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abstract

PURPOSEWe aimed to improve efficacy and reduce toxicity of high-risk human epidermal growth factor receptor
2 (HER2)–positive early breast cancer (EBC) treatment by replacing taxanes and trastuzumab with trastuzumab
emtansine (T-DM1).

METHODS The phase III KAITLIN study (NCT01966471) included adults with excised HER2-positive EBC (node-
positive or node-negative, hormone receptor–negative, and tumor . 2.0 cm). Postsurgery, patients were
randomly assigned 1:1 to anthracycline-based chemotherapy (three-four cycles) and then 18 cycles of T-DM1
plus pertuzumab (AC-KP) or taxane (three-four cycles) plus trastuzumab plus pertuzumab (AC-THP). Adjuvant
radiotherapy/endocrine therapy was permitted. Coprimary end points were invasive disease-free survival (IDFS)
in the intention-to-treat node-positive and overall populations with hierarchical testing.

RESULTS The median follow-up was 57.1 months (interquartile range, 52.1-60.1 months) for AC-THP (n5 918)
and 57.0 months (interquartile range, 52.1-59.8 months) for AC-KP (n 5 928). There was no significant IDFS
difference between arms in the node-positive (n5 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 0.71 to 1.32)
or overall population (n5 1846; stratifiedHR, 0.98; 95%CI, 0.72 to 1.32). In the overall population, the three-year
IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% CI, 91.4 to 94.7) for AC-KP. Treatment
completion rates (ie, 18 cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference driven by T-DM1
discontinuation because of laboratory abnormalities [12.5%]). Similar rates of grade $ 3 (55.4% v 51.8%) and
serious adverse events (23.3% v 21.4%) occurred with AC-THP and AC-KP, respectively. KP decreased clinically
meaningful deterioration in global health status versus THP (stratified HR, 0.71; 95% CI, 0.62 to 0.80).

CONCLUSION The primary end point was not met. Both arms achieved favorable IDFS. Trastuzumab plus
pertuzumab plus chemotherapy remains the standard of care for high-risk HER2-positive EBC.
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INTRODUCTION

The standard of care for adjuvant treatment of human
epidermal growth factor receptor 2 (HER2)–positive
early breast cancer (EBC) is chemotherapy plus 1 year
of HER2-directed therapy.1,2 However, high-risk
populations (node-positive and/or tumors . 2 cm)
receiving trastuzumab have 5-year disease-free
survival rates of , 85%.3,4 In APHINITY,5 adjuvant
chemotherapy and dual HER2 targeting with

pertuzumab plus trastuzumab improved invasive
disease-free survival (IDFS) compared with trastu-
zumab alone in the intention-to-treat (ITT) pop-
ulation and more markedly in patients with node-
positive disease: the 6-year IDFS was 88% with dual
targeting versus 83% with trastuzumab.6 Another
challenge of current EBC treatment is systemic
chemotherapy-associated toxicity. Taxanes are as-
sociated with well-characterized toxicities, including
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neutropenia, febrile neutropenia, alopecia, neuropathy,
myalgia, and arthralgia.7-10

Trastuzumab emtansine (T-DM1) is an antibody–drug
conjugate composed of the cytotoxic agent DM1 cova-
lently linked to trastuzumab.11 T-DM1 retains the HER2-
targeted effects of trastuzumab and provides targeted
delivery of emtansine (MCC-DM1).12 In the metastatic
setting, single-agent T-DM1 is effective, and is the standard
of care, in patients with cancer resistant to trastuzumab
plus a taxane.13-16

In KAITLIN, we aimed to improve efficacy and reduce
toxicity of adjuvant chemotherapy in HER2-positive, high-
risk EBC by replacing taxane-plus-trastuzumab with
T-DM1 after anthracycline chemotherapy. On the basis of
preclinical data showing synergistic antitumor activity
with pertuzumab-plus-T-DM1,17 clinical data showing
safety and activity of the combination,18 and improved
outcomes with the addition of pertuzumab to trastuzumab
in metastatic19 and neoadjuvant settings,20,21 KAITLIN
was designed with each arm receiving pertuzumab. After
KAITLIN was underway, data from the MARIANNE trial,
testing the T-DM1-plus-pertuzumab combination in
previously untreated metastatic disease, became avail-
able. T-DM1-plus-pertuzumab demonstrated similar ef-
ficacy, but not superiority, and better tolerability than
trastuzumab-plus-taxane.22 Because the experimental
arm in KAITLIN (anthracycline-plus-T-DM1-plus-pertu-
zumab) was expected to demonstrate a risk-benefit
profile at least equivalent to the adjuvant standard of
care at that time (anthracycline-plus-taxane-plus-tras-
tuzumab) and because the question of whether it could
be similar or superior to standard adjuvant regimens
remained important, the trial continued. Here, we report
the primary results of KAITLIN.

METHODS

Study Design and Patients

KAITLIN (NCT01966471) is a randomized, multinational,
open-label study conducted in 288 centers in 36 countries
(Data Supplement, online only). Eligible patients had newly
diagnosed, HER2-positive, nonmetastatic, histologically
confirmed, operable primary invasive breast carcinoma.
Eligible patients had node-positive disease (pN $ 1), with
any tumor size except T0 and any hormone receptor status,
or node-negative disease (pN0) with the pathologic tumor
size . 2.0 cm by local assessment and negative for es-
trogen receptor (ER) and progesterone receptor (PgR).
Hormone receptor status and HER2 status were centrally
determined. HER2 status was measured using the
PATHWAY HER2 4B5 Immunohistochemistry Assay
(Ventana Medical Systems, Inc, Oro Valley, AZ) and the
INFORM HER2 Dual in Situ Hybridization Assay (Ventana
Medical Systems, Inc, Oro Valley, AZ). HER2-positive status
was defined as an immunohistochemistry (IHC) score of
31 and/or an in situ hybridization HER2:chromosome 17
ratio of $ 2.0. Patients had to have a baseline left ven-
tricular ejection fraction (LVEF) of $ 55% (by echocar-
diogram or multigated acquisition scans). Complete
eligibility criteria are listed in the Data Supplement.

The Protocol (online only) was approved by the indepen-
dent ethics committees and/or institutional review boards at
each site. The trial was performed in accordance with the
Declaration of Helsinki and guidelines for Good Clinical
Practice. All participants provided written informed con-
sent. The trial was overseen by a steering committee and an
independent data monitoring committee. An independent
clinical events committee adjudicated prespecified safety
events of interest (cardiac and hepatic dysfunction events)
in a blinded fashion.

CONTEXT

Key Objective
Current treatments for high-risk human epidermal growth factor receptor 2 (HER2)–positive breast cancer have limitations

in terms of efficacy and tolerability, the latter primarily because of toxicities associated with chemotherapy. Improved
outcomes have been shown with the addition of pertuzumab to trastuzumab and chemotherapy in metastatic and
neoadjuvant settings. Trastuzumab emtansine (T-DM1) is an antibody–drug conjugate composed of the cytotoxic agent
DM1 linked to trastuzumab, which could provide an alternative to taxane-plus-trastuzumab to improve safety and
efficacy, when combined with pertuzumab.

Knowledge Generated
In high-risk HER2-positive breast cancer, replacing the combination of taxane-plus-trastuzumab and pertuzumab with T-

DM1 and pertuzumab (after surgery and anthracycline chemotherapy) did not yield a clinically meaningful improvement
in efficacy and demonstrated a safety profile consistent with previous experience.

Relevance
The approach for management of high-risk HER2-positive breast cancer remains initial treatment with neoadjuvant

trastuzumab/pertuzumab and chemotherapy and escalation to adjuvant T-DM1 for residual disease.
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Procedures

Patients were randomly assigned 1:1 within 9 weeks of
definitive breast surgery to anthracycline chemotherapy
followed by trastuzumab and a taxane plus pertuzumab
(AC-THP) or anthracycline chemotherapy followed by
T-DM1 plus pertuzumab (AC-KP; Appendix Fig A1, online
only). Random assignment was performed according to a
permuted block scheme, stratified by region (United States
or Canada, Western Europe or Australia or New Zealand,
Asia, and rest of world), nodal status (0, 1-3, or$ 4 positive
nodes), hormone receptor status (ER- and/or PgR-positive
or both ER- and PgR-negative), and anthracycline type
(doxorubicin or epirubicin).

Anthracycline and taxane regimens were chosen by the
investigator before random assignment and according to
protocol-specified regimens (Data Supplement). T-DM1
was dosed at 3.6 mg/kg once every 3 weeks. Trastuzumab
was dosed at 6 mg/kg once every 3 weeks after an 8-mg/kg
loading dose and started concurrently with the taxane.
Pertuzumab was dosed at 420mg once every 3 weeks after
an 840-mg loading dose and administered concurrently
with T-DM1 or trastuzumab-plus-taxane. An interval of
$ 3 weeks from the last dose of anthracycline to initiation of
HER2-targeted therapy was required. After the taxane-
concurrent phase in the trastuzumab-containing arm,
trastuzumab-plus-pertuzumab was continued for$ 1 year.
In the T-DM1–containing arm, T-DM1-plus-pertuzumab
was continued for$ 1 year. For toxicities, dose delays and/
or reductions were permitted for anthracyclines, taxanes,
and T-DM1; only dose delays were permitted for trastu-
zumab and pertuzumab. For patients discontinuing T-DM1
because of toxicity, switching to trastuzumab was recom-
mended to complete $ 1 year of HER2-targeted therapy.
Adjuvant radiotherapy and/or hormonal therapy was given
as clinically indicated at the end of taxane chemotherapy or
after four cycles of T-DM1 during HER2-targeted therapy.

Outcomes

The coprimary efficacy end points were IDFS in the node-
positive subpopulation and IDFS in the overall population.
IDFS was defined as the time from random assignment until
the date of first occurrence of one of the following: ipsilateral
invasive breast tumor recurrence, ipsilateral locoregional
invasive breast cancer recurrence, contralateral or ipsi-
lateral second primary invasive breast cancer, distant re-
currence, or death because of any cause.

Secondary efficacy end points in the node-positive sub-
population and overall population were IDFS plus second
primary nonbreast cancer, disease-free survival (time be-
tween random assignment and first occurrence of an IDFS
event, second primary nonbreast cancer event, and con-
tralateral or ipsilateral ductal carcinoma in situ), distant
recurrence-free interval (time between random assignment
and first occurrence of distant breast cancer recurrence),
and overall survival (OS—time from random assignment to

death because of any cause). Adverse events (AEs) were
coded according to the Medical Dictionary for Regulatory
Activities and graded according to the National Cancer
Institute Common Terminology Criteria for AEs v4.0. The
primary adjudicated cardiac safety end point comprised
severe heart failure (New York Heart Association [NYHA]
classification III or IV) and significant LVEF decline (decline
of $ 10 percentage points to a value , 50%) or cardiac
death. Secondary cardiac event end points were symp-
tomatic left ventricular systolic dysfunction (LVSD; NYHA II)
with significant LVEF decline and asymptomatic LVSD.
Patient-reported outcomes (PROs) included the European
Organisation for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire–Core 30 (QLQ-C30)
and the modified EORTC Breast Cancer module (QLQ-
BR23). Clinically meaningful deterioration in global health
status/QOL was defined as a decrease in the baseline score
of $ 10 points.23 Deterioration in function and symptoms
was defined by minimally important differences.24

Statistical Analysis

To achieve 82.5% power in the overall population, ap-
proximately 171 IDFS events were required, and 160
events were needed to achieve 80% power in the node-
positive subpopulation to detect a hazard ratio (HR) of 0.64,
at a two-sided significance level of 5% (log-rank test).
Approximately 1,850 and 1,665 patients were required for
enrollment in the overall population and node-positive
subpopulation, respectively. After the phase III
MARIANNE trial showed noninferior (but not superior)
progression-free survival with T-DM1, with or without
pertuzumab, compared with trastuzumab-and-a-taxane in
metastatic disease,22 it was assumed that the likelihood of
the study meeting its primary efficacy end point for su-
periority had decreased, and hence, the sample size was
reduced from 2,500 to approximately 1,850 to decrease
the risk of exposing more patients to a potentially subop-
timal treatment. Because this is a time-to-event end point
and as such statistical power is dependent on the number
of events, not the sample size, the reduction in sample size
did not reduce statistical power, but potentially increased
the time to attain the prespecified number of events for the
primary end point analysis.

Efficacy was evaluated on an ITT basis. The primary end
point, IDFS, was compared between treatment arms with
the log-rank test, stratified by protocol-defined stratification
factors, excluding region—because some strata could have
few patients, limiting statistical power. Data from patients
without an event at the time of data analysis were censored
on the date they were last known to be alive and event-free.
The Cox proportional hazards model was used to estimate
HRs between treatment arms and corresponding 95% CIs
for time-to-event end points. The Kaplan-Meier approach
was used to estimate 3- and 5-year event rates and cor-
responding 95% CIs for time-to-event end points. A hier-
archical testing procedure was used to control the overall
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study type I error rate at 5%: (1) IDFS in the node-positive
subpopulation, (2) IDFS in the overall population, (3) OS in
the node-positive subpopulation, and (4) OS in the overall
population. An interim analysis of IDFS was performed after
approximately 75% of IDFS events were observed in the
overall protocol-defined population and node-positive
subpopulation.

Patients with baseline and $ 1 post-treatment assessment
were included in PRO analyses. Time to clinically mean-
ingful deterioration in PRO scales, derived using cycle 1 day
1 of HER2-targeted treatment as the reference timepoint,
was analyzed using the same time-to-event methods used
to analyze IDFS.

RESULTS

Between January 2014 and June 2015, 1,846 patients
were enrolled (n5 918, AC-THP; n5 928, AC-KP [Fig 1]).
Of these, 1,658 (89.8%) comprised the node-positive
subpopulation (n 5 826, AC-THP; n 5 832, AC-KP). A
total of 167 patients switched from T-DM1 to trastuzumab
(Data Supplement). The median follow-up was 57.1

months (interquartile range, 52.1-60.1 months) in the AC-
THP and 57.0 months (interquartile range, 52.1-
59.8 months) in the AC-KP arm. Baseline characteristics
were balanced between groups (Table 1).

Efficacy

As of November 2019, among the ITT lymph node–positive
subpopulation, 82 (9.9%) IDFS events had occurred in the
AC-THP arm and 80 (9.6%) had occurred in the AC-KP
arm. Treatment with AC-KP did not reduce the risk of an
IDFS event compared with AC-THP in the node-positive
subpopulation (stratified HR, 0.97; 95% CI, 0.71 to 1.32;
P5 .83; Fig 2A), so hierarchical testing was stopped. In this
subpopulation, 3-year IDFS rates were 94.1% (95% CI,
92.5 to 95.7) with AC-THP and 92.8% (95% CI, 91.0 to
94.5) with AC-KP. Sites of recurrence were similar in each
arm (Data Supplement). Among the ITT overall population,
88 (9.6%) IDFS events occurred in the AC-THP arm and
86 (9.3%) occurred in the AC-KP arm. AC-KP did not
reduce the risk of an IDFS event compared with AC-THP
(stratified HR, 0.98; 95% CI, 0.72 to 1.32; Fig 2B). Three-
year IDFS rates were 94.2% (95% CI, 92.7 to 95.8) with

Screened (N = 2,482)

Randomly assigned (n = 1,846)

Ineligible                                                                                                    (n = 636)
      Did not have prospectively and centrally determined HER2+ BC  (n = 225)
      Laboratory values outside of stipulated range                                  (n = 83)
      Lack of pathologic tumor node metastasis staging                          (n = 54)
      Declined to participate                                                                         (n = 55)
      Hormone receptor status unknown                                                    (n = 40)
      Other reasons                                                                                     (n = 179)

Randomly assigned to AC-THP 
(ITT overall population; n = 918)
      Lymph node–positive (ITT 
      node–positive subpopulation; n = 826)
Received study treatment             (n = 913)
      Did not receive study treatment (n = 5)
      Received AC but not THP          (n = 16)
Safety population                           (n = 926)a

Randomly assigned to AC-KP 
(ITT overall population; n = 928)
     Lymph node–positive (ITT 
     node–positive subpopulation; n = 832)
Received study treatment                                    (n = 925)
     Did not receive study treatment                         (n = 3)
     Received AC but not KP and assigned to        (n = 13) 
        AC-THP for the safety analysis
Safety population                                                 (n = 912)
Switched from KP to HP                                       (n = 167)

Allocation

Follow-up

Alive and on study                    (n = 815)
Discontinued study                   (n = 103)
    Died                                          (n = 33)
    Patient decision                       (n = 48)
    Lost to follow-up                     (n = 14)
    Physician decision                     (n = 5)
    Others                                         (n = 3)

Alive and on study                               (n = 815)
Discontinued studyb                                 (n = 113)
       Died                                              (n = 45)
       Patient decision                           (n = 43)
       Lost to follow-up                         (n = 16)
       Physician decision                        (n = 5)
       Others                                            (n = 5)

FIG 1. CONSORT diagram. aIncludes the 16 patients in the AC-THP arm who received AC but not THP and the 13 patients in the AC-KP arm who received
AC but not KP. bOne patient in the AC-KP arm experienced an adverse event that first led to study discontinuation and eventually to death. This patient is
counted both as discontinued study because of death and discontinued study because of other. AC, anthracycline chemotherapy; AC-KP, anthracycline
chemotherapy followed by trastuzumab emtansine plus pertuzumab; AC-THP, anthracycline chemotherapy followed by a taxane plus trastuzumab plus
pertuzumab; BC, breast cancer; HER21, human epidermal growth factor receptor 2–positive; HP, trastuzumab plus pertuzumab; ITT, intention to treat;
KP, trastuzumab emtansine plus pertuzumab.
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AC-THP and 93.1% (95% CI, 91.4 to 94.7) with AC-KP.
Sites of recurrence were similar in each arm (Data Sup-
plement). In prespecified exploratory subgroup analysis,
IDFS was consistently similar between arms across sub-
groups, except for a modest advantage with AC-THP versus
AC-KP in the subgroup undergoing breast-conserving

surgery (Fig 3). Rates of secondary nonprimary breast
cancer, disease-free survival, and distant recurrence-
free interval were similar between treatment arms (Data
Supplement). OS data were immature with event rates
of 3.6% and 4.7% in patients receiving AC-THP and
AC-KP, respectively.

TABLE 1. Baseline Characteristics
Characteristic AC-THP (n 5 918) AC-KP (n 5 928)

Median age, years (IQR) 51 (43-59) 52.5 (44-60)

Age group, years, No. (%)

, 40 118 (12.9) 131 (14.1)

40-49 284 (30.9) 246 (26.5)

50-64 384 (41.8) 432 (46.6)

$ 65 132 (14.4) 119 (12.8)

Female, No. (%) 913 (99.5) 926 (99.8)

Race, No. (%)

White 558 (60.8) 565 (60.9)

Black or African American 15 (1.6) 8 (0.9)

Asian 267 (29.1) 275 (29.6)

Others 78 (8.5) 80 (8.6)

Postmenopausal, No. (%) 424 (46.2) 452 (48.7)

ECOG PS 0, No. (%) 835 (91.0) 843 (90.8)

Median LVEF, % (IQR) 65.0 (61.0-69.0) 65.0 (60.1-69.0)

Tumor diameter, cm, No. (%)

, 2 254 (27.7) 267 (28.8)

$ 2 to , 5 560 (61.0) 577 (62.2)

$ 5 104 (11.3) 82 (8.8)

Missing 0 2 (0.2)

Nodal status, No. (%)

0 positive 92 (10.0) 96 (10.3)

1-3 positive 515 (56.1) 516 (55.6)

$ 4 positive 311 (33.9) 316 (34.1)

Hormone receptor–positive (ER- and/or PgR-positive), No. (%) 516 (56.2) 519 (55.9)

Central HER2 status, No. (%)

ISH1/IHC31 756 (82.4) 763 (82.2)

ISH1/IHC21 130 (14.2) 127 (13.7)

ISH1/IHC0 or IHC11 6 (0.7) 8 (0.9)

ISH1/IHC unknown 1 (0.1) 2 (0.2)

ISH-/IHC31 7 (0.8) 4 (0.4)

ISH unknown/IHC31 18 (2.0) 24 (2.6)

Type of planned anthracycline, No. (%)

Doxorubicin 389 (42.4) 395 (42.6)

Epirubicin 529 (57.6) 533 (57.4)

Abbreviations: AC-KP, anthracycline chemotherapy followed by trastuzumab emtansine plus pertuzumab; AC-THP, anthracycline chemotherapy followed
by a taxane plus trastuzumab plus pertuzumab; ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; IHC, immunohistochemistry; IQR, interquartile range; ISH, in situ hybridization; LVEF, left ventricular ejection fraction;
PgR, progesterone receptor.
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Safety

The safety population comprised 1838 patients who
received $ 1 dose of study treatment (Table 2). All 18
cycles of trastuzumab or T-DM1 were completed by 819
(88.4%) patients receiving AC-THP and 593 (65.0%) re-
ceiving AC-KP (Data Supplement). Including patients who
switched from T-DM1 to trastuzumab, 743 (81.5%) in the
AC-KP arm completed HER2-targeted therapy. Of patients
in the AC-THP arm, 167 (18.0%) had a taxane dose re-
duction. A total of 281 (30.8%) patients receiving AC-KP
had a T-DM1 dose reduction (one-level, 172 [18.9%]; two-
level, 109 [12.0%]; Data Supplement). A similar proportion

of patients in each arm completed all 18 cycles of pertu-
zumab (Data Supplement).

The rates of grade $ 3 AEs and serious AEs were similar
between treatment arms (Table 2). AEs leading to dis-
continuation of trastuzumab or T-DM1 occurred in 4.0% of
patients receiving AC-THP and 26.8% receiving AC-KP.
AEs leading to discontinuation of taxane occurred in 6.7%
of AC-THP patients. The most common AE leading to
discontinuation of trastuzumab was decreased ejection
fraction (13 [1.4%] patients). AEs leading to discontinua-
tion of T-DM1 were largely laboratory abnormalities (114 of
244 [47%]), most commonly increased bilirubin (49

1.0

0.8

0.6 AC-THP
(n = 918)

AC-KP
(n = 928)

IDFS events, No. (%)

Stratified HR, 0.98 (95% CI, 0.72 to 1.32)

88 (9.6) 86 (9.3)

3-Year IDFS (%) 94.2 93.1

0.4

0.2

0 6 12 18 24 30 36 42 48 54 60 66

No. at risk:

AC-THP

AC-KP
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n 
Ev
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t-F
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e

Time (months)

918 (0)

928 (0)

889 (23)

902 (21)

880 (28)

884 (29)

873 (30)

862 (36)

849 (38)

844 (42)

826 (47)

828 (44)

816 (51)

817 (49)

796 (60)

801 (55)

770 (73)

777 (74)

533 (303)

532 (316)

200 (633)

200 (645)

8 (823)

19 (823)

B

1.0

0.8

0.6 AC-THP
(n = 826)

AC-KP
(n = 832)

P = .83

Stratified HR, 0.97 (95% CI, 0.71 to 1.32)

IDFS events, No. (%) 82 (9.9) 80 (9.6)

3-Year IDFS (%) 94.1 92.8

0.4

0.2

0 6 12 18 24 30 36 42 48 54 60 66

No. at risk:

AC-THP

AC-KP

Pr
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tio

n 
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en
t-F

re
e

Time (months)

826 (0)

832 (0)

804 (17)

808 (19)

797 (22)

792 (26)

790 (24)

773 (32)

768 (31)

755 (38)

745 (40)

739 (40)

735 (44)

730 (44)

717 (52)

718 (47)

694 (62)

695 (65)

476 (273)

471 (286)

178 (568)

180 (574)

7 (737)

16 (736)

A

FIG 2. Kaplan-Meier plot of IDFS in the intention-to-treat lymph node–positive (A) subpopulation and (B) overall
population. Stratified Cox regression and stratified log-rank test were used to assess HR (along with corre-
sponding 95% CI) and P value. Stratification was based on the random assignment stratification factors: nodal
status (0 positive nodes; 1-3 positive nodes;$ 4 positive nodes), centrally assessed hormone receptor status (ER-
and/or PgR-positive or both ER- and PgR-negative), and type of planned anthracycline (doxorubicin or epi-
rubicin). AC-KP, anthracycline chemotherapy followed by trastuzumab emtansine plus pertuzumab; AC-THP,
anthracycline chemotherapy followed by a taxane plus trastuzumab plus pertuzumab; ER, estrogen receptor;
HR, hazard ratio; IDFS, invasive disease-free survival; PgR, progesterone receptor.
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[5.4%] patients) and decreased platelet count (30 [3.3%]).
Deaths related to an AE occurred in two (0.2%) patients
receiving AC-THP (pneumonia and hydrothorax [n 5 1]

and uterine leiomyosarcoma [n 5 1]) and in five (0.5%)
patients receiving AC-KP (pneumonia [n 5 2], colon
neoplasm [n 5 1], depression leading to suicide [n 5 1],

Baseline Risk Factors No. Events

AC-THP
(n = 918)

3-Year
IDFS No. Events

AC-KP
(n = 928)

3-Year
IDFS HR (95% CI)

AC-KP
Better

AC-THP
Better

0.10 1 10

All patients

Sex

Age group, years

Age group, years

Race

World region

Nodal status 

Central hormone receptor status

Type of planned anthracycline

Menopausal status at screening

ECOG performance status

Tumor size, cm

Histologic grade
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FIG 3. Subgroup analysis of IDFS. Forest plot showing comparison of AC-KP versus AC-THP in subgroups of the overall intention-to-treat population.
Unstratified Cox proportional hazard regression was used to estimate HR and CI in each covariate subgroup. AC-KP, anthracycline chemotherapy
followed by trastuzumab emtansine plus pertuzumab; AC-THP, anthracycline chemotherapy followed by a taxane plus trastuzumab plus pertuzumab;
ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; IDFS, invasive
disease-free survival; NE, not estimable; PgR, progesterone receptor.
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and metabolic acidosis [n5 1]). None was deemed related
to study treatment by the investigator.

Adjudicated primary cardiac events occurred in 1.1% of
patients receiving AC-THP and 0.4% receiving AC-KP; no
cardiac deaths occurred (Data Supplement). A secondary
cardiac event was observed in 5.7% of patients receiving
AC-THP and 2.6% receiving AC-KP. Nodular regenerative
hyperplasia occurred in four (0.4%) patients receiving AC-
KP—two grade 2, one grade 3, and one not reported as an
AE (so severity not assessed). Of the three cases reported
as AEs, two resolved. Of AEs known to occur with either
treatment regimen, the most common AEs occurring in
more patients receiving AC-KP versus AC-THP were any-
grade hepatotoxicity (47.6% v 15.6%), any-grade throm-
bocytopenia (32.3% v 4.0%), and any-grade hemorrhage
(45.9% v 25.9%). Any-grade pulmonary toxicity occurred
in 2.2% of patients receiving AC-THP and 3.3% receiving

AC-KP, with grade $ 3 events occurring in one patient in
each arm. Radiation-related pneumonitis occurred in 1.4%
of patients receiving AC-THP and 2.3% receiving AC-KP.

PROs

PRO completion rates were similar between arms (. 85%
of evaluable patients across all assessment timepoints;
Data Supplement). Baseline scores on the QLQ-C30 and
QLQ-BR23 reflected moderate-to-high levels of functioning
and overall QOL and low levels of disease- and treatment-
related symptoms (Appendix Fig A2, online only). During
the anthracycline treatment period, there was a consistent
pattern of deterioration across subscales and treatment
arms (Appendix Fig A3, online only). As expected, the
adjusted mean scores for the QLQ-C30 and QLQ-BR23
function scales (Data Supplement) and the QLQ-C30 and
QLQ-BR23 symptom scales were similar between arms at

TABLE 2. AEs
Event AC-THP (n 5 926), No. (%) AC-KP (n 5 912), No. (%)

Any AE 912 (98.5) 904 (99.1)

Grade $ 3 AE 513 (55.4) 472 (51.8)

AE leading to discontinuation of trastuzumab/trastuzumab emtansinea 37 (4.0) 244 (26.8)

AE leading to discontinuation of taxane 62 (6.7) 0b

AE leading to discontinuation of pertuzumab 57 (6.2) 84 (9.2)

AE leading to dose delay/interruption of trastuzumab or trastuzumab emtansine 297 (32.1) 374 (41.0)

AE leading to dose delay/interruption of taxane 166 (17.9) 1 (0.1)a

AE leading to dose delay/interruption of pertuzumab 233 (25.2) 388 (42.5)

Serious AE 216 (23.3) 195 (21.4)

Fatal AE 2 (0.2) 5 (0.5)

Grade $ 3 AE occurring in $ 2% of either group

Hematologic events (MedDRA-preferred terms)

Neutropenia 180 (19.4) 151 (16.6)

Febrile neutropenia 89 (9.6) 52 (5.7)

Neutrophil count decreased 58 (6.3) 42 (4.6)

Leukopenia 40 (4.3) 15 (1.6)

Anemia 14 (1.5) 23 (2.5)

Thrombocytopenia 1 (0.1) 34 (3.7)

Platelet count decreased 1 (0.1) 29 (3.2)

Nonhematologic events (MedDRA-preferred terms)

Diarrhea 63 (6.8) 33 (3.6)

Alanine aminotransferase increased 14 (1.5) 29 (3.2)

Hypertension 16 (1.7) 26 (2.9)

Peripheral sensory neuropathy 12 (1.3) 22 (2.4)

Aspartate aminotransferase increased 5 (0.5) 23 (2.5)

Abbreviations: AC-KP, anthracycline chemotherapy followed by trastuzumab emtansine plus pertuzumab; AC-THP, anthracycline chemotherapy followed
by a taxane plus trastuzumab plus pertuzumab; AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; T-DM1, trastuzumab emtansine.

aThe most common reason for T-DM1 discontinuation was laboratory abnormalities (114 of 912 [13%] patients), and for trastuzumab discontinuation, it
was decreased ejection fraction (13 of 926 [1.4%] patients).

bThree patients in the AC-KP arm received a taxane.
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cycle 1 of the HER2-targeted treatment period, with the
exception of arm symptoms (adjusted mean AC-THP, 18.0;
AC-KP, 15.9; difference in adjusted means, –2.1 [95% CI,
–3.9 to –0.3]; data not shown), a difference that was not
clinically meaningful. From the start of HER2-targeted
therapy, deterioration of functioning stopped in the AC-
KP arm, whereas it continued during the taxane phase in
the AC-THP arm. When taxane was stopped, functioning
improved in the AC-THP arm and became similar to the AC-
KP arm thereafter. The risk of experiencing a clinically
meaningful deterioration in global health status from the
start of HER2-targeted therapy was reduced by 29% in the
AC-KP versus AC-THP arm (stratified HR, 0.71; 95% CI,
0.62 to 0.80), with the majority of the deterioration oc-
curring during the first five cycles of HER2-targeted therapy
(Fig 4 and Data Supplement). Similar results were observed
in physical and role functioning (Appendix Fig A4, online
only). Mean change from baseline and clinically mean-
ingful deterioration in individual symptoms of the QLQ-C30
and QLQ-BR23 are shown in the Data Supplement.

DISCUSSION

Adjuvant AC-KP did not result in statistically significant or
clinically meaningful improvement in IDFS compared with
AC-THP in the node-positive subpopulation or overall
population of patients with high-risk EBC. AC-KP and AC-
THP safety profiles were consistent with previous experi-
ence. There was a lower risk of deterioration in QOL with
AC-KP, likely accounted for by taxanes in the AC-THP arm,

since after completion of taxane therapy, QOL returned to
levels comparable with the AC-KP arm.

The 3-year IDFS rates of 94.2% (AC-THP) and 93.1% (AC-
KP) are notable in this high-risk population (89.8% having
node-positive disease, with 34.0% having $ 4 positive
nodes) and similar to those in patients with node-positive
disease (25% with $ 4 positive nodes) in APHINITY.6

These data suggest an improvement in standard of care
and/or more accurate initial staging of patients since
the first adjuvant trials of trastuzumab, where the 3-year
IDFS was approximately 82%-88% in populations in which
68%-94% had node-positive disease, with 28%-41%
having $ 4 positive nodes.3,4,25

Of note, the treatment approach in EBC has changed since
KAITLIN was initiated. A neoadjuvant strategy is currently
recommended for high-risk HER2-positive disease, and
patients with residual disease after surgery now receive
T-DM1 on the basis of the KATHERINE trial results.1,2,26 In
the KATHERINE study, adjuvant T-DM1 was superior to
trastuzumab in patients with residual invasive disease
after a taxane–trastuzumab-containing regimen.27 The
KATHERINE data imply that there is a subset of cancers
that has at least partial resistance to taxane-trastuzumab,
but retains sensitivity to T-DM1. However, the observation
that substituting T-DM1 for taxane-trastuzumab in KAITLIN
does not improve outcomes suggests that there is also a
subset of cancers resistant to T-DM1-plus-pertuzumab, for
which taxane-trastuzumab-plus-pertuzumab therapy re-
mains important. Ongoing research in samples from
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KAITLIN seeks to elucidate biomarkers to identify patients
with cancers selectively sensitive to T-DM1 or taxanes.

The lack of improved efficacy with AC-KP versus AC-THP in
KAITLIN is consistent with results from KRISTINE28,29 and
MARIANNE,22,30 two further studies evaluating KP as a
chemotherapy-sparing regimen. Both failed to demonstrate
that KP was superior to a taxane-plus-trastuzumab-
(pertuzumab)–based regimen, particularly in patients with
lower HER2 expression (HER2 IHC 21; HER2 mRNA low)
and higher HER2 heterogeneity. The KAITLIN results are
consistent with other studies suggesting that longer dura-
tion of a cytotoxic agent is not beneficial in EBC.31

Together, data from KAITLIN and other recent studies
of HER2-directed therapy support the current tailored

approach for the management of high-risk HER2-positive
breast cancer: initial treatment with neoadjuvant chemo-
therapy and trastuzumab plus pertuzumab and escalation
to adjuvant T-DM1 in those patients with residual disease.
Given the favorable outcomes seen in contemporary
studies of HER2-positive EBC, ongoing research is now
focused on strategies to de-escalate chemotherapy while
maintaining optimal HER2-targeted therapy with trastuzumab
plus pertuzumab in the majority of patients (eg, Com-
passHER2-pCR [NCT04266249] and Decrescendo
[NCT04675827]) and to escalate therapy only for the
minority of patients who are at risk for recurrence despite
maximal current management (eg, CompassHER2 RD
[NCT04457596] and DESTINY-Breast05 [NCT04622319]).
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APPENDIX

Centrally confirmed
HER2-positive EBC
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Node-negative,
hormone receptor-negative,

and tumor > 2 cm (T2+)
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FIG A1. Study design. aAnthracyclines (AC) 5 investigator’s choice of FEC, AC, or EC. A, doxorubicin; C, cyclophosphamide; E, epirubicin; F,
fluorouracil. EBC, early breast cancer; HER2, human epidermal growth factor receptor 2; HP, trastuzumab plus pertuzumab; KP, T-DM1 plus
pertuzumab; R, randomized; T, taxanes.
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as cycle 1, day 1 of anthracycline treatment. Horizontal lines over columns and associated numbers represent
normative QLQ-C30 scores for patients with stage I-II breast cancer (Scott NW, et al: European Organisation for Research
and Treatment of Cancer, 2008; www.eortc.org/app/uploads/sites/2/2018/02/reference_values_manual2008.pdf). aIn
(A), higher scores denote better quality of life or functioning. In (B), higher scores denote greater symptoms. AC-KP,
anthracycline chemotherapy followed by trastuzumab emtansine plus pertuzumab; AC-THP, anthracycline chemo-
therapy followed by a taxane plus trastuzumab plus pertuzumab; QLQ-BR23, Quality of Life Questionnaire–Breast Cancer
23; QLQ-C30, Quality of Life Questionnaire–Core 30; SE, side effects.
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therapy. Baseline is defined as cycle 1, day 1 of treatment with HER2-targeted therapy. Hazard ratios along with
corresponding CIs were estimated by stratified Cox regression. Stratification was based on the random assignment
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