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• Les lymphocytes infiltrant les tumeurs chez 
les patientes atteintes d’un cancer du sein 
triple négatif de stade précoce

• Les cellules circulantes tumorales dans de 
cancer du sein métastatique

• Des signatures génomiques dans le cancer 
du sein de stade précoce

Trois exemples pronostiques



1) Stromal TILs: evaluate %TILs in the tumor 
stroma

Salgado, Denkert et al, 2014

• Ring studies to obtain
reproducible
measurements
between pathologists !

• Protocol for pooled
analysis



IPD: individual patient 
data; pts: patients, TILs: 
tumour infiltrating 
lymphocytes; sTIL: 
stromal TILs (primary 
biomarker); iTILs: 
intrautmoral TILs; CP: 
clinicopathological 
factors age, nodal 
status, tumour size, 
tumour grade, treatment 
(anthracycline or 
anthracycline plus 
taxanes) 

Objectif primaire : évaluer la valeur pronostique de la présence de TILs dans le 
stroma tumoral dans les cancers du sein triple négatifs (TNBC) 

Flow chart



Obtaining high level of clincial validity for a 
biomarker: Tumour Infiltrating lymphocytes 

in triple negative breast cancer
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Obtaining high level of evidence for a biomarker: 
TILs example

p < 0.0001
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Added prognostic value

n=1826 IDFS (608 events) DDFS (482 events) OS (438 events)
!" p !" p !" p

Stromal TILs vs 
NULL

70.69 < 10&' 89.13 < 10&' 70.38 < 10&'

CP vs NULL 138.78 < 10&' 179.58 < 10&' 157.65 < 10&'

Stromal TILs+CP 
vs NULL

187.69 < 10&' 235.36 < 10&' 206.12 < 10&'

Stromal TILs+CP 
vs Stromal TILs

117.00 < 10&' 146.23 < 10&' 135.74 < 10&'

Stromal TILs+CP 
vs CP

48.91 < 10&' 55.78 < 10&' 48.47 < 10&'

Loi et al JCO 2019

Likelihood ratio test for stromal tils and intratumoral TILs with or without 
adjustment on clinical factors (CP: age, tumor size, number of positive nodes, 
histological grade and treatment)



Score components IDFS (414 events) DDFS (333 events) OS (300 events)

Stromal TILs 0.597 [0.541; 0.659] 0.604 [0.525; 0.672] 0.586 [0.556; 0.671]

Intratumoral TILs 0.597 [0.524; 0.659] 0.601 [0.540; 0.668] 0.580 [0.534; 0.627]

Stromal 
TILs+Intratumoral
TILs

0.607 [0.560; 0.657] 0.614 [0.557; 0.667] 0.593 [0.567; 0.664]

CP 0.649 [0.547; 0.713] 0.672 [0.549; 0.759] 0.681 [0.563; 0.808]

Stromal TILs+CP 0.681 [0.559; 0.756] 0.701 [0.573; 0.793] 0.694 [0.601; 0.769]

Intratumoral 
TILs+CP

0.673 [0.571; 0.714] 0.692 [0.577; 0.780] 0.689 [0.580; 0.781]

Stromal 
TILs+Intratumoral 
TILs+CP

0.684 [0.566; 0.752] 0.700 [0.573; 0.794] 0.693 [0.603; 0.766]

5-year AUC in leave-one study out 
crossvalidation

(CP: age, tumor size, number of positive nodes, histological grade and 
treatment) using leave one study out cross-validation



Calibration in leave-one-study out 
crossvalidation



08/10/2018 prognosTILs

https://cesp-proxy.vjf.inserm.fr/shiny/prognosTILs/ 1/2

Predict the survival according stromal TILs
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Obtaining high level of evidence for 
a biomarker: TILs example
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2) Cellules tumorales circulantes

Bidard et al Lancet Oncol 2014

Goals:

• Analysis in homogeneous fashion (both endpoints and 
biomarker data)

• Resolve conflicting results between studies (heterogeneity) 

• Increase statistical power (published and unpublished)

• Adjust for clinicopathological factors

• Added value to established clinicopathological factors

• Subgroups



Studies included

CONSORT
Patients / Centres

#2,400 potentially 
eligible pts in 18 

centers 
1 center 
off study

Letter of intent

Call 
for 

data

2,174 pt data received

Data 
cleaning

230 
ineligible 
pts

1,944 individual 
patient data

from 17 centers 
included



CTC at baseline

≥5 CTC / 7.5mL were detected in 47% of the 1,944 patients at baseline

1st quartile Median 3rd quartile Maximum

0 CTC 3 CTC 25 CTC 58160 CTC

CTC count at baseline was associated with

First line (N=1,110) All patients

Performance status p<0.0001 p<0.0001

Liver metastases p<0.0001 p<0.0001

Bone metastases p<0.0001 p<0.0001

Elevated CEA p<0.0001 p<0.0001

Elevated CA15-3 p<0.0001 p<0.0001

Tumor subtype p=0.71 p<0.0001

≥5 CTC
HR+ 51%

HER2+ 38%

T. Neg 44%
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from any cause. Patients without documented evidence of 
an event were censored at the date of last follow-up. We 
used Fisher’s exact tests and Kruskal-Wallis tests to 
investigate associations of population characteristics with 
CTC count. The primary prespecifi ed statistical analysis 
consisted of likelihood ratio (LR) statistics in Cox 
regression models stratifi ed by study, to estimate the 
added value of CTCs or serum markers to a 
clinicopathological model. The clinico pathological model 

Patients Baseline CTC 
≥5 per 
7·5 mL

p value 
from 
Fisher’s 
exact test

p value 
Kruskal-
Wallis test

(Continued from previous page)

Metastatic sites

Bone 1240 (63·8%) 697 (56·2%) <0·0001 <0·0001

Liver 825 (42·4%) 470 (57·0%) <0·0001 <0·0001

Lung or pleura 774 (39·8%) 343 (44·3%) 0·035 0·0048

Soft tissue 609 (31·3%) 269 (44·2%) 0·068 0·073

Locoregional 384 (19·8%) 172 (44·8%) 0·30 0·60

CNS 194 (10·0%) 88 (45·4%) 0·60 0·81

Other 205 (10·5%) 118 (57·6%) 0·0018 0·0016

Unknown 47 (2·4%) ·· ·· ··

Number of metastatic sites

<3 sites 684 (35·2%) 334 (48·8%) 0·29 0·39

≥3 sites 1200 (61·7%) 554 (46·2%) ·· ··

Unknown 60 (3·1%) ·· ·· ··

Number of previous hormone therapy lines

0 1083 (55·7%) 498 (46·0%) 0·014 0·0076

1 358 (18·4%) 173 (48·3%) ·· ··

≥2 272 (14·0%) 152 (55·9%) ·· ··

Unknown 231 (11·9%) ·· ·· ··

Number of previous chemotherapy lines

0 1110 (57·1%) 494 (44·5%) 0·0063 0·0003

1 338 (17·4%) 174 (51·5%) ·· ··

≥2 372 (19·1%) 196 (52·7%) ·· ··

Unknown 124 (6·4%) ·· ·· ··

Baseline carcinoembryonic antigen

Normal 410 (21·1%) 137 (33·4%) <0·0001 <0·0001

Elevated 483 (24·8%) 287 (59·4%) ·· ··

Unknown 1051 (54·1%) ·· ·· ··

Baseline cancer antigen 15-3

Normal 406 (20·9%) 134 (33·0%) <0·0001 <0·0001

Elevated 892 (45·9%) 513 (57·5%) ·· ··

Unknown 646 (33·2%) ·· ·· ··

Treatment initiated

Including 
chemotherapy

1555 (80·0%) 742 (47·7%) 0·043 0·017

Including 
hormone 
therapy

274 (14·1%) 111 (40·5%) 0·030 0·0054

Including anti-
HER2 targeted 
therapy

379 (19·5%) 137 (36·1%) <0·0001 <0·0001

Including 
bevacizumab

400 (20·6%) 180 (45·0%) 0·46 0·37

Including other 
targeted 
therapy

42 (2·2%) 21 (50·0%) 0·75 0·93

Unknown 88 (4·5%) ·· ·· ··

Data are n (%). Fisher’s exact test and Kruskal-Wallis test were used for CTC 
considered as a binary (<5 or ≥5) or a continuous variable, respectively. 
CTC=circulating tumour cell. HR=hormone receptor. Soft tissue metastasis=lymph 
nodes, skin, gynaecological tract, and peritoneum. Treatment initiated=new line of 
treatment initiated after the baseline CTC count. 

 Table 1: Patients baseline characteristics and CTC detection

Figure 2: Kaplan-Meier analysis of progression-free survival and overall 
survival, by baseline CTC count
(A) Progression-free survival. (B) Overall survival. CTC=circulating tumour cell.
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Early CTC changes during treatment

Baseline & week 3-5 (landmark)

Overall Survival

N= 672 patients; p<0.0001

 N Pts N Events 

Median 
OS 

months 
[95%CI] 

Stable neg: 
<5 - <5 327 104 41 

[37-53] 

Decrease: 
≥5 - <5 149 70 27 

[22-31] 
Increase:  
<5 - ≥5 17 10 22 

[12-NE] 
Stable pos: 
≥5 - ≥5 179 116 13 

[9-16] 
!

Landmark Analysis at 5 Weeks: Kaplan-Meier Curve of OS by Early Change in CTC

OS
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Added value to ClinicoPathological model

Jacknife
Resampling 
procedure

Articles
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was established on the basis of the baseline characteristics, 
except CTCs and serum markers, using a forward 
selection strategy (p<0·05). To control for overfi tting of 
the clinicopathological model and to estimate the added 
value of CTCs or serum markers in an unbiased fashion, 
we randomly divided the dataset 500 times into a training 
and validation series using the method described by 
Cuzick and colleagues,17 with minor modifi cations. We 
fi tted the clinicopathological model on the training series, 
and we calculated the average increases in LR statistic (χ² 
LR value and associated p value) and in c-index18 on the 
validation series with 95% CIs based on the percentiles of 
the 500 resamples. We used cubic splines with two 
degrees of freedom to investigate non-linear associations 
in the Cox models; for example we compared whether 
CTCs added more prognostic value as a binary variable 
(≥5 vs <5 CTCs) or as a spline function. We used the 
landmark method to assess the prognostic eff ects of CTC 
and serum marker changes during treatment.19 We used 
the Kaplan-Meier method to estimate survival curves. 
p values were two tailed. We used SAS (versions 9.2 
and 9.3) and R (version 3.0) for statistical analyses.

As per French law, we reported this in-silico study of 
fully anonymised data to the French National 

Committee on Computing and Liberty (CNIL number 
1659562v0).

Role of the funding source
Janssen Diagnostics, the Nuovo-Soldati foundation for 
cancer research, and the funding bodies of each of the 
studies included in this pooled analysis had no role in 
study design, data collection, data analysis, data 
interpretation, or writing of the report. F-CB, HJ, J-YP, 
and SM had access to the raw data. The corresponding 
author (J-YP) had full access to all the data in the study 
and had fi nal responsibility for the decision to submit for 
publication.

Results
2400 potentially eligible patients were disclosed by 19 of 
the 51 centres we contacted. Two centres did not provide 
further data. The remaining 17 centres provided data for 
2174 potentially eligible patients, of which we excluded 
230 ineligible patients, leaving 1944 eligible patients from 
20 studies and 17 centres (fi gure 1; appendix p 1–2, p 12).

We identifi ed a high baseline CTC count (≥5 CTC 
per 7·5 mL) in 911 of the 1944 patients (46·9%, 95% CI 
44·7–49·1). Median CTC count was 3 CTC per 7·5 mL 

Model 1 
average 
c-index

Model 2 Model 2 
average 
c-index

Average c-index increase 
model 2–model 1 (95% CI)

Average increase χ2 

(95% CI)
Likelihood 
ratio test 
p value

Progression-free survival (N=1196 patients)

Model 1: CP 0·668 CP+CTCBL (< or ≥5 CTC) 0·684 0·016 (0 to 0·029) 38·4 (21·9 to 60·3) <0·0001

Model 1: CP 0·668 CP+CTCBL (splines) 0·673 0·005 (–0·001 to 0·010) 18·7 (9·1 to 35·4) <0·0001

Overall survival (N=1501 patients)

Model 1: CP 0·714 CP+CTCBL (< or ≥5 CTC) 0·745 0·031 (0·013 to 0·047) 64·9 (41·3 to 93·4) <0·0001

Model 1: CP 0·714 CP+CTCBL (splines) 0·721 0·007 (0·001 to 0·014) 21·2 (10·2 to 37·3) <0·0001

Progression-free survival, CTC count at weeks 3–5 (N=436 patients)

Model 1: CP+CTCBL 0·652 CP+CTCBL+CTC3–5 (< or ≥5 CTC) 0·659 0·008 (–0·009 to 0·021) 8·2 (0·78 to 20·4) 0·004

Model 1: CP+CTCBL 0·652 CP+CTCBL+CTC3–5 (splines) 0·655 0·004 (–0·009 to 0·017) 7·4 (2·3 to 16·7) 0·02

Overall survival, CTC count at weeks 3–5 (N=568 patients)

Model 1: CP+CTCBL 0·720 CP+CTCBL+CTC3–5 (< or ≥5 CTC) 0·732 0·011 (–0·008 to 0·027) 11·5 (2·6 to 25·1) 0·0007

Model 1: CP+CTCBL 0·721 CP+CTCBL+CTC3–5 (splines) 0·725 0·004 (–0·01 to 0·018) 8·2 (3·4 to 23·7) 0·02

Progression-free survival, CTC count at weeks 6–8 (N=279 patients)

Model 1: CP+CTCBL 0·602 CP+CTCBL+CTC6–8 (< or ≥5 CTC) 0·628 0·026 (0 to 0·053) 15·3 (5·2 to 28·3) <0·0001

Model 1: CP+CTCBL 0·601 CP+CTCBL+CTC6–8 (splines) 0·613 0·012 (–0·01 to 0·036) 10·2 (3·7 to 18·6) 0·006

Overall survival, CTC count at weeks 6–8 (N=380 patients)

Model 1: CP+CTCBL 0·671 CP+CTCBL+CTC6–8 (< or ≥ 5 CTC) 0·686 0·016 (–0·015 to 0·041) 14·6 (4·0 to 30·6) 0·0001 

Model 1: CP+CTCBL 0·670 CP+CTCBL+CTC6–8 (splines) 0·680 0·010 (–0·028 to 0·051) 10·6 (3·4 to 22·1) 0·005

Progression-free Survival, CTC count available both at weeks 3–5 and 6–8 (N=184 patients)

Model 1: CP+CTCBL 0·560 CP+CTCBL+CTC3–5(< or ≥5 CTC) 0·579 0·019 (–0·018 to 0·055) 5·5 (0·66 to 12·7) 0·02

Model 1: CP+CTCBL 0·562 CP+CTCBL+CTC6–8 (< or ≥5 CTC) 0·590 0·029 (–0·019 to 0·065) 9·2 (2·1 to 18·1) 0·002

Overall survival, CTC count available both at weeks 3–5 and 6–8 (N=216 patients)

Model 1: CP+CTCBL 0·617 CP+CTCBL+CTC3–5 (< or ≥5 CTC) 0·634 0·017 (–0·027 to 0·057) 7·2 (0·0 to 30·6) 0·007

Model 1: CP+CTCBL 0·613 CP+CTCBL+CTC6–8 (< or ≥5 CTC) 0·633 0·021 (–0·046 to 0·067) 10·1 (2·2 to 20·9) 0·001

CTC=circulating tumour cells. CP=baseline clinicopathological model (appendix pp 3–5). CTCBL=CTC count at baseline. CTC3–5=CTC count at 3–5 weeks. CTC6–8=CTC count at 
6–8 weeks. 

Table 2: Assessment of added prognostic information of CTC at baseline and during treatment, by model 1
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Lapatinib with trastuzumab for HER2-positive early breast 
cancer (NeoALTTO): a randomised, open-label, multicentre, 
phase 3 trial
José Baselga, Ian Bradbury, Holger Eidtmann, Serena Di Cosimo, Evandro de Azambuja, Claudia Aura, Henry Gómez, Phuong Dinh, Karine Fauria, 
Veerle Van Dooren, Gursel Aktan, Aron Goldhirsch, Tsai-Wang Chang, Zsolt Horváth, Maria Coccia-Portugal, Julien Domont, Ling-Min Tseng, 
Georg Kunz, Joo Hyuk Sohn, Vladimir Semiglazov, Guillermo Lerzo, Marketa Palacova, Volodymyr Probachai, Lajos Pusztai, Michael Untch, 
Richard D Gelber, Martine Piccart-Gebhart, on behalf of the NeoALTTO Study Team

Summary
Background The anti-HER2 monoclonal antibody trastuzumab and the tyrosine kinase inhibitor lapatinib have 
complementary mechanisms of action and synergistic antitumour activity in models of HER2-overexpressing breast 
cancer. We argue that the two anti-HER2 agents given together would be better than single-agent therapy.

Methods In this parallel groups, randomised, open-label, phase 3 study undertaken between Jan 5, 2008, and 
May 27, 2010, women from 23 countries with HER2-positive primary breast cancer with tumours greater than 
2 cm in diameter were randomly assigned to oral lapatinib (1500 mg), intravenous trastuzumab (loading dose 
4 mg/m², subsequent doses 2 mg/kg), or lapatinib (1000 mg) plus trastuzumab. Treatment allocation was by 
stratifi ed, permuted blocks randomisation, with four stratifi cation factors. Anti-HER2 therapy alone was given for 
the fi rst 6 weeks; weekly paclitaxel (80 mg/m²) was then added to the regimen for a further 12 weeks, before 
defi nitive surgery was undertaken. After surgery, patients received adjuvant chemotherapy followed by the same 
targeted therapy as in the neoadjuvant phase to 52 weeks. The primary endpoint was the rate of pathological 
complete response (pCR), analysed by intention to treat. This trial is registered with ClinicalTrials.gov, 
NCT00553358.

Findings 154 patients received lapatinib, 149 trastuzumab, and 152 the combination. pCR rate was signifi cantly higher 
in the group given lapatinib and trastuzumab (78 of 152 patients [51·3%; 95% CI 43·1–59·5]) than in the group given 
trastuzumab alone (44 of 149 patients [29·5%; 22·4–37·5]; diff erence 21·1%, 9·1–34·2, p=0·0001). We recorded no 
signifi cant diff erence in pCR between the lapatinib (38 of 154 patients [24·7%, 18·1–32·3]) and the trastuzumab 
(diff erence –4·8%, –17·6 to 8·2, p=0·34) groups. No major cardiac dysfunctions occurred. Frequency of grade 3 
diarrhoea was higher with lapatinib (36 patients [23·4%]) and lapatinib plus trastuzumab (32 [21·1%]) than with 
trastuzumab (three [2·0%]). Similarly, grade 3 liver-enzyme alterations were more frequent with lapatinib (27 [17·5%]) 
and lapatinib plus trastuzumab (15 [9·9%]) than with trastuzumab (11 [7·4%]).

Interpretation Dual inhibition of HER2 might be a valid approach to treatment of HER2-positive breast cancer in the 
neoadjuvant setting.

Funding GlaxoSmithKline.

Introduction
The human epidermal growth factor receptor 2 (HER2) 
is a potent mediator of cellular growth and proliferation.1 
Amplifi cation of the HER2 gene, and the corresponding 
overexpression of the HER2 receptor, occurs in roughly 
20% of breast tumours and is associated with a poor 
outcome.2 Molecular targeting of the HER2 receptor 
with the humanised monoclonal antibody trastuzumab 
(herceptin, Genentech, San Francisco, CA, USA) has 
improved disease-free and overall survival in patients 
with both metastatic and early HER2-positive breast 
cancer.3–5 Another anti-HER2 agent, the tyrosine kinase 
inhibitor lapatinib (tykerb, GlaxoSmithKline, Brentford, 
UK), given in combination with capecitabine, improves 
progression-free survival in patients who have 
progressed on trastuzumab and is approved for 

treatment of patients with advanced HER2-positive 
breast cancer.6

Dual targeting of HER2-positive tumours with 
trastuzumab and lapatinib is undertaken because of 
primary and acquired resistance to both agents, their 
partly non-overlapping mechanisms of action, and the 
well characterised synergistic interaction between them 
in HER2 breast-cancer models.7–9 Trastuzumab inhibits 
ligand-independent HER2 and HER3 signalling10 and 
triggers antibody-dependent cellular cytotoxicity.11 By 
contrast, lapatinib blocks ligand-induced heterodimer 
signalling and prevents signalling via a frequently 
expressed truncated version of the HER2 receptor 
that could render cells resistant to trastuzumab. 
Additionally, lapatinib leads to an accumulation of HER2 
at the cell surface, enhancing trastuzumab-dependent 
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Background
Bevacizumab, a monoclonal antibody against vascular endothelial growth factor A, 
has shown clinical efficacy in patients with human epidermal growth factor receptor 
2 (HER2)–negative metastatic breast cancer. We evaluated the efficacy, measured ac-
cording to the rate of pathological complete response (absence of invasive and intra-
ductal disease in the breast and the axillary lymph nodes), and the safety of adding 
bevacizumab to neoadjuvant chemotherapy in patients with early-stage breast cancer.
Methods
We randomly assigned 1948 patients with a median tumor size of 40 mm on palpa-
tion to receive neoadjuvant epirubicin and cyclophosphamide followed by docetaxel, 
with or without concomitant bevacizumab. Patients with untreated HER2-negative 
breast cancer were eligible if they had large tumors, hormone-receptor–negative dis-
ease, or hormone-receptor–positive disease with palpable nodes or positive findings 
on sentinel-node biopsy, and no increased cardiovascular or bleeding risk.
Results
Overall, the rates of pathological complete response were 14.9% with epirubicin and 
cyclophosphamide followed by docetaxel and 18.4% with epirubicin and cyclophos-
phamide followed by docetaxel plus bevacizumab (odds ratio with addition of bevaciz-
umab, 1.29; 95% confidence interval, 1.02 to 1.65; P = 0.04); the corresponding rates 
of pathological complete response were 27.9% and 39.3% among 663 patients with 
triple-negative tumors (P = 0.003) and 7.8% and 7.7% among 1262 patients with 
hormone-receptor–positive tumors (P = 1.00). Breast-conserving surgery was possible 
in 66.6% of the patients in both groups. The addition of bevacizumab, as compared 
with neoadjuvant therapy alone, was associated with a higher incidence of grade 3 or 
4 toxic effects (febrile neutropenia, mucositis, the hand–foot syndrome, infection, and 
hypertension) but with a similar incidence of surgical complications.
Conclusions
The addition of bevacizumab to neoadjuvant chemotherapy significantly increased the 
rate of pathological complete response among patients with HER2-negative early-stage 
breast cancer. Efficacy was restricted primarily to patients with triple-negative tu-
mors, in whom the pathological complete response is considered to be a reliable 
predictor of long-term outcome. (Funded by Sanofi-Aventis and Roche, Germany; 
ClinicalTrials.gov number, NCT00567554.)
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Effi  cacy and safety of neoadjuvant pertuzumab and 
trastuzumab in women with locally advanced, infl ammatory, 
or early HER2-positive breast cancer (NeoSphere): 
a randomised multicentre, open-label, phase 2 trial
Luca Gianni, Tadeusz Pienkowski, Young-Hyuck Im, Laslo Roman, Ling-Ming Tseng, Mei-Ching Liu, Ana Lluch, Elżbieta Staroslawska, 
Juan de la Haba-Rodriguez, Seock-Ah Im, Jose Luiz Pedrini, Brigitte Poirier, Paolo Morandi, Vladimir Semiglazov, Vichien Srimuninnimit, Giulia Bianchi, 
Tania Szado, Jayantha Ratnayake, Graham Ross, Pinuccia Valagussa

Summary
Background Studies with pertuzumab, a novel anti-HER2 antibody, show improved effi  cacy when combined with the 
established HER2-directed antibody trastuzumab in breast cancer therapy. We investigated the combination of 
pertuzumab or trastuzumab, or both, with docetaxel and the combination of pertuzumab and trastuzumab without 
chemotherapy in the neoadjuvant setting.

Methods In this multicentre, open-label, phase 2 study, treatment-naive women with HER2-positive breast cancer were 
randomly assigned (1:1:1:1) centrally and stratifi ed by operable, locally advanced, and infl ammatory breast cancer, and by 
hormone receptor expression to receive four neoadjuvant cycles of: trastuzumab (8 mg/kg loading dose, followed 
by 6 mg/kg every 3 weeks) plus docetaxel (75 mg/m², escalating, if tolerated, to 100 mg/m² every 3 weeks; group A) or 
pertuzumab (loading dose 840 mg, followed by 420 mg every 3 weeks) and trastuzumab plus docetaxel (group B) or 
pertuzumab and trastuzumab (group C) or pertuzumab plus docetaxel (group D). The primary endpoint, examined in 
the intention-to-treat population, was pathological complete response in the breast. Neither patients nor investigators 
were masked to treatment. This study is registered with ClinicalTrials.gov, number NCT00545688.

Findings Of 417 eligible patients, 107 were randomly assigned to group A, 107 to group B, 107 to group C, and 96 to group 
D. Patients given pertuzumab and trastuzumab plus docetaxel (group B) had a signifi cantly improved pathological 
complete response rate (49 of 107 patients; 45·8% [95% CI 36·1–55·7]) compared with those given trastuzumab plus 
docetaxel (group A; 31 of 107; 29·0% [20·6–38·5]; p=0·0141). 23 of 96 (24·0% [15·8–33·7]) women given pertuzumab 
plus docetaxel (group D) had a pathological complete response, as did 18 of 107 (16·8% [10·3–25·3]) given pertuzumab 
and trastuzumab  (group C). The most common adverse events of grade 3 or higher were neutropenia (61 of 107 women 
in group A, 48 of 107 in group B, one of 108 in group C, and 52 of 94 in group D), febrile neutropenia (eight, nine, none, 
and seven, respectively), and leucopenia (13, fi ve, none, and seven, respectively). The number of serious adverse events 
was similar in groups A, B, and D (15–20 serious adverse events per group in 10–17% of patients) but lower in group C 
(four serious adverse events in 4% of patients).

Interpretation Patients given pertuzumab and trastuzumab plus docetaxel (group B) had a signifi cantly improved 
pathological complete response rate compared with those given trastuzumab plus docetaxel, without substantial 
diff erences in tolerability. Pertuzumab and trastuzumab without chemotherapy eradicated tumours in a proportion of 
women and showed a favourable safety profi le. These fi ndings justify further exploration in adjuvant trials and support 
the neoadjuvant approach for accelerating drug assessment in early breast cancer.

Funding F Hoff mann-La Roche.

Introduction
20–25% of breast cancers overexpress HER2 and are 
associated with poor prognosis if untreated.1 Trastuzumab, 
a HER2-directed humanised monoclonal antibody, 
combined with chemotherapy, signifi cantly improves 
response rates, time to progression, and overall survival in 
women with HER2-positive metastatic breast cancer 
compared with chemotherapy alone.2 Furthermore, in 
women with operable disease, trastuzumab improves 
disease-free survival and overall survival when given 
for 1 year in combination with or sequentially after 

chemotherapy, as recommended for adjuvant therapy with 
trastuzumab.3,4 Positive effi  cacy outcomes with trastuzumab 
prompted the search to identify other HER2-targeted drugs 
capable of improving the therapeutic eff ects of trastuzumab 
in combination or in sequential administration.5

Pertuzumab is an investigational humanised monoclonal 
antibody directed at the dimerisation domain of HER2.6 
Because of their diff erent bindings sites, trastuzumab and 
pertuzumab have complementary mechanisms of action. 
Whereas trastuzumab blocks HER2 cleavage and inhibits 
ligand-independent signalling,7 pertuzumab exerts its 

3) Gene modules and response to neoadjuvant chemotherapy in 
breast cancer subtypes: a pooled analysis (JCO 2012)
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Microarray technology measures the mRNA levels 
of tens of thousands of genes in tissue samples 
simultaneously in a high-throughput and cost-

effective manner. Since its introduction over a decade ago [1], 
it has found widespread use in the fields of molecular genetics 
and functional genomics. It has been applied in order to 
understand underlying biological mechanisms [2], to discover 
novel subgroups of diseases [3–5], to examine drug response 
[6,7], to classify patients into disease groups [3], and to 
predict disease outcomes [8–10]. Some molecular signatures 
discovered with microarray technology are now being 
evaluated in prospective randomized clinical trials [11,12].

Despite their great promise, microarray-based studies may 
report findings that are not reproducible [13] or not robust 
to the mildest of data perturbations [14,15]. Common causes 
include improper analysis or validation, insufficient control of 
false positives, and inadequate reporting of methods [16,17]. 
The situation is exacerbated by the small sample sizes relative 
to large numbers of potential predictors; typically tens of 
thousands of probes are investigated in only tens or hundreds 
of biological samples.

Generalizability across studies [18] also needs to be 
assessed before considering widespread practical application. 
For example, the findings of a study using historical controls 
from a particular geographical region may not be applicable 
to newer cohorts of patients or different regions.

Combining information from multiple existing studies can 
increase the reliability and generalizability of results. The use 
of statistical techniques to combine results from independent 
but related studies is called “meta-analysis.” However, 
the term meta-analysis is also widely used to describe the 
whole study process (as we do here), not just the statistical 
techniques, for which an alternative term is a “systematic 
review.” Through meta-analysis, we can increase the statistical 
power to obtain a more precise estimate of gene expression 
differentials, and assess the heterogeneity of the overall 
estimate. Meta-analysis is relatively inexpensive, since it makes 
comprehensive use of already available data.

Indeed, the advantages of meta-analysis of gene expression 
microarray datasets have not gone unnoticed by researchers 
in various fields [19–28]. Several meta-analysis techniques 
have been proposed in the context of microarrays 
[19,22,29–40]. However, no comprehensive framework exists 
on how to carry out a meta-analysis of microarray datasets.

There is a considerable literature to guide the whole review 
process, including statistical methods for clinical trials and 
epidemiological studies [41–43]. As yet, however, there is 
little guidance for conducting a meta-analysis of microarray 

datasets. Therefore, in this paper, we disentangle this 
complex topic and identify seven distinct key issues specific to 
meta-analysis of microarray datasets, each comprising several 
steps. The first five issues are related to data acquisition and 
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Summary Points
sÈ )MPROVEMENTSÈINÈMICROARRAYÈTECHNOLOGYÈANDÈITSÈINCREASINGÈUSEÈ

have led to the generation of many highly complex datasets 
that often try to address similar biological questions.

sÈ -ETA
ANALYSIS�ÈAÈSTATISTICALÈAPPROACHÈTHATÈCOMBINESÈRESULTSÈ
from independent but related studies, is a relatively 
inexpensive option that has the potential to increase both the 
statistical power and generalizability of single-study analysis.

sÈ -ETA
ANALYSISÈOFÈMICROARRAYÈDATASETS�ÈANDÈGENOMICÈDATAÈINÈ
general, is desirable, and is much enhanced when raw data are 
available.

sÈ 7EÈIDENTIFYÈSEVENÈKEYÈISSUESÈANDÈSUGGESTÈAÈSTEPWISEÈAPPROACHÈ
in conducting meta-analysis of microarray datasets: (1) Identify 
suitable microarray studies; (2) Extract the data from studies; 
(3) Prepare the individual datasets; (4) Annotate the individual 
datasets; (5) Resolve the many-to-many relationship between 
probes and genes; (6) Combine the study-specific estimates; 
(7) Analyze, present, and interpret results.

sÈ 7EÈGIVEÈPRACTICALÈGUIDANCEÈTOÈASSISTÈTHOSEÈCONDUCTINGÈORÈ
reviewing such a meta-analysis. 

sÈ 4HEÈAPPROACHESÈPRESENTEDÈHEREÈCANÈBEÈADAPTEDÈTOÈOTHERÈAREASÈ
of high-throughput biological data analysis.
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Background

The purpose of this paper is to provide more complete
explanations of each of the Reporting Recommendations for
Tumor Marker Prognostic Studies (REMARK) checklist items and
to provide specific examples of good reporting drawn from the
published literature. The initial REMARK paper [1–7] recom-
mended items that should be reported in all published tumor
marker prognostic studies (Table 1). The recommendations were
developed by a committee initially convened under the auspices of
the National Cancer Institute and the European Organisation for
Research and Treatment of Cancer. They were based on the
rationale that more transparent and complete reporting of studies
would enable others to better judge the usefulness of the data and to
interpret the study results in the appropriate context. Similar
explanation and elaboration papers had been written to accompany
other reporting guidelines [8–11]. No changes to the REMARK
checklist items are being suggested here. We hope that the current
paper will serve an educational role and lead to more effective
implementation of the REMARK recommendations, resulting in
more consistent, high quality reporting of tumor marker studies.
Our intent is to explain how to properly report prognostic marker

research, not to specify how to perform the research. However, we
believe that fundamental to an appreciation of the importance of
good reporting is a basic understanding of how various factors such as
specimen selection, marker assay methodology, and statistical study
design and analysis can lead to different study results and
interpretations. Many authors have discussed the fact that widespread
methodological and reporting deficiencies plague the prognostic
literature in cancer and other specialties [12–21]. Careful reporting of
what was done and what results were obtained allows for better
assessment of study quality and greater understanding of the
relevance of the study conclusions. When available, we have cited
published studies presenting empirical evidence of the quality of
reporting of the information requested by the checklist items.
We recognize that tumor marker studies are generally

collaborative efforts among researchers from a variety of
disciplines. The current paper covers a wide range of topics and
readers representing different disciplines may find certain parts of
the paper more accessible than other parts. Nonetheless, it is
helpful if all involved have a basic understanding of the collective
obligations of the study team.
We have attempted to minimize distractions from more highly

technical material by the use of boxes with supplementary
information. The boxes are intended to help readers refresh their

memories about some theoretical points or be quickly informed
about technical background details. A full understanding of these
points may require studying the cited references.
We aimed to provide a comprehensive overview that not only

educates on good reporting but provides a valuable reference for
the many issues to consider when designing, conducting and
analyzing tumor marker studies. Each item is accompanied by one
or more examples of good reporting drawn from the published
literature. We hope that readers will find the paper useful not only
when they are reporting their studies but also when they are
planning their studies and analyzing their study data.
This paper is structured as the original checklist, according to

the typical sections of scientific reports: Introduction, Materials
and Methods, Results, and Discussion. There are numerous
instances of cross-referencing between sections reflecting the fact
that the sections are interrelated; for example, one must speak
about the analysis methods used in order to discuss presentation of
results obtained using those methods. These cross-references do
not represent redundancies in the material presented and readers
are reminded that distinctions in focus and emphasis between
different items will sometimes be subtle.
One suggestion in the REMARK checklist is to include a

diagram showing the flow of patients through the study (see Item
12). We elaborate upon that idea in the current paper. The flow
diagram is an important element of the Consolidated Standards of
Reporting Trials (CONSORT) Statement, which was developed
to improve reporting of randomized controlled trials (RCTs)
[8,22,23]. Many papers reporting randomized trial results present
a flow diagram showing numbers of patients registered and

The Guidelines and Guidance section contains advice on conducting and
reporting medical research.
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Dx (Genomic Health, Redwood City, CA),20 Gene Expression Grade
Index (GGI),21 and Gene70 signature,22 for example, are associated
with higher probability of pCR.23-25

Several gene signatures have been developed from cancer cell
lines to describe oncogenic pathways like RAS, SRC, MYC, E2F3, and
Wnt/betacatenin.26 Moreover, signatures have been reported to
recapitulate deficiency in DNA repair mechanisms, chromosomal
instability (CIN70), and phosphatase and tensin homolog (PTEN)
loss.27,28 Other signatures have described activation of insulin-
like growth factor 1 (IGF1),29 mitogen-activated protein kinase
(MAPK),30 and AKT/mammalian target of rapamycin (mTOR)31

pathways and PIK3CA mutations.32 Therapies targeting some of these
pathways are currently being tested in trials with or without chemo-
therapy.4,33 However, it is not known whether patients with different
BC subtypes respond differently to chemotherapy based on activation
of different pathways.

To address this, we computed 17 gene modules based on pub-
lished signatures (GGI,21 Gene70,22 CIN70,27 stroma 1,34 stroma 2,35

immune 1,36 immune 2,35 RAS,26 MAPK,30 PTEN loss,28 AKT/
mTOR,31 PI3KCA,32 IGF1,29 SRC,26 MYC,26 E2F3,26 and beta-
catenin26) and analyzed data from eight eligible studies37-42 and 996
patients. By pooling such a large amount of data, we aimed to identify
robust, BC subtype–specific associations between pCR and gene
modules describing biologically relevant and potentially druggable
oncogenic pathways. Furthermore, we wanted to confirm previous
findings from smaller studies on the association between pCR and
Gene70,25 GGI,23 stroma activation,34,35 and immune response35-37

modules and extend our analyses on subtypes defined based either on
ER/HER2 or on the PAM50 classifier. We also aimed to investigate
whether gene modules are associated with pCR beyond currently used
clinicopathologic characteristics in each subtype. Moreover, we tested
for interactions between gene modules and ER or HER2 status for
their association with pCR.

PATIENTS AND METHODS

Neoadjuvant Studies
After searching electronic databases (PubMed, GEO, ArrayExpress)

up to July 1, 2011, using the key words breast cancer, preoperative chem-
otherapy, and neoadjuvant chemotherapy, and after reviewing all retrieved
abstracts, we identified studies published in peer-reviewed journals analyz-
ing gene expression profiling data from pretreatment biopsies from pa-
tients receiving anthracycline with or without taxane-based neoadjuvant
chemotherapy. Patients with HER2-positive BC could not have received
preoperative trastuzumab. Information about pCR had to be available. On
the basis of these search and eligibility criteria, we identified 18 studies that
included 1,615 patients with BC. A total of eight studies37-42 with 996
patients were selected for analysis (Fig 1). pCR was defined as the disap-
pearance of the invasive component of the primary tumor in one study38

and no residual invasive cancer in the breast and axillary lymph nodes in
the other seven studies.37,39-42 Detailed information about each study is
provided in the Data Supplement.

BC Subtypes
Tumors were categorized as ER negative/HER2 negative, HER2 pos-

itive, and ER positive/HER2 negative based on ER assessment by IHC and
HER2 assessment by IHC and fluorescent in situ hybridization, as origi-
nally reported.37-42 When unavailable, ER and HER2 status was assigned
according to ESR1 and ERBB2 gene expression as described in the Data
Supplement. Tumors were categorized as basal-like, normal-like, HER2
enriched, luminal A, and luminal B based on the PAM50 algorithm17 (Data
Supplement provides comparison of IHC/fluorescent in situ hybridization
and PAM50).

Computation of Module Scores
We retrieved normalized gene expression data from public databases

(GEO or ArrayExpress). To compute gene module scores— often derived
from gene signatures developed on other microarray platforms—for dif-
ferent datasets (distinct patient cohorts and laboratories), we calculated

Studies noneligible (no. of studies = 10; n = 610)
  Noneligible treatment* (no. of studies = 3; n = 104)
  No gene expression data  (no. of studies = 8; n = 473)
    publicly available
  Custom-designed microarray (no. of studies = 1; n = 100) 
    with incomplete annotation

Patients noneligible (n = 151)
Missing clinical variables:

)63 = n( egA  
  Clinical tumor size (n = 8)
  Clinical nodal status (n = 13)
  Histologic grade (n = 140)

Patients noneligible (n = 9)
  Missing pCR (n = 5)
  Additional treatment† (n = 4)

Studies identified
(no. of studies = 18; n = 1,615)

Studies eligible
(no. of studies = 8; n = 1,005)

Univariate analysis
(no. of studies = 8; n = 996)

Multivariate analysis
(no. of studies = 8; n = 845)

Fig 1. Study flow chart. pCR, pathologic
complete response. (*) Patients treated with
preoperative anthracyclines plus taxane regi-
mens, including cispatin (n ! 1), bevacizumab
(n ! 1), and hyperthermia (n ! 1). †Patients
treated with preoperative anthracyclines plus
taxanes and trastuzumab.
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Included studies (all Affymetrix)

our previously described35,43 weighted average using the library genefu
version 1.0.9 (http://www.r-project.org). A module score was defined as

Module Score(s) !
!
icn

wi xi

!
icn

"wi"

where n is the number of genes in module, Xi is the expression of the gene, and
gene-specific weights wi are equal to "1 or #1 depending on the direction of
their association with the phenotype in the original publication. Only genes
that could be mapped to EntrezGene IDs were used. Each module score was
scaled within a study so that the 2.5% and 97.5% quantiles equaled#1 and"1,
respectively. Composition and mapping of the gene modules are provided in
the Data Supplement.

Statistics
Descriptive statistics. In the entire cohort of neoadjuvant studies, we

performed pairwise correlations between the different modules using the
Spearman correlation.

Gene modules and pCR. Modeling strategy and power calculation are
described in the Data Supplement.

Univariate analysis. To compute odds ratios (ORs) and 95% CIs for
each module, we used logistic regression models. To study univariate associa-
tions between gene modules and pCR, we calculated ORs for a unit increase in
a scaled module score after adjustment for study. A likelihood ratio test for
heterogeneity with 7 degrees of freedom (df) was performed between a model
with a module by dataset interaction and a model without. We evaluated
interactions between gene modules and either ER or HER2 status to predict
pCR in these logistic regression models and performed analyses within the ER-
negative/HER2-negative, HER2-positive, and ER-positive/HER2-negative

Table 1. Patient Characteristics in Neoadjuvant Studies by Treatment

Characteristic
All Trials

(N ! 996)

EORTC 10994
I-SPY-1

AT (n ! 79)

LBJ/INEN/
GEICAM

AT (n ! 57)

MDACC Trial
TOP

A (n ! 114)

MAQCII/
MDACC

AT (n ! 265)
MAQCIII

A (n ! 82)
USO-02103
AT (n ! 61)A (n ! 102) AT (n ! 58) A (n ! 87) AT (n ! 91)

Age, years
! 50 528 38 30 51 30 52 48 69 127 48 35
$ 50 432 28 28 28 27 35 43 45 138 34 26

Unknown 36 36 0 0 0 0 0 0 0 0
cT

T0-1 65 2 1 1 1 5 8 16 26 3 2
T2 514 63 33 32 19 37 39 79 149 44 19
T3 255 34 20 38 18 18 19 5 42 21 40
T4 154 0 0 8 19 26 25 14 48 14 0
Unknown 8 3 4 0 0 1 0 0 0 0 0

cN
N0 336 37 21 25 16 28 31 52 73 33 20
N1 465 55 28 46 25 33 38 57 119 32 32
N2 127 7 5 6 15 22 16 3 38 10 5
N3 55 0 0 2 1 3 6 2 35 2 4
Unknown 13 3 4 0 0 1 0 0 0 5

ER status!

Negative 562 65 58 36 21 38 42 114 117 41 30
Positive 434 37 0 43 36 49 49 0 148 41 31

HER2 status†
Negative 852 74 40 76 57 77 75 81 231 82 59
Positive 144 28 18 3 0 10 16 33 34 0 2

Histologic grade
1 47 2 0 6 5 5 10 2 13 3 1
2 308 22 16 24 19 31 30 20 102 25 19
3 503 32 37 27 23 36 36 87 150 37 38
Unknown 138 46 5 22 10 15 15 5 0 17 3

pCR
Yes 233 39 26 14 11 7 19 16 57 24 20
No 763 63 32 65 46 80 72 98 208 58 41

No. of relapses 117 0 16 17 0 23 48 13
No. of patients

with follow-up 519 0 79 57 0 102 227 41
GEO GSE6861 GSE25066 GSE25066 GSE20271 GSE16446 GSE20194 GSE22093 GSE23988

GSE25066 GSE25066
References Bonnefoi et al38 Hatzis et al41 Hatzis et al41 Tabchy et al39 Desmedt et al37 Shi et al40 Hatzis et al41 Hatzis et al41

Hatzis et al41 Iwamoto et al42

Abbreviations: A, anthracycline-based neoadjuvant chemotherapy; AT, anthracycline plus taxane-based neoadjuvant chemotherapy; cN, clinical nodal Status; cT,
clinical tumor size; EORTC, European Organisation for Research and Treatment of Cancer; ER, estrogen receptor; FISH, fluorescent in situ hybridization; GEICAM,
Grupo Español de Investigación en Cáncer de Mama; GEO, gene expression omnibus; HER2, human epidermal growth factor receptor 2; IHC, immunohistochem-
istry; INEN, Instituto Nacional de Enfermedades Neoplásicas; I-SPY, Investigation of Serial Studies to Predict Your Therapeutic Response With Imaging and
Molecular Analysis; LBJ, Lyndon B. Johnson Hospital; MAQCII, MicroArray Quality Control Consortium II; MDACC, MD Anderson Cancer Center; pCR, pathologic
complete response; TOP, Trial of Principle; USO, US Oncology.

!ER status determined by IHC for all patients except two, five, and one patients in the TOP, I-SPY-1, and USO-02103 studies, respectively (inferred by single ESR1
gene expression).

†HER2 status determined by IHC/FISH for all patients except 160, 27, 15, and two patients in the EORTC 10994, TOP, I-SPY-1, and USO-02103 studies,
respectively (inferred by single HER2 gene expression).
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- Scaled gene modules follow a normal distribution N(0,s=0.5).
- A 1-unit increase in scaled module scores would correspond to 2s.
- Overall pCR: 24%, ER-/HER2-: 25%, HER2: 36%, ER+/HER2-: 10%.

- Power for detecting an odds ratio of 2 in pCR for a 1-unit increase in a
module score at the a=0.05 with a 2-sided test, would be approximately
above 99% for all pts and in the subtypes ER-/HER2-: 89% power,
ER+/HER2- 54% and HER2+: 50%.
- odds ratio of 3: power above 99% for all pts and inER-/HER2-: 99%,
ER+/HER2-: 91% and HER2+: 88%.

- Assume the clinicopathological model and data set effect would explain
18% of the variation in pCR. For detecting an adjusted odds ratio of 2,
the power would be approximately 97% for all patients, 76% for ER-
/HER2-, 40% for ER+/HER2- and 37% for HER2+.

Power calculation?

Hsieh et al Stat Med 1998
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Clinicopathological model
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Figure A6

Univariate Multivariate

Effect of age (restricted cubic splines)

A test for association (likelihood ratio test, 2 df) between the gene module and 
pCR and a test for non-linearity (1 df) were applied. 

Harrell, Regression modelling strategies, Springer, 2011
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Linearity of modules?
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