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Abstract
The immune system could mediate the antitumor activity of several anticancer treatments. Several chemo-

therapy compounds, including anthracyclines and oxaliplatin, induce immunogenic cell death that in turn

activates antitumor immune response. Trastuzumab induces antibody-dependant cell-mediated cytotoxicity.On

the basis of this background, immune markers have recently been the focus of intense translational research to

predict andmonitor the efficacyof treatments.Gene expression arrays and immunohistochemistry have assessed

immune activation and infiltration by macrophages, natural killer, and T and B lymphocytes. Using these

approaches, several retrospective analyses of large trials have shown that activation of immune pathway may

predict treatment efficacy and outcome in patients with breast cancers. As examples, intratumoral infiltration by

lymphocytes and interferon-response in primary tumor predicted the efficacy of neoadjuvant chemotherapy.

Intratumoral infiltration by lymphocytes was associated with good prognosis in patients with triple-negative

breast cancer treated with adjuvant chemotherapy.More recently, it has been suggested that lymphocyte infiltra-

tion could also predict efficacy of trastuzumab. Finally, small retrospective studies have suggested that post-

chemotherapy lymphocyte infiltrates could be associated with better outcome in patients who did not reach

pathologic complete response. This body of evidence suggests that assessing immune infiltration and activation

could be useful in the future to stratify breast cancer patients. In addition, they provide evidence for the

development of immunotherapies in breast cancer patients. Clin Cancer Res; 19(1); 28–33. �2012 AACR.

Background
Recent advances in thefieldof immunologyhave suggested

that activation of the immune system could mediate the
antitumor effects of several conventional anticancer agents,
including cytotoxic, radiation therapy, antibody-based ther-
apy, and targeted therapies. In thefieldof cytotoxic agents, the
team of L. Zitvogel led this field by showing that anthracy-
clines, oxaliplatin, and radiation therapy could mediate
"immunogenic" cancer cell death that will subsequently
activate the immune system (1). This mechanism of immu-
nogenic cell death was mediated by high-mobility-group box
1 (HMGB1) release andToll-like receptor (TLR)-4 (TLR4) (1).
When released after cell death induced by chemotherapy,

HMGB1 induces activation of antigen-presenting cells that in
turn induce activation of immune cells (Fig. 1A).

Regarding the efficacy of monoclonal antibodies, it has
been reported for a while that trastuzumab, an anti-HER2
monoclonal antibody, mediated part of its effect through the
immune system. Indeed, trastuzumab only partially works in
mice that are genetically defective for the receptor of immu-
noglobulins (Fc-gammareceptor knockoutmice; ref. 2). Inter-
estingly, some biomarker studies corroborated these findings
by showing that administration of trastuzumab induced
attraction of macrophages and natural killer (NK) cells, that
is, cells potentially involved in antibody-dependent cell-medi-
ated cytotoxicity (ADCC), at the tumor site (3, 4). NK cells are
involved in the destruction of target cells through nonspecific
mechanisms. Several preclinical and biomarker data suggest
that ADCC subsequently leads to the activation and expan-
sion of tumor-specific cytotoxic T lymphocytes (3). These
latter cells specifically recognize and kill cells that present a
specific antigen (adaptive immune response; Fig. 1B).

Finally, although designed to target key oncogenic events,
several targeted agents exhibit immunologic properties. As an
illustration, imatinib has been shown to induce NK cell activ-
ation that contributes to tumor eradication (5). Interestingly,
similar findingswere recently reportedwith endocrine therapy.
Indeed, in a population of 17 patients, treatment with aroma-
tase inhibitors were associated with changes in immune acti-
vationassessedbygene expressionarrays. Thismodulationwas
associated with improved efficacy of endocrine therapy (6).
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Overall, these findings suggest that conventional the-
rapies induce activation of the immune system, mainly
tumor-specific cytotoxic T lymphocytes. These data lead
to the hypothesis that (i) conventional therapies could
work only in patients who present with some degree of

immune activation in the tumor site, (ii) posttreatment
immune activation could identify a population of
patients with good outcome, and (iii) new drugs should
be developed to reverse immune defects in patients who
are not able to elicit immune response after conventional

© 2012 American Association for Cancer Research
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Figure 1. A, following tumor insult by cytotoxic agents, dying tumor cells release the chromatin-binding protein high-mobility groupbox 1proteinHMGB1 in the
late phasesof apoptosis.HMBG1, by interactingwith TLR4ondendritic cells, allowsanoptimal tumor antigen processing andpresentation. Following antigen
presentation, tumor-specific cytotoxic T cells are activated. B, monoclonal antibodies (mAb) bind target antigens expressed on cancer cell surface,
leading to tumor cell opsonization. Recognition of tumor cells opsonized with mAbs is mediated via the Fcg-receptor III expressed on effector
cells (NK, monocytes, dendritic cells, and granulocytes). These effectors then proceed to induce tumor cell death (ADCC). The mAb-coated tumor antigens
released by dying cells in the form of immune complexes are captured by dentdritic cells, processed, and presented to cytotoxic and helper T cells.
As a consequence, both tumor-specific cytotoxic T cells and T-helper cells are activated, the latter leading to tumor-specific B-cell stimulation and expansion
and to the production of tumor-directed host antibodies.
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therapies. In the present article, we will address 2 ques-
tions: (i) could intratumoral immune parameters predict
treatment efficacy and outcome? and (ii) what are the
implications in terms of drug development?

Clinical–Translational Advances
Does intratumoral immune responsepredict efficacy to
chemotherapy?

The most compelling data obtained in the field of im-
mune biomarkers in breast cancer relate to the prediction of
chemotherapeutic efficacy. In a recent meta-analysis of 996
patients treated with neoadjuvant chemotherapy, high
immune module scores assessed by gene expression arrays
were associated with an increased likelihood of pathologic
complete response (pCR). Interestingly, immune module
predicted pCR in all breast cancer classes [triple-negative,
HER2-positive, estrogen receptor (ER)–positive/HER2-
negative], and added prediction to clinical and pathologic
characteristics (P ¼ .004; increase in area under the curve
from 0.760 to 0.836). In this study, the immune module
consisted mainly in TH1/interferon response (7).

Denkert and colleagues reported similar data using
another method to assess intratumor immune activation.
Instead of looking at gene expression, the authors have
evaluated the predictive value of the tumor-infiltrating
lymphocytes (TIL). In their seminal article, they reported
that TILs were independent predictors for pCR both in
discovery (n ¼ 218) and validation (n ¼ 840) sets. TIL-
positive tumors achieved between 40% and 42% of pCR,
whereas the TIL-negative tumors achieved only 3% to 7%
pCR. The predictive effect of TIL was mostly related to an
infiltration by CD3þ (T-lymphocytes) and CD20þ (B-lym-
phocytes) cells (8). B lymphocytes are cells involved in
antibody production after induction of immune response.
This seminal article has been further validated by several
studies. The same grouphas recently prospectively validated
this finding in a population of 189 patients treated with
neoadjuvant chemotherapy (9). West and colleagues also
reported a predictive value for TIL infiltration in triple-
negative breast cancers (TNBC; ref. 10).

Overall, consistent studies report that immune activation
at baseline, assessed by pathology or gene expression array,
is associated with a higher likelihood of pathologic com-
plete response after neoadjuvant chemotherapy (3). In all
reports, this parameter added value to the current clinical
and pathologic characteristics.

Interestingly, chemotherapy not only induces a high rate
of pCR in TILþ patients, but can also convert a TIL� tumor
into a TILþ tumor. Symmans and colleagues have reported
that taxane-based chemotherapy converted 7 of 21 breast
tumors from TIL� to TILþ. Interestingly, the postchemother-
apy TIL status was associated with an improved clinical re-
sponse (11). Ladoire and colleagues have further explored
this phenomenon. These investigators reported that neoadju-
vant chemotherapy increased the CD8þ infiltration in the
tumor bed. This posttreatment infiltration is associated with
an improved outcome [HR, 3.85; 95% confidence interval
(CI), 2.00–7.14 forpatientswith lowCD8infiltration; ref. 12].

Overall, these findings provide a high level of evidence
that TILs at baseline is associated with high sensitivity to
chemotherapy and give rise to the hypothesis that post-
treatment TILs could predict outcome.

Intratumoral immune parameters to identify patients
resistant to trastuzumab

Several consistent studies have suggested that trastuzu-
mab could mediate part of its activity through the immune
system. As an illustration, trastuzumab was less effective in
Fc-gamma receptor knockout mice (2). On the basis of
preclinical models, trastuzumab is expected to work
through 2 different immune pathways. First, it mediates
ADCC, that is, tumor cell killing by immune effectors. Both
macrophages and NK cells have been reported to mediate
ADCC (innate immune response). Innate immune
response defines a cellular destruction by immune cells
that is not dictated by the recognition of specific antigens.
Subsequently to ADCC, and due to cell death and opsoni-
zation (complexes between cell fragments and antibodies),
trastuzumab induces antigen-specific immune activation
(adaptive immune response). This latter activation could
generate tumor-specific cytotoxic T cells, a subset of cells
that destroy target cell through recognition of foreign anti-
gen (3). The involvement of the immune system in the
trastuzumab antitumor activity was recently confirmed in
mice models in two recent articles (13, 14). Overall, there is
now large body of evidence from preclinical models that
trastuzumab mediates its activity through the immune
system. Studies indicating a possible role for the immune
system in trastuzumab efficacy were initially based on
samples from patients treated in the neoadjuvant setting.
Arnould and colleagues have reported that trastuzumab
administration was associated with an increased tumor
infiltration with T lymphocytes (CD3þ), macrophages
(CD68þ), and NK cells (NK1þ; ref. 15). Gennari and
colleagues reported that the level of ADCC during trastu-
zumab exposure was associated with a higher efficacy of
trastuzumab (16). These data were confirmed in a study
done in the metastatic setting (17). All of these studies
suggested that trastuzumab induced immune response that
in turn mediates antitumor activity. Interestingly, prelimi-
nary studies suggested that immune responsewas predictive
not only during therapy, but also when present at baseline.
Gennari and colleagues indeed reported that the lympho-
cyte infiltration at baseline correlated with higher trastuzu-
mab efficacy (16). On the basis of the preliminary evidence
that trastuzumab could mediate its activity through both
innate and adaptive immune response, it has been hypoth-
esized that intratumor lymphocyte infiltration couldpredict
efficacy of trastuzumab in the adjuvant setting. Loi and
colleagues have evaluated the predictive value of TIL in 935
patients randomized between chemotherapy and chemo-
therapy plus trastuzumab (18). TIL were assessed in a
similar way as Denkert and colleagues (8). Interestingly,
lymphocyte infiltration was associated with a higher tras-
tuzumab efficacy. In patients without lymphocyte infiltra-
tion, trastuzumab was not associated with decreased risk of
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relapse (HR, 1.0; 95%CI, 0.55–1.75; P¼ 0.99). In contrast,
in patients with lymphocyte infiltration, trastuzumab was
associated with amassive decrease in relapse risk (HR, 0.16;
95% CI, 0.031–0.81; P ¼ 0.013). Interestingly, the 3-year
disease-free survival (DFS) rate was 96% in patients with
TILþ tumors treated with chemotherapy and trastuzumab
(18). This study confirms the potential of immune activa-
tion as a predictor for trastuzumab efficacy. Further studies
will decipher which immune cell is involved in this process.
Careful attention will be paid to CD68, CD11, NKp30, and
CD3 infiltrations.
Overall, these pioneer studies suggest that: (i) exposure to

trastuzumab leads to ADCC and tumor-specific immune
activation, (ii) such immune activations correlate with
higher efficacy in preliminary studies, and (iii) one retrospec-
tive study from adjuvant trials suggests that immune infiltrate
predicts trastuzumab efficacy and excellent outcome.
These data lead to the perspective of stratifying patients

based on lymphocyte infiltrations, and to the hypothesis
that activating the immune system could sensitize to tras-
tuzumab in high-risk patients.

Lymphocyte infiltration at baseline to predict outcome
in patients optimally treated
We have previously reported that: (i) identification of

high-risk patients is a major challenge for drug development
in breast cancer and (ii) TILs at baseline correlate with high
sensitivity to chemotherapy and trastuzumab. On the basis
of these considerations, several authors have investigated
whether lymphocyte infiltrations could predict outcome in
patients who received adjuvant therapy. Using samples from
a large randomized trial, Loi and colleagues have reported
the prognostic value of TILs in patients who received anthra-
cycline- or anthracycline-taxane–based adjuvant chemother-
apy (19). The method for assessing TILs was based on
Denkert and colleagues (8). Interestingly, they reported that
high level of TILs was associated with a good outcome in
patients with TNBC. For TNBCs with 50% or more TILs
(10.5% of TNBCs), the 5-year DFS was 89% versus 62%
(HR, 0.29; 95% CI, 0.11–0.81; P ¼ 0.018). This parameter
had no value in patients with luminal breast cancer (19).
Thesefindingswere confirmed in a recent analysis of FinnHer
trial (18). Finally, Liu and colleagues have reported that
CD8þ lymphocyte infiltration was a strong favorable prog-
nostic indicator in patients with basal-like breast cancer. In
this latter study, HR for relapse or death was 0.35 (95% CI,
0.23–0.54) in patients with strong CD8þ cell infiltrate (20).
As reported previously, similar findings have been report-

ed in patients with Her2-overexpressing breast cancer trea-
ted with chemotherapy and trastuzumab (18).
Overall, these findings provide evidence that TILs assessed

at baseline, in addition to standard parameters, could stratify
patients with TNBC or Her2-overexpressing breast cancer
into high- or low-risk population. These data have been
obtained using retrospective analysis of patients included in
prospective large randomized trials. Several additional data
fromcohortsofpatients treatedwith last-generationadjuvant
regimens, together with a prospective study, are needed

before starting to implement this parameter in the context
of prospective clinical trials as an inclusion criterion to select
high risk TNBC or HER2-positive breast cancer.

Interestingly, in the previously mentioned studies,
the TILs assessed at baseline were not helpful in identi-
fying a population of poor prognosis luminal breast
cancer. Nevertheless, this specific question requires more
specific investigation in the future, especially in patients
with postchemotherapy infiltrates.

Biologic nature of TILþ TNBC and HER2-positive
breast cancer

As previously shown, there is increased evidence that
TILþTNBCandTILþHER2-positive breast cancer represent
specific entities with good outcome and high sensitivity to
chemotherapy or trastuzumab. Little is known about the
molecular characteristics of TILþ breast cancers. Two ques-
tions need to be addressed in this field. First, what is the
phenotype of lymphocytes? Second, what are the genomic
characteristics of TILþ tumors?

In the pioneering study by Denkert and colleagues, TILs
were reported to be both CD3þ (T lymphocytes) and
CD20þ (B-lymphocytes) cells (8). Recent works have
allowed better understanding about the nature of TILs.
Ruffell and colleagues have reported that TILs consistmainly
in CD3þ/CD56� T cells, and that a minority of TILs
consisted in NK cells or B lymphocytes. In this report, the
vast majority of CD3þ cells were either CD4þ or CD8þ
T cells. These latter cells did not express Granzyme B,
suggesting that they did not present activation status at
baseline. Interestingly, CD8þ cells turned to express Gran-
zyme B after exposure to neoadjuvant chemotherapy in one-
third of the patients. Finally, a minority of TILs were NK
T cells (NKT), a population that combines T and NK cell
characteristics (21). Overall, these data suggest that TILs are
represented mainly by nonactivated T cells. Exposure to
chemotherapy induced activation of these TILs in a signif-
icant proportion of cases. Unfortunately, there is no large
study that investigates the clinical implications of aminority
population, including NKT and NK cells. This is related to
the lack of appropriate tools to assess these cells, the lack of a
homogenous method for quantification, and lack of a large
series. Finally, little is known about the T-cell receptor
repertoire of TIL. Several studies have suggested that T-cell
receptor repertoire is directed against tumor clones (22).

If we hypothesize that TILs are mediating tumor protec-
tion, one challenge in the field will be to understand which
molecularmechanisms lead to lymphocyte infiltration, and
how to change a TIL� tumor into a TILþ tumor. To address
these questions, there is a need to understand what the
genomic characteristics of TILþ cancers are. TILs have been
correlated with CXCL9 and CXCL13 expression by the
tumor. Little is known about the mechanisms that lead to
chemokine release by tumors (8). Dedeurwader and col-
leagues have suggested that TILþ tumors present a specific
methylation pattern on immune-related genes including
CCL5 (23). Further investigations are needed to better
understand whether methyltransferase and histone
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deacetylases (HDAC) could regulate immune infiltration.
Other mechanisms of chemokine release have been
described. Andre and colleagues have shown that a cluster
of chemokines is lost in a subset of breast cancers (24).
Finally, it has been described that targeting TLR at the
surface of cancer cells could induce chemokine release and
lymphocyte attraction (25). Overall, preliminary studies
suggest that regulation of chemokine release by cancer cells
could be modulated. Further studies should investigate
whether HDAC inhibitor, TLR-L, could change a TIL�
tumor into a TILþ cancer.

A specific case: the tumor infiltration by regulatory
T cells

Regulatory T cells (Treg) mediate tumor suppression
and tumor growth. These cells are characterized by expres-
sion ofCD4,CD25, and FoxP3. Severalworks have reported
that Treg could be associated with worse prognosis in
patients with early breast cancer (26, 27). Interestingly,
cytotoxic agents could modulate Treg infiltrations. As an
illustration, Ladoire and colleagues have shown that che-
motherapy decreases FoxP3 infiltration and that such
decrease correlates with good outcome (28).

Involvement of immune system in treatment response
for other cancer types

As previously mentioned, the immune system plays a
major role in treatment efficacy. Although the article focuses
onbreast cancer, evidence of the involvement of the immune
system in drug efficacy has been reported in other tumor
types. Liu and colleagues (29) have suggested that the level
of CD8/foxP3 infiltration could predict the efficacy of neo-
adjuvant cisplatin-based chemotherapy. Similar findings
were reported in colorectal cancer in which Halama and
colleagues (30) have shown that TILs predicted sensitivity
to chemotherapy in themetastatic setting. Finally, in the field
of targeted agents, Imatinib has been reported to mediate
part of its activity via the activation of NK cells (5).

Conclusion:What are the implications in terms of drug
development?

These new findings could have two major impacts in
drug development for breast cancer. First, if the prognostic
value of TILs is confirmed in TNBC and HER2-positive
breast cancers, one could suggest that future prospective
clinical trials stratify outcome data by these factors.

The second implication of such findings relates to the
development of immune strategies in breast cancer. Three
strategies could be developed. First, considering results
obtained in other tumor types, there is a strong rationale to
develop anti–programmed death 1 (PD1) or anti–pro-
grammed death 1 ligand (PDL1) antibodies in breast cancers
(31, 32). PD1 is a T-cell receptor that inhibits antitumor
immune response. By administering anti-PD1 (or anti-PDL1)
antibodies, it is expected to activate the immune system,
previously inhibited by tumor cell. Preclinical studies have
already shownamajor synergismbetween PD1 antibody and
trastuzumab in preclinical models (13). In addition to PDL1,

such studies should stratify breast cancer patients based on
TILs. Indeed, there is a need to better understand whether
drugs targeting immune checkpoints activate in situ lympho-
cytes or induce lymphocyte attraction in the tumor bed. In
this regard, the preoperative breast cancer model is very
appropriate and could addknowledge to thefield. The second
strategy could consist of changing a TIL� tumor into a TILþ
tumor. Ligands for TLR have been shown to mediate chemo-
kine release by cancer cells and lymphocyte attraction. Several
compounds are being investigated (33). Finally, tumor vac-
cines could be developed as in other cancer types (34).

Overall, there is increasingevidence thatTILþbreast cancers
present specific features that could have specific clinical impli-
cations. First, a large body of evidence frompopulation-based
studies or randomized trials suggests that TILþ TNBC and
TILþ HER2-positive breast cancer present a good prognosis.
These robust data have beenobtained in independent cohorts
from independent teams. Theywill needadditional validation
using a prospective trial before implementation. Interestingly,
a study has evaluated the prognostic role of gene expression
modules related to key biologic processes in breast cancer. In
this analysis, the immune response-related signature was
significantly associated with a worse clinical outcome in both
the HER2-positive and ER-negative/HER2-negative subtypes
(35). The first implication could be to use TILs as inclusion
criteria in large adjuvant trials that include TNBC or HER2-
positive breast cancer. The second prognostic implication
relates to the potentially good prognosis of patients whowere
TIL� at baseline, but became TILþ after neoadjuvant therapy.
These data have been obtained in several small retro-
spective studies that can only be considered hypothesis gen-
erating. Nevertheless, if these data are confirmed, they could
be used to better stratify which patients should be included in
postneoadjuvant trials. Finally, the information that TIL pos-
itivity is associated with good outcome is an argument
to develop immune strategies in breast cancers. The most
robust data in the preclinical setting suggest combining anti-
PD1 and anti-HER2 antibodies. The testing of these trials
should include both patients with TILþ/high tumor burden
and TIL� tumors.
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