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Background: We have previously shown the prognostic importance of tumor-infiltrating lymphocytes (TILs) in newly
diagnosed triple-negative breast cancer (TNBC) using tumor samples from a large clinical trial cohort. In this study, we
aimed to validate these findings and also investigate associations with trastuzumab benefit in HER2-overexpressing
disease (HER2+).
Patients and methods: A prospective–retrospective study was conducted using samples from the FinHER adju-
vant, phase III trial that enrolled 1010 early-stage BC patients, 778 of whom were HER2-nonamplified. Those with
HER2+ disease (n = 232) were randomized to 9 weeks of trastuzumab or no trastuzumab in addition to chemo-
therapy. Two pathologists independently quantified stromal TILs in 935 (92.6%) available slides. The primary end
point of distant disease-free survival (DDFS) and interactions with trastuzumab were studied in Cox regression
models.
Results: Confirming our previous findings, in TNBC (n = 134) each 10% increase in TILs was significantly associated
with decreased distant recurrence in TNBC; for DDFS the hazard ratio adjusted for clinicopathological factors: 0.77; 95%
confidence interval (CI) 0.61–0.98, P = 0.02. In HER2+ BC (n = 209), each 10% increase in lymphocytic infiltration was
significantly associated with decreased distant recurrence in patients randomized to the trastuzumab arm (DDFS
Pinteraction = 0.025).
Conclusions: Higher levels of TILs present at diagnosis were significantly associated with decreased distant recurrence
rates in primary TNBC. These results confirm our previous data and further support that TILs should be considered as a
robust prognostic factor in this BC subtype. We also report for the first time an association between higher levels of TILs
and increased trastuzumab benefit in HER2+ disease. Further research into why some TN and HER2+ BCs can or
cannot generate a host antitumor immune response and how trastuzumab can favorably alter the immune microenviron-
ment is warranted.
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introduction
Evasion of host immunity is thought to be critical for cancer
growth and progression [1]. While breast cancer (BC) has not
traditionally been considered an ‘immunogenic’ tumor type,
tumor-infiltrating lymphocytes (TILs) have been correlated with
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a good outcome in a number of cohorts [2–6]. Previously, we
have shown by using over 2000 archival BC samples from a pro-
spective clinical trial that higher levels of TILs located in the sur-
rounding stroma were associated with an excellent prognosis
but only in the triple-negative (TN) BC subtype. We further
postulated that a higher dose of anthracycline in the chemother-
apy regimen could promote host antitumor immunity [7].
Interestingly, in BCs that overexpressed the HER2/neu oncogene
(hereafter known as HER2+), higher levels of TILs were signifi-
cantly associated with improved survival in patients who
received the higher anthracycline dose. This hypothesis was
derived from preclinical data demonstrating that the efficacy of
some cancer therapies is related to the creation of a favorable
immune microenvironment [5, 8].
Trastuzumab, a monoclonal antibody targeted against HER2,

has dramatically improved clinical outcomes for women with
HER2+ disease. However, despite significant research efforts, no
clinically useful biomarkers currently exist that can identify the
patients who derive benefit from or are resistant to trastuzumab.
This will become an increasingly important issue in an era with a
growing array of effective anti-HER2 agents available for clinical
use [9–11]. Additional aberrations in the PI3K/AKT, ERK1/2,
SRC signaling pathways and loss of PTEN are thought to contrib-
ute to resistance but are yet to be validated in the clinical setting
[12–14]. However, increasing evidence suggests a significant con-
tribution of innate and adaptive immunity to trastuzumab
efficacy [15–19].
The evaluation of prognostic and predictive biomarkers is

strengthened by the use of specimens from clinical trial partici-
pants [20]. Herein, we conducted ‘prospective–retrospective’
analysis using tumor samples obtained from the FinHER clinical
trial [21] participants to achieve two main objectives. First, we
wanted to validate our previous observation that TILs were asso-
ciated with a good prognosis in triple-negative breast cancer
(TNBC) in order to achieve a high level of evidence for the clin-
ical validity of this biomarker. For this analysis, we used the
same method of evaluating TILs as previously described [7].
Secondly, as we hypothesized that pre-existing host antitumor
immunity would be important for trastuzumab efficacy, we
investigated if there was an association between TILs and trastu-
zumab benefit in HER2+ BCs. For this analysis, the randomiza-
tion between trastuzumab and no trastuzumab in this clinical
trial cohort provides a unique opportunity to identify true pre-
dictive biomarkers.

patients andmethods
A schema of the original FinHER trial is given in supplementary Figure S1,
available at Annals of Oncology online [21, 22]. The clinicopathological
characteristics of the original cohort and the cohort assessed for TILs are
given in Table 1. The Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK) criteria were followed for reporting this
study [23].

the FinHER study
This study is based on primary breast tumor tissue samples of women diag-
nosed with high-risk node-negative or node-positive BC and who partici-
pated in the FinHER trial (n = 1010), a multicenter adjuvant trial
sponsored by the Finnish Breast Cancer Group. Eligibility, patient

characteristics and results for this study have been previously reported
[21, 22]. All women participating were randomly assigned to receive three
cycles of docetaxel or vinorelbine, followed by (in both groups) three cycles
of fluorouracil, epirubicin, and cyclophosphamide (FEC). The 232 women
whose tumors were confirmed to have HER2/neu gene amplification
were further randomly assigned to receive or not to receive nine weekly
trastuzumab infusions. Superiority of the docetaxel and trastuzumab con-
taining arms has been previously reported at the final median follow-up of
62 months [22]. Study participants provided signed informed consents
to allow further research analyses to be carried out on their tumor tissue.
The ethical committee of the Helsinki University Central Hospital also
approved the current study.

pathologic assessment
As per the original protocol, samples were considered hormone receptor
positive if ≥10% of cancer cells expressed estrogen and/or progesterone
(ER, PR) receptor. Patients with ER- or PR-positive tumor received
5 years of endocrine therapy (tamoxifen and/or aromatase inhibitors).
Ki67 immunohistochemistry was assessed locally by IHC using the

Mib-1 monoclonal antibody (Dako, Glostrup, Denmark). The number
of copies of the HER2/neu gene was centrally confirmed by means of
chromogenic in-situ hybridization (CISH) in one of two reference la-
boratories. For this study, BC subtypes were classified using IHC as pre-
viously published: luminal (ER+ and/or PgR+, HER2−), HER2-positive/
overexpressing by CISH (HER2+), and triple negative (TN; ER−, PgR−,
and HER2−).

Of the 1010 samples, 935 (92.6%) tumor slides could be retrieved
(Table 1). Evaluation of the quantity and location of TILs (stromal and
intratumoral) was carried out exactly as previously described on full-
face hematoxylin and eosin-stained (H&E) sections [4, 7]. Two patholo-
gists (RS, NS) carried out the readings independently and blinded from
clinical outcome with the mean value of two assessments used for the
current analyses. The correlation coefficient between the two patholo-
gists was 0.77 (P < 0.001) and 0.49 (P < 0.001) for stromal and intratu-
moral TILs, respectively, consistent with our previous findings [7].
Given the low correlation between pathologists for intratumoral TILs,
their low variance (median 0.5%, interquartile range 0%–3%, similar
to previous observations) only the analyses using stromal TILs are
presented.

statistical analysis
In this study, the primary predefined hypothesis was that higher levels of
TILs would be associated with a good prognosis in TNBC and trastuzumab
benefit in HER2+ BC. Wherever possible, TILs were evaluated as a continu-
ous variable (per increasing 10% increments) [7].

For the survival analyses, the primary end point was distant disease-free
survival (DDFS) as defined by the time interval between the date of ran-
domization and the date of first cancer recurrence outside of the ipsilateral
locoregional region or to death whenever death occurred before distant re-
currence [22]. Patients still alive at the last visit without documented evi-
dence of distant metastases were censored. Overall survival (OS) was defined
as the time period from the date of random assignment to the date of death
whenever death occurred before distant recurrence; however, there were a
small number of events at the final analysis [22]. Associations between TILs
and clinicopathological characteristics were investigated with Mann–
Whitney U test for binary variables and Spearman’s rank correlation (ρ) for
continuous variables.

A two-sided P-value <0.05 was considered significant. Cox proportional
hazards regression models were used to test the prognostic value of TILS
[hazard ratios and 95% confidence intervals (CI), Wald test]. The possible
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interaction with trastuzumab treatment was tested using a Wald test after
adding a trastuzumab main effect and a product interaction term in the
Cox model. All Cox models used a separate baseline hazard for chemother-
apy type (docetaxel or vinorelbine). Departures from the proportional
hazards assumption were assessed based on the Schoenfeld residuals [24].
A multiviarate Cox proportional hazards modeling was carried out using
continuous TILs variable (per 10% increments) and the following clinico-
pathological characteristics: tumor size [T1 (≤2 cm) versus T2 (>2 cm)],
histological grade (1, 2, versus 3), nodal status (negative versus positive), and
age (≤50 versus >50 years). In order to test the added prognostic value of
continuous TILS to a clinicopathological model, we used the likelihood ratio
test. For visualization purposes, the Kaplan–Meier survival curves, defining
the groups as high and low TILs according to a predefined variable: lympho-
cyte-predominant BC phenotype (TILs ≥50%.), were produced [7].
Interaction effects were displayed using forest plots. Analyses were carried
out using R software version 2.15.2 (www.R-project.org) and SPSS version
20.0 (Chicago, IL).

results

FinHER baseline patient characteristics
In this study, there were no significant differences in patient
characteristics of the TILs series (n = 935) when compared with
the original series (Table 1). The non-TILs evaluated group had
a slightly better OS than those who had TILs evaluated, which
was not the case for DDFS (DDFS P = 0.18, OS P = 0.047).

associations between TILs and clinicopathological
characteristics
As expected, higher levels of TILs were significantly associated
with ER negativity (P < 0.001), HER2 amplification (P < 0.001),
high histologic grade (P < 0.001), more involved lymph-nodes
(P < 0.001), ductal histology (P < 0.001), larger tumors (P = 0.001),

Table 1. Difference in cohorts evaluated or not evaluated for TILs compared with the original FinHER cohort

Characteristics All FinHER cohort (N = 1010) Cohort TILs (N = 935) Cohort no TILs (N = 75) P value between TILs
and no TILs cohorts

Mean age (years) 50.9 50.7 50.6
Range 25–66 25–65 31–64 P = 0.76*
Mean tumor size (mm) 26 26.3 24.3
Range 4–160 6–160 4–70 P = 0.38*

Median nodal status 2 2 1.0
Range 0–32 0–32 0–17 P = 0.17*
Histological grade
I 150 (14.9%) 137 (14.7%) 13 (17.3%) P = 0.65#

II 397 (39.3%) 368 (39.4%) 29 (38.7%)
III 408 (40.4%) 382 (40.9%) 26 (34.7%)
Unknown 55 (5.4%) 48 (5.0%) 7 (9.3%)

ER IHC positive
Positive 729 (72.2%) 679 (72.6%) 50 (66.7%) P = 0.26#

Negative 280 (27.7%) 255 (27.3%) 24 (33.3%)
Unknown 1 (0.1%) 1 (0.1%) 1 (0.1%)

HER2 amplification
Positive (IHC +3/+2 and FISH+) 231 (22.9%) 209 (22.3%) 22 (29.3%) P = 0.16#

Negative 778 (77%) 725 (77.6%) 53 (70.7%)
Unknown 1 (0.1%) 1 (0.1%)

DDFS/OS
No. of eligible patients 1009a 934 75
No. of DDFS events 163 (16.2%) 154 (16.5%) 9 (12%)
No. of deaths 94 (9.3%) 91 (9.7%) 3 (4.0%)

Breast cancer subtype (defined by IHC)
Luminal (ER+/HER2−) 633 (62.7%) 591 (63.2%) 42 (56%) P = 0.35#

HER2-amplified 231 (22.9%) 209 (22.4%) 22 (29.3%)
Triple negative (ER−/PR-/HER2−) 145 (14.4%) 134 (14.3%) 11 (14.7%)
Median follow-up (months) 62 62 62
HR for trastuzumab benefit
DDFS (HR + 95% CI), P value 0.64 (0.37–1.11), 0.11 0.58 (0.3–1.03), 0.06 1.6 (0.2–11.5), 0.6
OS (HR + 95% CI), P value 0.54 (0.27–1.11), 0.09 0.56 (0.27–1.16), 0.12 0.24 (0–3878), 0.5

aOne patient was stage IV at diagnosis and excluded from ITT population.
*Mann–Whitney test.
#χ2 P value.
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and higher Ki67 (ρ = 0.463, P < 0.001). TILs were higher in the
HER2+ and TNBC compared with the luminal BC subtypes
(P < 0.001, Figure 1A and B).

associations between TILs and prognosis
Consistent with our previous observations, we observed a signifi-
cant association with a good prognosis in only the TNBC and not
in luminal or HER2+ subtypes (Table 2). Multivariate Cox
proportional hazards analyses were carried out to investigate the
relationship between distant recurrence and other pathological
factors in TNBC. TILs as a continuous variable, age, and nodal
status were a significant predictors of distant recurrence (Table 3).
Each 10% increase in TILs was associated with 13% reduction in
the relative risk of distant recurrence (adjusted for clinicopatholo-
gical factors HR 0.77; 95% CI 0.61–0.98, P = 0.02). There was no
statistical significance observed for OS likely due to the small
number of events observed; however, the point estimate were
similar to that for DDFS (adjusted HR 0.81; 95% CI 0.61–1.1,
P = 0.1) (Table 3).

association between TILs and higher
trastuzumab benefit
As preclinical data suggest that the host immune system contri-
butes significantly to trastuzumab efficacy, we evaluated the
benefit of trastuzumab therapy according to the level of TILs in
the HER2+ population [18, 19]. There was a statistically signifi-
cant interaction between TILs as a continuous variable and tras-
tuzumab treatment (Pinteraction DDFS P = 0.025; Pinteraction OS
P = 0.08). For the primary end point of DDFS, each 10% incre-
ment in lymphocytic infiltrate was associated with an 18% re-
duction in the relative risk of distant recurrence in patients who
received trastuzumab in addition to their chemotherapy
(Figure 2A). These data are visually represented in Figure 2B
using a previously defined cutoff (lymphocyte-predominant BC
where TILs were present in ≥50% of the tumor [7]). Of note,
those who had high TILs at diagnosis and were randomized not
to receive trastuzumab seemed to have a worse outcome than
those without TILs present.

discussion
In this prospectively defined, retrospective study, we report that
TILs were significantly associated with prognosis and therapeut-
ic efficacy in the TN and HER2+ BC subtypes, respectively.
Notably, we validated our previous observation that increasing
lymphocytic infiltration was associated with improved outcomes
for patients with TNBC treated with anthracycline-based adju-
vant chemotherapy, with remarkably similar adjusted hazard
ratio estimates as previously reported [7]. While our finding
may not change current chemotherapy options for TNBC
patients, this is still a clinically relevant finding as TILs could
be useful as stratification or adjustment factor in future clinical
studies, as well as providing the rationale for evaluating immuno-
therapeutic approaches [25].
The potentially most novel finding in this study was the asso-

ciation between TILs and increased benefit from the addition of
trastuzumab to chemotherapy in HER2+ disease. This is the
first time that an immune biomarker has been shown to be
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Figure 1. FinHER dataset: distribution of tumor-infiltrating lymphocytes
in breast cancer according to the (A) three breast cancer subtypes and (B)

HER2 divided into ER-positive and -negative groups.
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predictive of therapeutic benefit, in this case trastuzumab, using
samples from a randomized clinical trial. The use of a dataset
with this feature significantly strengthens the importance of our
findings, in contrast to previous studies using small and single-
arm cohorts [17, 26–28].
Thus, although trastuzumab has been thought to act primar-

ily via direct effects on tumor cells, these data highlight the role
of antitumor immunity in the efficacy of anti-HER2 treatment.
However, if TILs indicate the presence of a tumor-specific
immune response, it would seem that the role of immune sur-
veillance for primary tumor control is relatively ineffective as
these antigenic primary cancers still can successfully grow.
Interestingly, preclinical studies investigating the composition of
the T-cell receptor repertoire of TILs suggests an antigenic
stimulus from the tumor rather than being nonspecifically
induced by the tumor microenvironment [29, 30].
Therefore, to reconcile these findings, we hypothesize that

trastuzumab may also serve to relieve suppression of antitumor
effector immunity. A similar notion has also been reported in
gastrointestinal stromal tumor (GIST) where the efficacy of the

tyrosine kinase inhibitor therapy, imatinib, was linked with re-
duction of tumor expression of IDO1 [31–33]. Our data also
suggest that ‘oncogene addiction’, in this case HER2 signaling,
may be responsible for sustaining an immunosuppressive
microenvironment, whereas this seems not be a feature of
TNBC. This concept is supported by recent work in mouse
models of MYC-driven T-cell acute lymphoblastic lymphoma,
BCR-ABL pro B-cell leukemia and BRAF (V600E)-driven mel-
anoma [34–36].
Our study has limitations. While the evaluation of TILs was

the prospectively predefined hypothesis for the interaction with
trastuzumab therapy, there were only a small number of patients
in the HER2+ subgroup and there was a lack of statistically
significant effects on OS. This could be related to the small
number of events in the final study analysis [22]. Therefore, this
trastuzumab-related predictive finding needs additional valid-
ation using other datasets. As well as this, further work will be
required to increase the analytical validity of the TILs assay
before wider clinical implementation, though we note that the
correlation between the two independent pathological reviews

Table 3. Multivariate Cox proportional analysis of age, nodal status, tumor size, grade, and lymphocytic infiltrate (TILs) in relationship to likelihood
of distant recurrence and death in the TNBC subtype from the FinHER dataset

Variables DDFS P value DDFS HR (95% CI) OS P value OS HR (95% CI)

Model 1: analysis without stromal TILs variable
Age, (≤50 versus >50 years) 0.02 0.42 (0.20–0.86) 0.03 0.34 (0.16–0.89)
Nodal status, Positive versus negative 0.02 3.6 (1.22–10.52) 0.13 2.4 (0.77–7.5)
Histologic grade, Grade 3 versus 1/2 0.24 0.62 (0.28–1.14) 0.38 0.66 (0.3–2.8)
Tumor size, T2 (>2 cm) versus T1 (≤2 cm) 0.54 1.2 (0.65–1.35) 0.79 1.13 (0.23–2.8)
Model 2: analysis with stromal TILs variable
Age, (≤50 versus >50 years) 0.02 0.44 (0.22–0.9) 0.02 0.4 (0.15–0.86)
Nodal status, Positive versus negative 0.045 2.76 (1.02–7.5) 0.19 2.14 (0.68–6.7)
Histologic grade, Grade 3 versus 1/2 0.4 0.71 (0.32–1.57) 0.55 0.75 (0.29–1.93)
Tumor size, T2 (>2 cm) versus T1 (≤2 cm) 0.94 0.97 (0.46–2.046) 0.99 1.01 (0.4–2.53)
Stromal TILs (per 10% increments) 0.02a 0.77 (0.61–0.98) 0.14 0.81 (0.61–1.1)

Multivariate model is stratified by chemotherapy type.
aLikelihood ratio P = 0.022 and χ2 (Δx2) = 5.245 for the comparison of the analysis with and without the stromal TILs variable—i.e. P value is based
on the value of adding TILs to the model containing clinicopathological factors.
HR, hazard ratio; CI, confidence interval.

Table 2. Univariate prognostic value of stromal tumor-infiltrating lymphocytes (continuous variable per 10% increments) in the global population
and breast cancer subtypes from the FinHER dataset for distant disease-free survival (DDFS) and overall survival (OS)

Prognostic value of stromal TILs
(per 10% increments)

No. of
patients

DDFSa HR (95% CI),
P value

No. of
events

OSa HR (95% CI),
P value

No. of
events

Global population 934 1.02 (0.92–1.12), 0.73 154 1.07 (0.94–1.2), 0.31 91
Luminal (ER+/HER2−) 591 0.93 (0.74–1.17), 0.55 70 0.99 (0.74–1.34), 0.99 35
HER2+ 209 0.96 (0.82–1.3), 0.64 49 0.98 (0.81–1.19), 0.84 31

TNBC 134 0.79 (0.64–0.98), 0.032 35 0.80 (0.62–1.03), 0.08 25

aUnivariate Cox regression hazard ratios, stratified for chemotherapy type.
HR, hazard ratio; CI, confidence interval.
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was high and consistent with our previous work [7]. This work
is currently ongoing. In this study, TILs were evaluated using
full-face H&E-stained sections, which does make it practical for
routine use, in contrast to the use of tissue microarrays [37]. We
do not believe that these limitations take away from the signifi-
cance of our findings. We have also intentionally not indicated a
specific cutoff as the relationship between TILs and outcome
was found to be continuous (all analyses were conducted with
the continuous variable) and we do not want to imply immuno-
phenotypes nor alter treatment decision making at present.
In conclusion, we have confirmed in a prospective–retrospect-

ive analysis using samples from the FinHER trial the statistically
significant association between increasing lymphocytic infiltra-
tion and decreased risk of distant recurrence in high-risk, early-
stage TNBC. The use of a second clinical trial dataset to confirm
this finding, in addition to further data presented recently in ab-
stract form, suggest that the evidence base for the clinical valid-
ity of TILs as a prognostic biomarker in TNBC could now be
considered level I [38]. Furthermore, for the first time, we report
that level of TILs present at diagnosis could identify the women

with primary HER2+ disease who derived higher benefit from
the addition of trastuzumab to the anthracyline-based chemo-
therapy regimen. Our data strongly supports the clinical rele-
vance of antitumor immunity in these two BC subtypes. Further
studies will be required to determine how trastuzumab alters the
immune microenvironment and if the addition of an immune
checkpoint inhibitors can further improve clinical outcomes in
these two BC subtypes [39].
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therapy, together with 95% confidence interval (CI) and interaction P-value for distant disease-free survival. (B) For illustration, Kaplan–Meier curves
comparing trastuzumab versus no trastuzumab for two groups of patients with <50% and >50% levels of stromal TILs (LPBC, lymphocyte predominant breast
cancer) at diagnosis are presented (log-rank P values are shown).
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