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Background: In the KATHERINE study (NCT01772472), patients with residual invasive early breast cancer (EBC) after
neoadjuvant chemotherapy (NACT) plus human epidermal growth factor receptor 2 (HER2)-targeted therapy had a
50% reduction in risk of recurrence or death with adjuvant trastuzumab emtansine (T-DM1) versus trastuzumab.
Here, we present additional exploratory safety and efficacy analyses.
Patients and methods: KATHERINE enrolled HER2-positive EBC patients with residual invasive disease in the breast/
axilla at surgery after NACT containing a taxane (� anthracycline, � platinum) and trastuzumab (� pertuzumab).
Patients were randomized to adjuvant T-DM1 (n ¼ 743) or trastuzumab (n ¼ 743) for 14 cycles. The primary
endpoint was invasive disease-free survival (IDFS).
Results: The incidence of peripheral neuropathy (PN) was similar regardless of neoadjuvant taxane type. Irrespective of
treatment arm, baseline PN was associated with longer PN duration (median, 105-109 days longer) and lower resolution
rate (w65% versus w82%). Prior platinum therapy was associated with more grade 3-4 thrombocytopenia in the T-
DM1 arm (13.5% versus 3.8%), but there was no grade �3 hemorrhage in these patients. Risk of recurrence or
death was decreased with T-DM1 versus trastuzumab in patients who received anthracycline-based NACT [hazard
ratio (HR) ¼ 0.51; 95% confidence interval (CI): 0.38-0.67], non-anthracycline-based NACT (HR ¼ 0.43; 95% CI: 0.22-
0.82), presented with cT1, cN0 tumors (0 versus 6 IDFS events), or had particularly high-risk tumors (HRs ranged
from 0.43 to 0.72). The central nervous system (CNS) was more often the site of first recurrence in the T-DM1 arm
(5.9% versus 4.3%), but T-DM1 was not associated with a difference in overall risk of CNS recurrence.
Conclusions: T-DM1 provides clinical benefit across patient subgroups, including small tumors and particularly high-risk
tumors and does not increase the overall risk of CNS recurrence. NACT type had a minimal impact on safety.
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INTRODUCTION

The addition of human epidermal growth factor receptor 2
(HER2)-targeted therapy to standard treatment regimens
for HER2-positive early breast cancer (EBC) has dramatically
improved survival in this patient population.1-3 Nonethe-
less, the risk of recurrence and death is substantially higher
in patients with residual invasive disease after neoadjuvant
chemotherapy (NACT) plus HER2-targeted therapy
compared with those with a pathologic complete
response.3-7 The phase III KATHERINE study compared the
efficacy and safety of adjuvant therapy with trastuzumab
versus trastuzumab emtansine (T-DM1) in patients with
residual invasive disease after NACT plus trastuzumab, with
or without a second HER2-targeted agent, generally pertu-
zumab (NCT01772472/BO27938/NSABP B-50-I/GBG 77).8

Adjuvant T-DM1 reduced the risk of recurrence or death
by 50% versus trastuzumab [hazard ratio (HR) ¼ 0.50; 95%
confidence interval (CI), 0.39-0.64; P < 0.0001]. Based on
these data, T-DM1 is now approved for the adjuvant
treatment of patients with HER2-positive EBC who have
residual invasive disease after neoadjuvant taxane- and
trastuzumab-based treatment.

Here, we present the results of multiple exploratory an-
alyses from KATHERINE aimed at gaining further insight into
the safety and efficacy of T-DM1 in the EBC setting. These
include an analysis of factors potentially associated with the
higher rates of peripheral neuropathy (PN) and thrombo-
cytopenia observed with T-DM1; the efficacy implications of
the numerically higher rate of central nervous system (CNS)
recurrence as the first invasive disease-free survival (IDFS)
event observed in the T-DM1 arm; efficacy in patients
treated with non-anthracycline (AC) versus AC-based NACT;
and in mutually exclusive, particularly high-risk patient co-
horts. We also evaluated efficacy in the subset of patients
who had presented with clinical stage (AJCC staging) T1N0
disease and received neoadjuvant therapy but had residual
invasive cancer at surgery.

Patients and methods

Detailed methodology of the KATHERINE study and patient
disposition (i.e. CONSORT diagram) are reported else-
where.8 KATHERINE is a randomized, multicenter, open-
label, phase III study that enrolled patients with centrally
confirmed, HER2-positive, non-metastatic, invasive primary
breast cancer (clinical stage, AJCC staging, T1-T4, N0-3, M0
excluding T1a/bN0 at presentation). The study protocol was
approved by the institutional review board at each study
site and the trial was conducted in accordance with the
amended Declaration of Helsinki. Each patient provided
written informed consent.

Eligible patients received NACT followed by surgery and
had residual invasive disease in the breast and/or axillary
nodes. NACT was to consist of �16 weeks of systemic
treatment, which included �9 weeks of taxane and �9
weeks of trastuzumab. The non-taxane component typically
included AC-based or platinum-based regimens. Within 12
weeks of surgery, patients were randomized to receive 14

cycles of adjuvant T-DM1 [3.6 mg/kg intravenous (i.v.) every
3 weeks (q3w)] or trastuzumab (6 mg/kg i.v. q3w) and
received adjuvant endocrine and/or radiotherapy according
to local standards, generally co-administered with HER2-
targeted therapy.

The primary endpoint of IDFS was defined as the time
from randomization to the first occurrence of ipsilateral
invasive breast tumor recurrence, ipsilateral locoregional
invasive breast cancer recurrence, contralateral invasive
breast cancer, distant recurrence, or death from any cause.
Assessment of disease recurrence occurred every 3 months
from randomization to year 2, then every 6 months to year
5, and then every year thereafter to year 10. Adverse events
(AEs) were coded using the Medical Dictionary for Regula-
tory Activities (MedDRA), v21.0. The incidence, type, and
severity of AEs were based on the National Cancer Institute
Common Terminology Criteria for Adverse Events, v4.0.

All analyses described herein are descriptive and were
based on data from the primary analysis of KATHERINE
(median follow-up of 41 months). Efficacy subpopulations
were derived from the intent-to-treat population and safety
data are reported for patients who received at least one
dose of study treatment. The emergence of PN was evalu-
ated according to the presence of baseline PN and type of
prior taxane therapy. Incidence of thrombocytopenia was
reviewed according to prior receipt of platinum therapy.
The safety and efficacy of T-DM1 and trastuzumab were
assessed in subpopulations, including those who received
AC-based versus non-AC-based NACT, those presenting with
cT1, cN0 tumors, and mutually exclusive particularly high-
risk cohorts (i.e. inoperable disease at presentation irre-
spective of hormone receptor and ypN status, operable
disease at presentation with ypN-positive nodes and
hormone-receptor-negative disease, operable disease with
ypN-positive nodes and hormone-receptor-positive disease,
or operable disease with ypN0 nodes and hormone-
receptor-negative disease). Three-year IDFS event-free
rates in these subgroups and overall survival after CNS
recurrence were estimated using the KaplaneMeier
method, with censoring based on the date the patient
was last known to be alive and event-free, or alive,
respectively. A cumulative incidence function was estimated
to compare the risk of the CNS (versus non-CNS) as a first
site of an IDFS event, accounting for the competing risk
setting.

RESULTS

Patients with treatment-emergent PN

In the safety population, there was a higher incidence of
treatment-emergent PN with T-DM1 (32.3%) compared with
trastuzumab (16.9%) (Supplementary Table S1, available at
https://doi.org/10.1016/j.annonc.2021.04.011). A similar
percentage of patients had baseline PN in the T-DM1
(22.7%) and trastuzumab arms (21.4%). T-DM1-treated pa-
tients with baseline PN versus those without had a small
increase in all-grade PN (36.3% versus 31.1%); rates were
similar in trastuzumab-treated patients with or without
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baseline PN (17.5% versus 16.8%). The severity of PN
appeared greater in T-DM1-treated patients with baseline
PN. They had more grade 2 (14.3% versus 7.0%) and grade 3
(3.6% versus 1.0%) events compared with T-DM1-treated
patients who did not have baseline PN (Table 1). Irre-
spective of study treatment, baseline PN was associated
with longer median duration and lower resolution rates of
neuropathy. In the T-DM1 arm, patients with baseline PN
had PN duration of 352 days compared with 243 in those
without pre-existing neuropathy; resolution rates were 66%
versus 81%, respectively. In the trastuzumab arm, patients
with baseline PN had PN duration of 337 days compared
with 232 in those without pre-existing neuropathy; resolu-
tion rates were 64% versus 83%, respectively.

The type of taxane received as neoadjuvant therapy was
similar between treatment arms and included docetaxel
(T-DM1 arm, 54.3%; trastuzumab arm, 57.1%), paclitaxel
(47.4%; 44.3%), and nab-paclitaxel (0.8%; 0%). The inci-
dence of treatment-emergent PN was similar within each
treatment arm, irrespective of the type of neoadjuvant
taxane received. A numerical increase in grade �2 PN was
noted in patients who had been administered >12 weeks of
taxane compared with �12 weeks (T-DM1 arm 9.5% versus
4.7%; trastuzumab arm 2.2% versus 1.1%; Table 1).

Patients with treatment-emergent thrombocytopenia

In the safety population, there was a substantially higher
incidence of treatment-emergent thrombocytopenia with
T-DM1 (28.5%) compared with trastuzumab (2.4%)

(Supplementary Table S2, available at https://doi.org/10.
1016/j.annonc.2021.04.011). A platinum-containing neo-
adjuvant regimen had been administered to 19.9% of pa-
tients (T-DM1, 19.1%; trastuzumab, 20.8%). In the T-DM1
arm, prior platinum was associated with a higher incidence
of grade 3 (8.5% with prior platinum, 2.5% without) and
grade 4 (5.0% with prior platinum, 1.3% without) throm-
bocytopenia. The median duration and resolution rate of
grade 3-4 thrombocytopenia, however, were similar, irre-
spective of prior platinum therapy (Table 2), and there was
no grade �3 hemorrhage in patients who had been treated
with platinum therapy.

Patients with treatment-emergent pulmonary toxicity

The majority of patients (82.2%) received adjuvant radio-
therapy. Pulmonary toxicity occurred only in this group, and
the incidence was higher with T-DM1 than with trastuzu-
mab (3.4% versus 1.0%). Among the 21 T-DM1-treated pa-
tients with pulmonary toxicity, radiation pneumonitis was
reported in 11 patients (most severe event was grade 1 in
three patients, grade 2 in six patients, and grade 3 in two
patients; both grade 3 events resolved); pneumonitis in
eight (most severe event was grade 1 in one patient, grade
2 in six patients, and grade 3 in one patient), pulmonary
fibrosis (grade 2) in one, and pulmonary radiation injury
(grade 1) in one. Among the six trastuzumab-treated pa-
tients with pulmonary toxicity, radiation pneumonitis
occurred in five patients (all grade 1 or 2), and pneumonitis
occurred in one (grade 1).

Table 1. Effect of baseline peripheral neuropathy and prior taxane therapy on treatment-emergent peripheral neuropathy

On-study peripheral neuropathya Baseline neuropathy No baseline neuropathy

T-DM1 (n ¼ 168) Trastuzumab (n ¼ 154) T-DM1 (n ¼ 572) Trastuzumab (n ¼ 566)

All grades, % 36.3 17.5 31.1 16.8
Grade 1 18.5 12.3 23.1 14.3
Grade 2 14.3 5.2 7.0 2.3
Grade 3 3.6 0.0 1.0 0.2
Grade 4 0.0 0.0 0.0 0.0

Median duration, days 352 337 243 232
Resolutionb rate, % 66.0 63.6 81.2 82.5

Prior docetaxel Prior paclitaxel

T-DM1 (n ¼ 402) Trastuzumab (n ¼ 411) T-DM1 (n ¼ 351) Trastuzumab (n ¼ 319)

All grades, % 32.1 17.8 31.9 16.6
Grade 1 22.1 14.1 21.7 13.8
Grade 2 8.0 3.6 9.4 2.5
Grade 3 2.0 0.0 0.9 0.3
Grade 4 0.0 0.0 0.0 0.0

T-DM1 Trastuzumab

>12 weeks
Taxane (n ¼ 274)

�12 weeks
Taxane (n ¼ 466)

>12 weeks
Taxane (n ¼ 273)

�12 weeks
Taxane (n ¼ 447)

All grades, % 19.7 18.0 9.2 5.6
Grade 1 10.2 13.3 7.0 4.5
Grade 2 6.6 4.3 2.2 1.1
Grade 3 2.9 0.4 0 0
Grade 4 0 0 0 0

MedDRA, Medical Dictionary for Regulatory Activities; T-DM1, trastuzumab emtansine.
a Incidence refers to the standardized MedDRA query for peripheral neuropathy; duration and resolution apply to the preferred term ‘peripheral sensory neuropathy’.
b Reported by investigator as resolved.
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Patients with CNS recurrence

Although the rate of an IDFS event overall was lower with T-
DM1 compared with trastuzumab (12.2% versus 22.2%), a
numerically higher rate of the CNS as the first site of
recurrence was observed in the T-DM1 arm (5.9% versus
4.3%).8 However, the incidence of CNS recurrence overall at
any time was similar in the T-DM1 (6.1%) and trastuzumab
(5.4%) arms (Table 3). Patients in the T-DM1 arm were more
likely to have a CNS recurrence as their only site of recur-
rence (4.8% versus 2.8%) and had a longer median time to
CNS recurrence (17.5 versus 11.9 months) than patients in
the trastuzumab arm. Median overall survival after CNS
recurrence was similar in both treatment groups (12.5
months with T-DM1 versus 14.3 months with trastuzumab;
Supplementary Figure S1A, available at https://doi.org/10.
1016/j.annonc.2021.04.011). To estimate the cumulative
incidence of CNS and non-CNS events as the first IDFS
event, a competing risk analysis was carried out. T-DM1
substantially reduced the cumulative incidence of non-CNS
recurrences as the first IDFS event compared with trastu-
zumab. The slight difference between the two arms in the
cumulative incidence of CNS recurrences as the first IDFS
event can be explained by competing risk (Supplementary
Figure S1B, available at https://doi.org/10.1016/j.annonc.
2021.04.011).

Patients who received AC-based versus non-AC-based
NACT

The majority of patients were treated with AC-based NACT
(76.9%), with a balanced distribution between treatment
arms. Some patient characteristics were imbalanced

between those who were treated with neoadjuvant AC
and those who were not (Supplementary Table S3, available
at https://doi.org/10.1016/j.annonc.2021.04.011). For
instance, patients treated with AC-based NACT were less
likely to have been treated in North America (11.0% versus
60.6%), were less likely to be Asian (7.4% versus 12.8%), and
were more likely to have had an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 (84.3%
versus 72.0%) than those who received non-AC-based NACT.
Patients who were treated with AC-based NACT were less
likely to have been treated with neoadjuvant trastuzumab
in combination with pertuzumab (9.8% versus 46.6%). Dis-
ease characteristics, including hormone receptor status and
tumor stage, were similar between the subgroups.

The IDFS benefit observed with adjuvant T-DM1
compared with trastuzumab was similar irrespective of
neoadjuvant AC use (Figure 1). There was a relative 49%
reduction in the risk of recurrence or death with adjuvant T-
DM1 versus trastuzumab in the AC-based NACT group and a
57% reduction in the non-AC-based NACT group, both
similar to the 50% risk reduction observed in the overall
population. In both subgroups, the 3-year IDFS event-free
rate was higher in patients who received T-DM1
compared with those who received trastuzumab (87.4%
versus 75.7% in the AC-based NACT subgroup; 91.7% versus
81.4% in the non-AC-based NACT subgroup).

The overall safety profile was generally consistent be-
tween the AC-based and non-AC-based subgroups (Table 4).
The all-grade incidence of most AEs known to occur with
T-DM1 or trastuzumab (i.e. selected AEs), including hepa-
totoxicity, PN, hemorrhage, infusion-related reaction/
hypersensitivity, and cardiac dysfunction was similar be-
tween the two subgroups. The safety data were similar
irrespective of whether pertuzumab was part of the neo-
adjuvant regimen (data not shown). In T-DM1-treated pa-
tients, increases in all-grade thrombocytopenia (32.5%
versus 27.4%) and pulmonary toxicity (6.7% versus 1.7%)
were reported in patients who received non-AC-based
NACT compared with those who received AC-based NACT.
All pulmonary toxicity was grade �2, except for one case
(0.6%) of grade 3 pulmonary toxicity in the non-AC-based
group and two (0.3%) in the AC-based NACT group. Addi-
tionally, an increased incidence of grade �3 AEs overall
(39.9% versus 21.7%) with T-DM1 was observed in the

Table 2. Effect of prior platinum therapy on treatment-emergent thrombocytopenia

Thrombocytopenia Prior platinum No prior platinum

T-DM1 (n ¼ 141) Trastuzumab (n ¼ 150) T-DM1 (n ¼ 599) Trastuzumab (n ¼ 570)

All grades, % 36.2 3.3 26.7 2.1
Grade 1 15.6 3.3 13.9 1.6
Grade 2 7.1 0.0 9.0 0.2
Grade 3 8.5 0.0 2.5 0.2
Grade 4 5.0 0.0 1.3 0.2

Median duration of grade 3-4, days 33 d 29 110a

Resolution rateb of grade 3-4, % 95 d 96 100a

T-DM1, trastuzumab emtansine.
a Based on two events.
b Reported by investigator as resolved.

Table 3. Central nervous system recurrence events

n (%) T-DM1
(n [ 743)

Trastuzumab
(n [ 743)

Patients with CNS recurrence 45 (6.1) 40 (5.4)
As first IDFS eventa 44 (5.9) 32 (4.3)
After first IDFS eventb 1 (0.1) 8 (1.1)

Patients with CNS as only eventc 36 (4.8) 21 (2.8)
Median time to CNS recurrence, months 17.5 11.9

CNS, central nervous system; IDFS, invasive disease-free survival; T-DM1, trastuzu-
mab emtansine.
CNS recurrence withina or afterb 61 days of first IDFS event or at any time.c
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non-AC-based versus the AC-based NACT subgroup, with
the largest differences observed in the incidence of grade
�3 thrombocytopenia (10.4% versus 4.3%) and peripheral
sensory neuropathy (4.3% versus 0.5%).

An analysis of safety by NACT regimen (i.e. ACþ paclitaxel,
AC þ docetaxel, taxane þ platinum) showed a similar inci-
dence of grade �3 AEs in the trastuzumab arm regardless of
which of the three types of NACT patients received
(Supplementary Table S4, available at https://doi.org/10.
1016/j.annonc.2021.04.011). However, in the T-DM1 arm,
the incidence of grade �3 AEs was greater in patients who
had received taxaneþ platinum.This was primarily driven by
a higher incidence of thrombocytopenia and PN.

Despite the increases overall in AEs observed with T-DM1
in patients who had received prior non-AC-based NACT, T-
DM1 discontinuations due to AEs were only slightly higher
in the non-AC versus AC NACT subgroups (19.6% versus
17.5%), as were T-DM1 dose reductions because of AEs
(14.1% versus 11.6%).

Patients who received hormonal therapy

The majority of patients (72.3%) had hormone-receptor-
positive, HER2-positive breast cancer. Baseline and
disease characteristics were well balanced between
groups except that there were more white patients with

1.0
A

B

0.8

0.6

0.4

P
ro

p
o

rt
io

n
 e

ve
n

t-
fr

ee

0.2

Trastuzumab
T-DM1

0.0
0 6 12 18 24 30

Time (months)

36 42 48 54 60

Trastuzumab
T-DM1

No. of patients at risk
564
579

514
552

484
531

455
515

423
500

381
443

258
326

177
208

102
118

35
40

3
3

 T-DM1 Trastuzumab 
 (n = 579) (n = 564)

Patients with event, n (%) 78 (13.5) 135 (23.9)

3-year event-free rate, % (95% CI) 87.4 (84.5-90.2) 75.7 (71.9-79.5)

Unstratified HR (95% CI)                                  0.51 (0.38-0.67)

1.0

0.8

0.6

0.4

P
ro

p
o

rt
io

n
 e

ve
n

t-
fr

ee

0.2

Trastuzumab
T-DM1

0.0
0 6 12 18 24 30

Time (months)

36 42 48 54 60

Trastuzumab
T-DM1

No. of patients at risk
179
164

162
155

155
150

139
143

132
133

120
118

84
83

43
47

17
24

3
4

1
1

 T-DM1 Trastuzumab 
 (n = 164) (n = 179)

Patients with event, n (%) 13 (7.9) 30 (16.8)

3-year event-free rate, % (95% CI) 91.7 (87.1-96.2) 81.4 (75.2-87.5)

Unstratified HR (95% CI)                               0.43 (0.22-0.82)

Figure 1. KaplaneMeier estimates of time to first invasive disease-free survival event in patients who received (A) anthracycline-based neoadjuvant therapy or (B)
non-anthracycline-based neoadjuvant therapy.
CI, confidence interval; HR, hazard ratio; T-DM1, trastuzumab emtansine.
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hormone-receptor-positive disease than with hormone-
receptor-negative/unknown disease in both the trastuzu-
mab (75.4% versus 61.1%) and the T-DM1 arms (77.0%
versus 67.0%). In addition, among patients with hormone-
receptor-negative/unknown disease, there was a higher
proportion of patients with ypT0 staging or tumors <10 mm
in the T-DM1 arm (52.6% versus 43.3%).

The IDFS benefit with T-DM1 was similar regardless of
hormone receptor status. T-DM1 resulted in an w50%
reduction in the risk of an IDFS event in patients with
hormone-receptor-positive disease (unstratified HR ¼ 0.48;
95% CI: 0.35-0.67) and in those with hormone-receptor-
negative/unknown disease (unstratified HR ¼ 0.50; 95%
CI: 0.33-0.74).

Among patients treated with T-DM1, the rate of grade �3
AEs (26.0% versus 24.9%), serious AEs (12.9% versus 12.2%),
and AEs leading to T-DM1 dose reduction (11.0% versus
15.0%) were similar in patients treated with hormonal
therapy (HT) and those who were not (Table 5). However,
there were more patients with AEs leading to withdrawal
from T-DM1 in the no-HT group than the HT group (22.5%
versus 16.1%). This was mainly driven by laboratory abnor-
malities (13.6% versus 8.5%), the majority of which were of
low-grade severity. The incidence of AEs known to be asso-
ciated with T-DM1 was similar in the HT and no-HT groups
except for modest increases in any-grade hepatotoxicity
(44.1% versus 34.5%) and hemorrhage (33.8% versus 27.3%)
in the no-HT group. Nearly all of these events were of

Table 4. Selected all-grade AEs, adjudicated cardiac events, and grade ‡3 AEs occurring in ‡2% of patients in any subgroup

n (%) AC-based NACT Non-AC-based NACT

T-DM1 (n ¼ 577) Trastuzumab (n ¼ 549) T-DM1 (n ¼ 163) Trastuzumab (n ¼ 171)

Safety summary
Grade �3 AEs 125 (21.7) 87 (15.8) 65 (39.9) 24 (14.0)
Serious AEs 67 (11.6) 47 (8.6) 27 (16.6) 11 (6.4)
AEs with fatal outcomea 1 (0.2) 0 0 0
AEs leading to T-DM1 dose reduction 67 (11.6) NA 23 (14.1) NA
AEs leading to treatment discontinuation 101 (17.5) 12 (2.2) 32 (19.6) 3 (1.8)

Selected all-grade AEsb

Hepatotoxicity 214 (37.1) 53 (9.7) 62 (38.0) 23 (13.5)
Thrombocytopenia 158 (27.4) 12 (2.2) 53 (32.5) 5 (2.9)
Peripheral neuropathy 185 (32.1) 84 (15.3) 54 (33.1) 38 (22.2)
Hemorrhage 172 (29.8) 56 (10.2) 44 (27.0) 13 (7.6)
IRR/hypersensitivity (type 1) 50 (8.7) 19 (3.5) 7 (4.3) 0
IRR/hypersensitivity (symptoms) 38 (6.6) 9 (1.6) 4 (2.5) 0
Pulmonary toxicity 10 (1.7) 3 (0.5) 11 (6.7) 3 (1.8)
Cardiac dysfunction 19 (3.3) 31 (5.6) 4 (2.5) 9 (5.3)

Adjudicated cardiac eventsc

Any cardiac event 16 (2.8) 23 (4.2) 3 (1.8) 4 (2.3)
Symptomatic
NYHA Class III or IV with a decrease in LVEF of �10
percentage points from baseline to an LVEF <50%

0 3 (0.5) 1 (0.6) 0

Symptomatic LVSD not meeting protocol-specified cardiac
event criteria (NYHA Class II)

6 (1.0) 8 (1.5) 0 1 (0.6)

Asymptomatic
Confirmed decrease in LVEF of �10 percentage points
from baseline to an LVEF <50%

4 (0.7) 5 (0.9) 0 1 (0.6)

Unconfirmed decrease in LVEF of �10 percentage points
from baseline to an LVEF <50%

6 (1.0) 8 (1.5) 2 (1.2) 2 (1.2)

Grade �3 AEs in �2% of patients
Platelet count decreased 25 (4.3) 2 (0.4) 17 (10.4) 0
Hypertension 12 (2.1) 5 (0.9) 3 (1.8) 4 (2.3)
Radiation skin injury 5 (0.9) 4 (0.7) 5 (3.1) 3 (1.8)
Peripheral sensory neuropathy 3 (0.5) 0 7 (4.3) 0

AC, anthracycline; AE, adverse event; IRR, infusion-related reactions; LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction; MedDRA, Medical Dictionary
for Regulatory Activities; NA, not applicable; NACT, neoadjuvant chemotherapy; NYHA, New York Heart Association; PT, preferred term; SMQ, Standardized MedDRA Query;
T-DM1, trastuzumab emtansine.
a Intracranial hemorrhage diagnosed after a fall with platelet count of 55 000 per ml.
b T-DM1-selected AEs were chosen based on the known safety profile of T-DM1 (i.e. identified risks for T-DM1). The selected AEs were defined based on the following MedDRA
search criteria:
Hepatotoxicity: SMQs (wide) ‘cholestasis and jaundice of hepatic origin’, ‘liver related investigations, signs and symptoms’, ‘hepatic failure, fibrosis and cirrhosis and other liver
damage-related conditions’, ‘hepatitis, non-infectious’.
Thrombocytopenia: SMQ (narrow) ‘hematopoietic thrombocytopenia’.
Hemorrhage: SMQs ‘hemorrhage laboratory terms’ (narrow) and ‘hemorrhage terms (excluding laboratory terms)’ (wide).
Cardiotoxicity: SMQ (narrow) ‘cardiac failure’ plus the additional PTs of cardiac output decreased, diastolic dysfunction, left ventricular dysfunction, edema due to cardiac disease,
right ventricular dysfunction, systolic dysfunction, ventricular dysfunction.
IRR/hypersensitivity (type 1): SMQs of anaphylaxis and angioedema, customized for IRRs, plus additional PTs: flushing, chills, pyrexia, dyspnea, hypotension, wheezing,
bronchospasm, and tachycardia (occurring on the day of infusion).
IRR/hypersensitivity (symptoms): PTs bronchospasm, chills, dyspnea, flushing, hypotension, pyrexia, tachycardia, and wheezing occurring on day 1 of infusion.
Pulmonary toxicity/pneumonitis: SMQ (narrow) ‘interstitial lung disease’ plus the additional PTs of acute lung injury and acute respiratory distress syndrome.
Peripheral neuropathy: SMQ (wide) ‘peripheral neuropathy’.
c Cardiac events were adjudicated by an independent committee.
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low-grade severity, with grade 3 hepatotoxicity occurring in
1.9% of the no-HT group and in 1.5% of the HT group, and
grade �3 hemorrhage occurring in <1% of each group.

Patients presenting with cT1, cN0 tumors and outcomes in
mutually exclusive particularly high-risk cohorts

In 77 patients who presented with small (cT1, cN0) tumors,
received neoadjuvant therapy, and had residual disease at
surgery, baseline patient and disease characteristics were
generally well balanced between treatment arms
(Supplementary Table S5, available at https://doi.org/10.
1016/j.annonc.2021.04.011). Six IDFS events were
observed in this subgroup, all of which occurred in the 32
trastuzumab recipients. Three of these events were non-
CNS distant recurrences, two were CNS recurrences, and
one was contralateral breast cancer. None of the 45 patients
who received T-DM1 had an IDFS event.

Improved 3-year IDFS event-free rates were also seen
with T-DM1 compared with trastuzumab across four
mutually exclusive cohorts considered to be of particularly
high risk (Table 6).

DISCUSSION

Differences in the AE profile between T-DM1 and trastu-
zumab were observed in the primary analysis of KATHER-
INE, including higher rates of all-grade and grade �3 PN and
thrombocytopenia.8 Higher-grade and potentially long-

lasting AEs are particularly important in the potentially
curative EBC setting. Additional analyses were carried out to
gain further insight into these AEs. PN has been reported in
clinical trials of T-DM1.9,10 Previous studies have shown that
baseline neuropathy is a risk factor for chemotherapy-
induced peripheral sensory neuropathy.11 In addition, tax-
ane therapy has been associated with PN,12 with some data
suggesting a higher incidence with docetaxel than with
paclitaxel.13 In our analysis, patients with baseline PN
(grade 1) who received T-DM1 had a higher incidence of
grade 2 and 3 PN. However, regardless of treatment group,
baseline PN was associated with longer duration and lower
resolution rates of PN, suggesting that pre-existing PN is a
risk factor irrespective of HER2-targeted treatment type.
The type of taxane received did not appear to affect the
incidence or severity of treatment-emergent peripheral
sensory neuropathy, but there was a small increase in grade
�2 events with >12 weeks of prior taxane therapy. Since
patients receiving more taxane would also typically receive
more carboplatin, carboplatin therapy may also have
contributed to this increase. Indeed, in our study an in-
crease in grade �3 PN was observed in patients who had
received taxane plus carboplatin in the neoadjuvant setting
compared with those who had received taxane plus AC
(Supplementary Table S4, available at https://doi.org/10.
1016/j.annonc.2021.04.011).

T-DM1-associated thrombocytopenia has also been
widely reported.9,14 It is most commonly grade 1-2 in

Table 5. Summary of adverse events in patients who received hormonal therapy and those who did not (safety population)

Hormonal therapy (n [ 1042) No hormonal therapy (n [ 418)

AE summary

n (%) T-DM1 (n ¼ 527) Trastuzumab (n ¼ 515) T-DM1 (n ¼ 213) Trastuzumab (n ¼ 205)

Any-grade AE 522 (99.1) 487 (94.6) 209 (98.1) 185 (90.2)
Grade �3 AE 137 (26.0) 88 (17.1) 53 (24.9) 23 (11.2)
Serious AEs 68 (12.9) 46 (8.9) 26 (12.2) 12 (5.9)
AE leading to dose reduction of T-DM1 58 (11.0) NA 32 (15.0) NA
AE leading to discontinuation of trastuzumab or T-DM1
(excluding switching)

85 (16.1) 13 (2.5) 48 (22.5) 2 (1.0)

Grade ‡3 AEs occurring in ‡2% of patients in any treatment arm

T-DM1 Trastuzumab T-DM1 Trastuzumab

Platelet count decreased 24 (4.6) 0 18 (8.5) 2 (1.0)
Hypertension 9 (1.7) 8 (1.6) 6 (2.8) 1 (0.5)
Neutrophil count decreased 4 (0.8) 4 (0.8) 5 (2.3) 1 (0.5)

T-DM1-selected AEsa

T-DM1 Trastuzumab T-DM1 Trastuzumab

Any grade Grade �3 Any grade Grade �3 Any grade Grade �3 Any grade Grade �3

Hepatotoxicity 182 (34.5) 8 (1.5) 55 (10.7) 2 (0.4) 94 (44.1) 4 (1.9) 21 (10.2) 1 (0.5)
Peripheral neuropathy 176 (33.4) 9 (1.7) 88 (17.1) 0 63 (29.6) 3 (1.4) 34 (16.6) 1 (0.5)
Thrombocytopenia 148 (28.1) 24 (4.6) 12 (2.3) 0 63 (29.6) 18 (8.5) 5 (2.4) 2 (1.0)
Hemorrhage 144 (27.3) 2 (0.4) 49 (9.5) 2 (0.4) 72 (33.8) 1 (0.5)b 20 (9.8) 0
IRR/hypersensitivity (Type 1) 41 (7.8) 1 (0.2) 15 (2.9) 0 16 (7.5) 0 4 (2.0) 0
IRR/hypersensitivity (symptoms) 30 (5.7) 0 7 (1.4) 0 12 (5.6) 0 2 (1.0) 0
Cardiac dysfunction 19 (3.6) 3 (0.6) 31 (6.0) 7 (1.4) 4 (1.9) 1 (0.5) 9 (4.4) 2 (1.0)
Pulmonary toxicity 16 (3.0) 2 (0.4) 4 (0.8) 0 5 (2.3) 1 (0.5) 2 (1.0) 0

AE, adverse event; IRR, infusion-related reaction; T-DM1, trastuzumab emtansine.
a Adverse events were selected based on the known safety profile of T-DM1. They reflect a composite of related Medical Dictionary for Regulatory Activities (MedDRA) terms
relevant to each adverse event.
b Grade 5 intracranial hemorrhage after a fall; platelet count was 55 000 per cubic millimeter.
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severity, with the platelet count nadir occurring by day 8
and improving to grade 0 or 1 by the next dose.9,15 Since
carboplatin therapy is associated with thrombocytopenia,16

prior platinum therapy was assessed to see whether it
would exacerbate the thrombocytopenia observed with T-
DM1. Indeed, the incidence of all-grade T-DM1-emergent
thrombocytopenia was increased in patients with prior
platinum therapy (36% versus 27%); however, prior plat-
inum did not affect the duration and resolution of grade 3-4
thrombocytopenia, and did not result in grade 3-4
hemorrhage.

The incidence of pulmonary toxicity was generally low
and only occurred in patients who received adjuvant
radiotherapy. However, it was slightly higher with T-DM1
compared with trastuzumab, including two cases of grade 3
radiation pneumonitis, both of which resolved. These data
suggest that T-DM1 and adjuvant radiotherapy can be
administered concomitantly without a substantial increase
in pulmonary toxicity. The rate of symptomatic (i.e. grade 2
or higher) radiation pneumonitis in KATHERINE (1.3%) was
consistent with the symptomatic radiation pneumonitis
incidence of approximately 1%-4% reported with radio-
therapy and other systemic therapies for breast cancer,17,18

with rates varying by radiation dose and fractionation
schedule, the way in which the radiation was applied, and
prior exposure to other cancer therapies.18

In KATHERINE, there was a numerically higher incidence
of CNS recurrence as the first IDFS event in the T-DM1
versus the trastuzumab arm. The data presented here
(Supplementary Figure S1B, available at https://doi.org/
10.1016/j.annonc.2021.04.011) suggest that this increased
incidence is a result of competing risk19,20 as observed in
trastuzumab trials.21 Specifically, substantial reduction in
the incidence of non-CNS recurrences as a first event
observed with T-DM1 resulted in an increased likelihood of
a CNS recurrence as a first event and as the only site of

recurrence. This hypothesis is supported by our analyses,
which found a similar cumulative incidence of CNS re-
currences in both arms, a 5.6-month longer time to CNS
recurrence in the T-DM1 arm, and a higher incidence of CNS
recurrence as the only site of recurrence in T-DM1 re-
cipients. Importantly, the numerically higher rate of CNS
recurrence as a first event in the T-DM1 arm did not appear
to have a detrimental effect on overall survival after CNS
recurrence, and T-DM1 did not increase the overall risk of
CNS recurrence. Nonetheless, treatments that are effective
against development of HER2-positive CNS disease in pa-
tients with EBC remain an unmet therapeutic need.
Encouraging recently published phase III data in the HER2-
positive metastatic setting demonstrated a 52% reduction
in risk of disease progression with the addition of tucatinib
to trastuzumab and capecitabine in patients with brain
metastases.22

T-DM1 provided clinical benefit similar to that observed
in the intent-to-treat population, regardless of type of
NACT (AC versus non-AC). There was an increased inci-
dence in grade �3 AEs and in all-grade thrombocytopenia
and all-grade pulmonary toxicity with T-DM1 in the non-
AC versus the AC group, but AEs leading to T-DM1
discontinuation and to T-DM1 dose reduction were similar
between the groups. Factors that may have contributed to
the increased toxicity include differences in baseline
characteristics (e.g. a higher proportion of patients with
ECOG performance status 1 and a higher proportion of
Asian patients in the non-AC group) and prior therapy
(e.g. a higher proportion of patients receiving platinum-
based therapy and >12 weeks of taxane therapy in the
non-AC group). An increased incidence of T-DM1-
associated thrombocytopenia has been previously
observed in Asian patients9 and in patients treated with
platinum therapy,16 a finding that was also observed in
the current study.

Table 6. Invasive disease-free survival in mutually exclusive patient cohorts with particularly high-risk tumors

T-DM1 Trastuzumab

Overall population
Patients with an event, n/N (%) 91/743 (12.2) 165/743 (22.2)
3-year event-free rate, % (95% CI) 88.3 (85.8-90.7) 77.0 (73.8-80.3)
Hazard ratio (95% CI) 0.50 (0.39-0.64)

Inoperable irrespective of HR and ypN status
Patients with an event, n/N (%) 42/185 (22.7) 70/190 (36.8)
3-year event-free rate, % (95% CI) 76.0 (70.0-82.4) 60.2 (52.7-67.8)
Hazard ratio (95% CI) 0.54 (0.37-0.80)

Operable with ypN-positive nodes and HR-negative disease
Patients with an event, n/N (%) 14/58 (24.1) 15/52 (28.8)
3-year event-free rate, % (95% CI) 76.0 (64.5-87.5) 69.5 (56.1-82.9)
Hazard ratio (95% CI) 0.72 (0.35-1.50)

Operable with ypN-positive nodes and HR-positive disease
Patients with an event, n/N (%) 19/168 (11.3) 37/167 (22.2)
3-year event-free rate, % (95% CI) 91.4 (86.6-6.2) 77.2 (70.2-84.1)
Hazard ratio (95% CI) 0.43 (0.25-0.75)

Operable with ypN0 nodes and HR-negative disease
Patients with an event, n/N (%) 7/69 (10.1) 14/68 (20.6)
3-year event-free rate, % (95% CI) 91.1 (84.3-97.9) 77.2 (66.5-87.9)
Hazard ratio (95% CI) 0.43 (0.17-1.06)

CI, confidence interval; HR, hormone receptor; T-DM1, trastuzumab emtansine.
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In KATHERINE, no new safety signals were observed with
concomitant HT, and the T-DM1 safety profile was similar to
what has been reported in previous studies. The incidence
of cardiac dysfunction was low overall and similar between
the HT and no-HT groups. The favorable safety profile of T-
DM1 with or without HT and the 50% reduction in the risk
of an IDFS event with T-DM1 irrespective of hormone re-
ceptor status support the use of T-DM1 in this setting.

While the cohort was small, adjuvant T-DM1 appeared to
result in clinical benefit in patients presenting with clinical
stage T1, cN0 tumors and who were treated with neo-
adjuvant therapy but had residual disease at surgery. When
treated with adjuvant trastuzumab, 6 of 32 (19%) of these
patients had an IDFS event. The lack of IDFS events in the 45
patients treated with adjuvant T-DM1 suggests the efficacy
of T-DM1 may be maintained in this subset, warranting
consideration of T-DM1 treatment when these patients are
identified. Recent data suggest that occult-positive lymph
nodes may be present in up to 14% of patients presenting
with T1 disease and normal ultrasound exam of axillary
nodes at surgery.23 Indeed, in KATHERINE, 7 of the 77
(9.1%) patients (3 in the T-DM1 arm, 4 in the trastuzumab
arm; Supplementary Table S5, available at https://doi.org/
10.1016/j.annonc.2021.04.011) who had presented with
T1c disease and were clinically assessed as node-negative
before neoadjuvant treatment had positive nodes at
surgery.

A substantial reduction in risk of an IDFS event with T-
DM1 was observed in particularly high-risk patient cohorts;
however, the 3-year IDFS event-free rate with T-DM1 varied
among these cohorts. The 3-year IDFS rate exceeded 90%
in patients presenting with operable hormone-receptor-
positive tumors with positive nodes at surgery, and in pa-
tients presenting with operable hormone-receptor-negative
disease and negative nodes at surgery. However, in patients
presenting with operable hormone-receptor-negative dis-
ease but with positive nodes at surgery or with inoperable
tumors irrespective of hormone receptor and ypN status,
the 3-year IDFS event-free rate was 76%, highlighting
remaining unmet therapeutic need in these cohorts.

Limitations of this analysis include those typically asso-
ciated with subgroup analyses, including statistical and
methodological issues (e.g. low power),24 and those asso-
ciated with exploratory analyses (e.g. risk of bias). However,
it is reassuring that the safety and efficacy findings from
these exploratory analyses were generally consistent with
the findings in the primary study and that a T-DM1 treat-
ment effect was apparent in all subgroups analyzed. Insights
gained from these results will support clinicians as they
begin to adopt adjuvant T-DM1 as the new standard of care
in patients with residual invasive disease after neoadjuvant
therapy.
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