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IMPORTANCE The presence of tumor-infiltrating lymphocytes (TILs) is associated with Supplemental content at
improved outcomes in human epidermal growth factor receptor 2 (HER2)-positive early jamaoncology.com
breast cancer treated with adjuvant trastuzumab and chemotherapy. The prognostic
associations in the neoadjuvant setting of other anti-HER2 agents and combinations are
unknown.

OBJECTIVE To determine associations between presence of TILs, pathological complete
response (pCR), and event-free survival (EFS) end points in patients with early breast cancer
treated with trastuzumab, lapatinib, or the combination.

DESIGN, SETTING, AND PARTICIPANTS The NeoALTTO trial (Neoadjuvant Lapatinib and/or
Trastuzumab Treatment Optimization) randomly assigned 455 women with HER2-positive
early-stage breast cancer between January 5, 2008, and May 27, 2010, to 1 of 3 neoadjuvant
treatment arms: trastuzumab, lapatinib, or the combination for 6 weeks followed by the
addition of weekly paclitaxel for 12 weeks, followed by 3 cycles of fluorouracil, epirubicin, and
cyclophosphamide after surgery. The primary end point used in this study was pCR in the
breast and lymph nodes, with a secondary end point of EFS. We evaluated levels of
percentage of TILs using hematoxylin-eosin-stained core biopsy sections taken at diagnosis
(prior to treatment) in a prospectively defined retrospective analysis.

MAIN OUTCOMES AND MEASURES Levels of TILs were examined for their associations with
efficacy end points adjusted for prognostic clinicopathological factors including PIK3CA
genotype.

RESULTS Of the 455 patients, 387 (85.1%) tumor samples were used for the present analysis.
The median (interquartile range [IQR]) level of TILs was 12.5% (5.0%-30.0%), with levels lower
in hormone receptor-positive (10.0% [5.0%-22.5%]) vs hormone receptor-negative (12.5%
[3.0%-35.0%]) samples (P = .02). For the pCR end point, levels of TILs greater than 5% were
associated with higher pCR rates independent of treatment group (adjusted odds ratio, 2.60
[95% Cl, 1.26-5.39]; P = .01). With a median (IQR) follow-up time of 3.77 (3.50-4.22) years,
every 1% increase in TILs was associated with a 3% decrease in the rate of an event (adjusted
hazard ratio, 0.97 [95% Cl, 0.95-0.99]; P = .002) across all treatment groups.

CONCLUSIONS AND RELEVANCE The presence of TILs at diagnosis is an independent, positive, Author Affiliations: Author
prognostic marker in HER2-positive early breast cancer treated with neoadjuvant anti-HER2 affiliations are listed at the end of this
agents and chemotherapy for both pCR and EFS end points. article.
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he presence of tumor-infiltrating lymphocytes (TILs) has

been shown to have significant positive prognostic rel-

evance for certain subtypes of breast cancer.'> Tumor-
infiltrating lymphocytes have also been reported to be asso-
ciated with improved distant metastases-free survival in
patients with human epidermal growth factor receptor 2
(HER2)-positive early breast cancer, as well as increased rates
of pathological complete response (pCR) with neoadjuvant
trastuzumab and chemotherapy.* Increasingly, oncogenic ad-
diction, in which tumors become dependent on a sole onco-
genic pathway for growth, is thought to also promote a tumor
microenvironment conducive to immune escape.®7? Al-
though this has not been shown yet for HER2 oncogenic sig-
naling, one could speculate that anti-HER2 therapy may not
only work in a cell-intrinsic manner but may also reverse HER2-
induced immunosuppression as a mechanism of action.

In this study, we tested the hypothesis that higher levels of
TILs would be associated with better clinical outcomes in pa-
tients treated with lapatinib alone, trastuzumab alone, or the
combination of both drugs with standard cytotoxic chemo-
therapy. In other words, the prognostic effect of TIL levels would
not be specific to the anti-HER2 agent trastuzumab but would
also occur with other inhibitors of HER2 signaling when com-
bined with chemotherapy.® We also hypothesized that the dual
inhibitor strategy would achieve more potent blockade of the
HER?2 pathway, resulting in more robust release of oncogene-
mediated immunosuppression. This in turn would corre-
spond to better outcomes for those patients with lower levels
of TILs at diagnosis; ie, we would observe a TILs by treatment
(single vs dual) interaction. To this end, we evaluated TILs in
baseline core biopsy samples from the NeoALTTO study (Neo-
adjuvant Lapatinib and/or Trastuzumab Treatment Optimiza-
tion) at a median event follow-up of 3.77 years and studied their
associations with rates of pCR and event-free survival (EFS).8

Methods

NeoALTTO Study Design
Study design and patient eligibility have previously been
published.®° In brief, 455 women were randomized to 10f 3 treat-
ment groups: oral lapatinib (1500 mg/d), intravenous trastuzumab
(4 mg/kgloading dose followed by 2 mg/kg), or the combination
of lapatinib (1000 mg/d) plus the same dose of trastuzumab
for 6 weeks. After 6 weeks of receiving the anti-HER?2 agents,
patients started weekly paclitaxel therapy (80 mg/m?) for a
total of 12 weeks. Lapatinib doses were reduced during the
paclitaxel administration.® Definitive surgery was performed
within 4 weeks of administration of the last dose of paclitaxel.
Anthracycline-based chemotherapy was given after surgery
(3 cycles of standard intravenous fluorouracil, epirubicin hydro-
chloride, and cyclophosphamide). Thereafter, patients received
the anti-HER?2 therapy to which they were randomized to com-
plete a total of 52 weeks duration. Endocrine therapy and radio-
therapy were given in accordance with institutional guidelines.
Patients were recruited between January 5, 2008, and May
27,2010, and were required to have HER2-positive breast can-
cer, tumor size greater than 2 cm, adequate organ function, and
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At a Glance

« Tumor-infiltrating lymphocytes (TILs) have been shown to be
associated with better survival outcomes in HER2-positive early
breast cancer treated with trastuzumab and chemotherapy.

« In the NeoALTTO study, levels of TILs present at diagnosis were
found to be significantly associated with improved pathological
complete response rates as well as event-free survival across all
treatments arms of lapatinib, trastuzumab, or the combination.

« Every 1% increment in TILs was associated with a 3% decrease in
the rate of an event; adjusted hazard ratio, 0.97 (95% Cl, 0.95-
0.99); P =.002.

« We did not observe a significant interaction between TILs and
treatment arm (dual vs trastuzumab alone) and pCR nor EFS.

« PIK3CA status was not significantly associated with different TIL
levels at diagnosis.

adequate cardiac function. The ethics committee and relevant
health authorities at each participating site approved the study
prior to start of recruitment and all patients gave written in-
formed consent, which also covered future biomarker research.

Results for the analyses of EFS and overall survival (OS),
including alandmark analysis to assess the effect of achieving
PCR, have also been previously reported for this phase Il study.®
Compared with the control group of trastuzumab alone, the
combination of lapatinib and trastuzumab resulted in signifi-
cantly higher pCR rates in the breast (National Surgical Adju-
vant Breast and Bowel Project criteria), as well as considering
both breast and lymph nodes (Food and Drug Administration
criteria). The results for pCR rates using Food and Drug Admin-
istration criteria (ypTo0/is ypNO) are presented in this article.
Event-free survival is defined as time from randomization to
first event. At a median (interquartile range [IQR]) follow-up
of 3.77 (3.50-4.22) years, the 3-year EFS was not significantly
different between groups (trastuzumab 76%, lapatinib 78%, and
combination 84%; P = .81); nor was OS; however, the study was
not powered to detect differences between the groups for EFS
or OS. In contrast, pCR was significantly associated with bet-
ter EFS and OS compared with those who did not achieve pCR
(EFS: hazard ratio, 0.38 [95% CI, 0.22-0.63]; P < .001; OS: haz-
ard ratio, 0.33 [95% CI, 0.15-0.70]; P = .005). Evaluation of
PIK3CA genotype has previously been reported (n = 318).'°
Patients were hormone receptor (HR) positive if they had posi-
tive expression of estrogen and/or progesterone receptor as
defined locally.

TIL Evaluation

Ofthe 455 patients randomized, slides from core biopsies were
available for 424 (93.2%) patients. Two pathologists (R.S., C.D.)
evaluated TIL levels independently between August and No-
vember 2013. Of the 424 biopsies, 395 samples (from 86.8% of
the 455 randomized patients) had enough tumor tissue avail-
able for TIL assessment and 387 (85.1%) had both TILs and clini-
cal data available for the presented analyses (Table 1). Recent
guidelines suggest that evaluation of TILs in the surrounding
stroma is more reproducible than intratumoral evaluation. The
measurement of stromal TILs varies less between patholo-
gistsand hence is preferred for prognostic biomarker analyses.™
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Table 1. Baseline Characteristics of Patients in the Tumor-Infiltrating Lymphocyte (TIL) Cohort

Compared With the Entire NeoALTTO Trial Population

P Value
Cohort Tils and
All NeoALTTO TILs No TILs No-TiLs
Characteristic (N = 455) (n=387) (n=68) Cohorts
Age, median (range), y 50 (23-80) 50 (23-80) 49 (23-72) .65
Tumor size, median (range), cm 4.0 (2.1-9.5) 4.0 (2.1-9.0) 4.8 (2.1-9.5) .09
Nodal status, No. (%)
N > 2, Nx, or missing 72 (16) 63 (16) 9 (13)
NO or N1 383 (84) 324 (84) 59 (87) 53
Hormone receptor status, No. (%)
Positive (>1%) 232 (51) 195 (50) 37 (54)
Negative 223 (49) 192 (50) 31 (46) o4
Treatment group, No.
Trastuzumab 154 130 24
Lapatinib 149 131 18 46
Trastuzumab + lapatinib 152 126 26
Clinical outcome, No.
pCRevents 138 120 1s -50 Abbreviations: EFS, event-free
EFS events 105 90 15 .83 survival; pCR, pathological complete
Deaths 54 43 11 24 response.

Outcome for trastuzumab +
lapatinib vs trastuzumab alone,
odds ratio (95% CI)?

pCR benefit
EFS difference

2.40 (1.44-4.00)
0.78 (0.49-1.28)

2.88(1.65-5.02)
0.75 (0.43-1.30)

2 The odds ratio for the whole cohort
does not match that of Baselga et
al® because we used a stratified
analysis to be consistent with the
analyses used for EFS rather than
putting in the factors as covariates.

0.84(0.22-3.20) .72
0.97 (0.28-3.44) .32

Tumor-infiltrating lymphocytes were evaluated according to
previously published methods.>' The mean of the 2 indepen-
dent assessments was used in subsequent analyses. The cor-
relation coefficient between pathologists was 0.74 (P < .001),
which was consistent with previous studies.

Statistical Analysis

The Reporting Recommendations for Tumor Marker Prognos-
tic Studies (REMARK) criteria were followed for this study."
We examined associations of levels of percentage infiltrating
stromal TILs with pCR and EFS. The primary hypothesis was
that higher levels of TILs would be associated with a better
prognosis overall, independent of anti-HER2 therapy. Two-
sided 5% level tests were used throughout, with no adjust-
ment for multiplicity. The association between presence of TILs
and clinicopathological factors was evaluated by t test or Pear-
son correlations. A t test/binomial test was used to test for dif-
ferences between the TILs and no-TILs cohorts (Table 1). Tu-
mor-infiltrating lymphocytes were included in a multivariate
model with known prognostic clinicopathological factors. As
prespecified in the NeoALTTO protocol, these clinicopatho-
logical factors were treated as binary variables: clinical tu-
mor size (T2 [2-5cm] vs T3 [>5 cm]), nodal status (NO-1vs 2N2),
and suitability for breast-conserving surgery (yes vs no). For
the pCR analysis, a logistic regression was used; for the sur-
vival analyses, Cox proportional hazards models were used.
The impact of attaining pCR on EFS was assessed using a Cox
model-based landmark analysis. Two models were used, one
with only clinicopathological characteristics of patients at base-
line (the time when TILs were evaluated) and the second with
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theinclusion of pCR (landmark analysis). The effect of the pres-
ence of TILs, treatment, and other factors on EFS was as-
sessed by fitting a standard Cox proportional hazards model.
The TIL by treatment interaction was tested but excluded from
the final model if its P value exceeded .20. The additional im-
pact of attaining pCR on EFS was assessed by fitting a Cox model
including pCR status to alandmark population (the landmark
time used was 60 days from randomization, by which time sur-
gery was complete for almost all patients). Event-free sur-
vival is defined as the time from randomization to first event,
which included breast cancer relapse after surgery, second pri-
mary cancer, or death without recurrence. Analyses pre-
sented in the main text did not include the lapatinib-treated
patients because the lapatinib group was inferior in the adju-
vant ALTTO study’® and is unlikely to be of any further inter-
est in this setting. Analyses including this group are pre-
sented in the eTable in the Supplement for completeness.
Overall survival results are not presented here because of the
small number of events so far seen.®

The linearity of the relationship between TILs and effi-
cacy end points of pCR and EFS was assessed using cubic spline
fits (eFigure 2 in the Supplement). If the TILs variable was found
to be linear, TILs were evaluated as a 1% percentage increase
as a continuous variable in accordance with our previous
analyses.>*

In an exploratory analysis, we attempted to define TILs
value in a population of patients with an EFS of greater than
90% at 3 years by using visual inspection of the survival curves.
Our rationale was that this good prognostic group defined by
high TILlevels may only require single-agent trastuzumab with
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Figure 1. Rates of Pathological Complete Response According to Levels of Tumor-Infiltrating Lymphocytes

Binned by Quartile to lllustrate the Nonlinear Effect
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their chemotherapy, and this concept could be validated in fu-
ture adjuvant trials in HER2-positive disease. We did not use
the lymphocyte-predominant breast cancer binary variable in
this analysis because this subgroup represented only 10.6% (41
of 387) of the trial population (too few events) and this defi-
nition includes intratumoral TIL evaluations, which was not
included in these analyses.

. |
Results

Baseline Patient Characteristics

In this study, there were no significant differences in patient
characteristics of the populations evaluated and not evalu-
ated for TILs (Table 1). Sixty-eight samples (14.9%) had no
evaluable invasive tumor in the core biopsy.

Associations Between the Quantity of TILs

and Clinicopathological Factors

In the overall cohort, the median (IQR) for presence of stro-
mal TILs was 12.5% (5.0%-30.0%). Hormone receptor-
negative (12.5% [3.0%-35.0%]) compared with HR-positive tu-
mors (10.0% [5.0%-22.5%]) had significantly higher median
(IQR) levels of TILs at diagnosis (P = .02) (eFigure 1 in the
Supplement). There was no significant difference between lev-
els of TILs according to PIK3CA genotype (P = .17), age (P = .92),
more involved lymph nodes (P = .26), tumor size (P = .74), or
if the patient was a candidate for planned breast conserva-
tion surgery (P = .97).

Associations Between the Quantity of TILs and Rates of pCR

In this analysis, we found that the relationship between pCR
and presence of TILs was nonlinear (eFigure 2A in the Supple-
ment). Rates of pCR increased sharply when levels of stromal
TILs were greater than 5%, regardless of treatment group
(Figure 1), with an adjusted odds ratio of 2.60 (95% CI, 1.26-
5.39; P = .01) (Table 2). There was no significant interaction be-
tween presence of TILs and the combination group of trastu-
zumab and lapatinib vs trastuzumab alone in predicting pCR
(P =.51).

JAMA Oncology Published online April 30, 2015

Associations Between the Quantity of TILs and EFS
We then assessed the association between the levels of TILs and
EFS after amedian (IQR) follow-up of 3.77 (3.50-4.22) years. Here
the relationship between presence of TILs and EFS was found
to be linear, similar to our previously published data in the ad-
juvant setting (eFigure 2B in the Supplement). When the clini-
copathological prognostic variables were entered as potential
regression candidates, only stromal TILs percentage and planned
conservative surgery were significant predictors of EFS in the
multivariate model in analyses using both baseline character-
istics and the landmark analysis that included pCR (Table 3 and
eTable in the Supplement). Every 1% increase in TILs was as-
sociated with a 3% decrease in the rate of an event (adjusted haz-
ard ratio, 0.97[95% CI, 0.95-0.99]; P = .002)—in other words, the
higher the level of TILs present in the primary tumor at diag-
nosis, the better the EFS after use of trastuzumab, lapatinib, or
the combination. This effect is also shown in Figure 2A and 2B
using the median TIL value and a high TIL value, which was as-
sociated with a 3-year EFS of approximately more than 90%.
Ofinterest, patients who had higher TIL levels (greater than
the median) and did not achieve pCR had EFS similar to those
who did achieve pCR (Figure 2C). Patients with a baseline TIL
level of at least 40% had excellent 3-year EFS (97% [95% CI,
88%-99%]) regardless of pCR outcome (of those patients with
240% TILs, only 21 of 60 [35%] achieved a pCR) (Figure 2D).
Patients who did not achieve pCR and had low levels of TILs
had the poorest survival (Figure 2C and 2D). There was no sig-
nificant interaction between presence of TILs and the combi-
nation group of trastuzumab and lapatinib vs trastuzumab
alone and EFS (P = .38 for the full population and P = .38 for
the landmark population).

.|
Discussion

In this prospectively planned analysis of a neoadjuvant clini-
cal trial of HER2-positive early-stage breast cancer, we have
shown for the first time, to our knowledge, that higher levels
of stromal TILs were associated with good outcomes, inde-
pendent of the anti-HER2 agent given (trastuzumab or lapa-
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Table 2. Multivariate Analysis Using the Pathological Complete Response
(Breast and Lymph Nodes) End Point (n=250)

Table 3. Event-Free Survival According to Levels of Stromal
Tumor-Infiltrating Lymphocytes (TILs): Univariate and Multivariate
Analyses With and Without Including Pathological Complete Response

0Odds Ratio P Value 3
Effect (95%CI) for Effect (pCR) in the Model
Treatment (combination vs trastuzumab)  2.88 (1.65-5.03) <.001 Hazard Ratio
Nodal status 1.35(0.64-2.82) .43 Characteristic P Value (95%CN)

2.78 (1.59-4.86) <.001
1.14 (0.60-2.18) .69
0.97 (0.55-1.72) Sl
2.60 (1.26-5.39) .01

Hormone receptor status
Planned conservative surgery
Tumor size

>5% Tumor-infiltrating lymphocytes

tinib or the combination) with standard anthracycline and tax-
ane-based chemotherapy.

These results add to our previous data in trastuzumab-
treated patients with survival information,® and hence we be-
lieve that this analysis firmly establishes the stromal TILs vari-
able as a positive prognostic marker in primary HER2-positive
breast cancer treated with anti-HER2 therapy and chemo-
therapy and provides new prognostic dataregarding TILs in the
neoadjuvant setting with pCR and the more robust EFS end
point. Given the data regarding TILs and better outcomes in pri-
mary triple-negative breast cancer, we cannot exclude the pos-
sibility that the prognostic effect of TILs could predominantly
be the result of the chemotherapy. Notably here, the TILs ef-
fect was found to be nonlinearly associated with pCR but was
linear for EFS. We hypothesize that the anthracycline given af-
ter surgery (fluorouracil, epirubicin, and cyclophosphamide)
could explain the further improvement in clinical outcomes in
the presence of higher TIL levels (eFigure 2 in the Supple-
ment), supporting the importance of anthracycline therapy for
HER2-positive disease and similar to results from the BIG 2-98
trial analysis,* as well as preclinical data.™*

In this study, information on TIL levels and pCR provided
independent prognostic information: we noted that patients
with high levels of TILs at baseline had better outcomes inde-
pendent of whether they achieved pCR in the neoadjuvant
phase. Hence, as we move forward into an era of dual anti-
HER?2 therapy, it is possible that we can identify a subgroup
of patients defined by their TIL level at diagnosis who may not
require more than the current adjuvant standard of trastu-
zumab and chemotherapy. Although previously we had arbi-
trarily chosen a TIL level cutoff of 50% to 60% to describe the
category of “lymphocyte-predominant breast cancers,”*3 this
value had not been derived from a data set of contemporary
HER2-positive early breast cancers treated with standard anti-
HER?2 therapy and also included intratumoral TIL evalua-
tions, which we have since found to have lower interobserver
reproducibility.’ Whereas we did not observe any treatment
interaction with TIL levels as originally hypothesized, analy-
sis using the adjuvant trial samples'® will better answer this
question because it is likely that we lacked statistical power
to reveal an interaction in this data set.

At present, we do not understand why patients either do
or donot have TILs present in their tumors at diagnosis. Exome
and RNA sequencing of the NeoALTTO samples is ongoing and
may shed light on this issue because mutant peptides have been
hypothesized to initiate a T-cell response.*® Tumor PIK3CA

jamaoncology.com

Univariate Effect Without pCR (n = 387)*

Stromal TILs, per unit increase, % <.001 0.97 (0.96-0.99)
Positive hormone receptor status .16 0.74 (0.48-1.12)
Nodal status® .09 1.57 (0.91-2.58)
Tumor size® .39 1.20 (0.79-1.83)
Planned conservative surgery® .02 0.56 (0.33-0.91)
Combination treatment® .26 0.74 (0.43-1.24)
Multivariate Effect Without pCR (n = 257)

Stromal TILs, per unit increase, % .002 0.97 (0.95-0.99)
Positive hormone receptor status .66 0.89 (0.52-1.51)
Nodal status® .67 0.85 (0.37-1.71)
Tumor size© .85 1.05 (0.60-1.81)
Planned conservative surgery® .04 0.46 (0.21-0.91)
Combination treatment® .53 0.84 (0.49-1.44)
Univariate Effect Including pCR (n = 257)f

Stromal TILs, per unit increase, % <.001 0.97 (0.96-0.99)
Positive hormone receptor status 24 0.78 (0.51-1.18)
Nodal status® 11 1.53 (0.89-2.51)
Tumor size© .53 1.14 (0.74-1.74)
Planned conservative surgery® .04 0.57 (0.33-0.94)
Combination treatment® 21 0.71 (0.41-1.21)
pCR .001 0.42 (0.24-0.70)
Multivariate Effect Including pCR (n = 250)F

Stromal TILs, per unit increase, % .005 0.97 (0.95-0.99)
Positive hormone receptor status .50 0.83 (0.48-1.44)
Nodal status® .78 0.90 (0.39-1.82)
Tumor size© .96 0.99 (0.56-1.70)
Planned conservative surgery® .048 0.46 (0.20-0.94)
Combination treatment® .79 0.93 (0.53-1.61)
pCR .04 0.51 (0.25-0.96)

2 Using baseline characteristics (as TILs were assessed at baseline;
lapatinib-alone patients were excluded from multivariate analysis).

®Compared with reference status of NO or N1.

€ Compared with reference size of T2.

d Compared with reference status of not a candidate for breast-conserving
surgery.

€ Compared with reference group of trastuzumab single-agent therapy.

f Landmark analyses including pCR (lapatinib-alone patients were excluded
from multivariate analysis; see eTable in the Supplement).

genotype has been associated with poorer outcomes in HER2-
positive disease,!°*® but here we did not observe any signifi-
cant difference in levels of TILs between patients with mu-
tant and wild-type PIK3CA. We have previously shown a
correlation between levels of TILs and mRNA levels of genes
representing T-cell activation and suppression.'” Because lev-
els of T-cell checkpoint markers at the mRNA level are highly
correlated with levels of TILs, T-cell checkpoint inhibition could
be effective in combination with anti-HER?2 therapy, particu-
larly in patients with lower levels of TILs (ie, 5%-40%). This
concept remains to be tested in future clinical trials.
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Figure 2. Kaplan-Meier Event-Free Survival (EFS) Curves Showing That Higher Levels of Tumor-Infiltrating Lymphocytes (TILs) Result
in Better Survival Outcomes and Provide Information Independently of Pathological Complete Response (pCR)
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No PCR, >40% TILs 39 36 33 33 13 0
No PCR, <40% TILs 218 188 155 134 69 1

A, Three-year EFS was 88% (95% Cl, 82%-92%) for patients whose tumors
contained at least 12.5% TILs (the median level of TILs) and 71% (95% Cl,
64%-78%) for patients with less than 12.5% TILs (log-rank P < .001). B,
Three-year EFS was 97% (95% Cl, 88%-99%) for patients whose tumors
contained more than 40% TILs and 77% (95% Cl, 72%-83%) for those with less
than 40% TILs (log-rank P < .001). C, Three-year EFS was 67% (95% Cl,
57%-74%) for patients with no pCR and less than 12.5% TILs; 85% (95% Cl,

77%-90%) for patients with no pCR and at least 12.5% TILs; 81% (95% Cl,
67%-90%) for patients with pCR and less than 12.5% TILs; and 92% (95% Cl,
83%-97%) for patients with pCR and at least 12.5% TILs. D, Three-year EFS was
72% (95% Cl, 65%-77%) for patients with no pCR and less than 40% TILs; 95%
(95% Cl, 80%-99%) for patients with no pCR and more than 40% TILs; 85%
(95% Cl, 76%-91%) for patients with pCR and less than 40% TILs; and 100% for
patients with pCR and more than 40% TILs.

This study’s findings are strengthened by the use of alarge
phase Il neoadjuvant clinical trial evaluating anti-HER2 treat-
ments with both pCR and EFS end points and the fact that re-
cent international guidelines were followed for evaluation of
TILs. However, we acknowledge that pCR is not a validated
surrogate end point for improvement in EFS'® and that the
number of events for the survival end point (EFS) is low. Ef-
forts are currently ongoing in an attempt to improve the re-
producibility and consistency of TIL. measurement among pa-
thologists globally. Another limitation of our findings is that
because the lapatinib with trastuzumab combination was not
statistically superior to the control group in the adjuvant
study,*? it is unlikely that this combination will be used in the
future. Studies of the prognostic effect of TIL levels in clinical
trials evaluating other dual anti-HER2 strategies are planned.
At this stage, data suggest that the “TILs effect” will be simi-
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lar with trastuzumab plus pertuzumab and chemotherapy,*®
although this remains to be definitively shown in the adju-
vant setting.

. |
Conclusions

Finally, in conclusion we propose the concept that a group of
patients with “high” TIL levels can have an excellent out-
come with the current standard of trastuzumab therapy alone
with chemotherapy, although we acknowledge the difficulty
of proposing such cutoffs for clinical implementation.>° If a TIL
cutoff can be identified and robustly validated using the large
adjuvant HER2-positive data sets, future clinical trials of anti-
HER?2 therapy may be better placed to test the efficacy of new
therapies in the poor prognostic group.
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