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Glycemic control and outcome of cancer patients
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Diabetes mellitus (DM) and cancers are two chronic and com-
plex diseases that have become increasingly prevalent on a 
global scale and thus pose significant social and economic 
burderns.1 DM itself is a group of various metabolic diseases 
characterized by the presence of hyperglycemia, leasing to the 
development of microvascular and macrovascular complications 
(retinopathy, neuropathy, nephropathy, coronary heart disease, 
peripheral vascular, and cerebrovascular diseases), affects >450 
million people in the world.2–5 Cancers are also a heterogeneous 
diseases and can be classified based on the site of origin, clin-
icopathological features, and molecular signature.2,6,7 Evidence 
shows the strong association between type 2 DM (T2DM) and 
many cancers, including risk, prognosis, and treatment, which 
is supported by numerous epidemiological studies and poten-
tial underlying pathophysiological features which propose to 
explain the causal relationship.2 Among the pathophysiological 
features, one of the most important discoveries is the identifica-
tion of hallmarks of cancers, in which dysregulations of meta-
bolic nature (an essential pathophysiology of T2DM) is involved 
in cancer, including initiation, development, and progression.8 
Other hormonal imbalances particularly of insulin/insulin-like 
growth factor (GH) and adiponectin/leptin, as well subsequent 
hyperinsulinemia (endogenous or exogenous) as well as hyper-
glycemia, immune response with a dramatical elevation of levels 
of proinflammatory cytokines as tumor necrosis factor alpha, 
etc., as chronic inflammatory reaction, oxidative stress-related 
conditions (overproduction of reactive oxygen species, facilita-
tion of protein oxidation, stimulation of free radical generators, 
and antioxidative enzymes) and possibly the effect of antidia-
betic drugs used to treat T2DM are all contributing to a root 
cause of this T2DM-cancer association.2,9 Experimental evidence 
has shown that insulin and insulin-like GF promote tumor cell 
mitosis and proliferation and inhibit tumor apoptosis.2 Leptin 
mediates multiple signaling cascades involved in cancer cell sur-
vival and proliferation, such as induction of interleukin-6, signal 

transducer, and activator of transcription-3, Src tyrosine kinase, 
focal adhesion kinase, phosphatidylinositide-3 kinase, extracel-
lular signal-regulated kinase 1/2, and telomerase in different 
cancer settings.1 Although the current study pertaining to the 
exact nature of the pathophysiology linking T2DM with cancer 
and what is currently known only gives a very complex feature 
of status quo, latent cancer may also result in the onset of T2DM 
and hence to reverse causality, contributing to the worse prog-
nosis and increasing morbidity and mortality.2 However, not 
all cancers associate positively with T2DM, and some of them, 
such as prostate cancer, renal cancer, and ovarian cancer, have 
been reported to be inversely associated with T2DM, although 
these findings are still highly controversial.2,10 Therefore, the 
further research still needs to be done to establish the cause of 
interaction between T2DM and cancers. Additionally, a better 
understanding about the linkage between these two diseases and 
identifying its driving forces are important for the development 
of novel interventions for both diseases.1 In the current issue of 
the Journal of the Chinese Medical Association, we are happy 
to learn this-type research addressing the aforementioned prob-
lems. Lin et al11 tried to investigate whether glycemic control 
impacts mortality in prostate cancer (PC) patients with T2DM.

The authors retrospectively enrolled 831 patients with PC 
(690 without T2DM and the other 141 with T2DM) to compare 
outcome (all-cause, non-PC-specific and PC-specific mortality) 
of patients with and without T2DM.11 Additionally, the authors 
tested whether better glycemic control (defined by hemoglobin 
A1c [HbA1c] values by <7%, 7%–9%, and ≥9%) was related 
to outcome of patients with T2DM or not.11 The authors found 
that poor glycemic control (HbA1c ≥ 9%) is associated with 
worse outcome of PC patients with an three-fold increase of all-
cause mortality and 5.5-fold increase of non-PC specific mor-
tality, respectively.11 However, it is interesting to find that PC 
patients with T2DM, regardless of better, mediate or poor con-
trols (based on HbA1C) did not have a significantly worse prog-
nosis on PC-specific mortality compared to those PC patients 
without T2DM.11 The current study is interesting and worthy of 
further discussion.

Previously, the most common cause of death in people with 
T2DM is cardiovascular system-related mortality; however, the 
composition of the mortality burden has changed.12 Findings 
from an epidemiological analysis of linked primary care records 
in England showed that a transition from vascular diseases to 
cancers as the leading contributor to T2DM-related death.12 
Now cancer is a major cause of death in patients with T2DM, 
suggesting that clinical and preventative approaches should focus 
on this finding to reduce the excess mortality risk in patients 
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with T2DM.12 However, the relationship between T2DM and 
cancers is much complex. It is well-known that T2DM has been 
associated with the risk of all-site and some site-specific can-
cers in several systematic reviews and meta-analysis, and cancer 
patients (liver, endometrium, pancreas, colon, breast, gastroin-
testinal tract, bladder, and leukemia) with T2DM have a 15%–
225% higher risk of mortality, but conflicted results have also 
been reported in PC.1,2,10,12,13 Lin et al11 showed all-cause mor-
tality was really increased in PC patients with T2DM, regard-
less whether glycemic control is good or poor compared to that 
in PC patients without. The trend is more apparent in patients 
with poor glycemic control (HbA1c ≥ 9%).11 Additionally, with-
out adjustment, the authors also found the worse prognosis 
(PC-specific mortality) in PC patients with poor glycemic control 
(HbA1c ≥ 9% and HbA1c ranged between 7% and 9%) com-
pared to those patients without T2DM.11 However, after adjust-
ing all confounding factors, PC-specific mortality seemed to be 
absent of statistically significant difference between PC patients 
with and without T2DM.11 Moreover, PC-specific mortality 
was not influenced by the glycemic control (considering differ-
ent levels of HbA1c) after adjusting all confounding factors.11  
All suggest that it remains yet to be elucidated why T2DM dif-
ferentially affects the risk of different cancers and to what extent 
pathophysiological features are involved.2 Unfortunately, it is 
difficult to use one mechanism of action to explain the relation-
ship between T2DM and cancers.

PC is a specific cancer to men, and its pathophysiology is 
believed to be related to male sex hormone. By contrast, breast 
cancer occurs frequently in women, and its pathophysiology 
is related to female sex hormone. The increased incidence and 
increased mortality of breast cancer patients with T2DM is 
consistent but it is not always reproducible in PC patients.2,10 
Ohkuma et al13 performed a systematic review and meta-analysis 
of 121 cohorts including 20 million individuals and one million 
cancer events, and found although T2DM was associated with 
all-site cancer in both genders, but with a 6% higher excess risk in 
women compared with men, and additionally, T2DM conferred a 
significantly great excess risk in women than men for oral, gastric, 
and renal cancer and for leukemia, but a lower excessive risk for 
hepatoma. As shown in the population-based study in England, 
the prognosis (all-cause mortality) of T2DM seemed to be worse 
in women than that in men, since death rates declined from 40.7 
deaths per 1000 person-years to 27.8 deaths per 1000 person-
years in men and from 42.7 deaths per 1000 person-years to 29.5 
deaths per 1000 person-years in women with T2DM.12 All sug-
gest that T2DM contributing to all-cause or cancer-specific mor-
tality is more apparent in female gender compared to male gender 
population. That is why Dr. Lin’s study failed to give the positive 
correlation between T2DM and PC-specific mortality.

Why the gender difference is associated with incidence and 
severity of diseases? Attention recently has been focused on 
understanding the features of gender differences relevant to the 
physiological, pathological, and pathophysiological features of 
metabolism-related diseases; however, to date, there is uncertainty 
as to why gender differences influence physiological, pathologi-
cal, and pathophysiological changes. The role of sex hormone 
is frequently discussed and evidence shows that sex hormones 
play a critical role in the disease from the initiation, development, 
to progression.14,15 However, after adjusting all confounding fac-
tors, hormone therapy did not influence all-cause or cancer-spe-
cific mortality of PC patients in Dr. Lin’s study.11

Finally, antidiabetic agents and/or cholesterol-lowing medi-
cations, such as metformin and/or statins have been long-term 
considered as a protective factor for prevention and treatment 
of patients with various kinds of cancers, although the findings 
are not always consistent.11,16,17 One study found that hydro-
philic statins, and pravastatin in particular, are associated with 
improved disease free survival (hazard ratio [HR] 0.71, 95% 
confidence interval [CI] 0.53–0.95) as well as overall survival 
(HR 0.69, 95% CI 0.50–0.93, as well as HR 0.67, 95% CI 
0.47–0.96).17 Metformin, widely prescribed for T2DM patients, 
regulate blood sugar by inhibiting hepatic gluconeogenesis and 
promoting insulin sensitivity to facilitate glucose uptake by 
cells, mediated by AMP-activated protein kinase (AMPK) and 
non-AMPK pathways to exert effects beyond those related to 
T2DM treatment that might ameliorate cancer.16 Metformin 
can induce tumor cell death, mediated by nonapoptotic cell 
death, necroptosis (initiated by interactions between death 
receptors [TNFR superfamily] and corresponding ligand [FasL 
and TNF-alpha]), pyroptosis, and ferroptosis.16 Metformin 
also modifies the tumor microenvironment (TEM) to influ-
ence the behavior of cancer cells, such as invasion, migration, 
epithelial–mesenchymal transition, and mesenchymal–epithe-
lial transition, and restore the immunosuppression status by 
cancer.16 All contribute to revealing the potential role of anti-
diabetic agents in cancer prevention and therapy. The current 
study by Dr Lin also included this confounding factor—the 
use or no-use of metformin in PC patients with T2DM, and in 
their model 2 which included the use of metformin, all-cause 
mortality was positively correlated with poor glycemia con-
trol of T2DM and Gleason score; non-PC mortality was posi-
tively correlated with poor glycemia control of T2DM, and 
PC-specific mortality was positive correlated with Gleason 
score.11

In conclusion, T2DM and cancer have a multifaceted rela-
tionship and may share regulatory mechanisms, although the 
biological links between T2DM and cancer are not completely 
understood. Metabolic dysregulation, dyslipidemia, hyperinsu-
linemia, hyperglycemia, abnormal secretion of local and sys-
temic proinflammatory factors inducing chronic inflammation, 
excessive production of oxygen-free radicals through oxidative 
stress, abnormal levels of adipokines, such as leptin and adi-
ponectin, overproduction of insulin-like growth factors, which 
are all found frequently in patients with T2DM, are also a factor 
in initiation, development, and progression of cancer.1 Besides 
the diseases themselves, treatment for one disease may interact 
with outcome of the other disease, which may exacerbate or 
ameliorate the other disease. We congratulate the success of Dr 
Lin’s publication and hope to see more publications addressing 
this field, since both diseases are a global health issue and associ-
ated with heavy burdens of the world. With better understand-
ing of both, prevention or therapeutic approach may be more 
effective.
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