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Metformin and thiazolidinediones are associated with
improved breast cancer-specific survival of diabetic
women with HER2+ breast cancer
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Background: Insulin/insulin-like growth factor-I (IGF-I) signaling is a mechanism mediating the promoting effect of type
2 diabetes (DM2) on cancer. Human epidermal growth factor receptor (HER2), insulin receptor and IGF-I receptor
involve the same PI3K/AKT/mTOR signaling, and different antidiabetic pharmacotherapy may differentially affect this
pathway, leading to different prognoses of HER2+ breast cancer.
Methods: We reviewed 1983 consecutive patients with HER2+ breast cancer treated between 1 January 1998 and
30 September 2010. The overall survival, breast cancer-specific death rate, age, race, nuclear grade, stage,
menopausal status, estrogen and progesterone receptor status, body mass index and classes of antidiabetic
pharmacotherapy were analyzed.
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Results: A Cox regression analysis showed that DM2 [P = 0.026, hazard ratio (HR) = 1.42, 95% confidence interval
(95%CI) 1.04–1.94] predicted poor survival of stage ≥2 HER2+ breast cancer. In Kaplan–Meier analysis, metformin
predicted lengthened survival and so did thiazolidinediones. Analyzing only the diabetics, Cox regression showed that
metformin (P = 0.041, HR = 0.52, 95%CI 0.28–0.97) and thiazolidinediones (P = 0.036; HR = 0.41, 95%CI 0.18–0.93)
predicted lengthened survival, and competing risk analysis showed that metformin and thiazolidinediones were
associated with decreased breast cancer-specific mortality (P = 0.023, HR = 0.47, 95%CI 0.24–0.90 and P = 0.044,
HR = 0.42, 95%CI 0.18–0.98, respectively).
Conclusions: Thiazolidinediones and metformin users are associated with better clinical outcomes than nonusers in
diabetics with stage ≥2 HER2+ breast cancer. The choice of antidiabetic pharmacotherapy may influence prognosis of
this group.
Key words: breast cancer-specific mortality, HER2-positive breast cancer, insulin, metformin, secretagogues,
thiazolidinediones

introduction
Diabetes mellitus and cancer are major causes of
morbidity and mortality worldwide. Extensive
epidemiological data suggest important roles of type 2
diabetes mellitus (DM2) in carcinogenesis [1–4]. There is
also evidence that DM2 is associated with decreased
survival in breast cancer patients. A meta-analysis of
association between preexisting diabetes and all-cause
mortality in breast cancer patients using data from eight
studies [5–12]showed that diabetic breast cancer patients
had a 1.49 times higher risk of death, tended to present at
later stages, and received less intense treatment regimens
than nondiabetic breast cancer patients [13]. A recent
retrospective cohort study [14], not included in the above
meta-analysis [13], also examined the association of
diabetes with the prognosis of early-stage breast cancer
and found a close to twofold increase in mortality in
diabetics compared with nondiabetics [14]. Similar to
DM2, the metabolic syndrome, which is also characterized
by insulin resistance and hyperinsulinemia, is a significant
prognostic factor in postmenopausal breast cancer patients
and is associated with increased risk of recurrence
[15, 16].
The current consensus is that activation of insulin receptor

and insulin-like growth factor-I (IGF-I) receptor signaling
through the PI3K/AKT/mTOR signaling pathway mediates at
least in part the promoting effect of DM2 on cancer risk and
cancer progression [17]. About 25 % of breast cancers
overexpress Human epidermal growth factor receptor 2
(HER2) (ErbB2), which is a growth factor receptor tyrosine
kinase that also involves the same downstream signaling via
PI3K, AKT and mTOR [18, 19]. Given that AKT/mTOR
signaling is already active in HER2-overexpressing (HER2+)
cancers [20], an interesting question is whether DM2 can
further accelerate their growth. Thus far, most studies have
investigated breast cancer inclusive of all subtypes [5–12, 21],
and no study has specifically addressed the impact of DM2 on
breast cancer-specific survival of patients with this specific
subtype of breast cancer.
One major clinical question is whether specific strategies in

diabetes care can improve survival of diabetic breast cancer
patients. The foundation for this question is based on the fact
that insulin and IGFs are key regulators of cell survival,

proliferation and energy metabolism [19]; and extensive
laboratory, epidermiological and clinical research all support
that insulin/IGF signaling pathway underpins the influence of
lifestyle and dietary factors on cancer prognosis [22, 23].
Although one may suspect that insulin and insulin analogues
may accelerate cancer growth through activation of insulin
and IGF-I receptors, evidence is lacking regarding any
association of exogenous insulin use with poor breast cancer
prognosis. In a prospective cohort study of early-stage breast
cancer patients, fasting insulin level was associated with poor
breast cancer outcomes in terms of distant recurrence and
mortality [24]. In a recent prospective observational study,
the association between C-peptide level (a stable surrogate
marker of endogenous insulin secretion) and breast cancer-
specific death was stronger in women with DM2 than in
women without DM2 [25]. These studies suggest that anti-
insulin resistance medications such as metformin and
thiazolidinediones, which reduce fasting insulin and C-
peptide levels in breast cancer patients, may be associated
with improved breast cancer-specific survival in diabetic
patients [25]. Metformin has also been shown to lower
insulin levels in nondiabetic breast cancer patients [26]. Our
group has carried out in vitro investigation on the differential
impact of antidiabetic medications on cancer cells and found
that metformin and thiazolidinediones inhibited cancer cell
growth [27], in agreement with results for metformin [28–33]
and thiazolidinediones [34–40] by other groups. Our recent
retrospective review of diabetic prostate cancer patients
revealed that metformin and thiazolidinediones were
associated with improved overall survival [41]. Specifically,
regarding HER2+ breast cancer, metformin decreases HER2
expression by inhibiting signaling through mTOR in vitro
[42], and metformin prolongs survival in a HER2-
overexpressing transgenic mouse model of breast cancer [43].
The relevant clinical question in the management of a

diabetic patient already diagnosed with cancer is whether the
choice of antidiabetic pharmacotherapy can influence the
clinical outcome of the malignancy and, ultimately, the breast
cancer-specific survival. Because it is very costly and time
consuming to examine the impact of antidiabetic drugs on
cancer progression by randomized controlled human trials
[17], we carried out a retrospective review of HER2+ breast
cancer patients evaluated at our institution to examine the
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impact of different classes of antidiabetic pharmacotherapy on
breast cancer-specific survival.

patients and methods

study population
The study was approved by The University of Texas MD Anderson
Cancer Center Institutional Review Board in accordance with an
assurance filed with and approved by the U.S. Department of Health
and Human Services. MD Anderson’s Breast Cancer Management
System Database was searched, and 2792 consecutive patients with
histologically confirmed primary HER2+ breast cancer treated at MD
Anderson between 1 January 1998 and 30 September 2010 were
identified. Among these breast cancer patients, 238 were diabetic at
the time of breast cancer diagnosis. The following exclusion criteria
were applied to these 2792 patients: (i) ductal carcinoma in situ or
stage 1 disease, (ii) male sex, (iii) unknown estrogen receptor (ER) or
progesterone receptor (PR) status, (iv) resolved gestational diabetes,
(v) type 1 diabetes mellitus, (vi) diabetic patients on dietary
management only and not on any form of antidiabetic
pharmacotherapy before and after diagnosis of breast cancer and (vii)
incomplete records (including medication records). The final study
cohort consisted of 1983 patients: 154 diabetic patients taking
antidiabetic medications (diabetic group) and 1829 nondiabetics
(nondiabetic group), all of whom had stage ≥2 HER2+ breast
cancer.

data collection
Trained personnel reviewed online patient records to collect information
on demographics and known or suspected risk factors for breast cancer
prognosis. Cancer stage was defined based on the clinical stage at the
time of diagnosis using the sixth edition of the American Joint
Committee on Cancer’s AJCC Cancer Staging Manual. From the
pathology reports, we obtained the HER2 status: a tumor was considered
HER2+ if it had a staining intensity of 3+ on immunohistochemical
analysis or amplification (>2.2 copies) of the HER2 gene as
demonstrated by FISH. The nuclear grade, ER and PR expression were
also recorded based on the pathology reports. A tumor was considered
ER or PR positive if the respective immunostaining showed ≥10 % cells

with expression.
Body mass index (BMI) for each patient was calculated using the

recorded height and body weights during the first clinic visit at MD
Anderson. Based on recent investigations of the relationship between
BMI and cause-specific mortality in different ethnic groups [44, 45], we
categorized BMI (kg/m2) as follows: <20 (underweight), 20 to <25
(normal), 25 to <30 (overweight), 30 to <35 (obese) and ≥35 (morbidly
obese).

DM2 was determined based on the recorded medical history and was
confirmed by antidiabetic pharmacotherapy in both the medical and
pharmacy records. Overall survival time was defined as the duration
between the date of cancer diagnosis and the date of death. For patients
who did not die or were not followed closely at our institution near
their dates of death, the dates of death were obtained by Customer
Service Representatives of the Tumor Registry section of Medical
Informatics who follow up by mailed questionnaires to all the patients
who had not been seen in our clinics for over 1 year or by search of
public databases including Social Security Death Index and other state
and local vital records and obituaries. In only ∼2 % of the cases, we had
to resort to attributing the survival time as the duration between the
date of cancer diagnosis and the date of our last record when the

patient was alive. If the patient was not known dead, survival time was
censored at the date of last follow-up during the monitoring period. The
primary end point addressed in this study was breast cancer-specific
death. Death was attributed to HER2+ breast cancer if at least one of
the following criteria were met: (i) breast cancer was listed as a cause of
death on the death certificate, (ii) there was clinical evidence of breast
cancer progression at the time of death despite chemotherapy or
palliative radiotherapy or (iii) the patient was receiving hospice care for
end-stage breast cancer at the time of death. Patients for whom the
cause of death could not be determined were included in the category of
‘other causes’ of death.

statistical analysis
Baseline patient characteristics and risk factors of breast cancer
prognosis were compared between groups by the χ2 test, Student’s t-
test or Mann–Whitney rank sum test where appropriate. The
association of HER2+ breast cancer patient survival with each class of
antidiabetic pharmacotherapy was evaluated by the Kaplan–Meier
method. The relationships of risk factors to overall survival (e.g. age,
race, DM2 status, BMI, tumor nuclear grade, hormone receptor status,
stage at the time of cancer diagnosis, insulin use, insulin secretagogue
use, metformin use, thiazolidinedione use) were analyzed using
multivariate Cox regression analysis. Age was categorized as ≤35, >35
to <65 and ≥65 years. BMI was categorized as described above.
Antidiabetic pharmacotherapy was classified as (i) insulin or insulin
analogues, (ii) biguanides, (iii) thiazolidinediones, (iv) insulin
secretagogues (e.g. sulfonylureas and meglitinides) and (v) others
(including α-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors,
amylin analogues and glucagon-like peptide 1 analogues). Because
many patients used combination therapy, and the drugs or
combinations might have changed over time, and the number of
patients in each monotherapy group was small, we represented the
antidiabetic pharmacotherapy of each patient with four categorical
attributes of user versus nonuser of (i) insulin formulations or insulin

analogues, (ii) insulin secretagogues, (iii) metformin and (iv)
thiazolidinediones. These attributes were classified according to
medication use at the time of presentation and subsequent medication
records at our institution. ‘Users’ of a class of drug meant that the
patients used at presentation or subsequently changed to or added a
member of that class of drug. These categorical variables were used in
regression models to examine the association with specific types of
antidiabetic pharmacotherapy.

Competing risk analysis based on the Fine and Gray model was carried
out to analyze HER2+ breast cancer-specific death using the R statistical
package [R version 2.13.0 (13 April 2011), The R Foundation for Statistical
Computing]. Function cuminc was used to analyze cumulative incidence,
and function crr was used to evaluate a regression model for competing
risk.

All other statistical analyses were carried out using SPSS version 18.0
(SPSS, Chicago, IL) and SigmaPlot version 11.0 (Systat, Chicago, IL)
software with two-sided tests, with a P-value of ≤0.05 considered
statistically significant.

results

patient demographics and clinical characteristics
The median follow-up in the study population was 47.6
months (range 0.3–152.2 months). Demographics and clinical
characteristics of the study patients are summarized in Table 1.
The mean age of patients in the diabetic group and those in
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the nondiabetic group were not significantly different, but the
distribution among age groups was significantly different (P <
0.001) with no patient in the diabetic group being <35 years
old. There was a higher proportion (P < 0.001) of diabetic
postmenopausal patients than nondiabetic. The racial
distribution is also different between the diabetic and
nondiabetic groups (P = 0.004). There were also higher
proportions of diabetic patients in the overweight and obese
categories than in the nondiabetic group (P < 0.001). The other
standard prognostic factors (stage, nuclear grade and ER/PR
status) were not significantly different between the diabetic and
nondiabetic groups (Table 1). We also evaluated the
characteristics of the diabetic patients based on their diabetes
medications. There were a higher proportion (P = 0.030) of
diabetic patients >65 years in the metformin nonuser group
than the metformin user group. There were a higher
proportion of stage 2 patients in thiazolidinedione nonusers
than users (P = 0.030). These results were consistent with the
known facts that DM2 is associated with age and obesity and
old women are more likely to be postmenopausal than young
women.

association of DM2 with overall survival of patients
with HER2+ breast cancer after controlling for age,
ER/PR status, nuclear grade, BMI and stage
A multivariate Cox proportional hazards regression model
examined DM2 along with race, age, ER/PR status, nuclear
grade, BMI and stage as predictive factors for overall
survival of these patients with HER2+ breast cancer. As
listed in Table 2, DM2 was a significant independent
predictor [hazard ratio (HR) = 1.42, 95 % confidence
interval (CI): 1.04–1.94, P = 0.026] of decreased overall
survival of patients with stage ≥2 HER2+ breast cancer
after adjustment for age, ER/PR status, nuclear grade, BMI
and stage. Other significant factors were age (<35 years
compared with 35–65 years: HR = 1.51, 95 % CI 1.15–1.97,
P = 0.003), age (>65 years compared with 35–65 years: HR
= 1.39, 95 % CI 1.08–1.79, P = 0.010), stage (stage 4
compared with stage 2: HR = 4.74, 95 % CI 3.83–5.88, P <
0.001; stage 3 compared with stage 2: HR = 1.68, 95 % CI
1.39–2.03, P < 0.001), both ER and PR negative (HR = 1.54,
95 % CI 1.30–1.82, P < 0.001) and BMI (30 to <35 versus
20 to <25 kg/m2: HR = 0.74, 95 % CI 0.57–0.95, P = 0.017;
≥35 versus 20 to <25 kg/m2: HR = 0.73, 95 % CI 0.55–0.97,
P = 0.030). Therefore, DM2, age at diagnosis, stage at
diagnosis, ER/PR status and BMI are significant
independent predictors of overall survival of patients with
stage ≥2 HER2+ breast cancer.

association of antidiabetic pharmacotherapies with
overall survival
In Kaplan–Meier analysis, diabetics who used insulin had
a significantly decreased survival duration compared with
diabetic nonusers (log-rank test, P = 0.029; Figure 1A) and
compared with nondiabetics (log-rank test, P = 0.005;
Figure 1A). The median survival of diabetic insulin
nonusers was 42.2 months compared with 37.8 months in

insulin users. However, insulin secretagogue usage was not
a significant predictor of survival (Figure 1B).
In stark, contrast diabetic patients who received

metformin therapy had a significantly longer survival
duration compared with diabetics who received no
metformin therapy (log-rank test, P = 0.045; Figure 1D)
and nondiabetics (log-rank test, P = 0.007; Figure 1D). The
median survival of diabetic metformin nonusers was 37.4
months compared with 42.4 months in metformin users.
Diabetics who received thiazolidinedione therapy also had
a significantly longer survival duration compared with
diabetics who did not receive thiazolidinedione therapy
(log-rank test, P = 0.034; Figure 1E) and nondiabetics (log-
rank test, P = 0.014; Figure 1E). The median survival of
diabetic thiazolidinedione nonusers was 37.3 months
compared with 49.8 months in thiazolidinedione users.
Likewise, patients who received metformin and/or
thiazolidinediones had a significantly longer survival
duration compared with diabetic nonusers (log-rank test,
P = 0.002; Figure 1F) and nondiabetics (log-rank test, P =
0.001; Figure 1F). The median survival of diabetic
metformin ± thiazolidinedione nonusers was 36.9 months
compared with 42.4 months in metformin ±
thiazolidinedione users. Life table analysis of these data
was shown in Table S1 (available as supplementary data in
Annals of Oncology online). Our results suggested that
insulin therapy was associated with a prognosis worse
than that of nondiabetics, while metformin and
thiazolidinedione therapies were associated with a
prognosis indistinguishable from that of nondiabetics.

association of antidiabetic pharmacotherapies with
overall survival of diabetic patients with stage ≥2
HER2+ breast cancer in multivariate analysis
Multivariate Cox proportional hazards regression analysis of
overall survival of diabetic patients with stage ≥2 HER2+
breast cancer was carried out using a model consisting of the
categorical covariates: age at diagnosis, BMI, stage at diagnosis,
ER/PR both negative, insulin usage, insulin secretagogue usage,
thiazolidinedione usage and metformin usage (Table 3). Race
and nuclear grade were not included in the model because they
were not significant predictors of overall survival (Table 2). As
expected, stage at diagnosis (stage 3 & 4 versus stage 2) was a
significant (P = 0.005) predictor of overall survival (HR = 2.45,
95 % CI 1.31–4.59) (Table 3). Thiazolidinedione usage was a
significant (P = 0.033) predictor of favorable survival (HR =
0.41, 95 % CI 0.18–0.93) and so was metformin usage (P =
0.041, HR = 0.52, 95 % CI 0.28–0.97). ER and PR negative, age
at diagnosis over 65 years and BMI ≥30 kg/m2 were near
significant factors with the respective P-values of 0.069, 0.072
and 0.093, respectively. Therefore, stage at diagnosis,
metformin therapy and thiazolidinedione therapy are
significant predictors of overall survival of diabetic patients
with stage ≥2 HER2+ breast cancer after adjustment for age,
BMI, ER/PR status, insulin therapy and insulin secretagogue
therapy.
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Table 1. Patient demographics and clinical characteristics of the study population

Characteristic Metformin

user

Metformin

nonuser

P-value Thiazolidinedione

user

Thiazolidinedione

nonuser

P-value Insulin

user

Insulin

nonuser

P-value Secretagogue

user

Secretagogue

nonuser

P-value Diabetic

patients

Nondiabetic

patients

P-value

Age at diagnosis

(years)

0.030 0.281 0.397 0.203 <0.001

Median (range) 55

(36–77)

56

(26–83)

55

(36–81)

56

(26–83)

55

(26–82)

55.5

(36–83)

55

(36–83)

55

(26–82)

55

(26–83)

49

(21–89)

<35 0 0 0 0 0 0 0 0 0 218

35–65 75 46 30 91 39 82 57 64 121 1436

>65 13 19 5 27 8 24 19 13 32 175

Menopausal status 0.460 0.815 0.762 0.369 <0.001

Pre- and

perimenopausal

17 16 7 26 11 22 14 19 33 829

Postmenopausal 71 50 28 93 37 84 62 59 121 1000

Race 0.630 0.095 0.601 0.528 0.004

White 50 35 15 70 25 60 40 45 85 1217

Spanish/Hispanic 19 17 13 23 12 24 17 19 36 270

African-

American

13 11 6 18 9 15 15 9 24 226

Other 6 3 1 8 2 7 4 5 9 116

BMI (kg/m2) 0.596 0.289 0.319 0.532 <0.001

Median (range) 32.1

(20.6–51.3)

32.8

(17.7–48.6)

31.5

(22.1–50.3)

32.8

(17.7–48.0)

31.6

(18.7–

47.1)

32.8

(17.7–

50.3)

32.8

(17.7–50.3)

32.8

(18.7–45.2)

32.8

(17.7–50.3)

27.9

(16.5–60.1)

Underweight,

BMI < 20

0 3 4 3 2 1 1 2 3 76

Normal, BMI 20

to <25

11 3 8 9 2 12 5 9 14 559

Overweight, BMI

25 to <30

21 18 10 32 15 24 22 17 39 638

Obese, BMI 30 to

<35

25 16 7 31 14 27 18 23 41 344

Morbidly obese,

BMI≥ 35

31 26 6 44 15 42 30 27 57 212

Breast cancer stage 0.770 0.030 0.215 0.143 0.978

II 46 36 13 69 22 60 45 37 82 976

III 34 24 19 39 18 40 28 30 58 624

IV 8 6 3 11 8 6 3 11 14 229

Nuclear grade 0.950 0.298 0.553 0.937 0.367

I and II 17 13 9 21 8 22 15 15 30 414

III 71 53 26 98 40 84 61 63 124 1415

ER/PR status 0.070 0.506 0.249 0.627 0.355

Both negative 49 27 19 57 27 49 36 40 76 832

Either one

positive

39 39 16 62 21 57 40 38 78 997

BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor.
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association of antidiabetic pharmacotherapies with
breast cancer-specific death
Competing risk analysis was carried out using the R statistics
package [46] to analyze breast cancer-specific mortality in
diabetic patients with stage ≥2 HER2+ breast cancer.
Cumulative incidence estimate plots for breast cancer-specific
death among patients grouped by antidiabetic medications are
presented in Figure 2. When comparing insulin users versus
insulin nonusers, there was no significant increase in breast
cancer-specific mortality and no significant difference in
mortality from other causes (Figure 2A). When comparing
insulin secretagogue users versus nonusers, there was no
significant difference in breast cancer-specific mortality and no
significant difference in mortality from other causes
(Figure 2B). When comparing insulin ± secretagogue users
versus nonusers, there was a significant (P = 0.036) increase in
breast cancer-specific mortality and no significant difference in
mortality of other causes (Figure 2C). When comparing
metformin users versus nonusers, there was no significant
increase in breast cancer-specific mortality and no significant
difference in mortality from other causes (Figure 2D). When
comparing thiazolidinedione users versus nonusers, there was
no significant difference in breast cancer-specific mortality and
no significant difference in mortality of other causes
(Figure 2E). When comparing metformin ± thiazolidinedione
users versus nonusers, there was a significant (P = 0.007)
increase in breast cancer-specific mortality and no significant

Table 2. Multivariate Cox proportional hazards regression model for
overall survival of patients with stage ≥2 HER2+ breast cancer

Variables P-value Hazard
ratio

95 % CI for hazard ratio

Lower Upper

White (yes versus no) 0.471 1.07 0.89 1.27
DM2 (yes versus no) 0.026 1.42 1.04 1.94
Stage (3 versus 2) <0.001 1.68 1.39 2.03
Stage (4 versus 2) <0.001 4.74 3.83 5.88
ER and PR negative
(yes versus no)

<0.001 1.54 1.30 1.82

High nuclear grade
(yes versus no)

0.490 0.93 0.76 1.14

Age (<35 versus 35
to 65 years)

0.003 1.51 1.15 1.97

Age (>65 versus 35
to 65 years)

0.010 1.39 1.08 1.79

BMI (<20 versus 20
to <25 kg/m2)

0.545 1.14 0.75 1.72

BMI (25–<30 versus 20
to <25 kg/m2)

0.487 0.93 0.76 1.14

BMI (30–<35 versus 20
to <25 kg/m2)

0.017 0.74 0.57 0.95

BMI (≥35 versus 20
to <25 kg/m2)

0.030 0.73 0.55 0.97

BMI, body mass index; CI, confidence interval; DM2, type 2 diabetes
mellitus; ER, estrogen receptor; PR, progesterone receptor.

Figure 1. Insulin use is associated with decreased overall survival while metformin use and thiazolidinedione use are associated with improved survival of
diabetic patients with stage ≥2 HER2+ breast cancer. Kaplan–Meier survival curves comparing users (red curves), diabetic nonusers (blue curves) and
nondiabetic patients (black curves) are shown for insulins (A), insulin secretagogues (B), insulins and/or insulin secretagogues (C), metformin (D),
thiazolidinediones (E), and metformin and/or thiazolidinediones (F).
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difference in mortality from other causes (Figure 2F). These
results suggested that insulin ± secretagogue therapy was
associated with increased, while metformin ± thiazolidinedione
therapy was associated with decreased cumulative incidence of
breast cancer-specific death in diabetic patients with stage ≥2
HER2+ breast cancer.

association of antidiabetic pharmacotherapies with
breast cancer-specific mortality in multivariate
analysis
In multivariate regression analysis of risk of competing events,
we examined factors for breast cancer-specific mortality in
diabetic patients with stage ≥2 HER2+ breast cancer using a
regression model consisting of the same factors as the model
reported in Table 3 (Table 4). The presence of advanced-stage
(stage 3 & 4) breast cancer was associated with significantly
(P = 0.004) increased breast cancer-specific mortality (HR =
2.70, 95 % CI 1.38–5.27). Both metformin usage and
thiazolidinedione usage were associated with significantly
decreased HRs for breast cancer-specific mortality (P = 0.023,
HR = 0.47, 95 % CI 0.24–0.90 and P = 0.044, HR = 0.42, 95 %
CI 0.18–0.98, respectively). Therefore, stage at diagnosis,
metformin therapy and thiazolidinedione therapy are

Table 3. Multivariate Cox proportional hazards regression model for
overall survival of diabetic patients with stage ≥2 HER2+ breast cancer

Variables P-value Hazard
ratio

95 % CI for hazard ratio

Lower Upper

Stage (3 & 4 versus 2) 0.005 2.45 1.31 4.59
ER and PR negative
(yes versus no)

0.069 0.56 0.30 1.05

Insulin (users versus
nonusers)

0.336 1.38 0.72 2.67

Insulin secretagogues
(users versus nonusers)

0.573 1.19 0.64 2.21

Thiazolidinediones (users
versus nonusers)

0.033 0.41 0.18 0.93

Metformin (users versus
nonusers)

0.041 0.52 0.28 0.97

Age (>65 versus
≤65 years)

0.072 1.80 0.95 3.42

BMI (<20 versus 20 to
<30 kg/m2)

0.234 0.28 0.04 2.25

BMI (≥30 versus 20 to
<30 kg/m2)

0.093 0.59 0.32 1.09

BMI, body mass index; CI, confidence interval; ER, estrogen receptor; PR,
progesterone receptor.

Figure 2. Metformin and thiazolidinediones are associated with decreased cumulative incidence of breast cancer-specific mortality of diabetic patients with
HER2+ breast cancer. Cumulative incidence curves of breast cancer-specific deaths comparing users (red curves) and diabetic nonusers (black curves) and
those of non-breast cancer-specific deaths comparing users (blue curves) and diabetic nonusers (green curves) are shown for insulin (A), insulin
secretagogues (B), insulin and/or insulin secretatgogues (C), metformin (D), thiazolidinediones (E) and metformin and/or thiazolidinediones (F). The P-
values are as labeled close to the compared curves.
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significant predictors of breast cancer-specific mortality in
diabetic patients with stage ≥2 HER2+ breast cancer.

discussion
After reviewing close to 2000 medical records in detail, our
analysis of the association of DM2 and antidiabetic
pharmacotherapy with overall survival in stage ≥2 HER2+
breast cancer found that DM2, age at diagnosis, stage at
diagnosis and ER/PR status are significant predictors of overall
survival in multivariate analysis (Table 2). This is the first
report of the association of DM2 with poor prognosis in this
particular subtype of breast cancer. Since HER2, insulin
receptor and IGF-I receptor all involve the same downstream
signaling via PI3K, AKT and mTOR [47], our finding suggests
that DM2 can further accelerate growth of HER2+ breast
cancer given that AKT/mTOR signaling is already active [48].
This conclusion is also in agreement with our published in
vitro data that increased glucose and insulin concentrations in
culture media, mimicking hyperglycemia and
hyperinsulinemia, respectively, in DM2, promote growth of
HER18 cells (an MCF7 subline stably transfected to
overexpress HER2) [27].
Our Kaplan–Meier analyses of nondiabetics and diabetics

categorized based on use of a particular class of antidiabetic
pharmacotherapy are revealing. Bowker et al. [49] found that
DM2 patients treated with sulfonylureas and insulin had a
significantly higher risk of cancer-related mortality compared
with patients treated with metformin. The denominator for
cancer-related mortality rate in this study included DM2
patients without cancer, and this observed difference between
factors was the combined effect on both carcinogenesis (cancer
risk) and cancer progression (prognosis after diagnosis). Three
possible explanations for the observed difference were offered:
(i) a ‘deleterious effect of sulfonylurea and insulin’, (ii) a
‘protective effect of metformin’ or (iii) ‘some unmeasured effect
related to both choice of therapy and cancer risk’ [49]. With
the nondiabetic group included in our analyses (Figure 1), it
appears that insulin therapy may be associated with a
prognosis worse than that of nondiabetics, while insulin
secretagogue treatments may be neutral. However, our
retrospective study cannot rule out unrecognized confounding
factors related to choice of pharmacotherapy for DM2 and
cancer progression.
Different classes of antidiabetic pharmacotherapy have a

differential impact on the progression of cancer cells [27] and
on the survival of pancreatic cancer patients [50]. Similar to
the results of our analysis in diabetic prostate cancer patients
[41], we found that metformin therapy and thiazolidinedione
therapy were significant predictors of increased overall survival
of diabetic patients with stage ≥2 HER2+ breast cancer
(Table 3). Insulin ± secretagogue therapy was associated with
increased cumulative incidence, while metformin ±
thiazolidinedione therapy was associated with decreased
cumulative incidence of breast cancer-specific death in this
patient population (Figure 2). In multivariate regression, stage
at diagnosis, metformin therapy and thiazolidinedione therapy
were significant predictors of breast cancer-specific mortality
(Table 4).

Hyperinsulinemia, hyperglycemia, adiposity, inflammation
and diabetes treatment are all potential factors in diabetic
patients that may mediate the impact of DM2 on breast cancer
prognosis [51]. It is challenging to evaluate the impact of
pharmacotherapy for DM2 for several reasons: (i) there is often
limited statistical power to detect modest differences, (iii)
patients often receive combination treatment with more than
one antidiabetic medication, and (iii) patients often have
changes in their pharmacotherapy over time [17]. Evidence is
accumulating to suggest that both metformin [28–32] and
thiazolidinediones [34–40] inhibit cancer proliferation through
a variety of mechanisms beyond their impact on systemic
insulin sensitivity.
The current consensus regarding the choice of antidiabetic

pharmacotherapy in diabetic cancer patients is that the
currently available evidence is not conclusive and the choice of
pharmacotherapy for DM2 ought not to be based on the
potential impact on cancer progression [51, 52]. However, our
study provides the first clinical evidence for the potential
benefits of metformin and thiazolidinediones for a defined
patient population (i.e. diabetic patients with stage ≥2 HER2+
breast cancer). More research (including randomized
prospective clinical trials to evaluate the survival benefits of
metformin and thiazolidinediones, alone or in combination,
for well-defined cancer patient groups) will be necessary to
confirm our findings and may lead to changes in the standard
of clinical management of DM2 in breast cancer patients to
maximize survival in the future.
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Cardiac safety of adjuvant pegylated liposomal
doxorubicin with concurrent trastuzumab: a randomized
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Background: The cardiac safety of trastuzumab concurrent with pegylated liposomal doxorubicin (PLD) in an adjuvant
breast cancer treatment regimen is unknown.
Patients and methods: Women with resected node-positive or intermediate-risk node-negative HER2
overexpressing breast cancer and baseline left ventricular ejection fraction (LVEF) ≥55% were randomized (1 : 2) to
doxorubicin 60 mg/m2 (A) + cyclophosphamide 600 mg/m2 (C) every 21 days (q21d) for four cycles or PLD 35 mg/m2

+ C q21d + trastuzumab 2 mg/kg weekly (H) for 12 weeks. Both groups then received paclitaxel (Taxol, T) 80 mg/m2

with H for 12 weeks followed by H to complete 1 year. The primary end point was cardiac event rate or inability to
administer 1 year of trastuzumab.
Results: Of 181 randomized patients, 179 underwent cardiac analysis. The incidence of cardiac toxicity or inability to
administer trastuzumab due to cardiotoxicity was 18.6% [n = 11; 95% confidence interval (CI) 9.7% to 30.9%] with A +
C → T + H and 4.2% (n = 5; 95% CI 1.4% to 9.5%) with PLD +C +H → T + H (P = 0.0036). All events, except one,
were asymptomatic systolic dysfunction or mildly symptomatic heart failure. Mean absolute LVEF reduction at cycle 8
was greater with doxorubicin (5.6% versus 2.1%; P = 0.0014).
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