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Abstract

Purpose Epidemiological studies indicated that type 2

diabetes mellitus may increase breast cancer risk and

mortality. The aim of this retrospective cohort study was to

examine the effect of diabetes on the clinical course and

the prognosis of early stage breast cancer in relation to

tumour and patient characteristics.

Methods The cohort analyzed in this study consisted of

4,056 patients with invasive primary breast cancer. We

compared overall survival, distant metastasis-free survival

and local recurrence free survival between breast cancer

patients with and without diabetes.

Results In our cohort 276 breast cancer patients (6.8%)

were affected by diabetes compared to 3,780 patients

(93.2%) without diabetes. Women with diabetes were

significantly older, had larger tumours, and a higher rate of

lymph node involvement. After a follow-up period of

5 years, stratification for age and adjustment for other

prognostic factors, overall mortality following breast can-

cer was significantly higher in diabetic breast cancer

patients (hazard ratio, HR 1.92; 95% confidence interval,

CI 1.49–2.48). We found no significant differences in

distant metastasis-free survival and local recurrence free

survival between the two groups, but we found a slightly

significant higher rate of distant metastasis in the group of

patients with diabetes and oestrogen receptor negative

tumours (HR 2.28; CI 1.31–3.97).

Conclusion In this study, patients with diabetes and

oestrogen receptor negative breast cancer had a more than

2-fold higher risk for distant metastasis compared to

patients without diabetes. Diabetes was also associated

with an almost 2-fold increase in mortality within the

5 years follow-up period.

Keywords Breast cancer � Diabetes mellitus � Distant

metastasis � Survival � Cohort study � Local recurrence

Introduction

Breast Cancer (BC) is one of the most common types of

cancer diagnosed in women. It is a chronic disease asso-

ciated with severe morbidity and mortality. There are many

risk factors known to be associated with increased BC risk

including age, family history, genetics, long menstrual

history with early menarche and late menopause, nulli-

parity, obesity, and postmenopausal use of hormone ther-

apy (Kelsey and Berkowitz 1988). Given a senescent

population in the Western world the number of persons,

who suffer from more than one chronic disease increases.

Data from different cancer registries showed that about

60% of all new cancer patients older than 65 years suffer

from at least one other serious disease. Most common

M. G. Schrauder (&) � L. Häberle � M. P. Lux � C. Rauh �
A. Hein � C. M. Bayer � K. Heusinger � M. W. Beckmann �
C. R. Loehberg

Department of Obstetrics and Gynaecology,

University Hospital Erlangen, Erlangen, Germany

e-mail: Michael.Schrauder@uk-erlangen.de

P. A. Fasching

Division of Hematology and Oncology,

Department of Medicine, David Geffen School of Medicine,

University of California at Los Angeles, Los Angeles, CA, USA

A. Hartmann � J. D. Strehl � D. L. Wachter

Institute of Pathology, University Hospital Erlangen,

Erlangen, Germany

R. Schulz-Wendtland � B. Adamietz

Institute of Diagnostic Radiology,

University Hospital Erlangen, Erlangen, Germany

123

J Cancer Res Clin Oncol (2011) 137:975–983

DOI 10.1007/s00432-010-0960-2



among these comorbid conditions is diabetes mellitus

(DM) (16%), which is also believed to be a possible risk

factor for BC and a prognostic factor in BC patients (Wolf

et al. 2005).

DM, especially type 2 diabetes mellitus (T2DM), which

accounts for over 90% of all diagnosed DM cases, is a

severe health problem of worldwide significance (Wild

et al. 2004). The incidences of T2DM, as well as the

prevalence of obesity and metabolic syndrome, have

increased over the past decades just as the BC incidence.

BC has been connected with T2DM, which is characterized

by insulin resistance, hyperglycaemia and hyperinsuline-

mia, by the hypothesis that hyperinsulinemia may increase

the risk of BC. But this relationship was unclear until

experimental data and epidemiological studies demon-

strated a significant association between T2DM and BC, as

well as cancer of the colon, liver, endometrium, kidney and

pancreas (Grote et al. 2010).

Obesity is related to T2DM, but it has also a complex

relationship to BC risk that differs before and after the

menopause. Surprisingly, adipose premenopausal women,

particularly under the age of 35, are at lower risk for BC

than lean women (Ursin et al. 1995). The mechanisms for

this protective effect of adiposity in premenopausal women

is not well understood, but the incidence of aggressive,

oestrogen and progesterone receptor (ER/PR-) negative BC

is much higher in this group of women and it has been

suggested that this is due to a kind of selection of non-

oestrogen-dependent tumour cells which are dependent on

growth factors such as insulin, insulin-like growth factor-I

(IGF-I) and adipokines like leptin (Vona-Davis et al. 2007;

Rose and Vona-Davis 2010; Eng-Wong et al. 2009). The

possible causative relationship between obesity, T2DM and

BC has also been investigated in mouse models and it has

been assumed that insulin resistance and hyperinsulinemia,

as common features of obesity and T2DM, may be the

major factors affecting cancer development and progres-

sion (LeRoith et al. 2008). Interestingly, there has been no

associated risk of BC linked with type 1 DM (T1DM),

suggesting that it is the hyperinsulinemia and insulin

resistance of T2DM that lead to an increased risk of BC in

postmenopausal women and increased mortality regardless

of menopausal status (Rose and Vona-Davis 2009;

Hjalgrim et al. 1997). Growing evidence in literature sug-

gests an increased risk of BC in patients suffering from

T2DM, which is independent of obesity (Grote et al. 2010;

LeRoith et al. 2008; Larsson et al. 2007; Richardson and

Pollack 2005). Data regarding the association of DM and

BC recurrence with respect to obesity is limited.

In a large monocentric cohort of women with early stage

primary BC from the University Breast Center for Fran-

conia (Germany) we evaluated the influence of DM on

survival, distant metastasis-free survival and local

recurrence free survival in relation to common tumour and

patient characteristics.

Patients and methods

Patients

Eligible patients were women with the diagnosis of early

stage invasive BC who were treated at the University

Breast Center for Franconia. Exclusion criteria were

unknown ER or PR status, evidence of recurrent disease or

distant metastasis, prior malignancy (except carcinoma-in

situ of the cervix) and an incomplete medical record. Of the

5,420 patients treated between 1993 and 2008 at the Uni-

versity Breast Center for Franconia, 1,364 patients had to

be excluded due to one or more of the aforementioned

exclusion criteria and the final study population consisted

of 4,056 patients. Among these women the majority (3,780

patients) had no history of DM, whereas 6.8% (276

patients) presented with DM in their medical history.

Pathology

Surgical pathologists specialized in breast pathology at the

University Breast Center for Franconia examined the

pathologic specimens of all patients in the course of routine

patient care. The histological type, grade, resection status

and TNM-stage were determined, and the expression of

ER, PR, and Her2/neu was analyzed immunohistochemi-

cally according to the standard practice in certified breast

centres in Europe (Blamey and Cataliotti 2006; Singletary

et al. 2002).

Information concerning tumour characteristics was

subsequently transferred from the histopathological reports

into our clinical database. This database collects informa-

tion about type and size of tumours, nodal status, grading,

location of primary metastases and further information.

The purpose of this database is to improve quality in the

treatment and to provide the best possible care for BC

patients.

Data collection and follow-up

The first presentation at our specialized BC unit with sus-

pected or diagnosed breast cancer was defined as baseline

visit. Height and weight were measured and the medical

history was taken by the physician of the breast unit. Body

mass index (BMI) was calculated and two cut-points (25

and 30 kg/m2) were used according to the literature to

divide patients into three BMI groups. Information about

DM was collected using the routine patients’ health

records. Most patient characteristics were available in our

976 J Cancer Res Clin Oncol (2011) 137:975–983

123



clinical database, but no specific information on age at

onset, severity or type of DM or any medication concerning

DM.

All patients have been followed up for physical health

issues and for the following parameters: all-cause and BC-

specific mortality, occurrence of distant metastases and

locoregional recurrence. Follow up time was limited to

5 years for each patient. During this period patients pre-

sented themselves at the study centre for regular check-ups

following a general aftertreatment plan in accordance with

German and international BC follow-up guidelines

(Cardoso and Castiglione 2009). During those visits, infor-

mation concerning the recent medical history, current

medical problems and drug intake were retrieved, and

re-staging procedures were disposed if indicated (e.g.

abdominal sonogram, bone scan, CT or MRI to reveal

distant metastases). An examination of the breast was part

of each follow-up visit to detect possible local recurrence

of the tumour.

Statistical analysis

Characteristics of patients with diabetes mellitus and

patients without diabetes mellitus were compared with

appropriate unpaired statistical tests. Student’s t-tests were

used for continuous characteristics, chi-squared tests with

continuity correction for categorical characteristics and the

Armitage trend test for ordinal-categorical characteristics.

Overall survival, distant disease free survival and local

recurrence free survival were the main outcomes of interest.

Cox Proportional Hazard (PH) models were used to obtain

hazard ratios (HR) for diabetes-patients versus nondiabetic

patients. Each prognostic factor was modelled in a Cox PH

model containing the prognostic factor, the diabetes status

as factor and its interaction with the prognostic factor. In

order to avoid confounding by unequal distributed cohorts

all models were stratified by patient’s age at BC diagnosis.

Therefore the patients were divided into four equal age

classes. The no-interaction assumption of the strata was

evaluated with the likelihood ratio test. Moreover, con-

founding was considered by adjusting the models by BMI

and tumour stage (TNM-classification according to UICC

and AJCC) (Singletary et al. 2002). The proportional hazard

assumptions were checked by tests which correlate scaled

Schoenfeld residuals with a suitable transformation of time

(Grambsch and Therneau 1994). Furthermore, for each

outcome an overall Cox PH model only with diabetes-status

and the adjusting factors was modeled.

All of the tests were two-sided, and a P value \0.05 was

regarded as statistically significant. All of the statistical

analyses were carried out using the R system for statistical

computing (version 2.10.1; R Development Core Team,

Vienna, Austria, 2009).

Results

Study population

The study population consisted of 4,056 BC patients.

Patients with DM were significantly older at diagnosis of

BC and presented with a higher tumour stage (TNM-clas-

sification), see Table 1. The mean age of our cohort at

baseline visit was 57.6 (12.9) years (standard deviation in

parentheses), the mean BMI was 26.1 (4.8). The cohort

included 2,596 postmenopausal and 1,069 premenopausal

BC patients while in 391 patients the menopausal status

was unclear or unknown.

The 276 patients with both DM and BC showed a mean

BMI of 28.8 (5.6), whereas the mean BMI in the non-

diabetic BC patient group was 25.9 (5.6). As shown in

Table 1, more than half of all patients were at stage pT1

(57.2%) and 64.6% had no lymph node involvement, rep-

resenting a cohort with an a priori low to average recur-

rence risk compared to similar studies (Coughlin et al.

2004; Hjalgrim et al. 1997).

Overall, 25% of all included patients presented with an

ER-negative BC. 61.9% were moderately differentiated

(G2) and 24.7% poorly differentiated (G3) carcinomas. The

distribution of the Her2/neu-status was in accordance with

the literature with 83.7% of the carcinomas showing no

overexpression.

Data on tumour characteristics were comparable in both

BC groups independent of DM, except that diabetic BC

patients were older (mean: 67.4 vs. 57.6 years) and showed

a significantly higher pathological tumour stage (pT), see

Table 1.

Diabetes mellitus and overall survival

Until the end of data acquisition in 2009, there were 295

events of local recurrence, 417 events of distant metastasis

and 576 deaths from all causes documented. After adjust-

ment for age, BMI and tumour stage, mortality following

BC was significantly higher among women with DM

compared to BC patients without DM (HR 1.90; 95% CI

1.49–2.48). The increase in risk associated with DM

showed no significant difference between pre- and post-

menopausal BC patients (HR 2.35 vs. 1.91, P (interac-

tion) = 0.56). Due to small patient numbers in the

premenopausal subgroup with DM the 95% CI ranged from

0.73 to 7.53.

There were 576 deaths recorded in our cohort over the

study period: 84 among women with DM (30.4%) and 492

among women without DM (13.0%). Significant predictors

of increased risk of death following BC included higher

age, higher tumour stage according to the TNM-classifi-

cation, negative ER and PR status, positive Her2/neu status
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and higher grading. After adjustment for age, BMI and

tumour stage, DM remained a significant independent

predictor of death in the early stage BC cohort (HR 1.90;

95% CI 1.48–2.41, P \ 0.00001) (Fig. 1).

We categorized the BMI in groups (\25, 25–30,[30 kg/

m2) according to body weight criteria (short or normal

weight, overweight, and obese) described in the literature

(Bray 1985). Surprisingly, DM seemed to be a stronger

predictor for a worse outcome in the short/normal weight

BC group compared to the overweight and obese group of

patients. The hazard ratios for overall survival decreased

with increasing BMI from 2.78 in the patients group with a

BMI under 25, 1.97 in the group with BMI between 25 and

30, as well as 1.32 in the obese group with BMI over 30

(Fig. 1). The influence of DM on the overall survival was

different according to the tumour stage. Comparing pT1

versus pT2-pT4 showed a different effect of DM which was

stronger in the pT1 group of patients (HR = 2.71 vs. 1.61)

and slightly significant [P(interaction) = 0.04].

Diabetes mellitus and distant metastasis-free survival

DM was not associated with distant metastasis-free sur-

vival in our study cohort (HR1.10; 95% CI 0.74–1.64)

(Fig. 2). In view of the different subgroups we saw a trend

towards a higher distant metastasis rate associated with

DM in the subgroup with histological grade 3 tumours and

PR-negative tumours (HR 1.66 and 1.50; P (interac-

tion) = 0.09 and 0.11). Surprisingly, the subgroup of BC

patients with ER-negative BC showed a significant asso-

ciation of DM with a higher rate of distant metastasis (HR

2.28; 95% CI 1.31–3.97, P (interaction) \0.01). The dis-

tant metastasis rate was 21% (15 out of 57) in the diabetic

BC group with ER-negative tumours compared to 12.4%

(123 out of 862) in the non diabetic ER-negative subgroup,

as displayed in Fig. 2.

Additionally, women with DM and a low BMI (\25)

exhibited shorter distant metastasis-free survival by trend

[P (interaction) = 0.09].

Table 1 Patient characteristics of the subgroups ‘‘Diabetes (Diab) yes’’ and ‘‘Diabetes (Diab) no’’

All Mean All SD Diab yes Mean Diab yes SD Diab no Mean Diab no SD P

Age 57.59 12.85 67.41 11.48 56.85 12.65 \0.00001

BMI 26.09 4.81 28.82 5.62 25.89 4.69 \0.00001

All N All % Diab yes N Diab yes % Diab no N Diab no % P

pT

pT1 2,263 57.2 125 48.1 2,138 57.9 \0.01

pT2 1,398 35.4 107 41.2 1,291 35

pT3 140 3.5 13 5.0 127 3.4

pT4 152 3.8 15 5.8 137 3.7

pN

pN0 2,529 64.6 152 58.9 2,377 65.1 0.05

pN? 1,383 35.4 106 41.1 1,277 34.9

Grading

1 511 13.3 30 11.5 481 13.5 0.63

2 2,372 61.9 174 66.9 2,198 61.6

3 948 24.7 56 21.5 892 25.0

ER

ER- 968 25.1 59 22.9 909 25.2 0.40

ER? 2,896 74.9 199 77.1 2,697 74.8

PR

PR- 1,324 34.3 90 34.9 1,234 34.2 0.83

PR? 2,539 65.7 168 65.1 2,371 65.8

HER2/neu

HER2- 2,584 83.7 187 86.6 2,397 83.5 0.23

HER2? 504 16.3 29 13.4 475 16.5

Mean, standard deviation (SD), number of patients (N), percentage (%). P value (P) of Student’s t test for age and BMI, Armitage trend tests for

pT and Grading and v2 tests otherwise
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Fig. 1 Overall survival. Hazard

ratio (HR) for diabetes mellitus

yes versus no. Cox regression

model for Diabetes and

parameters (pT, pN, ER, PR,

HER2, Grading, BMI), as well

as ‘‘overall’’ Cox-model for

Diabetes. All models are

stratified by age and adjusted for

BMI and tumour stage. The

P value for differences in HR

between the subgroups is given

as P (int)

Fig. 2 Distant metastasis-free

survival. Hazard ratio (HR) for

diabetes mellitus yes versus no.

Cox regression model for

Diabetes and parameters (pT,

pN, ER, PR, HER2, Grading,

BMI), as well as ‘‘overall’’

Cox-model for Diabetes. All

models are stratified by age and

adjusted for BMI and tumour

stage. The P value for

differences in HR between the

subgroups is given as P (int)
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Diabetes mellitus and local recurrence-free survival

Similar to the aforementioned we found no association of

DM with local recurrence-free survival (HR 0.82; 95% CI

0.45–1.48). The Cox-regression model for the event

recurrence-free survival showed no significant association

with DM in all examined subgroups after adjustment for

age, BMI and tumour stage (Fig. 3).

Discussion

In this retrospective cohort study with 4056 BC patients we

observed a significant higher risk for death in the group of

BC patients with DM after adjustment for age, BMI and

tumour stage. Moreover, DM showed no significant asso-

ciation with local recurrence-free survival and distant

metastasis-free survival in the whole cohort. A significant

association of DM with a higher distant metastasis rate

during the follow-up period of 5 years was found in the

ER-negative subgroup, only. Our findings confirm those

from recent studies that have shown an association of DM

with a worse prognosis of BC and reported HR between 1.4

and 1.61 (Verlato et al. 2003; Coughlin et al. 2004; Barone

et al. 2008).

The HR of 1.90 in our study for mortality following BC

among women with and without DM was similar to these

previous published reports (Verlato et al. 2003; Coughlin

et al. 2004; Barone et al. 2008). It has been suggested, that

early survival following BC is reduced due to DM-related

causes (Lipscombe et al. 2008). Our finding of a slightly

significant higher risk of distant metastasis in the group of

diabetic BC patients with ER-negative BC was unexpected

and could possibly be due to chance. But it could also be

the first clinical hint of a putative direct risk modifying

effect of DM in BC beyond the DM-related mortality and

morbidity.

In the hormone receptor negative subset of the

Women’s Intervention Nutrition Study lower dietary fat

intake and weight loss in the intervention group corre-

lated with lower long-term mortality compared to the

control group (7.5% vs. 18.1%). In this study no insulin

level analysis was available, but the authors concluded,

that the results are consistent with the notion that factors

such as insulin or IGF may be important in the

ER-negative subset of BC (Chlebowski et al. 2006;

Chlebowski et al. 2008; Chlebowski et al. 1993). This

theory could at least partly explain our finding of a

greater impact of DM on distant disease free survival in

patients with ER-negative BC.

Fig. 3 Local recurrence-free

survival. Hazard ratio (HR) for

diabetes mellitus yes versus no.

Cox regression model for

Diabetes and parameters (pT,

pN, ER, PR, HER2, Grading,

BMI), as well as ‘‘overall’’ Cox-

model for Diabetes. All models

are stratified by age and

adjusted for BMI and tumour

stage. The P value for

differences in HR between the

subgroups is given as P (int)
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Insulin and insulin like growth factors (IGF) are sup-

posed to have a DM independent direct mitogenic and BC

promoting effect. It has been shown in transgenic mice that

premalignant and early malignant lesions of the mammary

gland occur in mice that overexpress IGF-I or IGF-I

receptor (IGF-IR) (Kleinberg et al. 2009). Insulin also

inhibits the production of sex hormone-binding globulin

(SHBG) and IGF binding protein-1, leading to an increase

in free plasma oestrogen and free bioavailable IGF-1

(Michels et al. 2003). Moreover, higher levels of fasting

insulin have been shown to be associated with the risk of

BC development, as well as the disease outcome (distant

recurrence and death) in DM free women with early BC

(Goodwin et al. 2002; Del Giudice et al. 1998). The study

by Goodwin et al. showed insulin levels to be significantly

related to tumour stage, nodal stage and tumour grade.

Insulin levels were not significantly related to nuclear

grade, lymphatic invasion, ER, or PR (Goodwin et al.

2002).

The association of T2DM and postmenopausal BC risk

is also well established and a meta-analysis of 5 case

control studies and a meta-analysis of 15 cohort studies

found a relative risk for BC of 1.18 and 1.20, respectively

(95% CI, 1.05–1.32 and 1.11–1.30) (Larsson et al. 2007;

Tsugane and Inoue 2010). Data from the Women’s Health

Initiative Observational Study showed that fasting insulin

levels were strongly positively associated with BC risk

independently of obesity in postmenopausal women who

did not have T2DM (Gunter et al. 2009). In this context, it

is of interest that the positive relationship between T2DM

and postmenopausal BC risk found in the Nurses’ Health

Study was predominantly seen in patients with ER-positive

tumours (HR 1.22 vs 1.13). However, the relevance of this

finding is limited due to the small number of ER-negative

diabetic BC patients. Moreover, information on prognosis

is also missing in this study (Michels et al. 2003).

Being overweight has also been shown to affect BC risk

as well as prognosis (Daling et al. 2001; Calle and Kaaks

2004). It has been suggested previously that the association

of pre-existing obesity and postoperative weight gain with

poor BC prognosis regardless of menopausal status is due

to the association of adiposity with ER-negative, highly

proliferative tumours with a propensity for distant metas-

tasis (Rose and Vona-Davis 2009). Daling et al. found that

women in the highest quartile of BMI were 2.5 times more

likely to die of their disease within 5 years of BC diagnosis

compared with women in the lowest quartile (Daling et al.

2001). They also reported that tumours of women in the

highest quartile of BMI were more likely to be ER-negative

and to have a high S-phase fraction, high histological

grade, high mitotic cell count, and larger tumour size

compared with women whose BMI was in the lowest

quartile (Daling et al. 2001; Goodwin and Boyd 1990). In

our study the reported effects of DM on mortality and

distant recurrence were independent of BMI. We found less

ER-negative tumours in the diabetic BC group (22.9% vs.

25.2%) and more histological grade 3 tumours in the non-

diabetic BC group (25.0% vs. 21.5%) of our cohort.

Keeping this in mind, one could argue that our finding of a

higher rate of distant recurrence in the ER-negative sub-

group of diabetic BC patients indicates an association of

DM with a more aggressive ER-negative BC phenotype,

but not with a higher rate of ER-negative BC, as shown for

obesity (Vona-Davis et al. 2007; Stephenson and Rose

2003).

It is also very interesting that in the obese subgroup of

BC patients DM does not seem to be as important for the

overall survival as in the underweight/normal weight group

of BC patients (HR 1.32 vs. 2.78, P (interaction) = 0.02).

Moreover, DM seems to be more important in patients with

a lower tumour stage (pT1) compared to patients with

higher stages (pT2-pT4) (P (interaction) = 0.04). The

explanation for this observation remains elusive. Possible

reasons could be similar molecular mechanisms or changes

in signalling pathways that determine the effect of DM and

obesity on BC survival. Therefore, DM might have a worse

effect on BC prognosis in lean patients where these tumour

promoting pathways are not already activated by obesity.

This DM effect on oncogenic pathways might be more

relevant in patients with early stage tumours providing a

possible explanation for the second finding.

DM is treated with a variety of medications, so there

may also be a link between these medications and cancer.

This link has already been suspected by several studies

showing for example a higher pathologic complete

response rate in BC patients receiving metformin during

neoadjuvant chemotherapy, as well as suppressed cancer

cell growth by metformin and rosiglitazone in vitro

(Jiralerspong et al. 2009; Feng et al. 2010). Unfortunately,

we did not have information on duration of DM, age at

onset of DM and DM medication before or after BC

diagnosis. Therefore, we cannot rule out a potential bias

due to differences in DM treatment in our study group.

Another limitation of this study is that we were not able

to distinguish between the different types of diabetes

mellitus. T2DM is by far the most common type of DM,

especially in the examined group of diabetic BC patients

with a mean age of 67.4 years. Therefore, most cases of

DM in this cohort are likely to be non-insulin-dependent.

Nonetheless, taking into account the relative small numbers

in some subgroups, the missing differentiation between

T1DM and T2DM could be one confounding factor in this

study.

Major strengths of the present study include the com-

plete and highly reliable clinical information directly

extracted from medical records by trained medical
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documentation assistants and the close follow-up of all

patients presenting at our breast cancer unit in frequent

intervals.

To our knowledge, only one prior study has examined

associations between DM and BC recurrence in a large

cohort. In this analysis, diabetic patients with early stage

BC had over twofold the risk of additional BC events and

mortality. The authors also examined univariate associa-

tions for variables like ER and PR status, but no results of

subgroup analysis were published (Patterson et al. 2010).

The main findings of our study are an association

between DM and mortality in early stage BC patients,

together with the association of DM in ER-negative BC

patients with worse distant metastasis-free survival. This is

consistent with the idea of direct tumour promoting effects

of DM in BC. The fact that DM is accountable for a worse

BC prognosis in patients with ER-negative tumours is

certainly not proven by our data, just as our finding of a

weaker effect of DM on BC survival in obese patients, but

these ideas warrant further investigation.
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