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ARTICLE INFO ABSTRACT
Keywords: Background: Neratinib is an irreversible pan-HER tyrosine kinase inhibitor approved for HER2-positive early-
Neratinib stage and metastatic breast cancer. Diarrhea is the most frequent side effect and the most common reason for

Tyrosine kinase inhibitor
HER2-positive
Breast cancer

early discontinuation. The phase II CONTROL trial investigated antidiarrheal prophylaxis or neratinib dose
escalation (DE) for prevention of diarrhea. We present complete study results including final data for two DE

strategies.

Early stage

DiarZheagprophylaxis Methods: Patients who completed trastuzumab-based adjuvant therapy received neratinib 240 mg/day for 1 year.
Dose escalation Early cohorts investigated mandatory prophylaxis with loperamide, then additional budesonide or colestipol.
Health-related quality of life Final cohorts assessed neratinib DE over the first 2 (DE1) or 4 weeks (DE2). The primary endpoint was incidence

of grade >3 diarrhea. Health-related quality of life (HRQoL) was assessed using FACT-B and EQ-5D-5L.
Results: 563 patients were enrolled into six cohorts. All strategies reduced grade >3 diarrhea with the lowest
incidence in DE1 (DE1 13%; colestipol + loperamide [CL] 21%, DE2 27%; budesonide + loperamide [BL] 28%;
loperamide [L] 31%; colestipol + loperamide as needed [CL-PRN] 33%). Diarrhea-related discontinuations
occurred early and were lowest in DE1 (DE1 3%; CL 4%; DE2 6%; CL-PRN 8%; BL 11%; L 20%). More patients
stayed on neratinib for the prescribed period versus historical controls. Prior pertuzumab use did not affect rates
of grade >3 diarrhea, diarrhea-related discontinuations, or treatment duration. Early transient reductions in
HRQoL scores were observed.
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Conclusions: These complete results from CONTROL show improved neratinib tolerability with proactive man-
agement at the start of therapy. Two-week neratinib DE with loperamide as needed was particularly effective.
ClinicalTrials.gov registration number: NCT02400476.

1. Introduction

Approximately 15-20% of breast cancer (BC) cases exhibit over-
expression of the human epidermal growth factor receptor 2 (HER2)
and/or amplification of the HER2 gene. In the absence of effective
therapy, HER2-positive (HER2+) BC is associated with poorer prognosis
and a greater risk of recurrence than HER2-negative BC [1,2]. Identifi-
cation of HER2 overexpression and subsequent development of
HER2-targeted agents has revolutionized the treatment of patients with
HER2+ BC and these agents are now widely used in the adjuvant and
metastatic disease settings [3,4]. Treatment for patients with HER2+
early-stage BC typically involves combination therapy that includes
chemotherapy and HER2-targeted drug(s) together with optimal
locoregional treatment. More recently, the benefit of extended adjuvant
therapy with neratinib (NERLYNX®), an irreversible pan-HER tyrosine
kinase inhibitor (TKI), has been demonstrated [5-7]. Neratinib is now
approved as monotherapy for the extended adjuvant treatment of pa-
tients with early-stage HER2+ BC following adjuvant trastuzumab-
based therapy and in combination with capecitabine for patients with
HER2+ metastatic BC [8]. In the European Union, neratinib is approved
as extended adjuvant treatment of adult patients with early-stage hor-
mone receptor-positive HER2 overexpressed/amplified BC who
completed adjuvant trastuzumab-based therapy <1 year ago [9].

Diarrhea is the most frequently reported adverse event (AE) associ-
ated with neratinib and is very common in the absence of antidiarrheal
prophylactic treatment [5]. Diarrhea is commonly observed with TKIs
[10,11]. In the ExteNET trial (NCT00878709) of neratinib after adjuvant
trastuzumab, in which no mandatory antidiarrheal prophylaxis was used,
28% of patients who received neratinib discontinued treatment within
the first 3 months, primarily because of AEs, most commonly diarrhea
[12]. Forty percent of neratinib-treated patients reported grade 3 diar-
rhea and 17% of patients discontinued neratinib due to diarrhea [13].

The CONTROL trial (NCT02400476; PUMA-NER-6201) was an

PATIENT POPULATION

completed within 1 year prior

Stage |-11IC HER2+ breast cancer with trastuzumab-based adjuvant therapy

international, multi-cohort, open-label, phase II study conducted to
assess diarrhea-mitigation strategies in the adjuvant BC population. Six
non-comparative cohorts were enrolled to evaluate prophylactic medi-
cations (mandatory loperamide alone or in combination with budeso-
nide, a locally acting corticosteroid wused for inflammatory
gastrointestinal conditions, or colestipol, a bile-acid sequestrant, or
colestipol with loperamide as needed [PRN]) or neratinib dose escala-
tion (DE) [14]. The DE strategy was developed in part based on the
observation that grade 3 diarrhea occurs most frequently during the first
month after neratinib initiation and rarely recurs, suggesting intestinal
adaptation to neratinib exposure [5,6]. An integrated tolerability
assessment of interim data from CONTROL suggested that this DE
strategy improved tolerability to a greater degree than the prophylactic
strategies [15].

The CONTROL trial is now complete. Final data for the cohorts of
patients who were treated with prophylactic strategies have been pre-
sented in detail [14]. Here we present the final study results including
complete data for the two DE cohorts. This report also provides more
information regarding the impact of antidiarrheal strategies on treat-
ment duration and includes data on prior pertuzumab use.

2. Methods
2.1. Study design

The CONTROL study (Fig. 1), which was designed to include the
same patient population as the ExteNET trial [5,6], has been described
in detail elsewhere [14]. In brief, eligible patients were aged >18 years
with stage I-Illc HER2+ BC and had completed trastuzumab-based
adjuvant therapy or had experienced side effects resulting in early
discontinuation of trastuzumab, within 1 year before study entry. Prior
treatment with pertuzumab or trastuzumab emtansine (T-DM1) was
allowed. Patients with evidence of disease recurrence or currently

PRIMARY ENDPOINT

Incidence of grade 23 diarrhea

Neratinib 240 mg/day plus:
Loperamide PRN (not to exceed 16 mg/day)

L (n=137) ‘ 4 mg tid \ ‘ 4mg bid
3 OR
:f BL (n=64) Budesonide 9 mg qd \
g = 4mg tid I Zmg bid
"
I CL (n=136) Colestipol 2 g bid \
H 4 mg tid I 4mg bid \

CL-PRN (n=104) \ Colestipol 2 g bid |
E DE1 (n=60) 120 mg/day 160 mg/day 240 mg/day
o
3
@ ‘ DE2 (n=62) || 160 mg/day | ‘ 200 mg/day ‘ 240 mg/day

[ week1 JT  week2 J[  Week3 [ Weekd4 | Week 8 '/ Week 52

Fig. 1. Treatment cohorts and schedules. Abbreviations: B, budesonide; bid, twice daily; C, colestipol; DE, dose escalation; HER2+, human epidermal growth factor

receptor 2 positive; L, loperamide; qd, once daily; tid, three times daily.
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receiving treatment for BC were excluded (endocrine therapy was
allowed), as were those with significant chronic gastrointestinal disor-
der with diarrhea as a major symptom.

2.2. Treatment

Patients were entered into six sequential cohorts (Fig. 1) to receive
neratinib daily for 1 year (13 continuous cycles, 28 days in each cycle).
In cohorts 1-4, patients were started on oral neratinib 240 mg/day in
combination with a mandatory antidiarrheal regimen; cohorts 5 and 6
utilized neratinib DE without mandatory prophylaxis.

Cohort 1 (L) oral loperamide (4 mg three times daily) on days 1-14,
4 mg twice daily for days 15-56 (further details on L cohort schedules
are shown in the Supplementary Methods);

Cohort 2 (BL) oral budesonide (9 mg once daily) on days 1-28 plus
oral loperamide as above;

Cohort 3 (CL) oral colestipol (2 g twice daily) on days 1-28 plus oral
loperamide (4 mg three times daily) on days 1-14, 4 mg twice daily on
days 15-28;

Cohort 4 (CL-PRN) oral colestipol (2 g twice daily) on days 1-28 plus
loperamide PRN.

Cohort 5 (DE1): neratinib 120 mg/day on days 1-7, 160 mg/day on
days 8-14, and 240 mg/day thereafter;

Cohort 6 (DE2): neratinib 160 mg/day on days 1-14, 200 mg/day on
days 15-28, and 240 mg/day thereafter.

In addition, PRN loperamide <16 mg/day was used to manage
diarrhea throughout the course of the study.

2.3. Study endpoints

The primary objective was to characterize diarrhea incidence and
severity in patients treated with neratinib plus different antidiarrheal
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strategies. The primary endpoint was incidence of grade >3 treatment-
emergent diarrhea at any time during the study. Secondary endpoints
included assessment of serious AEs, AEs of interest, and evaluation of
diarrhea incidence and severity. AEs were graded according to National
Cancer Institute Common Terminology Criteria for AEs (version 4.0).
Patient-reported health-related quality of life (HRQoL) — an exploratory
endpoint — was assessed using Functional Assessment of Cancer Therapy
— Breast (FACT-B; version 4.0) and the EuroQoL 5-Dimensions 5-Levels
questionnaire (EQ-5D-5L). HRQoL questionnaires were completed
electronically by patients on day 1 of cycles 1, 2, 4, 7, and 10, and at the
end of cycle 13 (end of treatment). HRQoL assessments were introduced
in November 2015 (protocol amendment 2).

2.4. Statistical considerations

Safety analyses were descriptive and performed in the safety popu-
lation (all patients who received >1 neratinib dose). HRQoL analyses
were descriptive and performed in the quality of life (QoL) analysis
population (all patients in the safety population with baseline and >1
post-baseline HRQoL assessment). Mean (+standard error) observed
scores over time were calculated.

Sample sizes for each cohort were selected to ensure that, given a
hypothesized incidence rate, the corresponding confidence interval was
no larger than a certain prescribed width.

3. Results
3.1. Patients and treatment
A total of 563 patients were enrolled into six unique cohorts (Fig. 1).

The study was conducted between February 2015 and April 2021. Over
three-quarter of patients had hormone receptor-positive disease and

;::ellinle characteristics of patients in each of the sequential CONTROL cohorts.
L BL CL CL-PRN DE1 DE2 Total

Characteristic, n (%) (n=137) (n=64) (n=136) (n=104) (n=60) (n=62) (n=563)
Female 137 (100.0) 64 (100.0) 133 (97.8) 104 (100.0) 60 (100.0) 62 (100.0) 560 (99.5)
Median age (range), years 53 (30-86) 48.5 (29-78) 53 (26-78) 51 (33-77) 51.5 (29-76) 53 (31-77) 52 (26-86)
Menopausal status

Premenopausal 41(29.9) 29 (45.3) 37(27.2) 38 (36.5) 24 (40.0) 19 (30.6) 188 (33.4)

Postmenopausal 96 (70.1) 35 (54.7) 96 (70.6) 66 (63.5) 36 (60.0) 43 (69.4) 372 (66.1)

NA? 0 0 3(2.2) 0 0 0 3(0.5)
Hormone receptor status

Positive (ER+ and/or PgR+) 103 (75.2) 46 (71.9) 103 (75.7) 81 (77.9) 48 (80.0) 55 (88.7) 436 (77.4)

Negative (ER— and PgR-) 34 (24.8) 18 (28.1) 33 (24.3) 23 (22.1) 11 (18.3) 7 (11.3) 126 (22.4)

Missing 0 0 0 0 1(1.7) 0 1(0.2)
Tumor stage at diagnosis

I 39 (28.5) 16 (25.0) 22 (16.2) 16 (15.4) 9 (15.0) 12 (19.4) 114 (20.2)

IIA/B 75 (54.7) 30 (46.9) 64 (47.1) 56 (53.8) 28 (46.7) 27 (43.5) 280 (49.7)

I1A/B/C 20 (14.6) 15 (23.4) 37 (27.2) 24 (23.1) 19 (31.7) 17 (27.4) 132 (23.4)

Ivb 0 0 0 2(1.9) 0 0 2(0.4)

Unknown 3(22) 3(4.7) 13 (9.6) 6 (5.8) 4(6.7) 6(9.7) 35 (6.2)
Prior radiotherapy 94 (68.6) 45 (70.3) 97 (71.3) 70 (67.3) 49 (81.7) 50 (80.6) 405 (71.9)

Abbreviations: BL, budesonide + loperamide; CL, colestipol + loperamide; CL-PRN, colestipol + as-needed loperamide; DE, neratinib dose escalation; ER,

estrogen receptor; L, loperamide; PgR, progesterone receptor.

2 Three patients were male. ® Two patients were incorrectly identified as having stage |V disease as a result of data entry errors. Upon retrospective review,
neither patient had stage IV disease and both patients were fully eligible for study entry.
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Table 2
Prior therapies received by patients in each of the CONTROL cohorts.
L BL CL CL-PRN DE1 DE2 Total
Characteristic (n=137) (n=64) (n=136) (n=104) (n=60) (n=62) (n=563)
Prior (neo)adjuvant therapy, n
(%)
Trastuzumab 137 (100.0) 63 (98.4) 135 (99.3) 104 (100.0) 60 (100.0) 62 (100.0) 561 (99.6)
Taxanes 132 (96.4) 62 (96.9) 134 (98.5) 104 (100.0) 60 (100.0) 60 (96.8) 552 (98.0)
Anthracycline 36 (26.3) 18 (28.1) 31 (22.8) 29 (27.9) 29 (48.3) 34 (54.8) 177 (31.4)
Pertuzumab 55 (40.1) 39 (60.9) 85 (62.5) 63 (60.6) 29 (48.3) 34 (54.8) 305 (54.2)
T-DM1 0 1(1.6) 2 (1.5) 0 0 2(3.2) 5(0.9)

Abbreviations: BL, budesonide + loperamide; CL, colestipol + loperamide; CL-PRN, colestipol + as-needed loperamide; DE, neratinib dose escalation L,

loperamide; T-DM1, trastuzumab emtansine.

Table 3

Study disposition and exposure to treatment in each of the CONTROL cohorts (safety population).

L BL CL CL-PRN DE1 DE2
Variable (n=137) (n=64) (n=136) (n=104) (n=60) (n=62)
Patients, n (%)
Completed 1 year of treatment 76 (55.5 52 (81.3) 97 (71.3) 75 ( ) 47 (78.3) 46 (74.2
Discontinued treatment prior to 61 (44.5 12 (18.7) 39 (28.7) 29 (27.9) 13 (21.7 16 (25.8
1 year
Discontinued due to any AE? 55 (40.1) 11 (17.2) 21 (15.4) 19 (18.3) 5(8.3) 8(12.9)
Discontinued due to diarrhea 28 (20.4) 7 (10.9) 5(3.7) 8(7.7) 2 (3.3) 4 (6.5)
Treatment duration, months
Mean (£SD) 7.3 (5.5) 10.1 (4.2) 9.3 (4.7) 9.3 (4.6) 10.1 (3.8) 9.4 (4.7)
Median 11.6 12.0 11.9 12.0 12.0 11.9
IQR 0.8-12.0 11.8-12.0 8.5-12.0 8.3-12.0 11.1-12.0 7.5-12.0
Actual dose intensity, mg/day®
Mean (SD) 213.66 (46.35) 215.67 (38.85) 211.30 (43.79) 201.29 (47.51) 209.97 (39.24) 201.88 (41.75)
Median 234.71 235.70 234.70 228.68 230.12 226.60
IQR 203.79-240.00  206.07-240.00 199.16-240.00 157.30-239.34 194.33-235.96 168.89-235.29

Relative actual dose intensity,
%C

Mean (SD) 89.02 (19.31)  89.86 (16.19)
Median 97.80 98.21
IQR 84.91-100.00  85.86-100.00

88.04 (18.25)
97.79
82.98-100.00

83.87 (19.80)
95.28
65.54-99.73

92.07 (14.60)
99.17
91.13-100.00

90.23 (15.79)
98.20
89.22-100.00

Abbreviations: AE, adverse event; BL, budesonide + loperamide; CL, colestipol + loperamide; CL-PRN, colestipol + as-needed loperamide; DE, neratinib
dose escalation; IQR, interquartile range; L, loperamide; SD, standard deviation.

a Patients could discontinue treatment as a result of more than one AE. ® Actual dose intensity is defined as cumulative actual dose divided by the
treatment duration. ¢ Relative actual dose intensity is defined as the actual dose intensity/planned dose intensity. The planned dose intensity is calculated
based on either neratinib DE cohort or all prior cohorts; for neratinib DE, 120 mg/day for Week 1, 160 mg/day for Week 2, then 240 mg/day for the rest of
the treatment period, and for all prior cohorts, 240 mg/day for the entire treatment period.

73% had stage II or III tumors at diagnosis (Table 1). Prior taxane and
anthracycline chemotherapy had been received by 98% and 31% of
patients, respectively. All patients had prior trastuzumab and 54% of
patients received prior pertuzumab (Table 2; Supplementary Table 1).
Study disposition is summarized in Table 3. The mean (standard
deviation) exposure to neratinib was 7.3 (5.5), 10.1 (4.2), 9.3 (4.7), 9.3
(4.6), 10.1 (3.8), and 9.4 (4.7) months in the L, BL, CL, CL-PRN, DEI,
and DE2 cohorts, respectively (Table 3). The median (interquartile
range) exposure to neratinib in the L, BL, CL, CL-PRN, DE1, and DE2
cohorts was 11.6 (0.8-12.0), 12.0 (11.8-12.0), 11.9 (8.5-12.0), 12.0
(8.3-12.0), 12.0 (11.1-12.0), and 11.9 (7.5-12.0) months, respectively

97

(Table 3, Fig. 2). The median relative neratinib dose intensities for L, BL,
CL, CL-PRN, DE1, and DE2 were 98%, 98%, 98%, 95%, 99%, and 98%,
respectively (Table 3).

In the DE1 cohort, 56 patients (93%) escalated the neratinib dose to
240 mg on schedule; one patient (2%) escalated to 240 mg 1 week later
than the planned schedule. In the DE2 cohort, 47 patients (76%) esca-
lated the neratinib dose to 240 mg on schedule, two patients (3%) esca-
lated to 240 mg approximately 1-2 weeks later than planned schedule,
and a further two patients (3%) escalated to 240 mg in later weeks.
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Colestipol + loperamide Neratinib Neratinib
Loperamide (n=137) Budesonide (n=64) Colestipol (n=136) PRN (n=104) DE1 (n=60) DE2 (n=62)

Median duration of
treatment, months 11.63 11.96 11.93 11.96 11.96 11.94
25th percentile (Q1) 0.76 11.79 8.48 8.25 11.06 7.45

Fig. 2. Treatment duration in CONTROL cohorts.

The white line inside the box is the median. The upper whisker is drawn from the upper edge of the box to the largest observed value less than or equal to the upper
fence; the lower whisker is drawn from the lower edge of the box to the smallest observed value greater than or equal to the lower fence; the upper and lower fence
defined as Q3 + 1.5*IQR and Q1-1.5*IQR, respectively. Data beyond the end of the whiskers are outliers and are plotted as points. For example, at least 75% of
patients received neratinib for longer than 11.06 months (Q1) in the DE1 cohort versus 0.76 months (Q1) in the loperamide cohort. Abbreviations; DE, dose
escalation; PRN, as needed; Q, quartile.

g;ta)ll*:c‘t‘eristics of treatment-emergent diarrhea in CONTROL cohorts (safety population).
L BL CL CL-PRN DE 1 DE 2
Outcome (n=137) (n=64) (n=136) (n=104) (n=60) (n=62)
Treatment-emergent diarrhea, n (%)
No diarrhea 28 (20.4) 9(14.1) 23 (16.9) 5(4.8) 1(1.7) 1(1.6)
Grade 1 33 (24.1) 15 (23.4) 38 (27.9) 34 (32.7) 24 (40.0) 23 (37.1)
Grade 2 34 (24.8) 22 (34.4) 47 (34.6) 31(29.8) 27 (45.0) 21 (33.9)
Grade 3 42 (30.7) 18 (28.1) 28 (20.6) 34 (32.7) 8 (13.3) 17 (27.4)
Characteristics of grade 23 diarrhea
events?
Median episodes/patient (IQR)° 1.0(1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-3.0) 2.0 (1.0-3.5) 1.0-2.0)

1.0 (

Median duration of episode, days (IQR) 2.0 (1.0-3.0) 1.0 (1.0-2.0) 1.0(1.0-2.0)  1.0(1.0-20)  1.0(1.0-1.0) 1.0 (1.0-1.5)
Median time to first episode, days (IQR) 7.0 (5.0-13.0) 19.0 (7.0-45.0) 41.0 (6.5-189.0) 19.0 (8.0-50.0) 45.0 (21.075.5) 19.0 (8.0-49.0)
Median cumulative duration,® days (IQR) 3.0 (2.0-68.0) 3.0 (1.0-3.0)  3.5(1.0-6.0) 2.0 (1.0-6.0)  2.5(1.5-4.0) 2.0 (1.0-4.0)

Action taken due to diarrhea, n (%)

Dose hold 20 (14.6) 12 (18.8) 22 (16.2) 15 (14.4) 7 (11.7) 8 (12.9)

Dose reduction 10 (7.3) 2(3.1) 10 (7.4) 10 (9.6) 2(3.3) 7 (11.3)

Discontinuation 28 (20.4) 7 (10.9) 5(3.7) 8(7.7) 2(3.3) 4 (6.5)

Hospitalization 2(1.5) 0 0 0 0 0
Use of loperamide in PRN only cohorts N/A N/A N/A

Any loperamide PRN use, n (%) 97 (90.6) 56 (93.3) 62 (100.0)

Median time to first use, days 3.0 B 4.0

Abbreviations: BL, budesonide + loperamide; CL, colestipol + loperamide; CL-PRN, colestipol + as-needed loperamide; DE, neratinib dose escalation;
IQR, interquartile range; L, loperamide.

aNo grade 4 events were reported in the CONTROL study. ® Episode defined as one adverse event (using start and stop dates). ¢ Defined as the sum of

the durations of all episodes of diarrhea at that grade.
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No. of patients who 0
discontinued due to diarrhea 1 2 3 4 5 6 7 8 9 10 1 12 Months
I No. at risk
( Loperamide 23/137 0/93 3/89 0/84 0/83 2/83 0/81 0/80 0/78 0/77 0/76 0/75 )
( Budesonide + loperamide 4/64 1/57 1/54 0/53 0/53 0/53 0/53 0/53 0/53 0/53 1/53 0/51 )
( 3/136 0/115 0/112 1/107 1/105 0/104 0/103 0/103 0/102 0/102 0/99 0/99 )
( 7/104 0/86 0/85 0/84 0/82 0/81 0/80 0/79 0/79 0/77 0/77 1/75 )
( 2/60 0/55 0/53 0/53 0/52 0/51 0/50 0/50 0/50 0/49 0/47 0/46 )
( 3/62 0/56 0/49 0/49 1/49 0/47 0/47 0/47 0/46 0/46 0/46 0/46 )

Fig. 3. Treatment discontinuations due to diarrhea in CONTROL cohorts. Abbreviations: DE, dose escalation; PRN, as needed.

3.2. Characteristics of treatment-emergent diarrhea

The primary endpoint — grade >3 diarrhea — occurred in 31%, 28%,
21%, 33%, 13%, and 27% of patients in the L, BL, CL, CL-PRN, DE1, and
DE2 cohorts, respectively (Table 4). There was no grade 4 diarrhea in
any CONTROL cohort. Use of PRN loperamide was common, with first
use of loperamide occurring early in treatment in the PRN only cohorts
(median of 3.0, 5.5, and 4.0 days in CL-PRN, DE1, and DE2, respectively;
Table 4).

Across the study cohorts, 55%, 81%, 71%, 72%, 78%, and 74% of
patients in L, BL, CL, CL-PRN, DE1 and DE2 completed 1 year of treat-
ment (Table 3). Diarrhea-related discontinuations occurred in 20%,
11%, 4%, 8%, 3%, and 7% of patients in the L, BL, CL, CL-PRN, DE1, and
DE2 cohorts, respectively (Fig. 3).

3.3. Impact of prior pertuzumab use on diarrhea

Across all cohorts combined, over 50% of patients had received
pertuzumab before study entry (Table 2). Rates of grade 3 diarrhea and
discontinuations due to diarrhea were generally similar in patients
regardless of prior pertuzumab exposure (Supplementary Table 2; Sup-
plementary Fig. 1). Prior exposure to pertuzumab did not appear to
impact the duration of treatment with neratinib (Supplementary Fig. 2).

3.4. Non-diarrhea adverse events

Other AEs are summarized in Supplementary Table 3. After diarrhea,
the next most common side effects across cohorts were nausea, con-
stipation, and fatigue. Constipation appeared to be more common in
patients who received mandatory loperamide than in those who
received loperamide PRN. Other AEs leading to treatment discontinua-
tion are detailed in Supplementary Table 4. No deaths were reported.

3.5. Health-related quality of life

HRQoL assessments were available for 441 patients, who comprised
the QoL analysis population. Patients in all CONTROL cohorts experi-
enced an early decrease from baseline in FACT-B total scores and EQ-5D-
5L Health State summary scores, apparent from cycle 2 (Supplementary
Fig. 3). These changes were transient. There were no discernible dif-
ferences between the DE1 cohort and the other cohorts, although the
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study was not designed or powered to evaluate differences between the
cohorts.

4. Discussion

Gastrointestinal toxicity, manifesting as diarrhea, is a common side
effect of treatment with small-molecule TKIs [11]. Diarrhea compro-
mises HRQoL and can lead to treatment breaks and early discontinua-
tion, ultimately impacting treatment efficacy [16]. Diarrhea can also
have a financial implication for both direct and indirect costs, particu-
larly if inadequately managed [17] or if hospitalization is required [11].
Diarrhea management is therefore an important aspect of the treatment
of patients undergoing cancer therapy.

In addition to a previous report that treatment-related diarrhea can
be mitigated using mechanism-based antidiarrheal interventions [14],
this final report from CONTROL confirms that all investigated strategies
reduced the incidence of grade 3 diarrhea relative to that observed in the
ExteNET trial. All but one strategy resulted in fewer diarrhea-related
discontinuations and all approaches improved treatment duration rela-
tive to ExteNET.

The 2-week DE1 approach with loperamide PRN was particularly
effective in reducing grade 3 diarrhea (13% versus 40% in ExteNET) and
early diarrhea-related discontinuations (3% versus 17% in ExteNET) [5,
13]. Although the median duration of treatment was similar across all
CONTROL cohorts, the distributions around the median were narrowest
in the BL and 2-week DE1 cohorts, revealing improved adherence in
these cohorts. In addition, more patients who escalated neratinib on
2-week DE1 completed the 1 year of treatment: in the DE1 cohort, at
least 75% of patients received neratinib for longer than 11.1 months,
compared with 62% of patients in the neratinib arm of ExteNET
completing at least 11 months of treatment. Although comparisons be-
tween studies of different designs and in varying patient populations are
made with caution, neratinib DE appears to result in a lower incidence of
diarrhea compared with other TKIs [18]. Notably, the DE strategy with
PRN loperamide for diarrheal control circumvented the need for addi-
tional antidiarrheal medications and resulted in a lower incidence of
constipation than was observed in the cohorts with mandated prophy-
lactic antidiarrheal regimens.

Across cohorts, there were no differences in rates of diarrhea, early
discontinuation, or treatment duration by prior pertuzumab use. HRQoL
data utilizing validated instruments suggested that all antidiarrheal
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strategies were associated with reasonably stable HRQoL over the
treatment period. Although the trial was not designed to robustly
compare patient-reported outcomes between the various prophylaxis
strategies, there were no discernible differences in HRQoL between co-
horts during the study period. Based on results from the CONTROL trial,
the US package label for neratinib now includes both the mandatory
loperamide prophylaxis regimen and the 2-week DE1 strategy from
CONTROL as diarrhea-mitigation strategies [8].

We recognize the limitations of our study, including the open-label
study design. The six cohorts were enrolled sequentially in a non-
comparative fashion. The sequential accrual of patient cohorts may in-
crease the likelihood that physicians may have developed expertise in
managing diarrhea over the 48-month study period. Although HRQoL
was measured, this was only introduced in protocol amendment 2, with
the result that HRQoL data are only available for 441 (78%) of the 563
patients in the study.

5. Conclusions

Diarrhea is a predictable and manageable side effect of treatment
with neratinib, occurring early after initiation and rarely occurring later
in the treatment course or recurring after a first instance. Effective
mitigation of diarrhea using both the prophylactic and DE strategies
described in this report has the potential to reduce the impact of diar-
rhea in the setting of extended adjuvant therapy for patients with
HER2+ BC, thereby optimizing the treatment duration.
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