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Background: Insulin/insulin-like growth factor-1 signalling may underlie the promoting effect of type 2 diabetes on cancer. This
study examined the association of diabetes, including steroid-induced diabetes (SID), and the impact of anti-diabetic medication
on clinical outcomes of multiple myeloma (MM).

Methods: A retrospective review was conducted of 1240 MM patients. Overall survival (OS) and MM disease status prior to death
were analysed.

Results: Diabetic patients had a significantly shorter OS than non-diabetic patients (median: 65.4 vs 98.7 months). In multivariate
analysis, SID was a significant predictor of decreased OS, along with age, comorbidity, MM stage, and cytogenetic abnormalities.
Analyzing only the diabetic MM patients, Cox regression showed that metformin predicted an increased OS, whereas use of
insulin/analogues predicted a decreased OS. Competing risk analysis showed that DM was associated with increased cumulative
incidence of death with progressive MM. Among the diabetics, multivariate regression showed that insulin/analogues were
associated with increased, but metformin with decreased death with progressive MM. Potential immortal time bias was evaluated
by landmark analyses.

Conclusions: DM, SID in particular, is associated with poor clinical outcomes in MM. Insulin/analogues are associated with poor
outcomes, whereas metformin is associated with improved outcomes. No conclusion about causal relationships can be made at
this time. Managing hyperglycaemia with non-insulin regimens should be investigated in randomised trials.

Extensive epidemiologic data suggest important roles of type 2
diabetes mellitus in carcinogenesis (Nilsen and Vatten, 2001;
Verlato et al, 2003; Coughlin et al, 2004; Richardson and Pollack,

2005). The current consensus is that type 2 diabetes may influence
the neoplastic process through hyperglycaemia, hyperinsulinemia,
and chronic inflammation (Giovannucci et al, 2010). The important
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roles of interleukin 6–Janus kinase–signal transducer and activator
of transcription 3 and insulin receptor (IR)/insulin-like growth
factor-1 receptor (IGF-1R)–insulin receptor substrate 1 signalling
pathways in multiple myeloma (MM) have been well established
(Gado et al, 2001; Bommert et al, 2006; Cozen et al, 2006; Menu
et al, 2009; Mahindra et al, 2010; Benetatos and Vartholomatos,
2012). These signalling pathways are also activated by insulin and
insulin-like growth factors in obesity and insulin-resistant condi-
tions, including type 2 diabetes mellitus (Reseland et al, 2009).
Although obesity (Wallin and Larsson, 2011; Hofmann et al, 2013)
and diabetes (Boffetta et al, 1989; Fortuny et al, 2005) are
associated with an increased MM incidence, the impact of diabetes
on the clinical outcome of MM after diagnosis (i.e., prognosis) has
only been investigated in a Taiwanese study (Chou et al, 2012),
which found that pre-existing diabetes was associated with
advanced stage and poor overall survival (OS). The potential
impacts of steroid-induced diabetes (SID) and anti-diabetic
medications on MM have not been reviewed in clinical cohorts.

Recent evidence has also shown that different anti-diabetic
agents affect cancer cells in different ways. In vitro studies have
shown that insulin and glucose promote cancer cell proliferation
and can contribute to chemoresistance, whereas metformin and
rosiglitazone suppress cancer cell growth and induce apoptosis
(Feng et al, 2011; Pan et al, 2012). Our previous retrospective
studies revealed that metformin was associated with an improved
prognosis of prostate cancer (He et al, 2011), pancreatic cancer
(Sadeghi et al, 2012), and HER2þ breast cancer (Huang et al,
2011), and so were thiazolidinediones for prostate cancer (He et al,
2011) and HER2þ breast cancer (Huang et al, 2011).

Hyperglycaemia in acute lymphoblastic leukaemia patients
during induction chemotherapy (which includes high-dose gluco-
corticoids) was associated with poor prognosis (Weiser et al, 2004).
Despite improved glycemic control, intensive insulin analogue
management did not improve prognosis (Vu et al, 2012). This
prospective randomised trial was closed at a scheduled interim
analysis because the intensive insulin group trended towards
having a worse OS than the control group. Secondary analysis
suggested that high levels of exogenous insulin were associated
with poor prognosis; in contrast, use of metformin and/or
thiazolidinediones was associated with improved prognosis (Vu
et al, 2012). As high-dose glucocorticoids are also used to treat
MM, SID, and exacerbation of type 2 diabetes and their impact on
prognosis are important clinical issues. We hypothesised that
diabetes was associated with poor clinical outcomes of MM, and
that the choice of anti-diabetic pharmacotherapy can influence the
clinical outcome of the malignancy. Therefore, we performed a
retrospective study to evaluate the hypotheses.

MATERIALS AND METHODS

Study population. This retrospective study was approved by The
University of Texas MD Anderson Cancer Center (MDACC)
Institutional Review Board in accordance with an assurance filed
with, and approved by the Department of Health and Human
Services. Using the Tumor Registry database, 1240 consecutive
patients with newly diagnosed MM treated at MDACC from 1
January 1996 to 31 December 2010 were identified. The following
exclusion criteria were applied to these 1240 patients: (i) type 1
diabetes mellitus, (ii) cancer diagnosis made more than 6 months
prior to presentation to MDACC, (iii) incomplete medical records,
and (iv) MDACC not being the primary institution of oncologic
care. The final study cohort consisted of 1083 patients.

Data collection. Trained research personnel reviewed records to
collect information on demographics and known or suspected risk
factors for MM prognosis (i.e., age, stage, cytogenetic abnormalities,

stem cell transplantation, obesity, and other comorbidities).
Staging was based on the International Staging System (ISS) for
MM. Bone marrow transplant status was based on both the
medical records and the database maintained by the Stem Cell
Transplantation Department. Based on the pathology reports,
cytogenetic abnormalities were recorded. The presence of translo-
cations involving chromosome 14 (t(11;14), t(4;14), t(14;16) and
t(14;20)], which would include the majority of the patients with
cytogenetic abnormalities in this cohort, was coded as a categorical
variable. Body mass index (BMI; kg m� 2) was calculated using the
recorded height and body weight at the first MDACC visit and was
categorised as follows: non-obese (BMI o30 kg m� 2) and obese
(BMIX30 kg m� 2). Clinical data of each patient were reviewed to
assess the Charlson Comorbidity Index (CCI) (Charlson et al,
1987). The primary clinical outcome was OS. Survival information
was obtained through MDACC’s Tumor Registry. Methods of
follow-up for the Tumor Registry include letters and phone calls,
computer matches with the business office for kept appointments,
searches of public databases (the Social Security Death Index,
Bureau of Vital Statistics of Texas and neighboring states), and
MDACC clinic staff notifications. If a patient was not known to be
dead, survival time was censored at the last follow-up. OS was
defined as the duration between cancer diagnosis and death or last
contact. Treatment response was assessed by the oncologists based
on the criteria of the International Myeloma Working Group
(Durie et al, 2006). The MM disease status at the last clinical
documentation was ascertained and categorised as progressive
disease or without progressive disease. Death with progressive
MM and death without progressive myeloma were analysed as
competing events.

An MM patient was classified as having a history of diabetes
(HxD) if there was a medical history of type 2 diabetes or the
patient was on routine anti-diabetic medications at the time of
diagnosis of MM and presentation to MDACC. Plasma glucose was
routinely measured approximately weekly during induction
therapy. A patient was classified as having SID if there was no
HxD before diagnosis of MM and they had X2 random plasma
glucose4200 mg d� 1, or received anti-diabetic medications after
initiation of glucocorticoid therapy for MM treatment. MM
patients that were not classified in the HxD and SID groups were
classified as having no diabetes (ND).

The MDACC Clinical Laboratory database was searched to
obtain all plasma glucose values of each study participant. The
mean and maximum glucose levels were used to evaluate the
degree of hyperglycaemia. Mean of all glucose values is expected to
be disproportionately higher for the more severe diabetic patients,
as they would have had more tests. This mean is included in the
multivariate analysis as a discriminant of adequacy of glycemic
control. The patients with poor glycemic control will have an
increased value, separating them from those with good glycemic
control.

The MDACC Pharmacy database, including all outpatient and
inpatient dispensing records, was searched for glucocorticoids and
anti-diabetic medications of all the study participants. Anti-
diabetic pharmacotherapy was classified as (i) insulin or insulin
analogues, (ii) insulin secretagogues (e.g., sulfonylureas and
meglitinides), (iii) biguanides, (iv) thiazolidinediones, and (v)
others (including a-glucosidase inhibitors, dipeptidyl peptidase-4
inhibitors, amylin analogues and glucagon-like peptide 1 analo-
gues). Because many patients used combination therapy, the drugs
or combinations might have changed over time, and the number of
patients in each monotherapy group was small, we represented the
anti-diabetic pharmacotherapy of each patient with five categorical
attributes of user vs non-user of (i) insulin formulations or insulin
analogues, (ii) insulin secretagogues, (iii) metformin, (iv) thiazo-
lidinediones, (v) others. These attributes were classified according
to medication use at the time of presentation and subsequent
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medication records at our institution. ‘Users’ of a class of drug
meant that the patients used that class at presentation, or
subsequently changed to or added a member of that class of drug
regardless of dosage or duration of usage. These categorical
variables were used in regression models to examine the
association with specific types of anti-diabetic pharmacotherapy.

Statistical analysis. Baseline patient characteristics and clinical
risk factors of MM prognosis were compared between groups by
the w2-test, Fisher’s exact test, Student’s t-test or Mann-Whitney
rank sum test where appropriate. Univariate analysis of OS was
performed using the Kaplan–Meier method with the log-rank test
unless otherwise indicated. Multivariate regression analyses of
survival data were based on the Cox proportional hazards
modelling. Immortal time bias was examined by the landmark
analysis (Giobbie-Hurder et al, 2013). Competing risk analysis
based on the Fine and Gray model was carried out using the
functions cuminc and crr in the R statistical package (R version
2.13.0, The R Foundation for Statistical Computing). All other
statistical analyses were carried out using SPSS version 21.0 (IBM
Corporation, Armonk, NY, USA), S-Plus version 8.04 (TIBCO,
Somerville, MA, USA), and SAS version 9.2 (SAS Institute Inc.,
Cary, NC, USA). A P-value o0.05 was considered statistically
significant.

RESULTS

Patient demographics and clinical characteristics. The cohort
consisted of 1083 MM patients whose median age at diagnosis of
MM was 57 years (range: 23–91 years). The median follow-up was

52.73 months (range: 1.25–207.25 months). The patients were
categorised as having ND, HxD, or SID. Demographics and clinical
characteristics are summarised in Table 1. In this cohort, 12.6%
had HxD and 31.7% had SID. The proportion of non-white
minorities in the HxD group is higher (Po0.001) than the other
groups. The age, BMI, and CCI at MM diagnosis of the HxD group
were significantly higher than ND and SID. The proportion of
obese patients in HxD was higher than the other two groups. The
proportion of patients with CCI 45 in HxD was higher than the
other two groups, and a lower proportion in HxD underwent stem
cell transplantation than ND and SID. The maximum of glucose
level was significantly lower (Po0.05, ANOVA on ranks, post hoc
intergroup comparisons with Dunn’s method) in the ND group
than the HxD and SID groups. The average glucose level of each
patient was significantly different in all intergroup comparisons
(Po0.05, ANOVA on ranks; medians: ND, 101.1 mg dl� 1; SID,
116.3 mg dl� 1; HxD, 135.2 mg dl� 1).

Association of type 2 diabetes and SID with lower rates of
complete remission than non-diabetic MM patients. The status
of complete remission was based on the assessment made by the
treating oncologist based on established criteria (Durie et al, 2006)
with corroboration by pathology results. The rate of complete
remission after induction therapy was 21.2% (29/136) in HxD and
20.4% (70/344) in SID, which were significantly (P¼ 0.003)
different from 28.7% (173/603) in ND. Binary logistic regression
showed that diabetes (HxD or SID) was significantly associated
with a decreased probability of complete remission (P¼ 0.008,
odds ratio¼ 0.672, 95% CI: 0.901–0.501), whereas stem cell
transplantation was significantly associated with increased prob-
ability of complete remission (Po0.001, odds ratio¼ 4.324, 95%

Table 1. Demographics and clinical characteristics of non-diabetic, history of type 2 diabetes, and steroid-induced diabetic groups

Characteristic
Non-diabetic

n¼603 (55.7%)

History of type
2 diabetes

n¼136 (12.6%)

Steroid-induced
diabetes

n¼344 (31.7%) Statistical test P
Age at diagnosis (years) 57 (23–91) 61 (35–91) 56 (23–86) ANOVA on ranksa o0.001

Age of diagnosis 465 127 (21%) 42 (31%) 51 (15%)
w2 o0.001Age of diagnosis p65 476 (79%) 94 (69%) 293 (85%)

Male 355 (59%) 84 (62%) 202 (59%)
w2 0.807Female 248 (41%) 52 (38%) 142 (41%)

White 438 (73%) 74 (54%) 234 (68%)
w2 o0.001Non-white 165 (27%) 62 (46%) 110 (32%)

CCI 5 (2–12) 6 (3–11) 5 (2–11) ANOVA on ranksa o0.001

CCI 45 189 (31%) 100 (74%) 106 (31%)
w2 o0.001CCI p5 414 (69%) 36 (26%) 238 (69%)

Maximum of all plasma glucose laboratory values from each patient 162 (87–325) 294 (124–694) 259 (131–801) ANOVA on ranksa o0.001

Mean of all plasma glucose laboratory values from each patient 101.1 (72–162) 135.2 (90.2–240.5) 116.3 (87.9–240.9) ANOVA on ranksa o0.001

BMI (kg m� 2) 27.5 (16.5–63.9) 31.1 (17.2–54.1) 28.3 (18.6–66.7) ANOVA on ranksa o0.001

Non-obese, BMI o30 416 (69%) 55 (40%) 218 (63%)
w2 o0.001Obese, BMI X30 187 (31%) 81 (60%) 126 (37%)

ISS stage I 288 (48%) 51 (38%) 140 (41%)
w2 0.108ISS stage II 162 (27%) 41 (30%) 103 (30%)

ISS stage III 153 (25%) 44 (32%) 101 (29%)

Translocation involving Chromosome 14 24 (4%) 9 (7%) 20 (58%)
w2 0.276No translocation involving Chromosome 14 579 (96%) 127 (93%) 324 (94%)

Stem cell transplantation 486 (81%) 100 (74%) 290 (84%)
w2 0.025No stem cell transplantation 117 (19%) 36 (26%) 54 (16%)

Abbreviations: BMI¼body mass index; CCI¼Charlson Comorbidity Index; ISS¼ International Staging System.
aPosthoc intergroup comparisons with Dunn’s method.
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CI: 2.475–7.575). Age 465 years at diagnosis, the presence of
translocations to chromosome 14, and CCI 45 were not
significant predictors in the same regression model (P¼ 0.615,
0.059 and 0.156, respectively). Therefore, the MM patients with
diabetes (HxD or SID) have lower complete remission rates
than ND.

Association of type 2 diabetes and SID with decreased OS of
myeloma patients. Univariate Kaplan–Meier analyses of potential
prognostic factors for OS are shown in Figure 1. The age of
diagnosis 465 years (Figure 1A), CCI 45 (Figure 1E), ISS stage
(Figure 1F), and the presence of cytogenetic abnormalities with
translocation involving chromosome 14 (Figure 1G) were sig-
nificant predictors of decreased OS. Race (non-white compared
with white) (Figure 1B), gender (Figure 1C) ,and obesity
(BMIX30 kg m� 2 compared with o30 kg m� 2) (Figure 1D) were
not significant risk factors. Patients who underwent stem cell
transplantation (Figure 1H) had significantly longer survival. Based
on the records of all the glucose laboratory test results for each
patient, a mean plasma glucose level X120 mg dl� 1 was associated
with poor OS (Figure 1I), and so was a maximum plasma glucose
level X200 mg dl� 1 (Figure 1J). Diabetic MM patients (HxD and
SID groups combined) had significantly decreased survival
(Figure 1K, median OS: 65.4 vs 98.7 months). Steroid-induced
diabetes was a significant predictor of poor OS (Po0.001, median
OS¼ 62.8 months), whereas HxD was not (P¼ 0.0593, median
OS¼ 69.8 months) when compared with ND (median OS¼ 98.7
months) (Figure 1L). Using the date of the first anti-diabetic

medication recorded in our pharmacy database or the date of the
first plasma glucose 4200 mg dl� 1, the time from diagnosis of
MM to the discovery of SID was calculated to estimate the latency
of SID assuming that MM treatment involving glucocorticoid
would be started within 1 month of MM diagnosis. The cumulative
incidence of SID was plotted against the time after MM diagnosis
in Supplementary Figure 1A. The median time from diagnosis of
MM to discovery of SID was 159 days. For those patients treated
with metformin, the median time from diagnosis of MM to the
pharmacy record of metformin was 175 days. As the induction
chemotherapy for MM typically lasts for 6 months or more after
MM diagnosis, we sub-divided the SID group into those identified
as o6 months and those identified as X6 months after MM
diagnosis. A univariate Kaplan–Meier analysis demonstrated that
patients with SID identified as o6 months after MM diagnosis
survived shorter (median OS: 45.5 vs 59.9 months) than those with
SID identified later (Supplementary Figure 1B; P¼ 0.008, Gehan–
Breslow test). Therefore, hyperglycaemia and diabetes (particularly
SID diagnosed o6 months after myeloma diagnosis) were
associated with shorter OS, along with age at diagnosis 465
years, CCI 45, ISS stage, and the presence of translocations to
chromosome 14. Undergoing stem cell transplantation was a very
important prognostic factor associated with greater OS.

A Cox model for OS was constructed using the patient
demographic categorical variables of age at diagnosis 465 years,
white race, and male gender; the myeloma-related categorical
variables of ISS stage, the presence of cytogenetic abnormalities
involving translocation involving chromosome 14, and having
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Figure 1. Univariate Kaplan–Meier analyses of prognostic factors for myeloma patients. Kaplan–Meier curves of overall survival are shown for age
of diagnosis (A), race (B), sex (C), obesity (D), Charlson Comorbidity Score (CCI) 45 (E), ISS Stage (F), chromosome 14 translocation (G), Stem cell
transplant (H), Mean glucose values o120 mg dl� 1 (I), maximum glucose values o200 mg dl�1 (J), diabetes status (HxD type 2 and SID groups
combined) (K), and diabetes status as three groups (no diabetes, pre-existing diabetes, and SID) (L).
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undergone stem cell transplantation; the comorbidity categorical
variable of CCI 45, and diabetes status (ND, HxD, or SID). The
categorical variable of mean plasma glucose 4120 mg dl� 1 was
included as an indicator of suboptimal glucose control over the
long term. The multivariate Cox regression analysis of OS using this
model is shown in Table 2. Having undergone stem cell
transplantation was associated with improved OS. ISS stage,
translocation involving chromosome 14, stem cell transplantation,
CCI 45, and SID were associated with decreased OS. Therefore,
while controlling for the effects of all the covariates in the model, SID
was a significant independent predictor of poor OS of MM patients.

The FDA approval of thalidomide for myeloma therapy on 26
May 2006 is an event that marked the beginning of changes in
myeloma therapy. Among the patients diagnosed before 26 May
2006, the prevalence of SID was 34.8% and HxD 10.5%. Among the
MM patients diagnosed after 26 May 2006, the prevalence of SID
was 27.1% and HxD 15.4%. Analyzing the MM patients diagnosed
before and those diagnosed after 26 May 2006 separately showed
that SID remained a significant predictor of poor OS in both
groups (Supplementary Table 1).

Association of anti-diabetic pharmacotherapy with OS of
diabetic myeloma patients. Among only the patients with
diabetes (HxD or SID), univariate Kaplan–Meier analysis of
maximum plasma glucose 4200 mg dl� 1 (Figure 2A) and mean
plasma glucose 4120 mg dl� 1 (Figure 2B) did not show any
significant association with OS. Anti-diabetic pharmacotherapy
was classified as follows: (1) insulin or insulin analogues,
(2) biguanides, (3) thiazolidinediones, (4) insulin secretagogues
(e.g., sulfonylureas and meglitinides), (5) others (including
a-glucosidase inhibitors, amylin analogues, DPP-4 inhibitors, and
GLP-1 analogues). Usage of insulin and analogues had a significant
(Figure 2C, Po0.001) decrease in OS (median¼ 57.0 months)
compared with no usage (median¼ 101 months). In contrast,
metformin usage (Figure 2E) was associated with a significantly
(P¼ 0.034) longer OS (median¼ 74.3 months) compared with
non-users (median¼ 60.1 months). Usage of insulin secretagogues
(Figure 2D), thiazolidinediones (Figure 2F), and other anti-diabetic
medications (Figure 2G) were not significant predictors.

Five categorical variables (users vs non-users of (a) insulin
formulations or insulin analogues, (b) insulin secretagogues,

(c) metformin, (d) thiazolidinediones, and (e) other anti-diabetic
medications) were used to examine the anti-diabetic medication
usage pattern in MM patients with HxD and SID (Supplementary
Table 2). There was no significant difference in the use of insulin
and analogues, but all the other classes of anti-diabetic medications
were less likely to be used in MM patients with SID than those with
HxD. These five drug usage variables were included in a
multivariate Cox Regression analysis that also included the
categorical variables of ISS stage, translocation involving chromo-
some 14, CCI 45, and stem cell transplantation (Table 3). ISS
stage and use of insulin or analogues were associated with
decreased OS, whereas stem cell transplantation and use of
metformin were associated with an increased OS. Specifically,
usage of insulin and analogues was associated with a 1.8-fold
increase in risk of death, whereas metformin usage was associated
with a 0.66-fold decrease in risk of death (Table 3).

Not only is renal insufficiency one of the major complications of
diabetes and of MM that impacts OS, but it is also a contra-
indication for the use of metformin. In our study cohort, there
were 55 diabetic patients with chronic renal insufficiency (baseline
serum creatinine o1.5 mg dl� 1, excluding transient rises in
creatinine during intercurrent illnesses), and none of them were
prescribed metformin. Whether differences in the presence of
chronic renal insufficiency between metformin users and
non-users could account for the association of metformin use
with improved OS was investigated by excluding patients with
chronic renal insufficiency in the analysis. Among the diabetic
patients without chronic renal insufficiency, the same multivariate
Cox regression model of OS confirmed that metformin use
remained a significant (P¼ 0.039) predictor of improved survival
(Supplementary Table 3). Therefore, chronic renal insufficiency
could not completely account for the observed association of
metformin use with improved OS.

To address the possible role of immortal time bias in the
observed association of metformin, we performed landmark
analyses at 3, 6, 9, and 12 months. Using the same Cox model as
in Table 3, the P-values for the association of metformin remained
significant at the 3-, 6-, 9- and 12-month landmarks (0.012, 0.022,
0.039, and 0.029, respectively) (Supplementary Table 4.1–4.4).
Therefore, it was unlikely that the beneficial association of
metformin use with OS was due to immortal time bias.

Table 2. Multivariate model of OS as a function of patient characteristics

Multivariate model of OS as a function of patient characteristics

Parameter level
Parameter
estimate

Standard
error v2 P

Hazard
ratio

95% hazard
ratio confidence

limits

P for
overall
effect

Age at diagnosis 465 vs p65 �0.240 0.134 3.217 0.073 0.786 0.605 1.023

Race White vs other 0.178 0.098 3.315 0.069 1.195 0.986 1.447

Gender Female vs male �0.145 0.089 2.642 0.104 0.865 0.726 1.030

ISS stage III vs I 0.603 0.107 31.773 o0.001 1.827 1.482 2.253 o0.001

ISS stage II vs I 0.290 0.107 7.373 0.007 1.337 1.084 1.648

Translocation involving Chromosome 14 Yes vs no 0.539 0.172 9.813 0.002 1.714 1.223 2.400

Stem cell transplantation Yes vs No �1.048 0.118 78.562 o0.001 0.351 0.278 0.442

CCI 45 vs p5 0.220 0.107 4.215 0.040 1.247 1.010 1.538

Mean of plasma glucose 4120 vs p120 mg dl� 1 0.195 0.111 3.106 0.078 1.215 0.978 1.510

Diabetes status SID vs ND 0.482 0.101 22.795 o0.001 1.619 1.328 1.972 o0.001

Diabetes status HxD vs ND �0.058 0.161 0.130 0.718 0.943 0.688 1.295

Abbreviations: CCI¼Charlson Comorbidity Index; HxD¼ history of diabetes; ND¼ no diabetes; ISS¼ International Staging System; SID¼ steroid-induced diabetes.

Diabetes and myeloma clinical outcomes BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2014.307 5

http://www.bjcancer.com


Association of diabetes with death in the presence of progressive
myeloma. It was very difficult to determine cancer-specific death
accurately based on death certificates, especially when the patients
died outside a hospital or health care institution. Therefore, we
used ‘death in the presence of progressive myeloma’ as a substitute
because the overwhelming majority of these deaths would very
probably attributable to myeloma. Death with progressive
myeloma and death without progressive myeloma (i.e., no evidence
of disease or stable disease) were competing events in our
competing risk analysis. Plots of cumulative incidence estimate
for death with progressive myeloma among patients grouped by
diabetes status are presented in Figure 3A and B. When comparing
the diabetic group (HxD and SID combined) with the ND group,

there was a significant (Po0.001) increase in the cumulative
incidence of death with progressive myeloma in diabetic patients
(Figure 3A). When compared with ND with HxD and SID as
separate groups, patients with SID had a significant (Po0.001)
increase in mortality with progressive myeloma, and so did
patients with HxD (P¼ 0.034) (Figure 3B).

In the multivariate regression analysis of competing events, the
covariates analysed were the same ones in Table 2. The result of
this regression model (Supplementary Table 5.1) demonstrated
that ISS stage and diabetes were associated with increased
cumulative incidence of death with progressive myeloma (overall,
P¼ 0.037, HR¼ 1.142, 95% CI: 1.008–1.295; and Po0.001,
HR¼ 1.346, 95% CI: 1.207–1.501, respectively), whereas stem cell
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Figure 2. Univariate Kaplan–Meier analyses of glycemic control and anti-diabetic pharmacotherapies as prognostic factors for diabetic myeloma
patients. The associations of anti-diabetic medications with overall survival were evaluated in diabetic myeloma patients (pre-existing and SID
groups combined). Kaplan–Meier survival curves are shown for maximum glucose values o200 mg dl� 1 (A), mean glucose values o120 mg dl� 1

(B), insulin and analogues (C), insulin secretagogues (D), metformin (E), thiazolidinediones (F), other anti-diabetic drugs (G).

Table 3. Multivariate model of OS as a function of patient’s characteristics among patients with diabetics (HxD and SID)

Multivariate model of OS as a function of patient’s characteristics among patients with diabetics (HxD or SID)

Parameter level
Parameter
estimate

Standard
error v2 P

Hazard
ratio

95% hazard ratio
confidence limits

P for overall
effect

ISS stage III vs I 0.522 0.149 12.286 o0.001 1.686 1.259 2.258 o0.001

ISS stage II vs I 0.451 0.145 9.653 0.002 1.570 1.181 2.086

Translocation involving Chromosome 14 Yes vs no 0.099 0.248 0.161 0.689 1.104 0.680 1.795

Stem cell transplantation Yes vs no �0.621 0.156 15.871 o0.001 0.537 0.396 0.729

CCI 45 vs r5 �0.035 0.129 0.075 0.784 0.965 0.749 1.244

Use of insulin and analogues Yes vs no 0.593 0.149 15.913 o0.001 1.810 1.352 2.423

Use of insulin secretagogues Yes vs no �0.107 0.164 0.424 0.515 0.899 0.652 1.239

Use of metformin Yes vs no �0.419 0.161 6.755 0.009 0.658 0.479 0.902

Use of thiazolidinediones Yes vs no 0.345 0.237 2.121 0.145 1.412 0.888 2.246

Use of other anti-diabetic drugs Yes vs no �0.059 0.518 0.013 0.909 0.943 0.341 2.604

Abbreviations: CCI¼Charlson Comorbidity Index; ISS¼ International Staging System.
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transplantation was associated with decreased cumulative inci-
dence of death with progressive myeloma (P¼ 0.005, HR¼ 0.647,
95% CI: 0.476–0.879). In contrast, diabetes was not associated with
changes in cumulative incidence of death without progressive
myeloma (Supplementary Table 5.2). High comorbidity (CCI 45)
and poor glycemic control (mean plasma glucose level
4120 mg dl� 1) were associated with increased mortality without
progressive myeloma, whereas stem cell transplantation was
associated with decreased mortality. Therefore, diabetes, especially
SID, was associated with increased mortality in the presence of
progressive myeloma but not mortality in the absence of
progressive myeloma.

Association of anti-diabetic pharmacotherapies with death in
the presence of progressive myeloma. To investigate the impact
of different classes of anti-diabetic pharmacotherapy, the diabetic
myeloma patients (HxD and SID) were analysed by comparing
users with non-users of various drug classes. There was a
significant (P¼ 0.007) increase in mortality with progressive
myeloma in users of insulin and analogues compared with non-
users (Figure 3C), and there was no significant difference in
mortality without progressive myeloma. When comparing insulin
secretagogue users vs non-users, metformin users vs non-users,
thiazolidinedione users vs non-users, and users of other anti-
diabetic drugs vs non-users, there were no significant differences in
mortality with progressive myeloma (Figure 3D–G). These results
suggested that SID was associated with increased cumulative
incidence of mortality with progressive myeloma, and that insulin
and analogues were associated with mortality with progressive
myeloma in the diabetic myeloma patients.

In multivariate regression analysis of competing events, the
covariates analysed included the pharmacological classes of anti-
diabetic drugs. The result of this regression model (Supplementary

Table 6.1) suggested that among the different pharmacological
classes, insulin and analogues were associated with increased
cumulative incidence of death with progressive myeloma
(P¼ 0.008, HR¼ 1.562, 95% CI: 1.122–2.174), whereas metformin
was associated with decreased cumulative incidence of death with
progressive myeloma (P¼ 0.037, HR¼ 0.663, 95% CI: 0.452–
0.975). In contrast, none of the drug classes were associated with
changes in cumulative incidence of death without progressive
myeloma (data not shown). The P-values for the association of
metformin remained significant at the 3- and 6-month landmarks
(0.041, and 0.027, respectively) (Supplementary Table 6.2 & 6.3).
The P-values for the association of metformin were near significant
at the 9- and 12-month landmarks (0.053, and 0.054, respectively)
(Supplementary Table 6.4 & 6.5). Therefore, landmark analysis
showed that the beneficial association of metformin use with
mortality in the presence of progressive myeloma was not likely
due to immortal time bias.

DISCUSSION

We have investigated the association of diabetes with adverse
clinical outcomes of malignant diseases (Wentholt et al, 2008;
He et al, 2011; Sadeghi et al, 2012), and different cancer populations
have their similarities, differences, and unique challenges. Steroid-
induced diabetes was significantly associated with decreased OS of
MM patients and increased mortality in the presence of progressive
myeloma. This is the first report that documents the association of
SID with adverse outcomes of a malignant disease.

Analysis of anti-diabetic pharmacotherapy showed a strong
association of usage of insulin and insulin analogues with
decreased OS and increased cumulative incidence of death with
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Figure 3. Univariate competing risk analyses of diabetes and anti-diabetic pharmacotherapies as prognostic factors for death in the presence of
progressive myeloma. Based on Fine & Gray competing risk analysis, death with progressive myeloma and death without progressive myeloma
were analysed as competing events. Cumulative incidence curves are shown as labelled for diabetic patients vs non-diabetic patients (A). Diabetes
was associated with significantly (Po0.001) increased incidence of deaths with progressive myeloma (red vs black) but not deaths without
progressive myeloma (blue vs green). Analyzing the diabetes status as three groups (no diabetes vs pre-existing diabetes vs SID), cumulative
incidence curves and significant P-values are shown as labelled in (B). Analyzing only the diabetic patients, cumulative incidence curves of deaths
with progressive myeloma comparing users (red line) and non-users (black line) and those of deaths without progressive myeloma comparing users
(blue line) with non-users (green line) are shown for insulin/analogues (C), insulin secretagogues (D), metformin (E), thiazolidinediones (F), other
anti-diabetic medications (G). Insulin and analogues usage was significantly (P¼ 0.007) associated with death with progressive myeloma (C).
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progressive myeloma. In contrast, metformin might have an
association with these outcome measures in the opposite direction.
These results suggest that diabetes, especially SID, may promote
myeloma progression, whereas the interaction of anti-diabetic
pharmacotherapy with myeloma cells may be different based on
the mechanisms of glycemic control as well as their potential direct
effects on myeloma cells. It remains possible that patients with less
severe insulin resistance may have received metformin or other
oral anti-diabetic agents without insulins, and the ones with severe
insulin resistance may have received insulins; it is not possible to
cleanly separate the impact of insulin resistance from those of anti-
diabetic pharmacotherapies in retrospective studies.

An alternative explanation for the difference in MM clinical
outcome among the groups (HxD, SID, and ND) is that diabetic
patients are generally in worse health and may receive less
intensive MM treatment than non-diabetic patients. This hypoth-
esis may be feasible for HxD, given that the proportion of patients
with CCI 45 in HxD was higher than ND, and the proportion of
patients who underwent stem cell transplantation in HxD was
lower than ND (Supplementary Table 1). In contrast, it cannot
explain the findings for SID because the proportions of patients
with CCI 45 were the same in SID and ND, and the proportions
of patients who underwent stem cell transplantation were also the
same in SID and ND (Table 1). Of course, poor general health and
comorbidities, for example, longer duration of diabetes, more
chronic diabetic complications, and so on, may contribute to poor
MM clinical outcome. We investigated this possibility by including
the CCI in multivariate analyses. Although controlling for the
contribution of comorbidities, use of insulin and analogues, and
use of metformin remained as independent predictors of OS in a
multivariate regression model (Table 3). Therefore, these anti-
diabetic pharmacotherapies are associated with MM clinical
outcome independent of comorbidities.

Another potential reason for a poor outcome of HxD MM
patients may be delayed diagnosis because diabetes patients may
have chronic diabetic complications similar to those of MM, for
example, renal insufficiency and anemia. However, there was no
significant difference in the ISS stage distribution among the HxD,
SID, and ND groups. The potential impact of delayed diagnosis on
prognosis in the HxD group was controlled for by including the ISS
stage in the multivariate analyses.

MM cells express high levels of IR and IGF-1R (Freund et al,
1994), and insulin stimulates their growth (Freund et al, 1993;
Sprynski et al, 2010) through IR/IGF-1R hybrid receptor activation
(Sprynski et al, 2010). Activation of IR/IGF-1R signalling pathway
can lead to dexamethasone resistance in myeloma cells (Xu et al,
1997; Kuhn et al, 2012). Taken together, the theory that
endogenous insulin and exogenous insulin and analogues promote
malignant cell growth and chemoresistance is a more feasible
explanation for the findings in this study.

In contrast to insulin, metformin may be associated with
favourable myeloma outcome, which is consistent with in vitro
(Feng et al, 2011; Pan et al, 2012) and epidemiological findings
(Wentholt et al, 2008; He et al, 2011; Sadeghi et al, 2012) in other
malignancies. As pointed out by Suissa (2008), immortal time bias
is a significant issue in retrospective studies of drug benefit in
pharmaco-epidemiology. In this study, we have addressed the issue
of immortal time bias regarding the benefit of metformin in
diabetic myeloma patients using landmark analysis. As metformin
is the first-line drug for type 2 diabetes, the majority of the patients
with a history of type 2 diabetes who took metformin had their
initiation of drug exposure before the diagnosis of myeloma. The
induction chemotherapy for MM, which starts shortly after
diagnosis and includes high-dose glucocorticoids that typically
lasts for 6 months or more. About half of the SID patients who
were treated with metformin would have had the initiation of drug
exposure within 6 months of myeloma diagnosis. Therefore, 3, 6, 9,

and 12 months were chosen as the time points for the landmark
analysis. The association of metformin with increased OS in the
multivariate Cox model remained significant for all these land-
marks (Supplementary Table 4). Therefore, we are quite confident
that immortal time bias did not accounted for this finding of drug
benefit for metformin. As for the association of metformin with
decreased cumulative incidence of death with progressive mye-
loma, the significant P-values in the landmark analysis of the
multivariate model (Supplementary Table 6.1–6.3) became border-
line at the 9-month and 12-month landmarks (Supplementary
Table 6.4 & 6.5). Therefore, this association is less certain than that
found between metformin and OS. Overall, our findings warrant
further investigation of a potentially beneficial effect of metformin
in diabetic myeloma patients.

Other limitations of our study include that the median age of
our patients was in the late 50’s, which is younger than most typical
myeloma patients. This difference may be due to the fact that our
institution is a tertiary referral centre for cancer care. Our results
will need to be confirmed in study populations from other
institutions. Another limitation of our study is the small number of
patients using thiazolidinediones and other anti-diabetic medica-
tions. This study does not have enough statistical power to exclude
the possible effects of these pharmacological categories on MM.

At this time, no causal relationship can be established from the
retrospective epidemiological data presented. Our findings raise an
important hypothesis that must be further investigated. Can
exogenous insulin therapy stimulate MM growth or protect MM
from antineoplastic therapy? This hypothesis should be further
researched in animal models. Future research is also needed to
investigate how we can mitigate the challenge of hyperglycaemia,
especially in the presence of high-dose glucocorticoids, without
heavy reliance on exogenous insulin and analogues in diabetic MM
patients. Ultimately, whether management of glucocorticoid-
induced hyperglycaemia with an insulin-sparing anti-diabetic
regimen can improve the survival of diabetic MM patients can
only be answered by a randomised clinical trial.
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