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Abstract
Background  Corresponding with improved survival 
among patients with breast cancer, the awareness of the 
long-term effects of cancer treatments has increased. 
CANcer TOxicities (CANTO) aims to identify predictors 
of development and persistence of long-term toxicities 
in patients treated for stages I–III breast cancer and to 
characterise their incidence, as well their impact. In this 
paper, we describe the methodology used in this study and 
provide a first characterisation of the study population.
Methods  CANTO (NCT01993498) is a French prospective, 
longitudinal cohort study enrolling patients with invasive 
cT0-cT3cN0-3M0 breast cancer of 26 French cancer 
centres. Patients are assessed at diagnosis, 3–6 (M0), 12 
(M12), 36 (M36) and 60 (M60) months after completion of 
primary surgery, chemotherapy or radiotherapy whichever 
comes last. CANTO collects clinical, treatment, toxicity 
data, an extensive list of validated patient-reported 
outcomes (focusing on quality of life, psychological and 
behavioural questionnaires) and ad hoc socioeconomic 
questionnaires. Blood collection is performed at diagnosis, 
M0, M12, M36 and M60. Biologic sub-studies are ongoing 
(eg, microbiotic and cognitive sub-study).
Results  Enrolment started in 2012; by October 2018, 
12 012 patients had been enrolled. Data collected have 
a low missing completion rate (<5% for key clinical 
variables, <20% for patient-reported outcomes). Blood, 
serum and plasma samples are stored in over 96% of 
patients. Among the first 5801 patients enrolled in CANTO, 
76.7% of patients had hormone receptor positive and 
human epidermal growth factor 2 negative tumours; 
73.1% of patients had breast conserving surgery; 90.4% 
received adjuvant radiotherapy, 53.4% (neo) adjuvant 
chemotherapy, 11.3% adjuvant trastuzumab and 80.3% 
adjuvant hormonotherapy.
Conclusions  CANTO represents a unique opportunity to 
explore important medical, biological and psychosocial 
outcomes on breast cancer survivor population.

Background
Due to improvements in early detection and 
treatment, nearly 80% of women diagnosed 
with breast cancer in developed countries 
can expect long-term disease-free survival. 
Currently, almost 2 million women in Europe 

have a history of breast cancer and it is 
projected that this number will continue to 
increase.1 2 Corresponding with improved 
survival, an awareness of survivorship care 
challenges has increased. Central to survivor-
ship is the identification and management 
of the long-term effects of the cancer and its 
treatment.1–3

Although prior studies showed that most of 
the patients with breast cancer can return to 
a comparable health status to that of patients 
without breast cancer, a substantial portion of 
breast cancer survivors face long-term treat-
ment-related toxicities (including, but not 
limited to fatigue, pain, emotional disorders, 
cognitive impairment, sexual dysfunction, 
lymphoedema, cardiotoxicity, infertility) 
with important psychological, functional 
and social impact. In addition, there is some 
evidence that calls into question substantial 
underdiagnoses and undermanagement of 
treatment-related toxicities.4

A major barrier to identifying factors asso-
ciated with the development and persistence 
of long-term toxicities and potential targets 
for impactful intervention is the absence 
of longitudinal and well-powered data sets 
assessing treatment-related toxicities with 
detailed information on demographic, life-
style, social, medical, psychological, molec-
ular and biological factors that can allow 
us to understand how these factors interact 
and impact treatment-related toxicities and 
quality of life.5

Most of the available data are focused 
on the most acute effects of cancer treat-
ments and are limited by small study size 
and absence of national efforts. In addition, 
most of the studies are cross-sectional and 
do not capture the long-term complexity 
and variability of symptoms over time, which 
can be intermittent and fluctuate from years 
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Figure 1  (A) CANTO organisational structure. (B) CANTO participating centres. CH, Centre Hospitalier; CHR, Centre 
Hospitalier Régional; ICL, Institut de Cancerologie de Lorraine; IUCT O, Institut Universitaire du Cancer de Toulouse Oncopole; 
IRCM, Institut de Recherche en Cancérologie; QoL, quality of life.

to decades, while having a major impact on patients’ 
day-to-day function.6 Finally, most of the data resources 
do not have biospecimens for biomarker and molecular 
measures.

Therefore, associated with a call for a focus on survi-
vorship is intrinsically associated with a need of research 
studies that overcome the limitations of prior studies and 
advance the understanding of long-term toxicities among 
breast cancer survivors. In the USA, after the ‘Institute 
of Medicine Report, From Cancer patient to Cancer Survivor: 
Lost in translation’, several initiatives including the Amer-
ican Cancer Society’s Studies of Cancer Survivors have 
started.7 8 In Europe, similar initiatives started to take 
place.9 10 In the same direction, from 2009 to 2013, one 
of the axis of the French national plan against cancer 
was to reduce treatment-related toxicity in breast cancer 
management, and one of the biggest research initia-
tives was to support data collection on those living after 
cancer.11

CANcer TOxicities (CANTO) (NCT01993498,UNI-
CANCER 0140/1103, 2011-A01095-36 (‘study of 
chronic toxicity of treatment of patients with localised 
breast cancer’) is a French prospective cohort study 
with the primary objective of identifying factors predic-
tive of chronic toxicity in patients treated for a stage 
I–III breast cancer. The secondary objectives include 
(1) to describe long-term chronic toxicities, their inci-
dence and psychological, social and economic impact 
of chronic toxicities at the societal level and (2) build a 
multidisciplinary network that will be leveraged on the 
data set findings.

In this article, we will summarise CANTO protocol and 
describe the rational, methodology and implementation 
of this prospective cohort study.

Methods
Study design and organisational structure
Study design
CANTO is a French longitudinal prospective multicentre 
cohort study of women with localised, stage I–IIIA breast 
cancer receiving their primary breast cancer care at one 
of the 26 participating French cancer centres. CANTO 
recruiting centres include 20 comprehensive cancer 
centres, two university hospitals in the greater Paris area, 
two public non-teaching hospitals and two private hospi-
tals. Enrolment started in 20 March 2012; by October 
2018, 12 012 patients were enrolled.

Organisational structure
CANTO is run and coordinated by UNICANCER 
(National French Cooperative Breast Cancer Inter 
Group) uniting a group of oncologists, sociologists, phys-
iologists and psychiatrists, biologists, epidemiologists and 
statisticians from different French institutions. In addi-
tion an external multidisciplinary, international advisor 
board is also assembled (figure 1).

All patients enrolled in the study provide written 
informed consent. Patients who are enrolled in ancillary 
studies signed a separate consent form.

CANTO is registered in public repositories, such as clin-
ical ​trials.​org as NCT0199349812 and the French epidemi-
ology portal.13

Study population
Patients with the following characteristics are eligible for 
inclusion: (1) have a proven invasive breast cancer, (2) 
cT0-cT3, cN0-3 tumour by American Joint Committee 
on Cancer (AJCC) seventh edition,14 (3) 18 years old or 
older at diagnosis, (4) untreated at the time of inclusion 
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(including surgery), (5) fluent in French and (6) able 
to provide written, informed consent. Patients with the 
following characteristics are excluded: (1) T4 and stage 
IV breast cancer by AJCC seventh edition,14 (2) evidence 
of local or distant recurrence, (3) history of other cancer 
within 5 years prior to entry into the study, with the excep-
tion of basal cell carcinoma of the skin or carcinoma in 
situ of the cervix and (4) receipt of any breast cancer 
treatment prior to study entry.

Study measures and collection procedures
Main procedures
Table 1 summarises data measures and schedule of data 
collection.

All patients are followed for a minimum of 5 years. 
Patients are assessed at diagnosis (baseline), 3–6 after 
treatment completion (month 0 of surveillance or 
M0), 12 (M12), 36 (M36) and 60 (M60) months after 
M0. Treatment completion is defined as completion of 
primary treatment, defined as surgery, chemotherapy 
or radiotherapy, whichever comes last. Adjuvant trastu-
zumab, adjuvant endocrine therapy or participation in 
clinical trials can be ongoing after this time point, as well 
as any reconstructive or prophylactic surgery. Up to M60, 
follow-up visits take place at the participating investiga-
tion centre and conducted by a clinical research nurse 
(CRN). Patients have a patient booklet focused on toxicity 
experienced that mimics the electronic case report forms 
(eCRFs). This booklet is handled to the CRN in each visit, 
who reviews the information and grades toxicity described 
using the common toxicity criteria (CTC) adverse events 
scale—European Organisation for Research and Treat-
ment of Cancer (EORTC), V.4.15 Data collection is inter-
rupted in case of metastatic recurrence or second cancer.

Structured and secured eCRFs were developed for the 
study. All patients are assigned to a study identification 
number. Identifiers are removed from the data. eCRFs 
are filled online in every centre and stored at the Centre 
George Francois Leclerc (Dijon, France). Complete 
blood sample is stored at Centre Léon Bérard (Lyon, 
France) for genomic studies. Serum and plasma samples 
are stored at Institut Gustave Roussy (Villejuif, France).

Quality of procedures
Rigorous data quality assurance processes includes initial 
and follow-up data management training; online edit 
checking during web-based data entry; programmed logic 
checks against the pooled data repository and remote 
and on-site monitorings of a random sample of source 
documents against the submitted data throughout the 
data collection process to ensure the accuracy of the data 
used.

Measures
Clinical and toxicity measures
Clinical data collection, including detailed patients’ 
demographics, medical history and tumour classification, 
physical examination, weight, height, performance status 

and toxicity data collection using cCTC adverse events—
EORTC, V.4,15is performed by a CRN. At every visit, the 
CRN reviews the patient booklet and after a patient inter-
view annotates the clinical data accordingly. Data collected 
not only include concomitant medications, general infor-
mation such as smoke, alcohol, hospitalisation, medical or 
paramedical consultations, paraclinical data (such as left 
ventricular ejection fraction (LVEF), bone densitometry 
information, haematological and biochemical standard 
evaluation) but also detailed toxicity information on 
arm and breast morbidity and focused on specific areas 
of interest such as gynaecology, rheumatology, haema-
tology, cardiology, pneumology, gastroenterology and 
dermatology. In case of an abnormality detected during 
one of these visits, the CRN is responsible for alerting the 
patient’s referent physician.

Paraclinical measures
Blood test and physiological evaluation including 
complete blood count, platelets, liver function assess-
ment, ionogram, creatinaemia, glycaemia, cholestero-
laemia, triglyceride level determination are performed at 
inclusion, M0, M36 and M60.

In premenopausal women, evaluation of the ovary func-
tion and follicle reserve: follicle-stimulating hormone, 
luteinizing hormone, oestradiolaemia are performed at 
M0 and M36.

Bone densitometry is performed in postmenopausal 
patients at diagnosis regardless of the hormone receptor 
status, as well as in all patients treated by aromatase inhib-
itors at inclusion, M36 and M60.

Myocardial echography and/or LVEF radionuclide 
measurement is performed by cardiac echography and/
or radionuclide measurement of LVEF, as follow: (1) 
at inclusion and at M0, in patients treated with anth-
racyclines/trastuzumab/and/or radiotherapy on the 
left breast and/or chain mammary intern, (2) at M60 
in patients treated with anthracyclines, radiotherapy 
on breast/left wall and/or radiotherapy of the internal 
mammary chain, (3) every 3 months for 1 year and at 
M60, for patients treated with trastuzumab.

Other mandatory examinations to be performed in 
case of clinical signs of chronic toxicity: echography or 
myocardial scintigraphy in case of dyspnoea or other signs 
indicating the possibility of cardiac impairment, ECG in 
case of palpitations, pelvic echography and if needed 
hysteroscopy in case of metrorrhagia.

Additional examinations are performed according to 
the standard recommendations followed by each of the 
participating institution at providers’ discretion.

Social and psychological impact and quality of life patient-reported 
outcome measures
Self-administrated questionnaires include Hospital 
Anxiety and Depression Scale (HADS),16 Life orienta-
tion Questionnaire de Scheier et Carver revised (LOT-
R),17 Beck Depression Inventory (BDI-SF),18 19 EORTC 
QLQC30-BR23,20 21 EORTC-F13/12,22 2312-Item Short 
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Form Survey (SF) 12,24 Global Physical Activity Ques-
tionnaire (GPAQ)16,25 Impact of Cancer Questionnaire 
(IOCv2)26 and detailed economic and social evalua-
tion are performed. In addition, a work questionnaire 
is performed 24 months after end of treatment (M24). 
Table  1 details schedule of these patient-reported 
outcome measures.

Biologic measures
At inclusion and M36, 30 mL of blood is collected (10 mL 
peripheral blood sample collected in a dry tube, 10 mL 
in heparinised tube, 2×5 mL in an EDTA tube). At M12, 
20 mL of blood is collected (10 mL peripheral blood 
sample in a dry tube and 10 mL in heparinised tube).

Specimens are collected on fasting. After collection, 
samples are kept at room temperature (22°C) for 60 min 
after collection, then centrifuged, and once centrifuged, 
the samples are immediately frozen at −80°C and stored 
at −80°C for 3 months prior to transfer to liquid nitrogen.

Ancillary substudies
In addition, CANTO represents a framework for several 
substudies. Examples of biological substudies ongoing in 
CANTO include (1) microbiota that aims to determine 
the role of the intestinal flora (microbiota) in response 
to chemotherapy and (2) CANTO-COG that aims to eval-
uate the cognitive impact of treatment-related toxicity. 
For all substudies, a specific approval from regulatory 
entities and ethics committee is required and separate 
written informed consent.

Power consideration and data analysis
The study is expected to have enough power to examine 
associations with treatment-related toxicities. For 
example, a total of 2330 patients with complete EORTC 
QLQC30-BR23 data at any specific time point will allow 
to detect a standardised effect size as small as 0.25 for a 
binary baseline covariate of 10% prevalence with a 85% 
power at a two-sided significance level of 0.01 (to allow 
for some multiple testing).27 For covariates with higher 
prevalence, the power will be higher.

Data quality metrics
Enrolment started in 2012, and by October 2018, 12 012 
patients were enrolled. A first data lock was performed 
after the 5801 patients were enrolled and have reached 
M12. For clinical data, an average of <5% missing data per 
variable is present and for patient-reported outcomes, an 
average of <20% of missing data. At inclusion, 96.8% of 
patients have blood, plasma and serum samples available 
and among these >97% have DNA extracted.

Population clinical and treatment characteristics
Table  2 includes selected study population characteris-
tics of the first 5801 women enrolled in CANTO (inter-
mediate cohort). The vast majority of patients had 
hormone receptor-positive tumours (87.2%) and 14.3% 
had human epidermal growth factor 2 (HER2)-positive 
tumours; 49.3% of patients had stage I disease; 73.1% 
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Table 2  Patient’s clinical and treatment characteristics, 
intermediate cohort

Patient clinical and treatment characteristics

N, %

5801, 100

Patient clinical characteristics

Age

<50 1.698 (29.3)

50–64 2.503 (43.1)

≥65 1.600 (27.6)

AJCC stage*

Stage I 2.843 (49.3)

Stage II 2.368 (41.0)

Stage III 558 (9.7)

Missing 32

Molecular subtype†

HR+ HER2+ 603 (10.5)

HR+ HER2− 4.409 (76.7)

HR− HER2+ 222 (3.8)

HR− HER2− 516 (9.0)

Missing 51

Grade

1 1.050 (18.3)

2 3.015 (52.4)

3 1.682 (29.3)

Missing 54

Treatment characteristics

Surgery

None 22 (0.4)

Breast conserving surgery 4.223 (73.1)

Mastectomy 1.532 (26.5)

Missing 22

Axillary lymph node dissection

Sentinel lymph node biopsy 3.443 (59.6)

Lymph node dissection 2.334 (40.4)

Missing 24

Adjuvant radiotherapy

No 555 (9.6)

Yes 5.212 (90.4)

Missing 34

Neo/adjuvant chemotherapy

No 2.691 (46.6)

Yes 3.079 (53.4)

Missing 31

Neo/adjuvant endocrine therapy

No 1.134 (19.7)

Yes 4.608 (80.3)

Continued

Patient clinical and treatment characteristics

Missing 59

Neo/adjuvant trastuzumab

No 5.110 (88.7)

Yes 650 (11.3)

Missing 41

*According to AJCC (version 7),14 for patients treated with 
neoadjuvant therapy, we considered clinical stage; for all other 
patients, we considered pathological stage.
†HR and HER2 status, as abstracted from pathology reports. HR 
is considered positive if the estrogen receptor and/or progesterone 
receptor are positive. For HER2 classification, the fluorescence 
in situ hybridisation or IHC result was used. A positive result was 
considered if HER2 was amplified or IHC 3+.
AJCC, American Joint Committee on Cancer; HER2, human 
epidermal growth factor 2; HR, hormone receptor; IHC, 
immunohistochemistry.

Table 2  Continued

of patients were treated with breast conserving surgery; 
90.4% received adjuvant radiation therapy, 53.4% (neo) 
adjuvant chemotherapy, 11.3% adjuvant trastuzumab and 
80.3% adjuvant hormonotherapy.

Discussion
By October 2018, almost 12 012 French patients with 
breast cancer were recruited and will be followed in 
the CANTO cohort for a minimum of 5 years. There is 
a minimal missing clinical data collection and high rate 
of patient-reported outcome completion rate. Blood, 
plasma and serum samples of more than 96% of patients 
are stored.

Millions of women are breast cancer survivors and 
a substantial proportion suffers from long-term treat-
ment-related toxicities.3 Although there is a global call to 
focus on the management of these patients, so far only 
limited focused research has been done in this setting. 
Most of the cohorts of breast cancer survivors are not 
representative of the overall population (eg, single insti-
tutional studies, studies that only include patients covered 
by specific insurance programme) and are lacking 
in comprehensiveness and completeness (ie, lacking 
detailed clinical, treatment information, patient-reported 
outcomes (including psychological, functional and 
social impact) and biological samples). CANTO tried to 
address these limitations. CANTO participants are from 
26 centres distributed across France that will be followed 
for a minimum of 5 years with longitudinal data collec-
tion. CANTO followed standard methodological quality 
criteria for observational studies.28 It has an independent 
steering committee involved in the definition of the study 
methodology, study implementation and analytic strategy. 
It is registered in public repositories. It implemented data 
quality procedures. It has few missing data for measures of 
interest; the patient population has well-described inclu-
sion and exclusion criteria; the outcomes of interest are 
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well characterised, the length of observation has sufficient 
duration to capture treatment-related toxicity and the 
sample size was calculated based on defined hypotheses.28

In addition, CANTO consists of a dedicated and 
engaged national network, and therefore, the CANTO 
sites can subsequently put in place practical solutions 
devised for this patient population.

We acknowledge some limitations. First, CANTO 
focuses on women diagnosed and followed in France with 
early breast cancer and therefore may not be generalis-
able to all women including women in other countries as 
well as women with advanced disease. Although it covers 
a substantial proportion of French cancer centres, it is 
not a population-based sample. Second, we do not have 
a healthy comparison population, but we will be able to 
explore the range of toxicities severity in patients with 
cancer across a variety of treatment intensities, using 
instruments that were validated among patients with 
cancer. Third, as with all prospective studies with quality 
of life endpoints, there is a risk of biased statistical infer-
ence with missing data and we will adhere closely to stan-
dards put forth by the US National Research Council.29

Conclusions
The CANTO cohort, in addition with recent assembled 
survivorship cohorts,7–10 represent a major opportunity 
to better understand long-term treatment-related toxicity 
on cancer survivors, having the statistical power needed 
to make potential new discoveries about causes, media-
tors and moderators of treatment-related toxicities and 
providing light on avenues to diminish the impact of 
toxicities among survivors.
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