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BACKGROUND
Patients who have residual invasive breast cancer after receiving neoadjuvant chemo-
therapy plus human epidermal growth factor receptor 2 (HER2)–targeted therapy have 
a worse prognosis than those who have no residual cancer. Trastuzumab emtansine 
(T-DM1), an antibody–drug conjugate of trastuzumab and the cytotoxic agent emtan-
sine (DM1), a maytansine derivative and microtubule inhibitor, provides benefit in 
patients with metastatic breast cancer that was previously treated with chemotherapy 
plus HER2-targeted therapy.

METHODS
We conducted a phase 3, open-label trial involving patients with HER2-positive early 
breast cancer who were found to have residual invasive disease in the breast or axilla 
at surgery after receiving neoadjuvant therapy containing a taxane (with or without 
anthracycline) and trastuzumab. Patients were randomly assigned to receive adjuvant 
T-DM1 or trastuzumab for 14 cycles. The primary end point was invasive disease–free 
survival (defined as freedom from ipsilateral invasive breast tumor recurrence, ipsilat-
eral locoregional invasive breast cancer recurrence, contralateral invasive breast cancer, 
distant recurrence, or death from any cause).

RESULTS
At the interim analysis, among 1486 randomly assigned patients (743 in the T-DM1 
group and 743 in the trastuzumab group), invasive disease or death had occurred in 91 
patients in the T-DM1 group (12.2%) and 165 patients in the trastuzumab group 
(22.2%). The estimated percentage of patients who were free of invasive disease at 
3 years was 88.3% in the T-DM1 group and 77.0% in the trastuzumab group. Invasive 
disease–free survival was significantly higher in the T-DM1 group than in the trastu-
zumab group (hazard ratio for invasive disease or death, 0.50; 95% confidence interval, 
0.39 to 0.64; P<0.001). Distant recurrence as the first invasive-disease event occurred 
in 10.5% of patients in the T-DM1 group and 15.9% of those in the trastuzumab group. 
The safety data were consistent with the known safety profile of T-DM1, with more 
adverse events associated with T-DM1 than with trastuzumab alone.

CONCLUSIONS
Among patients with HER2-positive early breast cancer who had residual invasive disease 
after completion of neoadjuvant therapy, the risk of recurrence of invasive breast cancer or 
death was 50% lower with adjuvant T-DM1 than with trastuzumab alone. (Funded by F. 
Hoffmann–La Roche/Genentech; KATHERINE ClinicalTrials.gov number, NCT01772472.)
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Among patients with human epider-
mal growth factor receptor 2 (HER2)–
positive early breast cancer who have 

received neoadjuvant chemotherapy plus HER2-
targeted therapy and are then found to have 
residual invasive disease at surgery, the risk of 
disease recurrence or death is higher than the 
risk among patients with a pathological com-
plete response.1-5 The current standard of post-
surgical systemic treatment in patients with 
hormone-receptor–positive disease is completion 
of 1 year of HER2-targeted therapy and at least 
5 years of adjuvant endocrine therapy, irrespec-
tive of pathological findings.6,7

Trastuzumab emtansine (T-DM1) is an anti-
body–drug conjugate of trastuzumab and the 
cytotoxic agent emtansine (DM1), a maytansine 
derivative and microtubule inhibitor.8 T-DM1 re-
tains trastuzumab activity while providing intra-
cellular delivery of DM1 to HER2-overexpressing 
cells.9 In two phase 3 trials involving patients 
with HER2-positive advanced breast cancer who 
had previously received HER2-targeted therapy 
including trastuzumab and chemotherapy, T-DM1 
showed superior efficacy and a favorable risk–
benefit profile as compared with capecitabine 
plus lapatinib or treatment of the physician’s 
choice.10-13 T-DM1 is approved for use in patients 
with HER2-positive metastatic breast cancer who 
previously received treatment with trastuzumab 
and a taxane.14

Given the activity of T-DM1, we hypothesized 
that it may provide a benefit for patients in 
whom residual invasive cancer is detected in the 
resected breast specimen or axillary nodes at 
surgery after completion of trastuzumab-based 
neoadjuvant treatment. A phase 2 trial showed 
that administration of 17 cycles of T-DM1 after 
an anthracycline regimen was feasible and was 
not associated with unacceptable toxic effects in 
patients with HER2-positive early breast cancer.15 
Here, we report the primary results of the 
KATHERINE trial, which compared adjuvant 
T-DM1 with trastuzumab in patients who had 
HER2-positive early breast cancer and residual in-
vasive cancer at surgery after completion of neoad-
juvant chemotherapy plus HER2-targeted therapy.

Me thods

Trial Design and Oversight

We conducted a multicenter, randomized, open-
label, phase 3 trial. Eligible patients were ran-

domly assigned to receive T-DM1 or trastuzumab 
as adjuvant therapy (Fig. S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org).

The trial was designed by a steering commit-
tee comprising members of the German Breast 
Group, the National Surgical Adjuvant Breast and 
Bowel Project (NSABP) Foundation, independent 
investigators, and the sponsor (F. Hoffmann–La 
Roche/Genentech) and was conducted under the 
guidance of an independent data and safety 
monitoring committee. Investigators at the trial 
sites entered data into a database that was held 
and managed by the NSABP Foundation. The 
prespecified interim analysis was conducted un-
der the auspices of the data and safety monitor-
ing committee, which recommended full analy-
sis and disclosure of the results. The results and 
recommendation were reviewed and accepted 
jointly by the sponsor and members of the trial 
steering committee, who vouch for the com-
pleteness and accuracy of the data and analyses 
and for the fidelity of the trial to the protocol 
(available at NEJM.org). The first draft of the 
manuscript was written by the first author and 
the last author with assistance from a medical 
writer paid by the sponsor. All the authors con-
tributed to subsequent drafts. The trial was con-
ducted in accordance with the amended Declara-
tion of Helsinki, and the protocol was approved 
by the institutional review board at each partici-
pating center. All the patients provided written 
informed consent.

Patients

Patients were eligible for participation in the 
trial if they had histologically confirmed, HER2-
positive, nonmetastatic, invasive primary breast 
cancer (clinical tumor stage T1 to T4, nodal stage 
N0 to N3, and metastasis stage M0 excluding 
clinical stage T1aN0 or T1bN0) at presentation 
and if residual invasive disease was detected 
pathologically in the surgical specimen of the 
breast or axillary lymph nodes after completion 
of taxane-based neoadjuvant chemotherapy ad-
ministered with trastuzumab. HER2 status was 
assessed in pretreatment biopsy samples if they 
were available; if they were not available, a surgi-
cal sample was used for assessment. HER2 sta-
tus was centrally confirmed before trial enroll-
ment (details are provided in the Supplementary 
Methods section of the Supplementary Appen-
dix). Patients had to have completed at least six 
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cycles (16 weeks) of a conventional preoperative 
chemotherapy regimen containing a minimum of 
9 weeks of taxane-based therapy and 9 weeks of 
trastuzumab therapy (slightly shorter treatment 
durations were permitted for dose-dense regi-
mens). Anthracyclines and alkylating agents were 
permitted according to local standards, as were 
additional HER2-targeted agents. (Additional eli-
gibility criteria are provided in the Supplemen-
tary Methods section of the Supplementary Ap-
pendix.) Exclusion criteria included the following: 
gross residual disease remaining after mastec-
tomy or positive margins after breast-conserving 
surgery; progressive disease during neoadjuvant 
therapy; and cardiopulmonary dysfunction, in-
cluding heart failure of New York Heart Asso-
ciation (NYHA) class II (mild symptoms and 
function limitation) or higher or a history of a 
reduction in the left ventricular ejection fraction 
to less than 40% with previous therapy.

Randomization and Treatment

Within 12 weeks after surgery, patients were 
randomly assigned in a 1:1 ratio with the use of 
an interactive voice-response or Web-response 
system. A permuted-block randomization scheme 
was used with stratification according to the 
following: clinical stage at presentation (inoper-
able breast cancer [tumor stage T4 or nodal 
stage N2 or N3 and metastasis stage M0] vs. 
operable breast cancer [tumor stage T1 to T3, 
nodal stage N0 or N1, and metastasis stage M0]); 
hormone-receptor status according to local labo-
ratory assessment (estrogen-receptor–positive, 
progesterone-receptor–positive, or both vs. estro-
gen-receptor–negative and progesterone-receptor–
negative or unknown); preoperative HER2-directed 
therapy (trastuzumab alone vs. trastuzumab plus 
an additional HER2-directed agent); and patho-
logical nodal status evaluated after neoadjuvant 
therapy (node-positive vs. node-negative or not 
evaluated).

Patients received T-DM1 at a dose of 3.6 mg 
per kilogram of body weight or trastuzumab at 
a dose of 6 mg per kilogram intravenously every 
3 weeks for 14 cycles. A loading dose of 8 mg of 
trastuzumab per kilogram was administered if 
more than 6 weeks had elapsed since the preced-
ing dose of trastuzumab. Patients who discontin-
ued T-DM1 early because of toxic effects could 
complete 14 cycles of trial treatment with trastu-
zumab at the discretion of the investigator. Radia-
tion therapy (see the Supplementary Appendix) 

and endocrine therapy were administered ac-
cording to institutional standards and the trial 
protocol.

Assessments

Imaging assessment for metastatic disease was 
not mandatory after patients received neoadju-
vant therapy and underwent surgery before ran-
domization. Patients were assessed for toxic ef-
fects before each dose of trial therapy was 
administered and during scheduled follow-up 
visits. The left ventricular ejection fraction was 
assessed during the last week of cycle 2; every 
four cycles thereafter; at trial-drug completion 
(if an assessment was not performed in the pre-
vious 6 weeks); at 3, 6, 12, 18, and 24 months; 
and annually thereafter to year 5. Clinical as-
sessments for disease recurrence occurred every 
3 months from the date of randomization to 
year 2, then every 6 months to year 5, and annu-
ally thereafter to year 10.

Statistical Analysis

The primary end point, invasive disease–free sur-
vival, was defined as the time from randomiza-
tion until the date of the first occurrence of one 
of the following events (hereafter referred to as 
invasive-disease events): recurrence of ipsilateral 
invasive breast tumor, recurrence of ipsilateral 
locoregional invasive breast cancer, contralateral 
invasive breast cancer, a distant disease recur-
rence, or death from any cause. The standard-
ized definitions for efficacy end points (STEEP 
criteria) also include second primary nonbreast 
cancer as an invasive-disease event,16 so this 
larger definition of invasive-disease events plus 
second primary nonbreast cancer was used as a 
secondary end point. Other secondary end points 
included disease-free survival (including non-
invasive breast cancers), overall survival, distant 
recurrence–free survival, and safety.

A sample of 1484 patients was planned on the 
basis of a requirement of 384 invasive-disease 
events to provide 80% power to detect a hazard 
ratio of 0.75 with a two-sided significance level 
of 5% for the primary analysis. This calculation 
assumed that the percentages of patients who 
would be free of invasive disease at 3 years 
would be 70.0% with trastuzumab and 76.5% 
with T-DM1. A single interim analysis of invasive 
disease–free survival was planned when approxi-
mately 67% of the projected invasive-disease 
events had occurred, with a P value of 0.0124 for 
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an efficacy stopping boundary or an observed 
hazard ratio of less than 0.732. The results of 
the interim analysis crossed the early stopping 
boundary for benefit of T-DM1 and are present-
ed here.

The primary analysis was based on the inten-
tion-to-treat population. An unstratified log-
rank test was used to compare invasive disease–
free survival between the two treatment groups, 
as prespecified in the statistical analysis plan, 
because the smallest subgroup had fewer than 
five patients in either group. A Cox proportional-
hazards model was used to estimate the hazard 
ratio and its 95% confidence interval. The per-
centage of patients who would be free of invasive 
disease at 3 years in each treatment group was 
estimated with the Kaplan–Meier method. Data 
from patients who did not have a documented 
event were censored at the date the patient was 
last known to be alive and event-free.

The first interim analysis of overall survival 
was planned to occur if the interim analysis of 
invasive disease–free survival crossed the pre-
specified boundary. The overall type I error is 
controlled at 0.05 for the overall survival analysis 
with the use of the Lan−DeMets alpha-spending 
function with an O’Brien−Fleming boundary. 
Three additional overall survival analyses are 
planned: an interim analysis at the time of the 
final invasive disease–free survival analysis 
(when approximately 384 events have occurred), 
an interim analysis when approximately 279 
deaths have occurred, and a final analysis when 
approximately 367 deaths have occurred.

The safety analysis included all the patients 
who received at least one dose of a trial drug. 
Cardiac events and potential cases of hepatic 
dysfunction were adjudicated by an independent 
clinical-events committee. Cardiac events were 
defined as death from a cardiac cause or heart 
failure of NYHA class III or IV, with a decrease 
in the left ventricular ejection fraction of at least 
10 percentage points from baseline to a value of 
less than 50%. These events were summarized 
according to treatment group.

R esult s

Patients

From April 2013 through December 2015, a total 
of 1486 patients were randomly assigned to re-
ceive T-DM1 or trastuzumab (743 patients in 

each group) at 273 trial sites in 28 countries. The 
median duration of follow-up in the intention-
to-treat population was 41.4 months (range, 0.1 
to 62.7) in the T-DM1 group and 40.9 months 
(range, 0.1 to 62.6) in the trastuzumab group. 
After randomization, 23 patients in the trastu-
zumab group and 4 patients in the T-DM1 group 
did not receive assigned therapy as part of the 
trial (Fig. S2 in the Supplementary Appendix). 
The baseline characteristics of the patients were 
balanced between the two treatment groups 
(Table 1, and Table S1 in the Supplementary Ap-
pendix). Hormone-receptor–positive disease was 
present in 72.3% of the patients. The majority of 
the patients (76.9%) had received an anthracy-
cline-containing neoadjuvant chemotherapy reg-
imen, and another HER2-targeted agent in addi-
tion to trastuzumab had been administered as a 
component of neoadjuvant therapy in 19.5% of 
the patients.

Efficacy

The early reporting efficacy boundary was 
crossed at the prespecified interim analysis, 
which triggered full trial analysis. Invasive dis-
ease occurred in 91 patients who received T-DM1 
(12.2%) and 165 patients who received trastuz u-
mab (22.2%). Estimated percentages of patients 
who would be free of invasive disease at 3 years 
were 88.3% in the T-DM1 group and 77.0% in 
the trastuzumab group. Invasive disease–free 
survival, the primary end point, was significantly 
higher among patients who received T-DM1 than 
among those who received trastuzumab (hazard 
ratio, 0.50; 95% confidence interval [CI], 0.39 to 
0.64; P<0.001) (Fig. 1). Distant recurrence as the 
first invasive-disease event occurred in 78 pa-
tients who received T-DM1 (10.5%) and 118 
patients who received trastuzumab (15.9%) (Ta-
ble S2 in the Supplementary Appendix). The risk 
of distant recurrence was lower in the T-DM1 
group than in the trastuzumab group (hazard 
ratio, 0.60; 95% CI, 0.45 to 0.79) (Table S3 in the 
Supplementary Appendix).

A subgroup analysis of invasive disease–free 
survival revealed a consistent benefit of T-DM1 
across stratification cohorts and other subgroups 
(Fig. 2), including patients with hormone-recep-
tor–positive or hormone-receptor–negative dis-
ease, patients with positive or negative patho-
logical nodal status after neoadjuvant therapy, 
and patients with either no residual invasive pri-
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mary disease or residual primary disease of 1 cm 
or less in the breast. In an exploratory analysis, 
benefit was seen in 331 patients with residual 
invasive disease of 1 cm or less in the breast and 
negative lymph nodes, with invasive-disease 
events in 17 patients in the T-DM1 group (10.0%) 
and 25 patients in the trastuzumab group 
(15.5%) (hazard ratio, 0.60; 95% CI, 0.33 to 
1.12). A benefit of adjuvant T-DM1 relative to 
adjuvant trastuzumab was observed irrespective 
of neoadjuvant HER2-targeted therapy. Among 
patients who received neoadjuvant trastuzumab 
with chemotherapy, invasive-disease events oc-
curred in 78 patients in the T-DM1 group and 
141 patients in the adjuvant trastuzumab group 
(hazard ratio, 0.49; 95% CI, 0.37 to 0.65). Among 
patients who received neoadjuvant trastuzumab 

plus a second HER2- directed therapy with che-
motherapy, invasive-disease events occurred in 
13 patients in the T-DM1 group and 24 patients 
in the adjuvant trastuzumab group (hazard ra-
tio, 0.54; 95% CI, 0.27 to 1.06). Pertuzumab was 
the second therapy in 93.8% of patients who 
received a second neoadjuvant HER2-directed 
agent, and in this group, invasive-disease events 
occurred in 12 patients in the T-DM1 group and 
24 patients in the adjuvant trastuzumab group 
(hazard ratio, 0.50; 95% CI, 0.25 to 1.00) (Table 
S4 in the Supplementary Appendix).

A total of 98 deaths were reported (42 in the 
T-DM1 group and 56 in the trastuzumab group), 
and the overall survival analysis did not cross 
the early reporting boundary (hazard ratio for 
death, 0.70; 95% CI, 0.47 to 1.05) (Fig. 1). Of 

Characteristic
Trastuzumab Group 

(N = 743)
T-DM1 Group 

(N = 743)

Median age (range) — yr 49 (23–80) 49 (24–79)

Race or ethnic group — no. of patients (%)†

White 531 (71.5) 551 (74.2)

Asian 64 (8.6) 65 (8.7)

Black 19 (2.6) 21 (2.8)

American Indian or Alaska Native‡ 50 (6.7) 36 (4.8)

Multiple or unknown 79 (10.6) 70 (9.4)

Clinical stage at presentation — no. of patients (%)

Inoperable breast cancer§ 190 (25.6) 185 (24.9)

Operable breast cancer¶ 553 (74.4) 558 (75.1)

Hormone-receptor status — no. of patients (%)

Estrogen-receptor–negative and progesterone-receptor–
negative or status unknown

203 (27.3) 209 (28.1)

Estrogen-receptor–positive, progesterone-receptor– 
positive, or both

540 (72.7) 534 (71.9)

Previous use of anthracycline — no. of patients (%) 564 (75.9) 579 (77.9)

Neoadjuvant HER2-targeted therapy — no. of patients (%)

Trastuzumab alone 596 (80.2) 600 (80.8)

Trastuzumab plus pertuzumab 139 (18.7) 133 (17.9)

Trastuzumab plus other HER2-targeted therapy‖ 8 (1.1) 10 (1.3)

*  Additional baseline characteristics are listed in Table S1 in the Supplementary Appendix. Percentages may not total 100 
because of rounding. HER2 denotes human epidermal growth factor receptor 2, and T-DM1 trastuzumab emtansine.

†  Race or ethnic group was reported by the investigators.
‡  The American Indian category includes North, Central, and South American Indians.
§  Inoperable breast cancer was defined as tumor stage T4, nodal stage Nx, and metastasis stage M0 or tumor stage Tx, 

nodal stage N2 or N3, and metastasis stage M0.
¶  Operable breast cancer was defined as tumor stage T1 to T3, nodal stage N0 or N1, and metastasis stage M0.
‖  Other HER2-targeted agents were neratinib, dacomitinib, afatinib, and lapatinib.

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
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the patients who died, 2 in the T-DM1 group and 
3 in the trastuzumab group did not have previ-
ous invasive disease.

Safety
A total of 1460 patients (740 in the T-DM1 group 
and 720 in the trastuzumab group) were included 
in the safety analysis. All 14 cycles of assigned 
therapy were completed in 71.4% of patients 
who received T-DM1 and 81.0% of patients who 
received trastuzumab (Tables S5 and S6 in the 
Supplementary Appendix). In the T-DM1 group, 
77 patients (10.4%) had one dose-level reduction, 
and 29 (3.9%) had a second dose-level reduction 
(Table S6 in the Supplementary Appendix). Of 
the 133 patients who discontinued T-DM1 early, 
71 switched to trastuzumab, of whom 63 com-
pleted a total of 14 cycles of HER2-targeted 
treatment.

The most common adverse events of grade 3 
or higher were a decreased platelet count (in 
5.7% of the patients) and hypertension (in 2.0%) 
in the T-DM1 group and hypertension (in 1.2%) 
and radiation-related skin injury (in 1.0%) in the 
trastuzumab group (Table 2). Serious adverse 
events occurred in 94 patients who received 
T-DM1 (12.7%) and 58 patients who received 
trastuzumab (8.1%). Adverse events leading to 
discontinuation of the trial drug occurred in 133 
patients in the T-DM1 group (18.0%) and 15 
patients in the trastuzumab group (2.1%). In the 
T-DM1 group, the most common adverse events 
leading to discontinuation of the drug were 
laboratory abnormalities (decreased platelet count 
[in 4.2%], elevated blood bilirubin level [in 2.6%], 
elevated aspartate aminotransferase level [in 1.6%], 
and elevated alanine aminotransferase level [in 
1.5%]), peripheral sensory neuropathy (in 1.5%), 

Figure 1. Kaplan–Meier Estimates of Survival  
in the Interim Analysis.

Invasive disease–free survival (Panel A) was defined  
as the time from randomization until the date of the 
first occurrence of one of the following: recurrence of 
ipsilateral invasive breast tumor, recurrence of ipsilat-
eral locoregional invasive breast cancer, contralateral 
invasive breast cancer, a distant disease recurrence,  
or death from any cause. Distant recurrence (Panel B) 
was defined as evidence of breast cancer in any anatom-
ical site — other than ipsilateral invasive breast tumor 
or recurrence of locoregional invasive breast cancer — 
that was either histologically confirmed or clinically di-
agnosed as recurrent invasive breast cancer. No statis-
tical adjustments were made for multiple comparisons. 
For overall survival (Panel C), the P value for the bound-
ary for significance in this prespecified interim analysis 
was less than 0.000032, corresponding to a hazard ratio 
of less than 0.43. CI denotes confidence interval.

In
va

si
ve

 D
is

ea
se

–f
re

e
Su

rv
iv

al
 (%

)

100

80

60

40

20

0
0 6 12 18 24 60

Months since Randomization

B

A

No. at Risk
T-DM1
Trastuzumab

743
743

707
676

681
635

658
594

633
555

30

561
501

36

409
342

42

255
220

48

142
119

54

44
38

4
4

T-DM1

Trastuzumab

T-DM1
Trastuzumab

  91 (12.2)
165 (22.2)

No. of
Events (%)

Unstratified hazard ratio for disease recurrence or death,
0.50 (95% CI, 0.39–0.64)

P<0.001

88.3
77.0

3-Yr Invasive
Disease–free
Survival, %

Fr
ee

do
m

 fr
om

 D
is

ta
nt

R
ec

ur
re

nc
e 

(%
)

100

80

60

40

20

0
0 6 12 18 24 60

Months since Randomization

No. at Risk
T-DM1
Trastuzumab

743
743

707
679

682
643

661
609

636
577

30

564
520

36

412
359

42

254
233

48

143
126

54

45
41

4
4

T-DM1

Trastuzumab

  78 (10.5)
121 (16.3)

743
743

No. of
Events (%)

No. of
Patients

743
743

No. of
Patients

743
743

No. of
Patients

Unstratified hazard ratio for disease recurrence,
0.60 (95% CI, 0.45–0.79)

T-DM1
Trastuzumab

89.7
83.0

C

O
ve

ra
ll 

Su
rv

iv
al

 (%
)

100

80

60

40

20

0
0 6 12 18 24 60

Months since Randomization

No. at Risk
T-DM1
Trastuzumab

743
743

719
695

702
677

693
657

668
635

30

648
608

36

508
471

42

345
312

48

195
175

54

76
71

12
8

T-DM1

Trastuzumab

T-DM1
Trastuzumab

42 (5.7)
56 (7.5)

No. of
Events (%)

Unstratified hazard ratio for death,
0.70 (95% CI, 0.47–1.05)

P=0.08

3-Yr Freedom
from Distant

Recurrence, %

The New England Journal of Medicine 
Downloaded from nejm.org on March 25, 2022. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 380;7 nejm.org February 14, 2019 623

Tr astuzumab Emtansine for Residual Breast Cancer

Fi
gu

re
 2

. S
ub

gr
ou

p 
A

na
ly

si
s 

of
 I

nv
as

iv
e 

D
is

ea
se

–f
re

e 
Su

rv
iv

al
.

Fi
ve

 p
at

ie
nt

s 
w

it
h 

a 
yp

T1
 t

um
or

 s
ta

ge
 h

ad
 y

pT
1 

di
se

as
e 

w
it

ho
ut

 f
ur

th
er

 s
ub

sp
ec

if
ic

at
io

n.
 T

he
 y

pT
4 

ca
te

go
ry

 in
cl

ud
es

 a
ll 

pa
ti

en
ts

 w
it

h 
yp

T4
 a

nd
 o

ne
 p

at
ie

nt
 w

it
h 

yp
T

X
. T

he
 s

iz
e 

of
 

th
e 

bl
ac

k 
sq

ua
re

s 
co

rr
es

po
nd

s 
to

 t
he

 n
um

be
r 

of
 p

at
ie

nt
s.

 E
R

 d
en

ot
es

 e
st

ro
ge

n 
re

ce
pt

or
, a

nd
 H

ER
2 

hu
m

an
 e

pi
de

rm
al

 g
ro

w
th

 f
ac

to
r 

re
ce

pt
or

 2
.

0.
50

1.
00

5.
00

2.
00

Tr
as

tu
zu

m
ab

 B
et

te
r

T-
D

M
1 

B
et

te
r

A
ll 

pa
tie

nt
s

A
ge

 g
ro

up

<4
0 

yr

40
–6

4 
yr

≥6
5 

yr

C
lin

ic
al

 s
ta

ge
 a

t p
re

se
nt

at
io

n

In
op

er
ab

le
 b

re
as

t c
an

ce
r

O
pe

ra
bl

e 
br

ea
st

 c
an

ce
r

H
or

m
on

e-
re

ce
pt

or
 s

ta
tu

s

N
eg

at
iv

e 
(E

R
-n

eg
at

iv
e 

an
d 

pr
og

es
te

ro
ne

-r
ec

ep
to

r–
ne

ga
tiv

e 
or

 u
nk

no
w

n)

Po
si

tiv
e 

(E
R

-p
os

iti
ve

, p
ro

ge
st

er
on

e-
re

ce
pt

or
–p

os
iti

ve
, o

r 
bo

th
)

Pr
eo

pe
ra

tiv
e 

H
ER

2-
di

re
ct

ed
 th

er
ap

y

Tr
as

tu
zu

m
ab

 a
lo

ne

Tr
as

tu
zu

m
ab

 p
lu

s 
ad

di
tio

na
l H

ER
2-

di
re

ct
ed

 a
ge

nt
 o

r 
ag

en
ts

Pa
th

ol
og

ic
al

 n
od

al
 s

ta
tu

s 
af

te
r 

pr
eo

pe
ra

tiv
e 

th
er

ap
y

N
od

e-
po

si
tiv

e

N
od

e-
ne

ga
tiv

e 
or

 N
E

Pr
im

ar
y 

tu
m

or
 s

ta
ge

 a
t d

ef
in

iti
ve

 s
ur

ge
ry

yp
T0

, y
pT

1a
, y

pT
1b

, y
pT

1m
ic

, y
pT

is

yp
T1

, y
pT

1c

yp
T2

yp
T3

yp
T4

R
eg

io
na

l l
ym

ph
-n

od
e 

st
ag

e 
at

 d
ef

in
iti

ve
 s

ur
ge

ry

yp
N

0

yp
N

1

yp
N

2

yp
N

3

yp
N

X

Tr
as

tu
zu

m
ab

H
az

ar
d 

R
at

io
 fo

r 
In

va
si

ve
-D

is
ea

se
 E

ve
nt

 (9
5%

 C
I)

T-
D

M
1

Tr
as

tu
zu

m
ab

T-
D

M
1

Su
bg

ro
up

0.
50

 (
0.

39
–0

.6
4)

0.
50

 (
0.

29
–0

.8
6)

0.
49

 (
0.

36
–0

.6
7)

0.
55

 (
0.

22
–1

.3
4)

 

0.
54

 (
0.

37
–0

.8
0)

0.
47

 (
0.

33
–0

.6
6)

0.
50

 (
0.

33
–0

.7
4)

0.
48

 (
0.

35
–0

.6
7)

0.
49

 (
0.

37
–0

.6
5)

0.
54

 (
0.

27
–1

.0
6)

0.
52

 (
0.

38
–0

.7
1)

0.
44

 (
0.

28
–0

.6
8)

0.
66

 (
0.

44
–1

.0
0)

0.
34

 (
0.

19
–0

.6
2)

0.
50

 (
0.

31
–0

.8
2)

0.
40

 (
0.

18
–0

.8
8)

0.
29

 (
0.

07
–1

.1
7)

 

0.
46

 (
0.

30
–0

.7
3)

0.
49

 (
0.

31
–0

.7
8)

0.
43

 (
0.

24
–0

.7
7)

0.
71

 (
0.

35
–1

.4
2)

0.
17

 (
0.

02
–1

.3
8)

0.
20

3-
Yr

 In
va

si
ve

 D
is

ea
se

–f
re

e
Su

rv
iv

al
 R

at
e

91
/7

43

20
/1

43

64
/5

42

7/
58

42
/1

85

49
/5

58

38
/2

09

53
/5

34

78
/6

00

13
/1

43

62
/3

43

29
/4

00

40
/3

31

14
/1

75

25
/1

74

9/
51

3/
12

  

  

28
/3

44

29
/2

20

16
/8

6 
 

17
/3

7 
 

1/
56

16
5/

74
3

  

37
/1

53

11
3/

52
2

15
/6

8

70
/1

90

  9
5/

55
3 

  

  

61
/2

03

10
4/

54
0

14
1/

59
6

  2
4/

14
7

10
3/

34
6

  6
2/

39
7

  

52
/3

06

  4
2/

18
4

  4
4/

18
5

21
/5

7

  6
/1

1

56
/3

35

  5
0/

21
3

  3
8/

10
3

15
/3

0

  6
/6

2

88
.3

86
.5

88
.8

87
.4

76
.0

92
.3

82
.1

90
.7

87
.7

90
.9

83
.0

92
.8

88
.3

91
.9

88
.3

79
.8

70
.0

91
.9

88
.9

81
.1

52
.0

98
.1

77
.0

74
.9

77
.1

81
.1

60
.2

82
.8

66
.6

80
.7

75
.9

81
.8

67
.7

84
.6

83
.6

75
.9

74
.3

61
.1

30
.0

83
.9

75
.8

58
.2

40
.6

88
.7

no
. o

f p
at

ie
nt

s 
w

ith
 a

n 
in

va
si

ve
-d

is
ea

se
ev

en
t/

to
ta

l n
o.

%

The New England Journal of Medicine 
Downloaded from nejm.org on March 25, 2022. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 380;7 nejm.org February 14, 2019624

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

and decreased ejection fraction (in 1.2%). One 
patient in the T-DM1 group who had a decreased 
platelet count died from an intracranial hemor-
rhage that occurred after a fall (Table 2). The per-
centages of patients with hemorrhage of grade 
3 or higher were similar in the T-DM1 group 
and the trastuzumab group (0.4% and 0.3%).

Adverse events of any grade were more com-
mon in the T-DM1 group than in the trastuzu-
mab group (98.8% vs. 93.3%) (Table 3, and Table 
S7 in the Supplementary Appendix), and 25.7% 
of the patients had adverse events of grade 3 or 
higher in the T-DM1 group, as compared with 

15.4% in the trastuzumab group. Peripheral sen-
sory neuropathy of any grade was reported in 
138 patients who received T-DM1 (18.6%) and 50 
patients who received trastuzumab (6.9%); 103 
of the 138 cases of sensory neuropathy in the 
T-DM1 group (74.6%) were reported by the inves-
tigators as being resolved at the data cutoff 
point. Pneumonitis (of any grade) occurred in 19 
patients in the T-DM1 group (2.6%) and 6 pa-
tients in the trastuzumab group (0.8%). Of the 
adverse events of any grade, 11 (1.5%) and 5 
(0.7%), respectively, were radiation pneumonitis; 
all cases were resolved at the data cutoff point. 
Increased aminotransferase levels of any grade 
occurred more frequently in the T-DM1 group 
(elevated alanine aminotransferase level in 23.1% 
of the patients and elevated aspartate amino-
transferase level in 28.4%) than in the trastuzu-
mab group (elevated alanine aminotransferase 
level in 5.7% of the patients and elevated aspar-
tate aminotransferase level in 5.6%) (Table 3). 
Two adjudicated cases of hepatic nodular regen-
erative hyperplasia occurred in the T-DM1 group. 
Adjudicated cardiac events occurred in 4 patients 
in the trastuzumab group (0.6%) and in 1 pa-
tient in the T-DM1 group (0.1%).

Discussion

In this trial, adjuvant treatment with T-DM1 re-
sulted in a 50% lower risk of recurrence of inva-
sive disease or death than adjuvant continuation 
of trastuzumab among patients with HER2-
positive early breast cancer and residual invasive 
disease after completion of neoadjuvant chemo-
therapy plus HER2-targeted therapy. As expected, 
a higher percentage of patients had adverse events 
in the T-DM1 group than in the trastuzumab 
group; adverse events of grade 3 or higher oc-
curred in 25.7% of patients in the T-DM1 group 
and in 15.4% of those in the trastuzumab group. 
Subgroup analyses showed a consistent benefit, 
irrespective of hormone-receptor status, the ex-
tent of residual disease at surgery, single or dual 
HER2-targeted therapy in the neoadjuvant regi-
men, and baseline characteristics of the patients. 
Distant recurrence was the first invasive-disease 
event in fewer patients in the T-DM1 group than 
in the trastuzumab group (10.5% vs. 15.9%). Ad-
ditional follow-up will be necessary to determine 
whether there is an effect of adjuvant T-DM1 on 
overall survival.

Event

Trastuzumab  
Group 

(N = 720)

T-DM1  
Group 

(N = 740)

no. of patients (%)

Any adverse event 672 (93.3) 731 (98.8)

Grade ≥3 adverse event 111 (15.4) 190 (25.7)

Adverse event leading to death† 0 1 (0.1)

Serious adverse event 58 (8.1) 94 (12.7)

Adverse event leading to discontinuation 
of trial drug‡

15 (2.1) 133 (18.0)

Grade ≥3 adverse event that occurred in 
≥1% of patients in either group

Decreased platelet count 2 (0.3) 42 (5.7)

Hypertension 9 (1.2) 15 (2.0)

Radiation-related skin injury 7 (1.0) 10 (1.4)

Peripheral sensory neuropathy 0 10 (1.4)

Decreased neutrophil count 5 (0.7) 9 (1.2)

Hypokalemia 1 (0.1) 9 (1.2)

Fatigue 1 (0.1) 8 (1.1)

Anemia 1 (0.1) 8 (1.1)

*  Listed are adverse events with an onset that occurred from the first dose of 
any trial treatment through 30 days after the final dose of trial treatment and 
adverse events with an onset in the follow-up period that were determined by 
the investigators to be related to the trial drug or trial procedure. Patients may 
have had more than one adverse event.

†  One patient with a platelet count of 55,000 per cubic millimeter fell at home 
and died of an intracranial hemorrhage.

‡  The most common adverse event leading to discontinuation of the trial drug 
in the trastuzumab group was a decreased ejection fraction in 10 of 720 pa-
tients (1.4%). The most common adverse events leading to discontinuation 
of the trial drug in the T-DM1 group were a decreased platelet count in 31 of 
740 patients (4.2%), an increased blood bilirubin level in 19 patients (2.6%), 
an increased aspartate aminotransferase level in 12 patients (1.6%), an in-
creased alanine aminotransferase level in 11 patients (1.5%), peripheral sen-
sory neuropathy in 11 patients (1.5%), and a decreased ejection fraction in  
9 patients (1.2%).

Table 2. Summary of Adverse Events in the Safety Population.*
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Patients with HER2-positive early breast can-
cer who have residual invasive disease after stan-
dard neoadjuvant therapies, which include tras-
tuzumab, have a substantially less favorable 
prognosis than those with a pathological com-
plete response.3-5 However, pathological complete 
responses occur in only 40% to 60% of pa-
tients,1,3-5 and a paucity of published data exist 
to provide guidance on postoperative therapy in 
patients in whom residual disease is detected in 
the resected breast specimen or lymph nodes. 
Since standard adjuvant therapy for HER2-posi-
tive breast cancer is 1 year of HER2-targeted 
therapy, completion of this therapy in patients 
undergoing neoadjuvant therapy has become an 
accepted practice, irrespective of pathological re-
sponse status. In the KATHERINE trial, switch-
ing from HER2-directed therapy to single-agent 
T-DM1 after neoadjuvant chemotherapy with tras-
tuzumab-based neoadjuvant therapy (either single 
or dual HER2 blockade) improved outcomes in 
patients with persisting invasive cancer at sur-
gery. It is notable, however, that even with the 
improved outcomes seen with T-DM1 in these 
patients, the central nervous system was one of 
the sites of first recurrence in approximately 5% 
of patients in both treatment groups (Table S2 in 
the Supplementary Appendix). Recurrence in the 
central nervous system in patients with HER2-
positive early breast cancer remains a persistent 
problem for which effective therapies are lacking.

Our trial is the third global, phase 3 trial to 
show greater improvement in outcomes with ad-
ditional HER2-targeted therapy than with 1 year 
of trastuzumab alone in patients with HER2-
positive, early breast cancer. The ExteNET trial 
evaluated 1 year of extended adjuvant therapy 
with neratinib monotherapy as compared with 
placebo after completion of 1 year of trastuzu-
mab.17 In the APHINITY trial, patients were ran-
domly assigned to receive either pertuzumab or 
placebo added to standard adjuvant chemother-
apy plus 1 year of treatment with trastuzumab 
for resected, operable, HER2-positive breast can-
cer.18 The KATHERINE trial focused on higher-
risk patients with residual invasive breast cancer 
after completion of neoadjuvant chemotherapy 
administered with trastuzumab-containing ther-
apy. Differences in trial designs and patient 
populations limit the usefulness of comparisons 
among these studies. For example, patients in 

the KATHERINE trial had a substantially worse 
baseline prognosis than those enrolled in the 
ExteNET and APHINITY trials.

The safety profile of T-DM1 was consistent 
with that in previous studies; as expected, there 
were more adverse events with T-DM1 than with 
adjuvant trastuzumab. Higher-grade or enduring 
adverse events are of particular importance in 
the treatment of early breast cancer. All the pa-
tients in our trial had received neoadjuvant ther-
apy with a taxane, and patients with preexisting 
grade 1 neuropathy were allowed to enroll in the 
trial. Peripheral sensory neuropathy of any grade 
was reported in 138 patients in the T-DM1 group 
(18.6%) and in 50 patients in the trastuzumab 
group (6.9%), and grade 3 peripheral sensory 
neuropathy was reported in 10 patients in the 
T-DM1 group (1.4%). By the time of data cutoff, 
neuropathy had resolved in 103 of 138 patients 
in the T-DM1 group (74.6%). Despite a higher 
percentage of patients with thrombocytopenia in 
the T-DM1 group, the percentages of patients 
with hemorrhage of grade 3 or higher were simi-
lar in the two groups (0.4% in the T-DM1 group 
and 0.3% in the trastuzumab group). However, 
1 patient in the T-DM1 group died of an intra-
cranial hemorrhage associated with a fall and 
grade 2 thrombocytopenia. Two cases of hepatic 
nodular regenerative hyperplasia occurred in the 
T-DM1 group. Radiation pneumonitis occurred 
in 11 patients in the T-DM1 group (1.5%); this 
incidence was higher than that in the control 
group (0.7%). There were fewer cardiac events in 
the T-DM1 group than in the trastuzumab group, 
although there were only five events (0.3%) overall.

A potential limitation of the KATHERINE 
trial was the pragmatic decision to preferentially 
use the pretreatment core biopsy specimen of 
the primary tumor to centrally confirm positive 
HER2-status. The apparent loss of HER2-positive 
status in patients with residual disease after 
neoadjuvant therapy has been reported,19,20 but 
our trial was not designed to specifically address 
the activity of T-DM1 in this subgroup. Further 
analyses to define the rate of HER2 loss in the 
postsurgical specimens and the activity of T-DM1 
in these patients are planned and possible, since 
paired specimens from more than two thirds of 
the patients in the trial have been obtained.

In conclusion, in this randomized, phase 3 
trial, among patients with HER2-positive early 
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breast cancer who had residual invasive disease 
after completion of neoadjuvant therapy with a 
trastuzumab-containing regimen, the risk of 
recurrence of invasive breast cancer or death 
was 50% lower with adjuvant T-DM1 than with 
trastuzumab alone. The homogeneity of benefit 
was seen across all subgroups.
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