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Abstract
Purpose To characterize health-related quality of life (HRQoL) in patients with human epidermal growth factor receptor 2 
(HER2)-positive metastatic breast cancer (MBC) from the NALA phase 3 study.
Methods In NALA (NCT01808573), patients were randomized 1:1 to neratinib + capecitabine (N + C) or lapatinib + capecit-
abine (L + C). HRQoL was assessed using seven prespecified scores from the European Organisation for Research and 
Treatment of Cancer Quality Of Life Questionnaire core module (QLQ-C30) and breast cancer-specific questionnaire (QLQ-
BR23) at baseline and every 6 weeks. Descriptive statistics summarized scores over time, mixed models evaluated differences 
between treatment arms, and Kaplan–Meier methods were used to assess time to deterioration in HRQoL scores of ≥ 10  
points.
Results Of the 621 patients randomized in NALA, patients were included in the HRQoL analysis if they completed baseline 
and at least one follow-up questionnaire. The summary, global health status, physical functioning, fatigue, constipation, and 
systemic therapy side effects scores were stable over time with no persistent differences between treatment groups. There 
were no differences in time to deterioration (TTD) for the QLQ-C30 summary score between treatment arms; the hazard ratio 
(HR) for N + C vs. L + C was 0.94 (95% CI 0.63–1.40). Only the diarrhea score worsened significantly more in the N + C arm 
as compared to the L + C arm, and this remained over time (HR for TTD for N + C vs. L + C was 1.71 [95% CI 1.32–2.23]).
Conclusion In NALA, patients treated with N + C maintained their global HRQoL over time, despite a worsening of the 
diarrhea-related scores. These results may help guide optimal treatment selection for HER2-positive MBC.

Keywords Neratinib · Metastatic breast cancer · Health-related quality of life · HER2-positive

Introduction

Overall survival in patients with human epidermal growth 
factor receptor (HER)2-positive metastatic breast cancer 
(MBC) has continued to improve over the past decade due 
to advancements in HER2-directed therapies [1, 2], but 
it remains difficult to treat. Survival is higher for patients 
with de novo MBC than for those with relapsed disease, and 

acquired resistance to anti-HER2 therapies remains a chal-
lenge [3, 4]. Therefore, the main goals in treating HER2-pos-
itive MBC are to prevent tumor progression with minimal 
toxicity and to preserve patient quality of life (QoL) [5, 6].

Neratinib  (Nerlynx®; Puma Biotechnology, Inc., Los 
Angeles, CA) is an irreversible small-molecule tyrosine 
kinase inhibitor of HER1, HER2, and HER4. Neratinib was 
first approved as a single agent by the US Food and Drug 
Administration (FDA) for extended adjuvant treatment of 
patients with early-stage, HER2-positive breast cancer fol-
lowing adjuvant trastuzumab-based therapy [7], and by the 
European Medicines Agency for patients with early-stage 
hormone receptor-positive HER2-overexpressed/amplified 
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breast cancer who completed trastuzumab-based therapy less 
than one year ago [8]. In 2020, the FDA approved neratinib 
in combination with capecitabine (N + C) for the treatment 
of adult patients with advanced or metastatic HER2-positive 
breast cancer who have received two or more prior anti-
HER2 regimens in the metastatic setting [9].

N + C demonstrated efficacy in early clinical studies in 
metastatic HER2-positive breast cancer [10, 11]. In NALA, 
N + C significantly prolonged progression-free survival 
(PFS) compared with lapatinib plus capecitabine (L + C) 
(hazard ratio [HR] 0.76; translating to a 2.2-month mean 
PFS improvement) [12]. Safety data in NALA were consist-
ent with previous studies of neratinib in which diarrhea was 
the most frequently observed treatment-emergent adverse 
event (grade 3/4 diarrhea in 24% of patients in the N + C 
arm) [11–13].

Although there are several HER2-directed treatment 
options for HER2-positive MBC, not all have been well 
described in terms of their impact on patients’ health-related 
QoL (HRQoL). The objective of this analysis was to char-
acterize HRQoL among patients with HER2-positive MBC 
in the NALA clinical study.

Methods

Study design and treatment

NALA was a multinational, randomized, open-label, phase 
3 clinical trial (Clinicaltrials.gov NCT01808573) compar-
ing N + C against L + C in patients with HER2-positive 
MBC. The trial design and primary outcomes have been 
previously described [12]. In brief, eligible patients were 
aged ≥ 18 years, with an Eastern Cooperative Oncology 
Group performance status ≤ 1, centrally confirmed HER2-
positive MBC [14], and ≥ 2 previous HER2-directed ther-
apies for MBC. Patients were randomized 1:1 to N + C 
[neratinib 240  mg orally once daily continuously, plus 
capecitabine 1500 mg/m2 orally daily in two evenly spaced 
doses (750 mg/m2 bid) on days 1–14 of 21-day cycles] or 
to L + C [lapatinib 1250 mg orally once daily continuously, 
plus capecitabine 2000 mg/m2 orally daily in two evenly 
spaced doses (1000 mg/m2 bid) on days 1–14 of 21-day 
cycles]. The prophylactic antidiarrheal loperamide was 
required per protocol for all patients in the N + C arm dur-
ing Cycle 1. In the L + C arm and after Cycle 1 in the N + C 
group, the use of antidiarrheal prophylaxis was at the dis-
cretion of the treating physician. Patients received study 
treatment until disease progression, unacceptable toxicity, 
any other specified treatment-withdrawal criterion, or death. 
The co-primary endpoints of the trial were PFS and overall 
survival. The protocol was approved by national/institutional 
ethics committees at participating sites and conducted in 

accordance with the Declaration of Helsinki. All patients 
provided written informed consent prior to any protocol-
specific procedures or study drug administration.

HRQoL assessments

Patient-reported HRQoL was a secondary endpoint. HRQoL 
was measured using the European Organisation for Research 
and Treatment of Cancer (EORTC) Quality of Life Ques-
tionnaire core module (QLQ-C30; version 3), and the 
EORTC Quality of Life Questionnaire Breast Cancer-Spe-
cific Module (QLQ-BR23) [15, 16]. QLQ-C30 and QLQ-
BR23 are widely used to measure HRQoL in patients with 
cancer and include both multi-item scales and single-item 
measures [17]. The EORTC QLQ-C30 includes a global 
health status/HRQoL scale, five functional scales (physical, 
role, emotional, social, and cognitive), and nine symptom 
scales (fatigue, nausea and vomiting, pain, dyspnea, insom-
nia, appetite loss, constipation, diarrhea, and financial dif-
ficulties). The QLQ-BR23 includes 23 questions address-
ing four functional areas (body image, sexual functioning, 
sexual enjoyment, and future perspective) and four symp-
toms (systemic therapy side effects, upset by hair loss, breast 
symptoms, and arm symptoms). In NALA, the QLQ-C30 
summary score and six scales were prespecified for analy-
sis: global health status (two items), physical functioning 
(five items), fatigue (three items), constipation (one item), 
diarrhea (one item), and the QLQ-BR23 systemic therapy 
side effects scale (seven items). The scales of interest were 
selected due to the potential impact of study treatment 
including prophylactic diarrheal treatment. The QLQ-C30 
summary scale is calculated from the mean of scores from 
13 of the 15 QLQ-C30 scales; the global health status scale 
and the financial impact scale are not included.

The EORTC assessments were completed electronically 
by patients before randomization at the baseline visit, then at 
the beginning of every other 3-week treatment cycle (every 
6 weeks ± 3 days) starting from Cycle 3, and finally at treat-
ment discontinuation. Patients indicated the extent to which 
they had experienced symptoms or problems using a 4-point 
Likert scale, from 1 = not at all to 4 = very much. The global 
health status scale used a 7-point Likert scale, on which 
1 = very poor and 7 = excellent.

Questionnaire responses are converted to a score rang-
ing from 0 to 100. For the QLQ-C30 summary score and 
functional scales, higher scores represent better function. A 
higher score on the global health status scale indicates bet-
ter HRQoL, whereas for all symptom scores, higher scores 
indicate a higher level of symptoms. Scoring for the QLQ-
BR23 is identical to that for the functional and symptom 
scales of the QLQ-C30.
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Statistical analyses

For these analyses, a patient was included in the HRQoL 
analysis population for a particular scale if they had 
received at least one dose of study drug, had a baseline 
assessment for that scale, and had at least one post-base-
line assessment (up to last dose day + 28 days) for the spe-
cific scale.

QLQ-C30 and QLQ-BR23 completion rates were 
described for each treatment group by visit and defined as 
the proportion of the expected number of assessments that 
were actually completed from the baseline visit through to 
the last post-baseline assessment (last dose date + 28 days).

Changes of ≥ 10 points in HRQoL scores from baseline 
or between groups were considered clinically meaningful, 
a change widely regarded as clinically meaningful for the 
QLQ-C30 in randomized clinical trials [18, 19]. For the 
functional scales and QLQ-C30 summary score, an improve-
ment is defined as an increase of ≥ 10 points, worsening is 
defined as a decrease of ≥ 10 points, and stable is defined as 
neither improved nor worsened. For the symptom scales, an 
improvement is defined as a decrease of ≥ 10 points, wors-
ening is defined as an increase of ≥ 10 points, and stable is 
defined as neither improved nor worsened.

Observed scores over time in the prespecified scales 
were compared descriptively between treatment groups. 
For the purposes of this report, mean scores were plotted 
to Cycle 19, which approximates to 1 year of treatment. A 
time-to-deterioration (TTD) analysis was performed for 
the seven prespecified scales; this was defined as the time 
from baseline to the first assessment date with an observed 
≥ 10-point decrease (for all functional scales) or increase 
(for all symptom scales). If the patient’s score change did 
not reach the deterioration threshold value, they were cen-
sored at their last HRQoL assessment. If a patient died (on 
or before last dose date + 28 days) before a documented 
decline in HRQoL assessment, the patient was considered 
to have had the deterioration event on the death date unless 
the date of death occurred after two missed HRQoL assess-
ments (12 weeks + 3 days); in that case, the patient was 
censored at the last HRQoL assessment before death. The 
log-rank test was used to assess treatment differences. In 
addition, a stratified Cox proportional hazards model was 
used to estimate the HR. The stratification factors used were 
prior HER2-directed regimens in the metastatic setting (2 
or 3 +), hormone receptor status (positive or negative), and 
disease location (visceral or nonvisceral only). A mixed-
model analysis with an outcome of change from baseline 
and the covariates, including baseline score, treatment arm, 
visit (categorical), treatment arm by time interaction, prior 
HER2-directed regimens in the metastatic setting (2 or 3 +), 
hormone receptor status (positive or negative), and disease 
location (visceral or nonvisceral only), was used to evaluate 

differences between treatment arms over time. The analysis 
used the F test from the repeated measures mixed model.

All analyses presented are descriptive and no adjustments 
were made for multiplicity. Analyses were conducted using 
SAS (version 9.1; SAS Institute, Cary, NC, USA).

Results

HRQoL population

Between May 29, 2013, and July 21, 2017, 621 patients 
were randomized (N + C n = 307; L + C n = 314). Of the 621 
patients, 556 (89.5%; N + C n = 275, L + C n = 281) had at 
least one dose of study drug, completed the EORTC QLQ-
C30 at baseline and at least once more during follow-up, and 
formed the QLQ-C30 population. The QLQ-BR23 analysis 
population comprised a total of 559 patients (90.0%; N + C 
n = 276, L + C n = 283). Patient characteristics and demo-
graphics of the QLQ-C30 population were well balanced 
between the two treatment groups (Table 1).

Of the patients who started a treatment cycle, generally 
over 80% completed each EORTC QLQ-C30 summary score 
and QLQ-BR23 systemic therapy side effects scale through-
out the follow-up and this rate was similar between treatment 
arms (Online Resource 1). Median treatment duration was 
5.7 (interquartile range 2.7–10.4) months for neratinib and 
4.4 (interquartile range 2.3–7.1) months for lapatinib.

EORTC QLQ‑C30 summary score and global health 
status/QoL scale

At baseline (n = 556), the mean [standard deviation (SD)] 
QLQ-C30 summary scores were similar between the treat-
ment arms [N + C 79.8 (14.1), L + C 79.9 (15.7)] (Table 2). 
Over time, mean QLQ-C30 summary and global health sta-
tus/HRQoL scores were similar between treatment arms and 
remained stable (Fig. 1a, b) [12].

There was no difference in TTD for the QLQ-C30 sum-
mary score between treatment arms; the HR for N + C vs. 
L + C was 0.94 [95% confidence interval (CI) 0.63–1.40] 
(Fig. 2a). Likewise, the mean global health status scale 
score remained stable over time and there was no difference 
between the N + C and L + C arms for TTD on the global 
health status scale (HR 0.89; 95% CI 0.63–1.25) (Fig. 2b).

EORTC QLQ‑C30 physical functioning scale 
and symptom scales

For the physical functioning scale, the mean (SD) scores for 
both treatment arms were maintained from baseline (n = 560) 
over time [N + C 79.9 (18.4), L + C 79.5 (19.5)] (Fig. 1c), 
indicating that patients did not experience a decrease in their 
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physical function during treatment. Mean (SD) baseline 
(n = 559) scores for the fatigue [N + C 32.8 (22.5), L + C 

32.4 (24.8)] and constipation [N + C 14.1 (23.9), L + C 14.7 
(24.0)] scales were both at the lower end of each scale’s 
score range for both treatment arms (Table 2). Scores on 
the fatigue and constipation symptom scales trended slightly 
downward from the baseline assessment for both treatment 
groups over time (Fig. 1d, e).

There was little difference between the two treatment 
arms in TTD in the physical functioning scale (HR 0.76; 
95% CI 0.52–1.10; Fig. 2c) with N + C tending to do better. 
The TTD in the fatigue or constipation symptom scale did 
not differ between treatment groups (Fig. 2d, e); HR for TTD 
with N + C vs. L + C on the fatigue scale was 0.91 (95% CI 
0.68–1.22) and 1.34 (95% CI 0.86–2.10) for the constipa-
tion scale.

At baseline (n = 559), mean (SD) scores on the diar-
rhea symptom scale were 8.6 (16.7) vs. 6.2 (16.0) in the 
N + C and L + C arms, respectively (Table 2). From base-
line to treatment Cycle 3, mean scores rose on the diarrhea 
scale—representing an increase in diarrhea symptoms for 

Table 1  Baseline patient 
demographics and 
characteristics of the EORTC 
QLQ-C30 population

EORTC QLQ-C30 European Organisation for Research and Treatment of Cancer Quality of Life Question-
naire core module, ECOG Eastern Cooperative Oncology Group, HER2 human epidermal growth factor 
receptor 2, SD standard deviation
a Defined as patients who received at least one dose of study drug, had a baseline assessment for that scale, 
and had at least one post-baseline assessment (up to last dose day + 28 days) for the specific scale

Patient baseline characteristic EORTC QLQ-C30 population (N = 556)a

Neratinib + capecitabine
(n = 275)

Lapatinib + capecitabine
(n = 281)

Age, mean (SD) 54 (11.4) 54 (11.4)
Sex, female, n (%) 275 (100) 278 (98.9)
Race, n (%)
 White 154 (56.0) 154 (54.8)
 Asian 105 (38.2) 102 (36.3)
 Black 6 (2.2) 9 (3.2)
 Other/unknown/missing 9 (3.3) 15 (5.3)

Geographic region, n (%)
 Europe 107 (38.9) 112 (39.9)
 North America 47 (17.1) 50 (17.8)
 Rest of the world 121 (44.0) 119 (42.3)

ECOG performance status at enrollment, n (%)
 0 159 (57.8) 149 (53.0)
 1 116 (42.2) 132 (47.0)

Hormone receptor status, n (%)
 Positive 162 (58.9) 169 (60.1)
 Negative 113 (41.1) 112 (39.9)

Number of prior HER2-directed regimens in the metastatic setting, n (%)
 2 192 (69.8) 191 (68.0)
 ≥ 3 83 (30.2) 90 (32.0)

Disease location, n (%)
 Visceral 218 (79.3) 227 (80.8)
 Nonvisceral 57 (20.7) 54 (19.2)

Table 2  Baseline EORTC QLQ-C30 and QLQ-BR23 systemic ther-
apy side effects scale scores

EORTC  European Organisation for Research and Treatment of Can-
cer, L + C lapatinib plus capecitabine, n sample size, N + C neratinib 
plus capecitabine, QLQ-BR23 Quality of Life Questionnaire Breast 
Cancer-Specific Module, QLQ-C30 Quality of Life Questionnaire 
core module, SD standard deviation

QLQ-C30 and QLQ-BR23 scales, (n in 
N + C arm/n in L + C arm)

Mean (SD) score

N + C L + C

QLQ-C30 summary score, (275/281) 79.8 (14.1) 79.9 (15.7)
Global health status scale, (277/283) 64.5 (21.5) 63.0 (22.0)
Physical functioning scale, (277/283) 79.9 (18.4) 79.5 (19.5)
Fatigue scale, (276/283) 32.8 (22.5) 32.4 (24.8)
Constipation scale, (276/283) 14.1 (23.9) 14.7 (24.0)
Diarrhea scale, (275/284) 8.6 (16.7) 6.2 (16.0)
QLQ-BR23 systemic therapy side 

effects scale (276/283)
18.4 (15.9) 18.5 (15.5)
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Fig. 1  Mean [95% confidence interval (CI)] observed scores over 
time by treatment group (N + C vs. L + C) in the NALA health-related 
quality of life population for each prespecified EORTC QLQ-C30 
and QLQ-BR23 scale: a QLQ-C30 summary score, b global health 
status, c physical function, d fatigue, e constipation, f diarrhea, and 
g QLQ-BR23 systemic therapy side effects. For the QLQ-C30 sum-
mary score and the physical functioning scale, higher scores repre-
sent better function. A higher score on the global health status scale 
indicates a higher health-related quality of life. For the three symp-

tom scales and the QLQ-BR23 systemic therapy side effects scale, a 
higher score indicates a higher level of symptoms. QLQ-BR23 Qual-
ity of Life Questionnaire Breast Cancer-Specific Module, CxDy Cycle 
x Day y, EORTC  European Organisation for Research and Treatment 
of Cancer, L + C lapatinib plus capecitabine, N + C neratinib plus 
capecitabine, QLQ-C30 Quality of Life Questionnaire core module. 
a and b are reprinted with permission. Saura et al (2020) J Clin Oncol 
38(27): 3138–3149 © 2020 American Society of Clinical Oncology. 
All rights reserved
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both treatment arms. Scores rose to a greater extent in the 
N + C arm but then decreased gradually over time for both 
arms (Fig. 1f).

The median TTD in the diarrhea symptom scale was 
shorter for N + C (3.5  months) compared with L + C 
(20.9 months; HR 1.71; 95% CI 1.32–2.23) (Fig. 2f).

QLQ‑BR23 systemic therapy side effects

Mean (SD) scores on the QLQ-BR23 systemic therapy side 
effects scale were comparable between treatment arms at 
baseline (n = 559) [N + C 18.4 (15.9), L + C 18.5 (15.5)] 
(Table 2). Mean scores rose slightly at Cycle 3 in both treat-
ment arms, indicating patients were experiencing an increase 
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(g) BR23 systemic therapy side effects

Fig. 2  Kaplan–Meier plot for time to deterioration for the first con-
firmed ≥ 10-point change in a EORTC QLQ-C30 summary score and 
each prespecified scale: b global health status, c physical function-
ing, d fatigue, e constipation, f diarrhea, and g QLQ-BR23 systemic 
therapy side effects. QLQ-BR23 Quality of Life Questionnaire Breast 

Cancer-Specific Module, CI confidence interval, EORTC  European 
Organisation for Research and Treatment of Cancer, HR hazard ratio, 
NE not estimable, QLQ-C30 Quality of Life Questionnaire core mod-
ule
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in systemic therapy side effects. However, scores decreased 
gradually for both groups over time (Fig. 1g).

The TTD did not differ between treatment arms (HR 0.81; 
95% CI 0.53–1.24) (Fig. 2g).

Mixed models

Of the seven scales analyzed, only the fatigue scale had a 
meaningful interaction between visit and treatment group. 
For the other six scales, a reduced model without the inter-
action term was analyzed (Online Resource 2). Of these 
scales, the global health status, constipation, diarrhea, and 
QLQ-BR23 systemic therapy side effects scales had over-
all treatment differences, with Global Health Summary, 
constipation, and diarrhea scales favoring L + C and QLQ-
BR23 systemic therapy scale favoring N + C; none met the 
10-point difference previously described. The interpretation 
of the overall treatment effect is the mean difference between 
the treatment groups over time, and therefore with the diar-
rhea scale the N + C group had on average a score of 9.3 
points greater than the L + C group.

Discussion

Delaying disease progression for patients while maintain-
ing QoL and minimizing treatment toxicity are key objec-
tives in managing MBC [5]. In the phase 3 NALA study, 
N + C significantly improved PFS compared with L + C in 
patients with HER2-positive MBC who had received ≥ 2 
prior HER2-directed regimens in the metastatic setting [12]. 
These patients maintained their HRQoL and functioning 
throughout the study as measured by the QLQ-C30 sum-
mary scale, the global health status scale, and the physical 
functioning scale, despite the early transient presence of 
diarrhea symptoms in some patients. Furthermore, symp-
toms of fatigue and constipation and side effects associated 
with systemic therapy remained stable throughout treatment.

Although mean overall QoL (QLQ-C30 summary and 
global health status scores) declined slightly from baseline to 
the next assessment at Cycle 3, by Cycle 5 patients reported 
similar levels of overall functioning and symptoms com-
pared to those at the baseline visit. On average, this return 
to their overall baseline level of functioning and symptoms 
remained stable for patients throughout follow-up. The 
slight initial change at the beginning of treatment and then 
return to pretreatment levels may indicate that patients felt 
an increase in symptoms and an impact on function at the 
start of treatment, but that this effect was transient and fol-
lowed the clinical course of diarrhea. This initial short-term 
impairment in HRQoL at the start of therapy followed by 
recovery to baseline levels has been observed previously 
in the metastatic setting [20]. The phase 3 CLEOPATRA 

trial (NCT00567190) studied the addition of pertuzumab 
to trastuzumab plus docetaxel in patients with previously 
untreated HER2-positive MBC. CLEOPATRA included a 
composite trial outcome index, comprising physical well-
being, functional well-being, and breast cancer-specific 
scales; mean scores appeared to worsen in both treatment 
arms from baseline to Week 18 (treatment Cycle 6), after 
which scores recovered to baseline levels and in the pertu-
zumab arm appeared to improve after Week 63 [20].

As there are other treatment options beyond the second 
line for patients with HER2-positive MBC, it is important 
to have comprehensive QoL data to help inform patient 
treatment decisions. In addition to approving neratinib in 
third-line MBC, the FDA recently approved trastuzumab 
deruxtecan (DS-8201; Daiichi Sankyo and AstraZen-
eca) and tucatinib (Seattle Genetics) [21, 22]. Although 
HRQoL was not measured in the pivotal trastuzumab 
deruxtecan trial, DESTINY-Breast01, other trials in the 
program have included the QLQ-C30 and QLQ-BR45 (the 
updated version of QLQ-BR23) [23]. The HER2Climb 
study (NCT02614794) of tucatinib vs. trastuzumab and 
capecitabine for HER2-positive MBC included the Euro-
Qol 5-Dimensions 5-Levels (EQ-5D-5L) questionnaire, a 
brief generic health instrument, to measure HRQoL [24].

A strength of the NALA study is its comprehensive 
evaluation of the impact of treatment on HRQoL, a key 
clinical outcome for patients with MBC in the third line 
of treatment and beyond. This evaluation was conducted 
with validated instruments commonly used in breast can-
cer and is strengthened by the prespecified complemen-
tary set of analyses including mean scores over time and 
mixed-model analyses examining differences in treatment 
groups over time. The study is further enhanced by the 
inclusion of TTD analysis using a threshold of ≥ 10 points, 
a change widely regarded as clinically meaningful for the 
QLQ-C30 in randomized clinical trials [19]. The TTD 
analysis provides a view of changes in individual patients 
instead of simply evaluating mean change over time by 
treatment arm.

A limitation of these data is that, following the baseline 
assessment, the EORTC QLQ-C30 was not collected again 
until Cycle 3; therefore, the instrument may not have cap-
tured the full pattern of HRQoL during the first and second 
treatment cycles, and particularly the pattern of an early 
transient presence of diarrhea in some patients. Although the 
overall adverse-event profile was similar between regimens 
and diarrhea was the most prevalent adverse event in both 
treatment arms, diarrhea occurred more frequently in the 
N + C arm, particularly during the first treatment cycle. At 
Cycle 3, responses to the EORTC QLQ-C30 diarrhea scale 
reflected the occurrence of more diarrhea being reported in 
the N + C group compared with the L + C arm. However, 
treatment discontinuation rates due to diarrhea were low and 
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approximately equivalent between treatment groups; rates of 
discontinuation due to any treatment-emergent adverse event 
were lower in N + C-treated patients than in patients treated 
with L + C [12]. Furthermore, with combination therapy it is 
not possible to determine which component of the treatment 
regimen has the greatest influence on the aspects of function 
and symptoms as measured by the EORTC QLQ-C30 and 
QLQ-BR23.

In conclusion, these results from the NALA trial in 
patients with HER2-positive MBC demonstrate that treat-
ment with N + C sustains patient HRQoL while improving 
PFS over L + C, despite an early impact on patient-reported 
diarrhea. These results may help guide healthcare provid-
ers and patients in the selection of optimal treatments for 
HER2 + MBC.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10549- 021- 06217-4.
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