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Abstract
Purpose To describe the tolerability and efficacy of neratinib as a monotherapy and in combination with capecitabine in 
advanced HER2-positive breast cancer in a real-world setting.
Methods Patients who received neratinib for advanced HER2-positive at the Royal Marsden Hospital NHS Trust between 
August 2016 and May 2020 were identified from electronic patient records and baseline characteristics, previous treatment 
and response to treatment were recorded. The primary endpoint of the study was progression-free survival (PFS). Secondary 
endpoints included overall survival (OS) and safety.
Results Seventy-two patients were eligible for the analysis. Forty-five patients received neratinib in combination with 
capecitabine and 27 patients received monotherapy. After a median duration of follow-up of 38.5 months, the median PFS 
for all patients was 5.9 months (95% confidence interval (CI) 4.9–7.4 months) and median OS was 15.0 months (95% Cl 
10.4–22.2 months). Amongst the 52.7% (38/72) patients with confirmed brain metastases at baseline, median PFS was 
5.7 months (95% CI 2.9–7.4 months) and median OS was 12.5 months (95% CI 7.7–21.4 months). Despite anti-diarrhoeal 
prophylaxis, diarrhoea was the most frequent adverse event, reported in 64% of patients which was grade 3 in 10%. There 
were no grade 4 or 5 toxicities. Seven patients discontinued neratinib due to toxicity.
Conclusions Neratinib monotherapy or in combination with capecitabine is a useful treatment for patients with and without 
brain metastases. PFS and OS were found to be similar as previous trial data. Routine anti-diarrhoeal prophylaxis allows 
this combination to be safely delivered to patients in a real-world setting.
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Background

Approximately, 15–20% of metastatic breast cancers 
(MBCs) are characterised by overexpression or amplifica-
tion of human epidermal growth factor receptor 2 (HER2), 
a biomarker that was historically associated with aggressive 
disease and poor overall survival [1, 2]. Novel therapeutics, 
in particular anti-HER2 monoclonal antibodies, have trans-
formed outcomes for these patients, although the majority 

of patients with advanced disease will develop resistance to 
therapy and eventually succumb to their disease [3]. Intrac-
erebral metastases, which affect up to 50% of patients with 
advanced HER2-positive breast cancer, cause considerable 
morbidity and mortality and the efficacy of anti-HER2 anti-
bodies in this scenario is limited [4].

Tyrosine kinase inhibitors (TKIs) targeting the HER2 
receptor have shown activity in the metastatic setting lead-
ing to the licenced approval of three agents [5–7]. Lapatinib, 
a TKI targeting both EGFR and HER2 was the first TKI to 
be approved for HER2-positive MBC in combination with 
the oral chemotherapy, capecitabine based on the results of 
a phase 3 study demonstrating benefit from the combination 
[8]. However, lapatinib is not a potent inhibitor of HER2 [9], 
leading to the development of a second generation of small-
molecule HER2 inhibitors.
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Neratinib is a highly potent, oral irreversible small-mole-
cule tyrosine kinase inhibitor of EGFR, HER2 and HER4 [5] 
that has activity as both a single agent [10–12] and in com-
bination with chemotherapy [13–16]. In women with MBC 
previously treated with chemotherapy and trastuzumab, 
the overall response rates range from 29 to 40% with ner-
atinib alone [10–12]. Response rates of up to 64% have been 
observed in patients receiving neratinib in combination with 
capecitabine [15] and the phase 3 NALA trial established the 
combination’s superiority over capecitabine/lapatinib [16]. 
Importantly, neratinib is able to cross the brain barrier and 
has useful activity in patients with brain metastasis, with 
a CNS response rate of 49% reported in a phase 2 study in 
combination with capecitabine [17, 18]. These findings led 
to regulatory approval in the USA of neratinib both as mono-
therapy and in combination with capecitabine for treatment 
of metastatic or advanced HER2-positive breast cancer who 
have received two or more prior anti-HER2-based regimens 
in the metastatic setting [19].

The most commonly reported side effect of neratinib is 
diarrhoea. In the extended adjuvant phase 3 ExteNET study 
over 95% of patients reported any grade of diarrhoea, with 
40% of patient reporting grade 3 and < 1% grade 4 diarrhoea 
[20]. Subsequently, the CONTROL trial has shown that the 
use of routine anti-diarrhoeal prophylaxis improves toler-
ability [21], a finding confirmed in the phase 3 NALA trial 
[16].

To date, there are no published studies detailing the activ-
ity and toxicity of neratinib in advanced HER2-positive set-
ting in a real-world setting. We present the experience of 
tolerability and efficacy of neratinib as monotherapy and 
in combination with capecitabine patients with advanced 
HER2-positive breast cancer at the Royal Marsden Hospital 
as part of the PUMA then Pierre Fabre pre-licence patient 
access scheme.

Methods

The study was approved by the Royal Marsden NHS Trust 
committee for clinical research as a service evaluation (Ref. 
SE768).

Eighty-seven patients were identified from the pharmacy 
database as having started neratinib between 31/08/2016 
and 05/05/2020 and their electronic medical records were 
retrospectively reviewed. Patients were eligible for analy-
sis if they had a diagnosis of advanced H2.7 ER2-positive 
breast cancer and received neratinib 240 mg/day either as 
monotherapy or in combination with capecitabine (1500 mg/
m2/day on a 2 week on, 1 week off or 1 week on, 1 week off 
schedule). Neratinib was not initiated with a dose escalation 
approach. Routine testing for HER2 mutations was not per-
formed during the study period; however, patients known to 

have HER2 mutations were excluded from the study. Patients 
receiving neratinib in the extended adjuvant setting for early 
HER2-positive breast cancer were also ineligible.

Patient, tumour and treatment characteristics were 
obtained from electronic patient records including time of 
diagnosis, previous treatment lines and sites of metastatic 
disease. Toxicity was graded by CTCAE version 4.0. Diar-
rhoeal prophylaxis with loperamide (4 mg four times a day 
on day 1; three times a day from day 2–14; twice daily for 
days 15–28 then as required) and budesonide 9 mg daily for 
28 days on cycle 1 only was prescribed for all patients.

The primary endpoint of the study was progression-free 
survival (PFS) defined from the time of commencement 
of treatment until progression or death. A PFS event was 
recorded as the date of the response assessment. Patients 
free from progression were censored at the last follow-
up cut-off date (14/12/2021) for the analysis. Secondary 
objectives were overall survival (OS), overall response rate 
(ORR), clinical benefit rate (CBR) and safety. OS was cal-
culated from the time of commencement of neratinib until 
death from any cause. Surviving patients were censored at 
the last follow-up date. ORR was defined as having either 
stable partial or complete response radiologically. CBR was 
defined as partial or complete response or stable disease as 
best response for at least 24 weeks.

Descriptive analysis was used to summarise data using 
counts and percentages for categorical variables, and con-
tinuous non-normal variables using a median, range and 
interquartile range (IQR). Kaplan–Meier method was used 
for the calculation of PFS and OS time. Median time to event 
reported with 95% confidence interval (CI). Cox propor-
tional hazard model was used in an exploratory comparison 
analysis to calculate hazard ratio with 95% confidence inter-
val. STATA version 13.1 was used was used to undertake 
statistical analysis.

Results

Seventy-two patients were identified as eligible (Fig. 1). 
Patient characteristics are outlined in Table 1. All patients 
in the study were female with a median age of 55 years (IQR 
49–61; range 37–82 years). A median of 3 prior lines of 
treatment had been given in the advanced setting (IQR 2–4; 
range 0–7). Forty-five patients were treated with neratinib 
in combination with capecitabine and 27 received neratinib 
without capecitabine. Three patients were co-prescribed 
trastuzumab and 4 patients were co-prescribed endocrine 
therapy. Neratinib monotherapy was prescribed due to prior 
progression on capecitabine in 78% (21/27) monotherapy 
patients. At the time of treatment initiation 89% (64/72) 
patients had ECOG performance status of 0–1.
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After a median follow-up of 38.5  months (95% CI 
29.3–51.8 months), the median PFS was 5.9 months (95% 
CI 4.9–7.4 months). The PFS rate at 12 and 24 months 
were 19.4% (95% CI 11.3–29.3%) and 12.5% (CI 95% 
6.1–21.2%), respectively. Patients receiving neratinib in 
combination with capecitabine had longer median PFS 
of 7.2 months (95% CI 5.8–10.0 months) compared with 
patients receiving neratinib alone with a PFS of 2.9 months 
(95% CI 2.3–5.8 months), a difference which was statisti-
cally significant (hazard ratio 0.38 (95% CI 0.23–0.65); 
p < 0.001) (Fig. 2).

The median OS for the cohort was 15.0 months (95% 
CI 10.4–22.2 months). The OS rate at 12 and 24 months 
were 58.3% (95% CI 46.6–68.7%) and 30.0% (95% CI 
19.3–41.4%) respectively. Patients receiving neratinib in 
combination with capecitabine had a longer median OS 
of 18.9 months (95% CI 12.5–27.6 months) compared to 
7.7 months (95% CI 3.2–15.2 months) in those receiving 
neratinib as monotherapy, which was statistically significant 
(hazard ratio 0.42 (95% CI: 0.24 – 0.72); p = 0.001) (Fig. 3).

The response rates for all patients can be seen in Table 2. 
The ORR in patients receiving a combination of neratinib 
and capecitabine was 47% (21/45) compared with 26% 
(7/27) in patients receiving monotherapy. Three patients 
receiving neratinib and capecitabine achieved complete 
radiological responses, two of whom remain on treatment 
at 22 months follow–up, the third relapsed after 50 months 
on treatment.

The median PFS in the sub-group of 38 patients with 
confirmed brain metastases at initiation of neratinib was 
5.7  months (95% CI 2.9–7.4  months) and median OS 
was 12.5 months (95% CI 7.7–21.4 months). The median 
PFS for patients without brain metastases was simi-
lar, although numerically longer at 7.2 months (95% CI 

4.9–9.9 months) and median OS was 15.5 months (95% CI 
11.9–30.9 months).

Adverse events are outlined in Table 3. Any grade of diar-
rhoea was reported in 64% of patients and 7 patients expe-
rienced grade 3 diarrhoea (10%). There were no recorded 
cases of grade 4 diarrhoea. Non-haematological grade 3–4 
adverse events were documented in 18% (13/72) of patients 
and included diarrhoea (n = 6), vomiting (n = 4), transami-
nitis (n = 2) and pneumonitis (n = 1). The single case of 
pneumonitis was in a patient taking neratinib monotherapy 
and occurred following treatment with nitrofurantoin for a 
urinary tract infection.

Forty seven percent of patients (34/72) required at least 
1 dose delay, 22 of whom were receiving combination of 
neratinib and capecitabine. Of the 24% (17/72) patients 
requiring a dose reduction, 13 were receiving neratinib in 
combination with capecitabine. Dose reduction due to diar-
rhoea was required for 7 patients. The most common reason 
for discontinuation was progression of disease (Table 4). 
Discontinuation due to toxicity occurred in 7 patients due to 
diarrhoea (n = 1), nausea and vomiting (n = 2), combination 
of vomiting and diarrhoea (n = 3) or pneumonitis (n = 1). Of 
these patients 6 were receiving a combination of neratinib 
with capecitabine.

Discussion

Although the current standard of care for the first-line treat-
ment for metastatic HER2 breast cancer is clearly defined as 
dual anti-HER2 monoclonal antibodies in combination with 
a taxane chemotherapy on the basis of the CLEOPATRA 
data [22], there have been a number of recent developments 
which have provided novel options beyond the first-line 

Fig.1  CONSORT diagram
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Table 1  Patient and disease characteristics

Variable Total cohort (n = 72) Neratinib monotherapy 
n = 27)

Neratinib with 
capecitabine 
(n = 45)

n (%) n (%) n (%)

Age
  < 65 58 (81) 19 (70) 39 (87)
  ≥ 65 14 (19) 8 (30) 6 (13)

ECOG Performance status
 0 15 (21) 3 (11) 12 (27)
 1 49 (68) 19 (70) 30 (67)
 2 6 (8) 3 (11) 3 (7)
 3 2 (3) 2 (7) 0 (0)

Cutaneous disease
 Yes 14 (19) 6 (22) 8 (18)

Bone
 Yes 46 (64) 17 (63) 29 (64)

Visceral
 Yes 53 (74) 21 (78) 32 (71)

Brain metastasis
 Yes 38 (53) 15 (56) 18 (40)

Leptomeningeal disease
 Yes 7 (10) 5 (19) 4 (9)

Measurable disease
 Yes 63 (88) 23 (85) 40 (89)

Histology
 IDC 61 (85) 25 (93) 36 (80)
 ILC 6 (8) 2 (7) 4 (9)
 Mixed IDC/ILC 2 (3) 0 (0) 2 (4)
 Unknown 3 (4) 0 (0) 3 (7)

Grade
 1 2 (3) 1 (4) 1 (2)
 2 19 (26) 8 (30) 11 (24)
 3 48 (67) 18 (67) 40 (89)
 Unknown 3 (4) 0 (0) 3 (7)

ER status
 Negative 29 (40) 11 (41) 18 (40)
 Positive 42 (58) 16 (59) 26 (58)
 Unknown 1 (1) 0 (0) 1 (2)
 ER Allred score: median (IQR), (range) 6 (0–8), (0–8) 7 (0–8), (0–8) 5 (0–8), (0–8)

PgR status
 Negative 37 (51) 12 (44) 25 (56)
 Positive 26 (36) 12 (44) 14 (31)
 Unknown 9 (13) 3 (11) 6 (13)
 PgR Allred score: median (IQR), (range) 0 (0–5), (0–8) 1 (0–5), (0–8) 1 (0–4), (0–8)

HER2 status
 IHC3 + 58 (81) 22 (81) 36 (80)
 IHC2 + /ISH+ 11 (15) 3 (11) 8 (18)
 HER2 Positive but IHC unknown 3 (4) 2 (7) 1 (2)
 Prior lines of treatment: median (IQR), (range) 3 (2–4) (1–7) 3 (3–5), (1–7) 2 (2–3), (1–6)

Prior anti-HER2 TKI
 Yes 22 (31) 13 (48) 9 (20)
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setting. The antibody–drug conjugate (ADC) T-DM1 pre-
viously superseded oral chemotherapy with capecitabine in 
combination with the first anti-HER2 TKI, lapatinib based 
on the results of the EMILIA trial [23] but the recently 
presented DESTINY-BREAST-03 trial has defined a new 
standard of care in the novel ADC, trastuzumab deruxte-
can (T-DXd) [24]. With increasing number of therapeutic 
options available, the optimal sequence of treatments beyond 
second-line is unclear however; two novel anti-HER2 TKIs 
have proven benefit in this setting. The HER2CLIMB 
study demonstrated a significant improvement in PFS, OS 
and response rate from the addition of the selective HER2 
TKI, tucatinib, to trastuzumab and capecitabine in a large 
randomised phase 2 study, leading to regulatory approvals 
around the world. All patients were required to have received 
prior trastuzumab, pertuzumab, taxane and T-DM1, but none 

had received previous T-DXd. Notably, the study included 
patients with active or untreated CNS disease, demonstrat-
ing a similar magnitude of benefit in these patients, pre-
senting this as a favourable second- or third-line option, in 
particular for patients with brain metastases, especially as 
the combination was very well-tolerated [25]. The results 
of the phase 3 NALA trial of neratinib in combination with 
capecitabine, compared to lapatinib and capecitabine also 
reported a statistically and clinically significant benefit from 
the pan-HER TKI, in patients who had received at least two 
lines of therapy for metastatic HER2-positive breast cancer, 
although neither pertuzumab nor T-DM1 was mandated. 
The median PFS was 5.6 months (95% CI 4.9–6.9 months), 
median OS was 21 months (95% CI 17.7–23.8 months) and 
the overall response rate was 32.8% [16].

Table 1  (continued)

Variable Total cohort (n = 72) Neratinib monotherapy 
n = 27)

Neratinib with 
capecitabine 
(n = 45)

n (%) n (%) n (%)

Prior pertuzumab
 Yes 35 (49) 12 (44) 23 (51)

Prior T-DM1
 Yes 62 (86) 24 (89) 38 (84)
 Prior  Fulvestrant 4 (6) 4 (15) 0 (0)
 Prior Trastuzumab 3(6) 2 (7) 1 (2)

IDC Invasive ductal carcinoma, ILC Invasive lobular carcinoma
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Fig. 2  Kaplan Meier curve of PFS by treatment with monotherapy or 
combination with capecitabine for overall cohort. Neratinib in com-
bination with capecitabine cohort had a median PFS of 7.2  months 
(95% CI 5.8–10.0). Neratinib monotherapy had median PFS 
2.9 months (95% CI 2.3–5.8)
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Fig. 3  Kaplan–Meier curves of OS between patient groups treated 
with Neratinib monotherapy vs Neratinib with Capecitabine for 
overall cohort. Neratinib and capecitabine cohort had median OS of 
18.9 months (95% CI 12.5–27.6). Neratinib monotherapy cohort had 
median OS of 7.7 months (95% CI 3.2–15.2)
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In our study, the observed median PFS of 5.9 months 
(95% CI 4.7–7.4 months) for patients receiving the combi-
nation of capecitabine and neratinib was comparable to the 
median PFS reported the NALA trial (5.6 months; 95% CI 
4.9–6.9 months) [16]. The ORR of 47% we report here for 
patients receiving the combination therapy is higher than 
reported in NALA (32.8%; 95% CI 27.1–38.9), likely a prod-
uct of the RECIST definition being applied more strictly in 
the context of a phase 3 clinical trial. Of interest however, 
the rate is comparable to the CNS ORR of 49% reported with 
the doublet in the TBCRC 020 Trial and over half of our 
patients had brain metastases [17]. We report here a similar 
median PFS or OS for patients with or without brain disease, 
in a population not screened for brain metastases, which fur-
ther supports this as a useful option for patients with as well 

as without brain disease. Consistent with previous reports 
[17] single agent neratinib was less effective in our cohort, 
with an ORR of 26%, median PFS of 2.9 months and median 
OS of 7.7 months.

The development of neratinib has been hampered by 
gastrointestinal side effects, in particular grade 3 diarrhoea. 
Grade 3 diarrhoea rates of 28–40% were reported in trials 
of monotherapy [12, 20], leading to the use of loperamide 
prophylaxis in combination with capecitabine in NALA, 
which reduced the rate to 24.4% [16]. In our study, all 
patients received loperamide and budesonide prophylaxis, 
and the rate of grade 3 diarrhoea was 10%. The regimen was 
otherwise generally well tolerated, with no grade 4 adverse 
events, but discontinuation due to toxicity in 10% patients; 
most commonly due to gastrointestinal adverse events.

One of the limitations of our study is the use of obser-
vational retrospective data in which the timing of response 
assessment was not uniform. The grading of adverse 
events was also dependent on clinicians’ contemporane-
ous grading of the adverse event or accurate recording of 

Table 2  Response to treatment

Defined in the method section
SD stable disease, PR partial response, CR complete response, PD 
progressive disease, ORR objective response rate, CBR clinical ben-
efit rate
Response radiologically as per reporting radiologist
ψ2 patients not evaluable radiologically due to cutaneous only dis-
ease; the other 9 patients progressed clinically before radiological 
assessment undertaken

 Response Total cohort Neratinib 
monotherapy

Neratinib with 
capecitabine

n (%) n (%) n (%)

SD 14 (19) 4 (15) 10 (22)
PR 26 (36) 7 (26) 19 (42)
CR 3 (4) 0 (0) 3 (7)
PD 18 (25) 7 (26) 11 (24)
Non evaluable ψ 11 (15) 9 (33) 2 (4)
ORR 29 (40) 7 (26) 21(47)
CBR 38 (64) 7 (26) 31 (69)

Table 3  Adverse events

AE Adverse event
a Dose delay on at least one occasion

Total cohort Neratinib mono-
therapy

Neratinib with 
capecitabine

n (%) n (%) n (%)

Grade 3–4 haematological AEs 2 (3) 0 (0) 2 (4)
Grade 3–4 non-haematological AEs 13 (18) 7 (26) 6 (13)
Any grade of diarrhoea 46 (64) 18 (67) 28 (62)
Grades of diarrhoea
 1 27 (38) 12 (44) 15 (33)
 2 12 (17) 4 (15) 8 (18)
 3 7 (10) 2 (7) 5 (11)

Dose reduction 17 (24) 4 (15) 13 (29)
Dose  delaysa 34 (47) 13 (48) 21 (47)

Table 4  Reasons for discontinuation of treatment

Toxicity diarrhoea (n = 1), nausea and vomiting (n = 2), combination 
of vomiting and diarrhoea (n = 3) or pneumonitis (n = 1). Non cancer 
related deaths include 1 patient who died of COVID-19 and 2 patients 
admitted to local hospital with infection. Other: patient stopped due 
to discitis

 Reason for treatment discontinuation Total n = 67
n (%)

PD 55 (82)
Toxicity 7 (10)
Patient choice 1 (2)
Non cancer related deaths 1 (2)
Other 3 (4)
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toxicity, and as such, it was not possible to assess duration 
of adverse events. Furthermore, this is a relatively small 
study from a single centre; however, this study provides 
real-world evidence that neratinib in combination with 
capecitabine can be an effective treatment for patients with 
advanced HER2-positive breast cancer.

Conclusion

This single-centre retrospective study demonstrates that 
neratinib as a monotherapy or in combination with capecit-
abine is well tolerated by the majority of patients when 
prescribed with appropriate anti-diarrhoeal prophylaxis, 
with a similar response rate, median PFS and median OS 
in the real-world setting as reported in previous clinical 
trials. Neratinib in combination with capecitabine should 
be considered a useful alternative for the treatment of 
metastatic HER2-positive disease in the third-line setting 
or beyond, in particular for patients with brain metastasis.
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