 (0)

PR 25 (27.8)c 26 (35.1)d

SD 38 (42.2) 35 (47.3)

PD 13 (14.4) 13 (17.6)

NE 14 (15.6) 0 (0)

DCR, No. (%)
95% CI

63 (70.0)
59.4 to 79.2

61 (82.4)
71.8 to 90.3

DoR, months, median (range)
95% CI

5.1 (1-14.1)
4.2 to 5.5

5.1 (0.9-14.1)
4.2 to 5.5

PFS, months, median (range)
95% CI

5.5 (0.0-17.6)
3.9 to 5.8

5.5 (0.6-17.6)
3.9 to 6.2

Abbreviations: BICR, blinded independent committee review; CR, complete
response; DCR, disease control rate; DoR, duration of response; NE, not evaluable;
NSCLC, non–small-cell lung cancer; ORR, objective response rate; PD, progressive
disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

aThe as-treated population was the primary analysis population and included all
patients who received at least one dose of study medication.

bThe evaluable population excluded patients from the as-treated population who
did not have a target lesion at baseline and/or did not have sufficient follow-up to
evaluate tumor response.

cCR/PR confirmation required at least 28 days after first observation of CR/PR.
dCR/PR confirmation required at least 21 days after first observation of CR/PR.
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interruptions and reductions, disease control was main-
tained in the majority of patients (Fig 1B; Table 2).

DISCUSSION

An effective targeted treatment approach is lacking for pa-
tients with NSCLC harboring HER2 exon 20 insertions. The
results from cohort 2 of the ZENITH20 trial demonstrate
poziotinib’s antitumor activity in these patients who had prior
systemic treatments. In this cohort, the ORR was 27.8%,
demonstrating a clinically meaningful benefit and exceeding
prespecified efficacy criteria of this study conducted for
registration purposes. Twenty-five patients achieved PR and
an additional 38 patients had SD. Overall, 74% of patients
had tumor shrinkage.

Poziotinib activity compares favorably to other irreversible
TKIs targeting HER2.18 Among patients with HER2 exon 20
mutant NSCLC, one of 13 treated with afatinib achieved PR,
with median PFS , 4 months.19 Three of 26 treated with
dacomitinib achieved PR.20 Neratinib induced 1 PR in 26

lung cancer HER2 patients.21 Recently, pyrotinib was able
to induce a partial response in 30% of patients.22

Other than small-molecule inhibitors, targeted antibodies
and ADCs have demonstrated clinical efficacy for HER2-
altered lung cancers. Ado-trastuzumab emtansine induced
a response in 44% of patients, with approximately half
carrying exon 20 insertions.23 Trastuzumab deruxtecan
(T-DXd) rendered an ORR of 61.9% in 42 patients.24

Because small molecule inhibitors used sequentially with
other treatments hold potential, we evaluated the efficacy of
poziotinib in patients who received prior HER2 antibodies
or ADCs; benefits observed were similar to the total cohort.
Our data support poziotinib as a valuable additional ther-
apeutic option in an era when various anti-HER2 thera-
peutics such as antibody or ADCs and TKIs are available.

HER2 exon 20 alterations are heterogeneous25,26; the most
frequent insertions are Y772_A775dupYVMA, G776delinsVC,
and G778_P780dupGSP.4,11,25,27,28 Evidence from prior
studies indicates that HER2 exon 20 point mutations could

ORR (95% CI)
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FIG 2. Forest plot presenting ORR by subgroups. CPI, checkpoint inhibitor; ECOG, Eastern Cooperative Oncology Group; HER2, human
epidermal growth factor receptor 2; ORR, objective response rate.

FIG 1. (Continued). lines of prior therapy, prior type of therapy, and mutation. The prior therapy column indicates prior exposure (not necessarily in the
sequence listed). An accidental dosing error led to one patient taking 18 mg of poziotinib for 1 day. BICR, blinded independent committee review; CPI,
checkpoint inhibitor; CT, chemotherapy; HER2, human epidermal growth factor receptor 2; HER2-a, HER2 antibody-drug conjugate; HER2-m, HER2-
monoclonal antibody; HER2-mat, HER2-monoclonal antibody, antibody-drug conjugate, and tyrosine kinase inhibitor; HER2-mt, HER2-monoclonal
antibody or tyrosine kinase inhibitor; NSCLC, non–small-cell lung cancer; PD, progressive disease; PR, partial response; SD, stable disease.
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be more responsive to TKIs, in contrast to insertions; the
most common Y772_A775dupYVMA was the least re-
sponsive to therapy.10,29-32 In cohort 2, 72.2% of patients
had tumors with Y772_A775dupYVMA and demonstrated
an ORR of 20.0%. G776delinsVC and G778_P780dupGSP
subgroups had numerically better clinical outcomes with
poziotinib, although patient numbers were too small to draw
definitive conclusions. Because different distributions of
point mutations (none allowed in this cohort) and insertions
are reported in different trials, the results cannot be
compared directly; more drug-sensitive point mutations
(V777L, L755P, and L755S) were allowed in both the
pyrotinib and neratinib trials.21,22 In the neratinib trial, the
lone responder had an L755S mutation, and none of the
Y772_A775dupYVMA cases responded.21

In cohort 2, subgroups of interest benefitted, including pa-
tients with $ 3 prior lines of therapy or CNS metastasis. For
heavily pretreated patients who had received $ 3 lines of
therapy, ORR was 37.1% with a median DoR of 5.2 months.

Pyrotinib has also shown benefit in heavily pretreated pa-
tients.22 These results suggest that the efficacy of therapywith
small-molecule inhibitors is derived from target engagement,
especially in difficult-to-treat mutations like exon 20.

CNS metastasis represents a clinical challenge for NSCLC:
these patients have median overall survival of 6 months and
1-, 2-, and 3-year survival rates of 29.9%, 14.3%, and 8.4%,
respectively.33,34 For HER2-mutant NSCLC, baseline CNS
metastasis occurs in 19% of patients; during treatment, an
additional 28% develop CNS metastasis.35 In cohort 2 of the
ZENITH20 trial, 14 patients had CNS metastasis at enroll-
ment; four had a response (ORR 28.6%) with median PFS of
7.4 months. One patient had complete resolution of CNS
lesions, and no patients had CNS progression. Interpretation
of the data was limited by small sample size (n 5 14), prior
radiation therapy to the brain (13 patients; three had whole-
brain radiation therapy), and no requirement for baseline
brain MRI; therefore, future studies are warranted to guide
poziotinib use in patients with CNS metastasis.

The side-effect profile of poziotinib reported here is con-
sistent with prior reports: rash, stomatitis, and diarrhea were
the most common class-effect toxicities. Events generally
manifested within the first 2 weeks of treatment. Permanent
treatment discontinuation because of TRAEs occurred in
13.3% of patients. Discontinuations because of TRAEs
occurred in 9% of patients receiving dacomitinib in the
ARCHER1050 trial, with similar rates in trials of neratinib
(7.7%) and afatinib (6%).21,36,37

In the ZENITH20 trial, standard tools were used to evaluate
patient overall quality of life. Lung cancer–specific symp-
toms (especially cough), dyspnea, and chest pain signifi-
cantly improved with poziotinib treatment. General function
was also preserved throughout treatment cycles. Early
recognition and intervention for treatment-related side ef-
fects is essential to optimize outcomes.

Among the 25 responders, responses were generally ob-
served early (week 4) during 16-mg daily dosing and 24% of
patients maintained their response for $ 6 months despite
dose interruptions or reductions (Fig 1B). Given the observed
side-effect profile, development of a more tolerable dosing
schedule together with a proactive supportive treatment plan
is ongoing to decrease toxicity and improve total dose in-
tensity. ZENITH20 trial cohort 5 was expanded to evaluate
twice-a-day dosing (b.i.d.) of poziotinib. Preliminary analysis of
poziotinib b.i.d. has been shown to significantly reduce side
effects while preserving efficacy.38 Specifically, the rate of
grade $ 3 TRAEs was 19% with 8 mg b.i.d. (n 5 31) versus
35% with 16 mg daily (n 5 26) in cycle 1. In the 8 mg b.i.d.
dosing arm, six out of 19 patients (both EGFR andHER2 exon
20) achieved a response for an ORR of 31.6%. This dosing
schedule offers promise for decreasing AE rates and en-
hancing efficacy. Moreover, a recent ZENITH20 Protocol
(online only) amendment provided detailed instructions on
rash and diarrheamanagement, encouraging proactive use of

TABLE 3. TRAEs ($ 10% any grade and all grade 4)

AE (preferred term)

N 5 90

Any Grade Grade 3 Grade 4

Patients with at least one event,
No. (%)

88 (97.8) 71 (78.9) 4 (4.4)

Rash (multiple terms)a 82 (91.1) 44 (48.9) 0

Diarrhea 74 (82.2) 23 (25.6) 0

Stomatitis (multiple terms)b 62 (68.9) 21 (23.3) 1 (1.1)

Paronychia 34 (37.8) 1 (1.1) 0

Dry skin 28 (31.1) 5 (5.6) 0

Decreased appetite 27 (30.0) 2 (2.2) 0

Nausea 26 (28.9) 2 (2.2) 0

Alopecia 25 (27.8) 0 0

Pruritus 24 (26.7) 2 (2.2) 0

Vomiting 21 (23.3) 0 0

Fatigue 20 (22.2) 2 (2.2) 0

Anemia 13 (14.4) 3 (3.3) 0

Weight decreased 13 (14.4) 1 (1.1) 0

Epistaxis 11 (12.2) 0 0

Hypomagnesemia 10 (11.1) 1 (1.1) 1 (1.1)

Asthenia 9 (10.0) 3 (3.3) 0

Hypokalemia 9 (10.0) 3 (3.3) 0

Dry mouth 9 (10.0) 0 0

Dyspnea 3 (3.3) 0 1 (1.1)

Hypocalcemia 3 (3.3) 1 (1.1) 1 (1.1)

Pancreatitis relapsing 1 (1.1) 0 1 (1.1)

Abbreviations:AE, adverseevent; TRAEs, treatment-relatedadverseevents.
aIncludes rash, dermatitis acneiform, rash maculopapular, rash

erythematous, rash generalized, rashmacular, rash papular, rash pruritic,
mucocutaneous rash, and palmar-plantar erythrodysesthesia syndrome.

bIncluding stomatitis, mucosal inflammation, and mucosal toxicity.
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antidiarrheal agents and oral steroids. Together, those mea-
sures will potentially decrease and mitigate toxicity, allowing
patients to remain on poziotinib for maximum clinical benefit.

In summary, data from cohort 2 of the ZENITH20 trial in-
dicate that poziotinib demonstrates clinical benefit in heavily
pretreated patients with NSCLC andHER2 exon 20 insertion
mutations. To date, this is the largestHER2 exon 20 insertion

NSCLC study that used blinded central imaging for response
analysis. The relatively large sample size for this molecularly
defined patient population allowed for meaningful subgroup
analyses. These findings validate HER2 exon 20 insertions
as an actionable therapeutic target in lung cancer, including
in patients with CNS metastasis, and present poziotinib as a
potentially meaningful therapeutic option.
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