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Abstract

Introduction: We have recently described an increased lymphocytic infiltration rate in breast carcinoma tissue is a
significant response predictor for anthracycline/taxane-based neoadjuvant chemotherapy (NACT). The aim of this study was
to prospectively validate the tumor-associated lymphocyte infiltrate as predictive marker for response to anthracycline/
taxane-based NACT.

Patients and Methods: The immunological infiltrate was prospectively evaluated in a total of 313 core biopsies from HER2
negative patients of the multicenter PREDICT study, a substudy of the neoadjuvant GeparQuinto study. Intratumoral
lymphocytes (iTuLy), stromal lymphocytes (strLy) as well as lymphocyte-predominant breast cancer (LPBC) were evaluated
by histopathological assessment. Pathological complete response (pCR) rates were analyzed and compared between the
defined subgroups using the exact test of Fisher.

Results: Patients with lymphocyte-predominant breast cancer (LPBC) had a significantly increased pCR rate of 36.6%,
compared to non-LPBC patients (14.3%, p,0.001). LPBC and stromal lymphocytes were significantly independent predictors
for pCR in multivariate analysis (LPBC: OR 2.7, p = 0.003, strLy: OR 1.2, p = 0.01). The amount of intratumoral lymphocytes was
significantly predictive for pCR in univariate (OR 1.2, p = 0.01) but not in multivariate logistic regression analysis (OR 1.2,
p = 0.11).

Conclusion: Confirming previous investigations of our group, we have prospectively validated in an independent cohort
that an increased immunological infiltrate in breast tumor tissue is predictive for response to anthracycline/taxane-based
NACT. Patients with LPBC and increased stromal lymphocyte infiltration have significantly increased pCR rates. The
lymphocytic infiltrate is a promising additional parameter for histopathological evaluation of breast cancer core biopsies.

Citation: Issa-Nummer Y, Darb-Esfahani S, Loibl S, Kunz G, Nekljudova V, et al. (2013) Prospective Validation of Immunological Infiltrate for Prediction of Response
to Neoadjuvant Chemotherapy in HER2-Negative Breast Cancer – A Substudy of the Neoadjuvant GeparQuinto Trial. PLoS ONE 8(12): e79775. doi:10.1371/
journal.pone.0079775

Editor: Sharon A. Glynn, National University of Ireland Galway, Ireland

Received March 27, 2013; Accepted October 4, 2013; Published December 2, 2013

Copyright: � 2013 Issa-Nummer et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This project has been supported by a grant from the German Ministry of Research (BMBF, Neo-Predict project, number 01ES0725). The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: RK is employed by Sividon Diagnostics and FO is employed by Oncologianova. This does not alter the authors’ adherence to the PLOS
ONE policies on sharing data and materials.

* E-mail: Sibylle.Loibl@germanbreastgroup.de

Introduction

Primary systemic therapy is the treatment of choice in locally

advanced breast cancer. Besides the well-established adjuvant

therapy regimens neoadjuvant chemotherapy (NACT) is in-

creasingly used in patients with operable cancers [1,2]. While

NACT of early stages of breast cancer leads to high clinical

response rates [3,4], a pathological complete remission (pCR) is
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achieved in only one-fourth of the patients, with variable rates

in different subtypes.

The adaptive immune system is thought to play an important

role in suppressing the progression of malignant cancers [5–9].

The presence of infiltrating lymphocytes within the tumor tissue

has been shown for numerous tumor entities and high lymphocyte

infiltration rates correlated with improved outcome [10–13]. For

breast cancer patients older than 40 years a high degree of

infiltrating lymphocytes was correlated with increased survival

[14]. In rapidly proliferating breast cancer tissues, a lymphocytic

infiltrate demonstrated to be an independent predictive indicator

for recurrence-free survival [15]. Furthermore, we and others have

shown that a high lymphocyte infiltration is predictive for response

to NACT in breast cancer patients [16–19].

Using core biopsies of untreated breast carcinomas for the

analysis of predictive markers, NACT regimen can be used as in

vivo chemotherapy-sensitivity test with pCR as indicator of

beneficial outcome from chemotherapy [20]. In previous retro-

spective investigations we could demonstrate that an increased

immunological infiltrate is predictive for response after anthracy-

cline/taxane NACT. We showed that lymphocyte-predominant

breast cancer (LPBC), defined as tumors with .60% lymphocyte

infiltrate of either stromal (strLy) or intratumoral (iTuLy)

lymphocytes had a significantly increased pCR rate after NACT

[16]. Using pretherapeutic core biopsies of HER2 negative

patients randomized for the PREDICT study, a substudy of the

neoadjuvant GeparQuinto trial, we prospectively analysed the

immunological infiltration rate as independent predictor for

response to NACT.

Methods

Study Population
A total of 313 FFPE primary tumor core biopsies were

evaluated in the prospective PREDICT study, a substudy of the

GeparQuinto trial. The GeparQuinto trial (NCT 00567554) was a

prospective, randomized, open label, multicentre phase III trial

program exploring the integration of Bevacizumab, Everolimus

(RAD001) and Lapatinib into current neoadjuvant chemotherapy

regimes for primary breast cancer. Chemotherapy consisted of 4

cycles of epirubicine, cyclophosphamide followed by taxane. The

PREDICT study was designed as a substudy of GeparQuinto for

prospective validation of molecular biomarkers in HER2 negative

tumors in the neoadjuvant setting. Only HER2-negative patients

in setting 1 that did not receive Bevacizumab were included in the

PREDICT study. 93 centers (of a total of 127 GeparQuinto

centers) have participated in the Predict substudy and have

provided tumor samples in parallel to the randomization. Ever-

olimus was administered to the non-responders in a second

randomization, at that time the lymphocyte analysis had already

been performed. 37 patients investigated for lymphocyte param-

eters were randomized to the Everolimus arm of GeparQuinto.

Written informed consent for use of biomaterials was obtained

from all patients, ethic committee approval was obtained for all

centres participating in the clinical study and from the institutional

review board of the Charité hospital.

Data analysis approach
All clinical data, including the immunohistochemical data on

estrogen receptor, progesterone receptor and HER2 status were

extracted from the clinical study databases and represent the local

assessment. This was predefined in the prospective statistical

analysis plan for the PREDICT study.

Tumor samples and inclusion criteria
All samples were formalin-fixed, paraffin-embedded prether-

apeutic core biopsies collected before randomization, with written

informed consent. Samples were stored in the GBG tumor bank at

the Institute of Pathology, Charité Hospital, Berlin, Germany.

The following inclusion criteria were used: 1) HER2 negative

patients that were randomized to setting 1 of GeparQuinto and

did not receive Bevacizumab, 2) available primary tumor sample

for biomarker analysis, 3) available data on pathological complete

Figure 1. CONSORT statement and workflow of the PREDICT study. EC-T, epirubicin/cyclophosphamid followed by docetaxel; Pts, patients;
pCR, pathologic complete response.
doi:10.1371/journal.pone.0079775.g001
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response (pCR). pCR was defined as the absence of residual

invasive tumor cells in breast and lymph nodes (ypT0/is, ypN0).

Sample preparation and immunological infiltration
evaluation

Tissue samples were fixed in neutrally buffered formalin. From

each paraffin block, a 2 mm section was prepared and stained with

haematoxylin and eosin (H&E). Only samples with a proportion of

tumor tissue of at least 30% of the whole tissue area were included

in the analysis. Stromal Lymphocytes, intratumoral lymphocytes

as well as LPBC were defined as previously described in Appendix

Table A1 (online only) of [16], with one slight difference: Tumors

with $60% intratumoral or stromal lymphocytes were designated

as LPBC, this definition was more practical for routine assessment.

Intratumoral lymphocytes (iTu-Ly) were defined as intraepithe-

lial mononuclear cells within tumor cell nests or in direct contact

with tumor cells. They were reported as the percentage of the

tumor epithelial nests that contain infiltrating lymphocytes.

Stromal lymphocytes (str-Ly) were defined as the percentage of

the tumor stroma area that contains a lymphocytic infiltrate

without direct contact to tumor cells. The lymphocyte-predomi-

nant breast cancer (LPBC) was defined as tumors with either

intratumoral lymphocytes in $60% of tumor cell nests or

lymphocytes in $60% of the stromal area.

In this study the TILs were evaluated by only one pathologist.

The interobserver variability for this evaluation has been tested by

our group in the previous study, with a kappa score of 0.61 [16].

Statistical analysis
Statistical analysis was performed using SAS 9.2 under SAS

Enterprise Guide 4.3 (SAS Institute Inc., Cary, NC, USA). pCR

rates were reported in subgroups defined by binary parameters

(LPBC and clinical) and compared between subgroups using exact

test of Fisher. The probability of pCR as a function of

immunological parameters was determined by univariate logistic

regression analysis. The multivariate logistic regression was used to

adjust analysis for the known clinical parameters having influence

on pCR.

Results

Baseline clinical data
An independent prospective validation was performed in the

PREDICT study, a substudy of the GeparQuinto trial. The

CONSORT statement and workflow of the tumor samples are

described in Figure 1. Between 9/2009 and 10/2010 a total of

n = 313 HER2 negative patients were evaluated prospectively.

Parallel to randomization, a FFPE tissue sample was sent to the

central pathology laboratory by the site. The immunological

infiltrate with the three parameters iTuLy, strLy and LPBC was

evaluated in H&E sections. Histopathological results were sent as a

report to the central trial office. The baseline characteristics of the

patients are shown in Table 1. The rate of pCR, defined as the

absence of residual invasive tumor cells in breast and lymph nodes,

was 20.1% (63 of 313 patients, table 1). A total of 26.2% (82 of 313

patients) of all samples were classified as LPBC.

Prospective evaluation of the immunological infiltrate in
the GeparQuinto PREDICT substudy

High-grade tumors had a significantly increased pCR rate of

30.9% compared to the group of G1–G2 tumors with a pCR rate

Table 1. Baseline characteristics of the PREDICT cohort.

Characteristic
PREDICT prospective validation
cohort No. (%)

No. of samples 313

Age group

,50 years 177 (56.5)

$50 years 136 (43.5)

Tumor type

ductal/other 278 (88.8)

lobular 34 (10.9)

missing 1 (0.3)

Tumor grade

G1–G2 177 (56.5)

G3 136 (43.5)

ER/PR* Status

ER2/PR2 104 (33.2)

ER+ and/or PR+ 209 (66.8)

HER2 status

HER2 negative 313 (100)

HER2 positive 0 (0)

Clinical tumor stage

cT1–cT2 267 (85.3)

cT3–cT4 46 (14.7)

Clinical nodal status

cN0 132 (42.2)

cN+ 170 (54.3)

missing 11 (3.5)

LPBC status

negative 231 (73.8)

positive 82 (26.2)

Pathological response

no pCR 250 (79.9)

pCR 63 (20.1)

*Abbreviations: ER: estrogen receptor; PR progesterone receptor:
LPBC: lymphocyte predominant breast cancer,
pCR: pathological complete response.
doi:10.1371/journal.pone.0079775.t001

Table 2. Evaluation of pathological complete response (pCR)
to neoadjuvant chemotherapy.

PREDICT study cohort n pCR (%) p-value*

iTuLy (continuous) per 10% 313 - -

strLy (continuous) per 10% 313 - -

LPBC (pos. vs. neg.) 313 36.6 vs. 14.3 ,0.001

HR status (ER2/PR2 vs. any+) 313 36.5 vs. 12.0 ,0.001

Age group (,50 vs. $50 years) 313 22.0 vs. 17.6 0.4

Tumor type (ductal/other vs. lobular) 312** 21.9 vs. 2.9 0.01

Tumor grade (G3 vs. G1–G2) 313 30.9 vs. 11.9 ,0.001

Tumor stage (cT1–2 vs. cT3–4) 313 21.7 vs. 10.9 0.11

Clinical nodal status (cN0 vs. cN+) 313 26.5 vs. 15.3 0.02

*p-values: Fisher’s exact test, 2-sided.
**one tumor type was missing.
doi:10.1371/journal.pone.0079775.t002
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of 11.9% (G3 vs. G1–G2 30.9% vs. 11.9%, p,0.001). Hormone

receptor negative tumors showed a significant increase of pCR

rate (ER2/PR2 vs. any+ 36.5% vs. 14.3%, p,0.001). The pCR

rate of invasive ductal carcinomas was 21.9%, compared to 2.9%

for invasive lobular tumors (p = 0.01). The pCR rate of nodal

negative patients was significantly increased compared to patients

with tumor infiltrated lymph nodes (cN0 vs. cN+ 26.5% vs. 15.3%,

p = 0.02). The evaluation of tumor stage (cT1–2 vs. cT3–4) and

age of the patients (,50 vs. $50 years) showed no significant

influence on the pCR rates after NACT (Table 2).

The group of lymphocyte-positive breast cancer (LPBC) had a

significantly increased pCR rate of 36.6%, whereas non-LPBC

tumors had a pCR rate of 14.3% (LPBC pos. vs. neg. 36.6% vs.

14.3%, p,0.001).

Table 3 shows the association between LPBC and clinical

parameters, LPBC was significantly increased in the hormone

receptor negative groups and in high grade tumors.

In logistic regression analysis (Table 4), all three immunological

parameters (iTuLy, strLy and LPBC) were significant independent

parameters for pCR in univariate analysis per 10% increase in

lymphocytic infiltrate (iTuLy OR 1.2, 95% CI 1.1–1.5, p = 0.01;

strLy OR 1.2, 95% CI 1.1–1.4, p,0.001; LPBC OR 3.5, 95% CI

1.9–6.2, p,0.001). Other independent parameters in univariate

analysis were negative hormone receptor status (OR 4.2, 95% CI

2.4–7.6, p,0.001), tumor grade (G3 vs. G1–G2, OR 3.3, 95% CI

1.9–6.0, p,0.001) and negative nodal status (OR 2.0 CI 95% 1.1–

3.5, p = 0.02).

The multivariate analysis revealed LPBC and increased stromal

lymphocytes (strLy) as significant independent predictors for pCR

with an OR of 2.7 (95% CI 1.4–5.2, p = 0.003) and OR of 1.2

(95% CI 1.0–1.3, p = 0.01), respectively. The presence of

intratumoral lymphocytes (iTuLy) was no significant independent

parameter for pCR in multivariate analysis (OR 1.2, 95% CI

0.97–1.4, p = 0.11). Another significant independent parameter in

multivariate testing was a negative hormone receptor status

(p,0.05, table 4).

In an exploratory analysis, we have analyzed the pCR rate

according to hormone receptor status: In our cohort, HR positive

tumors had a pCR rate of 12%, while HR negative tumors had a

pCR rate of 36.5%. In HR positive tumors (n = 209), the pCR rate

for LPBC was increased to 28.2% (11 pCRs of 39 tumors), while it

was only 8.2% (14 pCRs of 170 tumors) for non-LPBC tumors

(p = 0.002, Fisher test 2-sided). For the HR negative tumors

(n = 104) the pCR rate was increased to 44.2.% for LPBC,

compared to 31.1% for non-LPBC (p = 0.22, Fisher test).

Discussion

Previous data from our group demonstrated that the degree of

lymphocyte infiltration can be used as a continuous predictive

factor for response to NACT. Tumors with a particular strong

lymphocytic infiltrate, designated LPBC, had a significantly

increased pCR rate compared to tumors with low lymphocyte

infiltration [16]. In this study we could verify this finding in an

independent, prospectively assessed cohort. LPBC and increased

stromal lymphocytes were as significant independent predictors for

pCR in multivariate analysis. However, the presence of iTuLy was

significant for pCR only in univariate but not in multivariate

logistic regression analysis. It should be noted that our investiga-

tion was performed on core biopsies and that evaluation of the

immunological infiltrate could be different in large tumor sections.

Furthermore, this infiltrate is a continuous parameter reflecting a

biological characteristic. The designation LPBC just refers to the

extreme variant of this continuous parameter. LPBC can therefore

be used as a working category to facilitate diagnostic assessment.

In our study the pCR rate was significantly increased in our cohort

only in the HR positive subset. The non-significant increase in HR

negative tumors could be due to the smaller size of this group and

the already comparably high pCR rates in the non-LPBC tumors.

Table 3. Association of LPBC status with clinical parameters.

LPBC negative (n, %) LPBC positive (n, %) p-value*

HR status ,0.001

negative (ER2/PR2) 66 (63.5) 38 (36.5)

positive (any+) 184 (88.0) 25 (12.0)

Age group 0.394

,50 years 138 (78.0) 39 (22.0)

$50 years 112 (82.4) 24 (17.6)

Tumor type 0.006

ductal/other 217 (78.1) 61 (21.9)

lobular 33 (97.1) 1 (2.9)

Tumor grade ,0.001

G1–G2 156 (88.1) 21 (11.9)

G3 94 (69.1) 42 (30.9)

Tumor stage 0.111

cT1–2 209 (78.3) 58 (21.7)

cT3–4 41 (89.1) 5 (10.9)

Clinical nodal status (vs. 0.020

cN0 97 (73.5) 35 (26.5)

cN+ 144 (84.7) 26 (15.3)

*p-value: two-sided Fisher test.
doi:10.1371/journal.pone.0079775.t003
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As we did not perform a survival analysis, the prognostic effect of

TILs cannot be evaluated in our study.

There are several distinct mechanisms of the tumor-immune

interaction in response to chemotherapy that may be considered

for our results. Chemotherapy can increase the susceptibility of

tumor cells to lysis by cyctotoxic CD8+ T cells mediated by DNA-

damaging agents such as cyclophosphamide [21]. Low doses of

cyclophosphamide were demonstrated to selectively reduce

circulating regulatory T cells (Treg cells) but restore T cell and

natural killer (NK) cell functions [22]. Anthracycline-treated

tumor cells are particularly effective in eliciting an anti-tumor

immune response. Data from Ladoire et al. (2008) showed that a

systemic anthracycline-based NACT in early-stage breast cancer

patients resulted in a decreased infiltration of Treg cells whereas

the level of CD8+ T cell infiltration remained unchanged in

complete responders [23]. Furthermore, taxanes can stimulate the

proliferation of T cells and the cytolytic activity of NK cells in

adjuvant treated breast cancer patients [24]. In the GeparQuinto

trial all patients had received an anthracycline/cyclophosphamide-

based regimen followed by paclitaxel treatment. Our previous

retrospective analysis investigated differently treated cohorts from

the GeparDuo and GeparTrio trials that received three different

major therapy regimens but still demonstrated similar immuno-

logical effects [16,25,26]. Taken together with our here demon-

strated results this fosters the hypothesis that additionally to the

directly induced stimulating effects of one or more chemothera-

peutic reagents a subsequent immunological reaction may be

induced by the destruction of tumor cells and release of specific

tumor-associated antigens [27].

The large group of infiltrating lymphocytes can encompass T

cells as well as B cells with their respective different subgroups. It is

known that the composition of the immune infiltrate can influence

the prognostic and/or predictive impact in different tumor types

including breast carcinoma [28–31]. Several studies reported that

cytotoxic CD8+ T cells and T helper CD4+ T cells infiltrated in the

tumor tissue lead to a reduction of the tumor growth [32]. In

contrast, CD4+CD25highFoxP3+ regulatory T cells (Treg cells) can

stimulate tumor growth [33,34]. Mahmoud et al. (2011) investi-

gated the predictive impact of tumor-infiltrated cytotoxic CD8+ T

cells on the clinical outcome in 1334 breast cancer patients. The

authors demonstrated that the rate of tumor-infiltrating cytotoxic

CD8+ T cells significantly correlates with improved clinical

outcome [31]. Treg cells are thought to modulate the anti-tumor

immune response by suppressing the activity of cytotoxic CD8+ T

cells through direct cell-cell contact and/or secretion of trans-

forming growth factor b (TGFb). High infiltration rates of Treg

cells were found in the peripheral blood as well as in the tumor

tissue in a variety of tumors including breast cancer [35,36]. A

correlation of a high Treg cell infiltration in breast tumor tissue

with worse outcome for the patients was demonstrated by different

authors [37,38]. Furthermore, Bates et al. (2006) showed that high

numbers of tumor-infiltrating Treg cells is an independent

prognostic factor for shorter recurrence-free survival and overall

survival in patients with ER+ breast cancers [39].

Increased levels of mature B cells can be located in secondary

lymphoid tissues as well as in the tumor tissue of different tumor

entities including breast cancer [40–42]. Although the role of

tumor-infiltrating B cells is still not clear, it is suggested that

activated B cells may contribute to an anti-tumor immune

response by secretion of antigen-specific antibodies, induction of

innate immune cells (e.g. M1 tumor-associated macrophages),

release of distinct cytokines (e.g. IL-6) and activation of

complement cascades [13,43]. Activated B cells can also function

as antigen-presenting cells to induce tumor-specific cytotoxic T
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cells and therefore contribute to cellular immunity [43,44].

Moreover, it is claimed that tumor-infiltrating B cells possibly

activate humoral immunity within the tumor tissue by the

induction of an antibody response against tumor-associated

antigens [45–48]. Recently, Mahmoud et al. (2011) revealed in a

large study of 1470 primary invasive breast cancer tissues that high

numbers of tumor-infiltrating B cells correlated with a good

prognosis for the patients [49]. Furthermore, an analysis of gene

expression patterns of 200 node-negative breast tumor patients

identified a positive association of tumor-infiltrating B cells with

the survival of the patients [50].

In our current data we evaluated the lymphocytic tumor-

infiltrate without further identification of the subgroups of the

different T and B cell subpopulations. Nevertheless, our previous

investigation analyzed immunohistochemically the composition of

the lymphocytic infiltrate consisting of CD20 positive B cells and

CD3 positive T cells [16]. As described, the different lymphocytic

patterns of T and B cells subpopulations could play an important

role in the tumor evasion strategy based on the immune status. It is

implicated that besides the directly induced effects of chemother-

apeutic reagents the cellular immune response as well as the

adaptive humoral immune answer may have an additional effect

in anti-tumor response in the LPBC and strLy subgroups.

Therefore the impact on the response to NACT of breast cancer

patients may be beneficial. To verify this hypothesis further

investigation is needed. A further stratification of the different

lymphocyte subpopulations might increase the accuracy for

prediction to response to NACT.

In conclusion, we show in a prospectively evaluation that

tumor-associated lymphocyte infiltration in breast carcinoma

tissue is a predictor for response to NACT. Confirming our

previous data, we demonstrated that an increased lymphocytic

infiltration rate is predictive for response to anthracycline/taxane-

based NACT. Our findings suggest that the comparably simple

evaluation of tumor-associated lymphocytes in H&E sections could

be used as an additional parameter to define a group of patients

that might benefit from NACT.

Acknowledgments

We would like to thank Britta Beyer, Lisa Glanz, Martina Komor, Mathias

Uhlig, Sabine Kleinefeld, Judith Prinzler, Nadja Rudath, Marc Roller and

Petra Wachs for their excellent work in the organization of study logistics

and technical assistance in sample preparation.

Author Contributions

Conceived and designed the experiments: SDE SL VN BVS RK MU MD

GvM CD. Performed the experiments: SDE BVS CD. Analyzed the data:

YIN SDE SL GK VN IS BVS HUU RK MJ TK KD FH JB JOH MD FO

PK GvM CD. Contributed reagents/materials/analysis tools: YIN SL GK

IS HUU MJ TK KD MU FH JB JOH FO PK. Wrote the paper: YIN

SDE SL VN BVS RK MD GvM CD.

References

1. Estevez LG, Gradishar WJ (2004) Evidence-based use of neoadjuvant taxane in

operable and inoperable breast cancer. Clin Cancer Res 10: 3249–3261.

10.1158/1078-0432.CCR-03-0133 [doi];10/10/3249 [pii].

2. Kaufmann M, Hortobagyi GN, Goldhirsch A, Scholl S, Makris A, et al.

(2006) Recommendations from an international expert panel on the use of

neoadjuvant (primary) systemic treatment of operable breast cancer: an

update. J Clin Oncol 24: 1940–1949. 24/12/1940 [pii];10.1200/JCO.

2005.02.6187 [doi].

3. Smith IC, Heys SD, Hutcheon AW, Miller ID, Payne S, et al. (2002)

Neoadjuvant chemotherapy in breast cancer: significantly enhanced response

with docetaxel. J Clin Oncol 20: 1456–1466.

4. Fisher B, Bryant J, Wolmark N, Mamounas E, Brown A, et al. (1998) Effect of

preoperative chemotherapy on the outcome of women with operable breast

cancer. J Clin Oncol 16: 2672–2685.

5. Houghton AN, Guevara-Patino JA (2004) Immune recognition of self in

immunity against cancer. J Clin Invest 114: 468–471. 10.1172/JCI22685 [doi].

6. Ichim CV (2005) Revisiting immunosurveillance and immunostimulation:

Implications for cancer immunotherapy. J Transl Med 3: 8. 1479-5876-3-8

[pii];10.1186/1479-5876-3-8 [doi].

7. Smyth MJ, Godfrey DI, Trapani JA (2001) A fresh look at tumor

immunosurveillance and immunotherapy. Nat Immunol 2: 293–299.

10.1038/86297 [doi].

8. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD (2002) Cancer

immunoediting: from immunosurveillance to tumor escape. Nat Immunol 3:

991–998. 10.1038/ni1102-991 [doi];ni1102-991 [pii].

9. Smyth MJ, Dunn GP, Schreiber RD (2006) Cancer immunosurveillance and

immunoediting: the roles of immunity in suppressing tumor development and

shaping tumor immunogenicity. Adv Immunol 90: 1–50. S0065-2776(06)90001-

7 [pii];10.1016/S0065-2776(06)90001-7 [doi].

10. Zhang L, Conejo-Garcia JR, Katsaros D, Gimotty PA, Massobrio M, et al.

(2003) Intratumoral T cells, recurrence, and survival in epithelial ovarian

cancer. N Engl J Med 348: 203–213. 10.1056/NEJMoa020177 [doi];348/3/

203 [pii].

11. Zitvogel L, Casares N, Pequignot MO, Chaput N, Albert ML, et al. (2004)

Immune response against dying tumor cells. Adv Immunol 84: 131–179.

10.1016/S0065-2776(04)84004-5 [doi];S0065277604840045 [pii].

12. Pages F, Berger A, Camus M, Sanchez-Cabo F, Costes A, et al. (2005) Effector

memory T cells, early metastasis, and survival in colorectal cancer. N Engl J Med

353: 2654–2666. 353/25/2654 [pii];10.1056/NEJMoa051424 [doi].

13. Denardo DG, Coussens LM (2007) Inflammation and breast cancer. Balancing

immune response: crosstalk between adaptive and innate immune cells during

breast cancer progression. Breast Cancer Res 9: 212. bcr1746 [pii];10.1186/

bcr1746 [doi].

14. Menard S, Tomasic G, Casalini P, Balsari A, Pilotti S, et al. (1997) Lymphoid

infiltration as a prognostic variable for early-onset breast carcinomas. Clin

Cancer Res 3: 817–819.

15. Aaltomaa S, Lipponen P, Eskelinen M, Kosma VM, Marin S, et al. (1992)

Lymphocyte infiltrates as a prognostic variable in female breast cancer.

Eur J Cancer 28A: 859–864.

16. Denkert C, Loibl S, Noske A, Roller M, Muller BM, et al. (2010) Tumor-

associated lymphocytes as an independent predictor of response to neoadjuvant

chemotherapy in breast cancer. J Clin Oncol 28: 105–113. JCO.2009.23.7370

[pii];10.1200/JCO.2009.23.7370 [doi].

17. Hornychova H, Melichar B, Tomsova M, Mergancova J, Urminska H, et al.

(2008) Tumor-infiltrating lymphocytes predict response to neoadjuvant chemo-

therapy in patients with breast carcinoma. Cancer Invest 26: 1024–1031.

906934442 [pii];10.1080/07357900802098165 [doi].

18. Gianni L, Zambetti M, Clark K, Baker J, Cronin M, et al. (2005) Gene

expression profiles in paraffin-embedded core biopsy tissue predict response

to chemotherapy in women with locally advanced breast cancer. J Clin

Oncol 23: 7265–7277. JCO.2005.02.0818 [pii];10.1200/JCO.2005.02.0818

[doi].

19. Ono M, Tsuda H, Shimizu C, Yamamoto S, Shibata T, et al. (2011) Tumor-

infiltrating lymphocytes are correlated with response to neoadjuvant chemo-

therapy in triple-negative breast cancer. Breast Cancer Res Treat. 10.1007/

s10549-011-1554-7 [doi].

20. Rastogi P, Anderson SJ, Bear HD, Geyer CE, Kahlenberg MS, et al. (2008)

Preoperative chemotherapy: updates of National Surgical Adjuvant Breast and

Bowel Project Protocols B-18 and B-27. J Clin Oncol 26: 778–785. 26/5/778

[pii];10.1200/JCO.2007.15.0235 [doi].

21. van der Most RG, Currie AJ, Cleaver AL, Salmons J, Nowak AK, et al. (2009)

Cyclophosphamide chemotherapy sensitizes tumor cells to TRAIL-dependent

CD8 T cell-mediated immune attack resulting in suppression of tumor growth.

PLoS One 4: e6982. 10.1371/journal.pone.0006982 [doi].

22. Ghiringhelli F, Menard C, Puig PE, Ladoire S, Roux S, et al. (2007)

Metronomic cyclophosphamide regimen selectively depletes CD4+CD25+
regulatory T cells and restores T and NK effector functions in end stage cancer

patients. Cancer Immunol Immunother 56: 641–648. 10.1007/s00262-006-

0225-8 [doi].

23. Ladoire S, Arnould L, Apetoh L, Coudert B, Martin F, et al. (2008) Pathologic

complete response to neoadjuvant chemotherapy of breast carcinoma is

associated with the disappearance of tumor-infiltrating foxp3+ regulatory T

cells. Clin Cancer Res 14: 2413–2420. 14/8/2413 [pii];10.1158/1078-

0432.CCR-07-4491 [doi].

24. Carson WE, III, Shapiro CL, Crespin TR, Thornton LM, Andersen BL (2004)

Cellular immunity in breast cancer patients completing taxane treatment. Clin

Cancer Res 10: 3401–3409. 10.1158/1078-0432.CCR-1016-03 [doi];10/10/

3401 [pii].

25. von Minckwitz G, Raab G, Caputo A, Schutte M, Hilfrich J, et al. (2005)

Doxorubicin with cyclophosphamide followed by docetaxel every 21 days

compared with doxorubicin and docetaxel every 14 days as preoperative

treatment in operable breast cancer: the GEPARDUO study of the German

LPBC and Response to Neoadjuvant Chemotherapy

PLOS ONE | www.plosone.org 6 December 2013 | Volume 8 | Issue 12 | e79775



Breast Group. J Clin Oncol 23: 2676–2685. 23/12/2676 [pii];10.1200/

JCO.2005.05.078 [doi].

26. von Minckwitz G, Kummel S, Vogel P, Hanusch C, Eidtmann H, et al. (2008)

Neoadjuvant vinorelbine-capecitabine versus docetaxel-doxorubicin-cyclophos-

phamide in early nonresponsive breast cancer: phase III randomized GeparTrio

trial. J Natl Cancer Inst 100: 542–551. djn085 [pii];10.1093/jnci/djn085 [doi].

27. Menard C, Martin F, Apetoh L, Bouyer F, Ghiringhelli F (2008) Cancer

chemotherapy: not only a direct cytotoxic effect, but also an adjuvant for

antitumor immunity. Cancer Immunol Immunother 57: 1579–1587. 10.1007/

s00262-008-0505-6 [doi].

28. Sato E, Olson SH, Ahn J, Bundy B, Nishikawa H, et al. (2005) Intraepithelial

CD8+ tumor-infiltrating lymphocytes and a high CD8+/regulatory T cell ratio

are associated with favorable prognosis in ovarian cancer. Proc Natl Acad

Sci U S A 102: 18538–18543. 0509182102 [pii];10.1073/pnas.0509182102

[doi].

29. Rody A, Holtrich U, Pusztai L, Liedtke C, Gaetje R, et al. (2009) T-cell

metagene predicts a favorable prognosis in estrogen receptor-negative and

HER2-positive breast cancers. Breast Cancer Res 11: R15. bcr2234

[pii];10.1186/bcr2234 [doi].

30. Hiraoka K, Miyamoto M, Cho Y, Suzuoki M, Oshikiri T, et al. (2006)

Concurrent infiltration by CD8+ T cells and CD4+ T cells is a favourable

prognostic factor in non-small-cell lung carcinoma. Br J Cancer 94: 275–280.

6602934 [pii];10.1038/sj.bjc.6602934 [doi].

31. Mahmoud SM, Paish EC, Powe DG, Macmillan RD, Grainge MJ, et al. (2011)

Tumor-infiltrating CD8+ lymphocytes predict clinical outcome in breast cancer.

J Clin Oncol 29: 1949–1955. JCO.2010.30.5037 [pii];10.1200/

JCO.2010.30.5037 [doi].

32. Zitvogel L, Kepp O, Kroemer G (2011) Immune parameters affecting the

efficacy of chemotherapeutic regimens. Nat Rev Clin Oncol 8: 151–160.

nrclinonc.2010.223 [pii];10.1038/nrclinonc.2010.223 [doi].

33. Disis ML (2010) Immune regulation of cancer. J Clin Oncol 28: 4531–4538.

JCO.2009.27.2146 [pii];10.1200/JCO.2009.27.2146 [doi].

34. Pages F, Galon J, Dieu-Nosjean MC, Tartour E, Sautes-Fridman C, et al. (2010)

Immune infiltration in human tumors: a prognostic factor that should not be

ignored. Oncogene 29: 1093–1102. onc2009416 [pii];10.1038/onc.2009.416

[doi].

35. Liyanage UK, Moore TT, Joo HG, Tanaka Y, Herrmann V, et al. (2002)

Prevalence of regulatory T cells is increased in peripheral blood and tumor

microenvironment of patients with pancreas or breast adenocarcinoma.

J Immunol 169: 2756–2761.

36. Gobert M, Treilleux I, Bendriss-Vermare N, Bachelot T, Goddard-Leon S, et al.

(2009) Regulatory T cells recruited through CCL22/CCR4 are selectively

activated in lymphoid infiltrates surrounding primary breast tumors and lead to

an adverse clinical outcome. Cancer Res 69: 2000–2009. 0008-5472.CAN-08-

2360 [pii];10.1158/0008-5472.CAN-08-2360 [doi].

37. Mahmoud SM, Paish EC, Powe DG, Macmillan RD, Lee AH, et al. (2011) An

evaluation of the clinical significance of FOXP3+ infiltrating cells in human
breast cancer. Breast Cancer Res Treat 127: 99–108. 10.1007/s10549-010-

0987-8 [doi].

38. Merlo A, Casalini P, Carcangiu ML, Malventano C, Triulzi T, et al. (2009)
FOXP3 expression and overall survival in breast cancer. J Clin Oncol 27: 1746–

1752. JCO.2008.17.9036 [pii];10.1200/JCO.2008.17.9036 [doi].
39. Bates GJ, Fox SB, Han C, Leek RD, Garcia JF, et al. (2006) Quantification of

regulatory T cells enables the identification of high-risk breast cancer patients

and those at risk of late relapse. J Clin Oncol 24: 5373–5380. 24/34/5373
[pii];10.1200/JCO.2006.05.9584 [doi].

40. Coronella JA, Telleman P, Kingsbury GA, Truong TD, Hays S, et al. (2001)
Evidence for an antigen-driven humoral immune response in medullary ductal

breast cancer. Cancer Res 61: 7889–7899.
41. Coronella-Wood JA, Hersh EM (2003) Naturally occurring B-cell responses to

breast cancer. Cancer Immunol Immunother 52: 715–738. 10.1007/s00262-

003-0409-4 [doi].
42. Marsigliante S, Biscozzo L, Marra A, Nicolardi G, Leo G, et al. (1999)

Computerised counting of tumour infiltrating lymphocytes in 90 breast cancer
specimens. Cancer Lett 139: 33–41. S0304-3835(98)00379-6 [pii].

43. Nelson BH (2010) CD20+ B cells: the other tumor-infiltrating lymphocytes.

J Immunol 185: 4977–4982. 185/9/4977 [pii];10.4049/jimmunol.1001323
[doi].

44. Rodriguez-Pinto D (2005) B cells as antigen presenting cells. Cell Immunol 238:
67–75. S0008-8749(06)00039-6 [pii];10.1016/j.cellimm.2006.02.005 [doi].

45. Denardo DG, Andreu P, Coussens LM (2010) Interactions between lymphocytes
and myeloid cells regulate pro- versus anti-tumor immunity. Cancer Metastasis

Rev 29: 309–316. 10.1007/s10555-010-9223-6 [doi].

46. Punt CJ, Barbuto JA, Zhang H, Grimes WJ, Hatch KD, et al. (1994) Anti-tumor
antibody produced by human tumor-infiltrating and peripheral blood B

lymphocytes. Cancer Immunol Immunother 38: 225–232.
47. Hansen MH, Nielsen H, Ditzel HJ (2001) The tumor-infiltrating B cell response

in medullary breast cancer is oligoclonal and directed against the autoantigen

actin exposed on the surface of apoptotic cancer cells. Proc Natl Acad Sci U S A
98: 12659–12664. 10.1073/pnas.171460798 [doi];171460798 [pii].

48. Hansen MH, Nielsen HV, Ditzel HJ (2002) Translocation of an intracellular
antigen to the surface of medullary breast cancer cells early in apoptosis allows

for an antigen-driven antibody response elicited by tumor-infiltrating B cells.
J Immunol 169: 2701–2711.

49. Mahmoud SM, Lee AH, Paish EC, Macmillan RD, Ellis IO, et al. (2011) The

prognostic significance of B lymphocytes in invasive carcinoma of the breast.
Breast Cancer Res Treat. 10.1007/s10549-011-1620-1 [doi].

50. Schmidt M, Bohm D, von Törne C, Steiner E, et al. (2008) The humoral
immune system has a key prognostic impact in node-negative breast cancer.

Cancer Res 68: 5405–5413. 68/13/5405 [pii];10.1158/0008-5472.CAN-07-

5206 [doi].

LPBC and Response to Neoadjuvant Chemotherapy

PLOS ONE | www.plosone.org 7 December 2013 | Volume 8 | Issue 12 | e79775


