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For over a decade, the standard of care for early breast 
cancer that overexpresses human epidermal growth factor 2 
(HER2) has been cytotoxic chemotherapy in combination 
with HER2 targeted agents. Randomised phase III trials 
showed that the addition of trastuzumab, a humanised 
monoclonal antibody that targets the transmembrane 
domain of HER2, to (mostly) anthracycline-taxane-based 
chemotherapy improved overall survival (OS) with a small 
increase in cardiotoxicity (1). More recently, research 
has focused on the modification of these regimens to 
incorporate other anti-HER2 therapies with proven 
activity in advanced breast cancer such as pertuzumab (P), 
a monoclonal antibody with a slightly different binding site 
from trastuzumab, which inhibits heterodimerisation. When 
added to neoadjuvant chemotherapy, pertuzumab increased 
the rate of pathological complete response (pCR) (2,3). This 
additional efficacy of combination HER2 targeted therapy 
has led researchers to question whether traditional cytotoxic 
chemotherapy might be omitted in the management of early 
stage HER2 positive breast cancer. The KRISTINE study 
aimed to answer this question by comparing taxane-based 
combination treatment with targeted therapy alone (4).

The neoadjuvant KRISTINE study was a phase III, 
multi-centre, randomised trial that compared the pCR rate 
in HER2 positive tumours after neoadjuvant treatment 
with docetaxel, carboplatin, trastuzumab and pertuzumab 
(TCHP) versus ado-trastuzumab emtansine (T-DM1/K)  
plus pertuzumab (P) (4). This trial was powered to detect 

a 15% increase in the locally determined pCR rate (the 
primary endpoint) from 60% (TCHP) to 75% (KP) at 
a two-sided α level of 5%. In total, 444 patients were 
randomised and stratified according to hormone receptor 
status, stage at diagnosis (stage IIA–IIIA versus stage  
IIIB–C) and geographical location. The population 
recruited was well matched with a preponderance of 
patients with earlier stage (IIA–IIIA =83% in each arm) 
and hormone receptor positive tumours (62% in each 
arm). Overall, there was an 11.3% (95% CI, −2.0 to −20.5) 
absolute difference in the pCR rate observed between the 
two treatment arms: 55.7% (TCHP) versus 44.4% (KP), 
P=0.016. As might have been predicted this difference 
was larger for patients with hormone receptor negative 
tumours (−19.0%; 95% CI, −4.6 to −33.3). As also expected, 
toxicities were lower in the KP arm: fewer patients (KP: 
88%) had any adverse events compared with those receiving 
TCHP (99%). The most common grade 3–4 adverse events 
in the TCHP group were neutropenia (25% vs. <1%), 
diarrhoea (15% vs. <1%) and febrile neutropenia (15% vs. 0).  
No deaths were reported during neoadjuvant treatment. 
Congestive heart failure (CHF) occurred in 1% patients 
who received TCHP, compared to no patients in the KP 
arm. In addition, quality of life analyses showed a marginally 
prolonged time to decline in health-related quality of life in 
favour of the KP combination.

There was a strong rationale for the design of the 
KRISTINE study.  T-DM1 and pertuzumab were 
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synergistic in preclinical studies, have different mechanisms 
of action and non-overlapping toxicity profiles (5). Both 
have independently demonstrated remarkable activity in 
patients with advanced disease (5). T-DM1 was shown 
to be non-inferior to trastuzumab plus a taxane in the 
phase III MARIANNE study for patients with advanced 
HER2 positive breast cancer but with a favourable toxicity 
profile (6). In the phase II TRYPHAENA study a pCR 
rate (ypT0/is) of 66.2% was seen for TCHP (3). Overall, 
the KRISTINE study adds important information about 
whether traditional chemotherapy can be omitted and 
replaced by the rapidly improving HER2-directed therapies 
available. The study has a number of strengths. It was 
well balanced between the treatment arms and would 
likely represent the majority of patients in a real-world 
scenario presenting for consideration of neoadjuvant 
chemotherapy; median age, 49–50, ~60% hormone 
sensitive, predominantly stage IIA–IIIA (83%) and ECOG 
performance status =0 (94–96%). The study was adequately 
powered and well stratified, with patients participating 
from a range of geographical locations (Asia, Europe, USA 
and Canada). Tumours were centrally tested for HER2 
status. pCR (ypT0N0 or ypTisN0) rates, the primary 
endpoint, was clearly defined. Sensibly and accurately, the 
investigators predicted that side-effects would be lower 
with the KP arm than in the TCHP arm and allows us to 
question the risk: benefit ratio of our therapies with regard 
to the toxicities of cytotoxic chemotherapy. The efficacy 
of neo-adjuvant treatment seen in the KRISTINE study 
is consistent with data from other trials (Table 1). These 
results collectively establish HER2 positive breast cancer 
as probably the most sensitive to preoperative therapy. The 
magnitude of this effect is both substantial and beyond 
what we could have dreamed of just a few years ago. In 
addition, these studies have also shown that a substantial 
proportion of patients (perhaps up to half) can obtain a 
pCR without any traditional chemotherapy (2,4,7,8). For 
example, the I-SPY 2 platform had previously ‘graduated’ 
the combination of KP based on an estimated pCR rate of 
52% with responses in both the hormone receptor positive 
and hormone receptor negative population (8).

Despite this tremendous progress in the development 
of anti-HER2 therapies, significant questions remain. 
Although the pCR rate in KRISTINE without traditional 
chemotherapy was impressive (44%), this was still inferior 
to the combination of two anti-HER2 therapies with 
standard cytotoxics (55.7%, P=0.016.) In fact, the study 
failed to either demonstrate equivalence for the two 

approaches or to meet the ambitious a priori estimates of 
pCR (60% vs. 75%). It is also interesting to note that there 
was no report of a central pathological review for assessment 
or confirmation of pCR, which is a potential weakness 
given challenges with this definition and the fact that pCR 
was the primary endpoint. Definitions of pCR have varied 
across trials, complicating comparisons. Some studies 
included residual in situ disease (ypTis) in the definition of 
pCR, while others only included no residual disease (ypT0). 
Nonetheless, the pCR rate for the 4 drugs combination 
(TCHP) in KRISTINE is one of the highest ever seen 
in breast cancer. It could also be argued that pertuzumab 
may not be needed if giving preoperative T-DM1. In the 
MARIANNE trial, the addition of pertuzumab to T-DM1 
did not appear to improve disease control in advanced breast 
cancer [response rate (RR): 64.2% vs. 59.7%; PFS: 15.2 vs. 
14.1 months, KP vs. K alone respectively, none statistically 
significant] (6). In the ADAPT trial the pCR rate for T-DM1 
alone was 41% (ypTis included, 32.5% ypT0 only), which 
compares favourably to the pCR rate seen in KRISTINE 
with KP (44.4%). It is unknown whether a similar pCR 
rate might have been seen with T-DM1 alone (without 
pertuzumab) in the KRISTINE trial. 

A more critical question is whether pCR is truly a 
worthwhile study endpoint in HER2 positive breast cancer. 
Interest in pCR was focused when it was established that 
patients who achieve a pCR with traditional chemotherapy 
and trastuzumab had better survival than those with lesser 
response (9). Reasonably, it was hoped that pCR could 
be a surrogate for OS and that drug development could 
shift from the postoperative to the preoperative setting. 
The advantages of this approach are that by focussing 
on in vivo assessment of tumour response the size of the 
trial could be minimised, conserving precious resources 
(patients and financial), while at the same time, facilitating 
the development of tissue and blood-based biomarkers. 
However, the results of preoperative clinical trials have often 
failed to live up to this promise. An improvement in pCR 
rates led to the accelerated FDA approval in September 
2013 of pertuzumab in the preoperative setting with 
trastuzumab and chemotherapy (2). As previously seen in 
other trials, patients in the NEOSPHERE study (all groups 
combined) who achieved a pCR had longer PFS compared 
with patients who did not (85% vs. 76%, respectively; HR 
=0.54; 95% CI, 0.29–1.00). Critically however, although 
the use of pertuzumab led to a significant and clinically 
meaningful increase in pCR, this did not translate into any 
meaningful improvement in OS with longer follow up (10). 
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Table 1 A cross trial comparison of NeoSPHERE, TRYPHAENA, ADAPT and KRISTINE trials with regards to pathological complete 
response (pCR) rates

Therapy combinations NeoSPHERE TRYPHAENA ADAPT KRISTINE

Combination chemotherapy 
+ combination anti-HER2 
therapy

– Docetaxel, carboplatin, 
trastuzumab + pertuzumab 
(TCHP); 66.2%

– Docetaxel, carboplatin, 
trastuzumab + pertuzumab 
(TCHP); 55.7% 

– 5-fluorouracil, epirubicin, 
cyclophosphamide (FEC), 
trastuzumab + pertuzumab 
(FEC-HP); 61.6%

– –

Single agent chemotherapy 
+ combination anti-HER2 
therapy

Docetaxel, trastuzumab 
+ pertuzumab (THP); 
45.8%

– Paclitaxel, trastuzumab 
+ pertuzumab 
(wPacliHP); 90.5%*

–

Combination anti-HER2 
therapy alone

Trastuzumab + 
pertuzumab (HP); 16.8%

– Trastuzumab + 
pertuzumab (HP); 
36.3%*

Trastuzumab emtansine (T-
DM1) + pertuzumab (KP); 
44.4%

*, ypTis included.

Furthermore, the adjuvant APHINITY trial suggested a 
small benefit in invasive disease free survival for dual anti-
HER2 therapy with pertuzumab, but as yet failed to confirm 
any large benefit in OS (11). A similar pattern of improved 
pCR without an improvement in OS was seen with lapatinib 
in the NEOALTTO and ALTTO trials respectively (5,12). 
For patients with early stage cancer the ultimate aim for 
systemic therapy is to increase the chance of cure compared 
with locoregional therapy alone. As such, OS remains the 
gold standard for drug development in this setting. 

Although TCHP can be considered a “standard arm” 
in any clinical trial, the optimal chemotherapy backbone 
with dual anti-HER2 therapy is yet to be established. 
The BCIRG 007 trial showed no benefit for the addition 
of carboplatin to docetaxel and trastuzumab in patients 
with advanced HER2 positive breast cancer (13), raising 
questions about its utility, while taxanes have been the 
mainstay of treatment (5). The BCIRG 006 study was the 
only randomised phase III study of adjuvant trastuzumab 
which examined both an anthracycline-taxane-trastuzumab 
combination (AC-TH) and a non-anthracycline-taxane-
trastuzumab combination (TCH) (14). Although there 
was no statistically significant difference between the 
trastuzumab containing arms up to 10 years, it is worth 
noting that this study was not powered to compare the 
2 approaches (15). In fact, there was a small numerical 
(statistically insignificant) difference in favour of the 
anthracycline regimen seen at every time point on this study 
(DFS: 84% vs. 81% at 5 years, and a hazard ratio (HR) for 

OS of 0.64 vs. 0.76 at 10 years). 
Many of these studies examining dual anti-HER2 

therapy have provided very little evidence (one way or 
another) about the optimum role for anthracyclines. In 
NeoSPHERE all patients received three adjuvant cycles of 
FEC (5-fluorouracil at 600 mg/m2, epirubicin at 90 mg/m2 
and cyclophosphamide at 600 mg/m2). In the APHINITY 
study almost 80% patients received an anthracycline (11). 
An additional nuance is that these studies were designed 
before dose-dense AC was shown to be superior to the 
same treatment every 3 weeks (16). Subsequently, it has 
been shown that trastuzumab could safely be incorporated 
into dense-dense anthracycline-taxane regimens without 
an apparent increase in cardiotoxicity (17). Furthermore, 
many studies examining combination anti-HER2 therapy 
have used docetaxel at 75 mg/m2 including the KRISTINE 
study. The ECOG E1199 study showed that when added to 
anthracycline-based chemotherapy the most active taxanes 
were either docetaxel 100 mg/m2 ×4 once every 3 weeks or 
paclitaxel 80 mg/m2 ×12 weekly (18). Many investigators 
are concerned about the toxicity of docetaxel 100 mg/m2 
leading to the widespread use of weekly paclitaxel as the 
standard taxane. Tolaney et al. adopted this approach and 
demonstrated excellent outcomes for weekly paclitaxel 
with trastuzumab in low risk HER2 positive breast 
cancer (19). The ADAPT study was focused on assessing 
early responders in hormone receptor negative disease 
and identified a pCR rate of 89% (ypTis included) with 
paclitaxel, trastuzumab and pertuzumab (wPacliHP) (20). In 
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a retrospective study, Singh et al. demonstrated very high 
pCR rates of 72% (ypTis included, 53% ypTis excluded) 
after dose-dense doxorubicin and cyclophosphamide 
followed by paclitaxel, trastuzumab and pertuzumab (21). 
Ongoing studies in the adjuvant setting may help to further 
address the question regarding the optimal chemotherapy 
backbone with anti-HER2 therapy. 

An additional question is whether 1 year of anti-HER2 
therapy is needed. Patients in this study (KRISTINE) received 
HER2-directed therapies to complete 1 year of treatment (KP 
or HP for 12 postoperative cycles). Evidence for the benefit 
of HP to complete 1 year of treatment extends from the 
NEOSPHERE study where pCR rates were improved, but the 
lack of OS benefit and absence of randomised data to support a 
whole year of combination anti-HER2 therapy, means that the 
duration of therapy is still debatable. Although the PHARE 
study showed a slight statistical inferiority to 6 months of 
adjuvant trastuzumab in comparison to 12 months, this may 
well have been overcome by the addition of pertuzumab (22). 
If neoadjuvant TCHP is accepted as a new standard of care, 
the benefit of these additional adjuvant cycles should also be 
studied given the obvious cost implications of this treatment 
paradigm. 

Additionally, adequate predictive biomarkers to determine 
who requires anthracycline-based chemotherapy, which 
patients will benefit from taxane-based chemotherapy 
alone and which patients will respond to dual HER2 
blockade alone (without chemotherapy) are essential. 
Putative biomarkers are focussing on tumour factors 
such as gene copy ratios or patient factors such as age 
and cardiac history. Of note many patients with cardiac 
histories were excluded from the majority of these trials (23).  
The rates of cardiotoxicity seen with anthracyclines and 
trastuzumab when used concurrently have always been 
a concern, but sequential use of these agents is often 
considered acceptable (14,24). The addition of pertuzumab 
to trastuzumab inevitably raised concern for increased 
rates of cardiotoxicity, however despite being extensively 
investigated and monitored, no higher rates have been seen 
to date in KRISTINE (1/129 in TCHP arm and 0/223 in 
KP arm), consistent with other pertuzumab studies (4,25).  
This fact, combined with the results seen to date with dual 
HER2 blockade (Table 1), would suggest that the use of 
combination anti-HER2 therapy might be more important 
when an anthracycline is omitted from the systemic therapy 
regimen. The important role of the anthracyclines might 
also explain the lack of improvement in OS seen in many 

studies, which demonstrated an apparent improvement in 
pCR. The use of anthracyclines might result in less financial 
toxicity by reserving more expensive targeted therapy such as 
T-DM1 and pertuzumab for patients with higher risk disease, 
but this could come at the price of more cardiotoxicity. 
Instead, a logical solution might be to utilise a taxane and 
dual HER2 blockade in the neoadjuvant setting and reserve 
anthracycline use for the adjuvant setting if a poor response 
is seen. Such an approach was built into the design of the 
KRISTINE study as it was recommended that patients who 
did not achieve a pCR, who had residual tumour >1 cm or 
residual nodal disease (> ypN0) should receive postoperative 
anthracycline-based chemotherapy. However, the authors 
of the KRISTINE study appropriately note that the trial 
did not include a randomisation to treatment based on 
differential response. Such a risk-adaptive approach is being 
formally explored in the KATHERINE trial, in which 
patients without a pCR following preoperative chemotherapy 
and trastuzumab were randomised to continue adjuvant 
trastuzumab or T-DM1. An alternative approach is being 
investigated in the KAITLIN study, in which patients will all 
receive anthracyclines and then be randomised to KP versus 
HP-Paclitaxel. 

In summary, while the KRISTINE study will not be 
practice-changing, there are some interesting research 
questions answered and more posed by the results. TCHP 
improves pCR rates over KP alone but the acceptance 
of TCHP in the neoadjuvant setting as standard of 
care remains debatable with many questioning the cost: 
benefit of the addition of pertuzumab, the absence of 
an anthracycline and the choice of docetaxel (75 mg/
m2) over weekly paclitaxel. Similarly, pCR is being 
increasingly questioned as a valid endpoint, given the 
lack of correlation with OS. And while there is a cohort 
of patients who achieve pCR without any traditional 
cytotoxic agent, at present systemic chemotherapy will 
maintain an integral role in neoadjuvant therapy as an 
adjunct to HER2-targeted agents. Finally, without proven 
predictive biomarkers to appropriately and adequately 
select the correct patients who will benefit the most, 
T-DM1 will remain an important agent for HER2 positive 
breast cancer in the metastatic setting but should not 
be utilised outside of a clinical trial in the neoadjuvant 
setting. Further research into predictive biomarkers in 
this area is essential and the results of ongoing trials like 
KATHERINE and KAITLIN as well as biomarker results 
from KRISTINE are eagerly awaited.
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