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Abstract

Type 2 diabetes mellitus (DM) and cancer are common diseases that are frequently diagnosed in
the same individual. An association between the two conditions has long been postulated. Here,
we review the epidemiological evidence for increased risk of cancer, decreased cancer survival,
and decreased rates of cancer screening in diabetic patients. The risk for several cancers, including
cancers of the pancreas, liver, colorectum, breast, urinary tract, and endometrium, is increased in
patients with DM. In a pooled risk analysis weighting published meta-analytic relative risk (RR)
for individual cancer by differences in their incidence rates, we found a population RR of 0.97 (95
% CI, 0.75-1.25) in men and 1.29 (95 % ClI, 1.16-1.44) in women. All meta-analyses showed an
increased relative risk for cancer in diabetic men, except studies of prostate cancer, in which a
protective effect was observed. The relationship between diabetes and cancer appears to be
complex, and at present, a clear temporal relationship between the two conditions cannot be
defined. DM also impacts negatively on cancer-related survival outcomes and cancer screening
rates. The overwhelming evidence for lower cancer screening rates, increased incidence of certain
cancers, and poorer prognosis after cancer diagnosis in diabetic patients dictates a need for
improved cancer care in diabetic individuals through improved screening measures, development
of risk assessment tools, and consideration of cancer prevention strategies in diabetic patients. Part
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two of this review focuses on the biological and pharmacological mechanisms that may account
for the association between DM and cancer.
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Introduction

Type 2 diabetes mellitus (DM) and cancer are common conditions that are frequently
diagnosed in the same individual. A link between the two conditions has been postulated for
almost 80 years, but only in the past decade has significant epidemiological evidence been
amassed to suggest that this link might be causal [1]. Furthermore, because of the high
frequency of diagnosis, even minor reciprocal influences between DM and cancer may have
a major impact on the incidence and outcomes of disease [2].

There is strong evidence to suggest that cancer incidence is increased in patients with DM.
Epidemiological studies clearly indicate that the risk for developing cancer in diabetic
patients is not cancer specific. The risk for several types of cancer including cancers of the
pancreas, liver, breast, colorectum, urinary tract, and female reproductive organs has been
demonstrated to be increased in diabetic patients [3-82]. However, several confounding
factors make it difficult to accurately assess cancer risk in diabetic patients including DM
duration, varying metabolic profiles, and the possible presence of shared cancer-promoting
factors. In addition to an increased risk for cancer incidence, considerable evidence is now
in the literature to suggest that patients with DM have a lower rate of cancer screening and
cancer survival than patients without DM. In the first part of this review, we highlight the
epidemiological evidence for increased cancer risk, discuss conflicting evidence regarding
the relationship between diabetes duration and cancer incidence, describe in depth the
evidence for decreased cancer survival and increased cancer mortality in diabetic patients
with a focus on the differences between these two measures of cancer prognosis, and discuss
shortcomings in cancer screening/surveillance in diabetic individuals and the potential
barriers to screening that need to be overcome.

Cancer risk

Evidence for increased cancer risk

That diabetes is a risk factor for cancer is supported by ample evidence showing increased
frequency of several cancers in diabetic patients, notably pancreatic, hepatic, colorectal,
breast, urinary tract, and endometrial cancer [3-82]. An exception is prostate cancer, for
which diabetes appears protective [83, 84]. Studies demonstrating this association have been
conducted across several different countries, including Italy [9, 26, 42], Sweden [3], Japan
[35, 37, 40, 41, 61, 65], Scotland [66], the USA [7, 13, 14, 17, 20, 28, 36, 47, 48, 50, 55, 78—
80], the UK [81], Turkey [11], China [8, 39], and New Zealand [24]. Information sources
used to ascertain DM and cancer diagnoses in these international studies are quite diverse
and include self-report in surveys and questionnaires; hospital discharge and admission
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records; well-defined long-term national longitudinal cohorts; documentation of fasting or
postprandial glucose tests; medical records; and for cancer diagnosis, use of histological
evaluation and cancer registry or death registry [3-80]. The majority of studies related to the
relationship between DM and cancer are case—control and retrospective studies, with a few
longitudinal cohort studies [3-80]. Most studies included both men and women and reported
the relative risk (RR) of cancer following duration of DM for greater than 1 year. The RR
varies with many factors including duration of diabetes, sex, family history, type of diabetic
medication, duration of medication use, and specific cancer type. These and other potential
confounders were controlled for in most studies. Several meta-analyses have demonstrated a
link between diabetes and different types of cancer and are summarized in Table 1. A few
cancers, however, have a slightly different relationship with diabetes as discussed below.

The association between DM and pancreatic cancer demonstrates a pattern that is different
from that of other cancers. Several studies suggest a bimodal increase in the incidence of
pancreatic cancer in diabetic patients because DM may be both an early manifestation of
pancreatic cancer and a risk factor for the development of pancreatic cancer after a longer
duration of DM. The combined RR from a meta-analysis of pancreatic cancer in individuals
with DM was 1.82 (95 % CI, 1.66-1.89) [34]. The RR for shorter duration of DM (<4 years)
was 2.1 compared to 1.5 for DM of longer duration (>5 years) [34]. The relationship
between pancreatic cancer and DM may be complicated further by other factors such as
family history of DM [8], smoking [8], and insulin use [48], which act synergistically to
increase the risk for developing pancreatic cancer.

Unlike most other cancers, which show increased occurrence in patients with DM, a
decreased incidence of prostate cancer is observed in diabetic patients, implying a protective
effect. Two separate meta-analyses found similar RRs of 0.91 (95 % CI, 0.86-0.96) [83] and
0.84 (95 % CI, 0.76-0.93) [84] for developing prostate cancer in patients with DM
compared to non-diabetic patients. Circulating levels of testosterone are lower in diabetic
than non-diabetic men [85], and testosterone has been associated with an elevated risk of
prostate cancer [86]. Therefore, it has been suggested that the lower risk of prostate cancer
in diabetic patients may be due to lower levels of testosterone [83].

In various studies examining the relationship between cancer and DM, the highest risks have
been demonstrated for hepatocellular cancer [18, 65, 73] and pancreatic cancer [19, 34].
Both the liver and pancreas are involved in glucose homeostasis and are exposed to high
insulin concentrations. The pancreas is where insulin is produced and the portal circulation
exposes hepatic cells to high insulin concentrations. In one meta-analysis, 18 of 25 cohort
studies showed that DM was associated with an increased incidence of hepatocellular cancer
(HCC) with a RR of 2.01 (95 % CI, 1.61-2.51) compared to individuals without DM [73].
The higher incidence of hyperlipidemia and consequent higher risk of non-alcoholic
steatohepatitis in diabetic patients has been suggested to be a link to the increased risk of
liver cancer in individuals with DM [73].

Less common solid malignancies, skin cancer, and hematologic malignancies are not as well
studied. A large study from Veterans Affairs hospitals assessed the risk of various cancer
among a large cohort (n = 4,501,578) of black and white US military veterans [7]. The
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cancer risk among men with DM (n = 594,815) was compared to the risk among men
without DM (n = 3,906,763). This large study reported RR for several less common cancers,
and indeed, individuals with DM, compared to those without DM, were at increased risk for
several of these cancers, including biliary tract cancer (RR = 1.41, 95 % ClI, 1.22-1.62),
kidney cancer (RR = 1.09, 95 % Cl, 1.03-1.16), leukemia (RR = 1.14, 95 % CI, 1.08-1.21),
and melanoma (RR = 1.13, 95 % CI, 1.03-1.24). Interestingly, some other cancers showed a
decreased risk in diabetic patients apart from prostate cancer (RR = 0.89, 95 % CI = 0.87-
0.91), including brain (RR = 0.91, 95 % CI = 0.82-0.99), buccal cavity (RR = 0.85, 95 % ClI
=0.82-0.89), lung (RR = 0.79, 95 % CI = 0.77-0.80), esophageal (RR =0.77,95 % Cl =
0.72-0.82), and laryngeal (RR =0.76, 95 % CI = 0.71-0.80) cancer [7].

Population-level relative risk of cancer with diabetes

Since different cancers may demonstrate different risk profiles with DM, the overall burden
of risk on the population may differ from that reported for individual cancers. To determine
this, a pooled analysis of the meta-analytic risks reported for the association between DM
and cancer was performed on the 14 studies listed in Table 2. Meta-analyses included were
those that addressed the topic of diabetes-related risk in a specific kind of cancer. A search
for articles was performed by two investigators (AAO, JME) using the MEDLINE database
with an end search date of 31 June 2011, using the search terms “diabetes,” “cancer,” and
“meta-analysis.” References of relevant articles were checked for additional articles. The
quality of studies that were included in the pooled risk analysis was determined using the
Oxman and Guyatt index of scientific quality [87]. Studies were determined to have a high
score, indicating overall good methodological quality. Pooled analysis was performed using
the MetaXL software, version 1.0 (2011, EpiGear International Pty Ltd, Australia) that
allows use of population (and quality) weights to pool studies for determining the
population-level impact of the individual risks of several cancers in men and women (Figs.
1, 2). Population weights were based on the US cancer incidence of the specific cancer
included in the model [88]. Cancers with low incidence are down-weighted when relative
risks are averaged for the pooled analysis. Thus, the pooled RR over meta-analyses of single
cancers reflects population cancer risk expected from DM. Pooling cancers into a single
group without reference to their widely varying incidence, as done in some meta-analyses,
would be incorrect, as it ignores the fact that global cancer risk related to DM is expected to
be influenced by both site-specific DM-related RRs as well as the incidence of that cancer in
the population.

In men, the population RR of cancer in DM versus non-DM subjects was 0.97 (95 % Cl,
0.75-1.22). All cancer studies included showed an increased RR of cancer in men with DM,
except for the two studies of prostate cancer, for which DM appears to play a protective role
as discussed. In women, the population RR for cancer was 1.29 (95 % ClI, 1.16-1.44). It is
clear that from a population perspective, prostate cancer protection is sufficient to offset
excess population RR from other cancers in men, and the gender difference in population
RR for cancer is due to prostate cancer, which makes up the bulk of cancers in men, but is
not increased by DM. Therefore, overall, there is no increased population burden of cancer
in diabetic men, but there is an increased burden on specific cancers. Pooled risk analysis of
various cancer types is limited by previous publication of meta-analyses on only certain
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types of cancer, but is informative and demonstrates a clear increase in the incidence of most
cancer types in subjects with DM and the large effect of prostate cancer on incidence in
men.

Diabetes duration, hyperglycemia, and cancer risk

Type 2 DM is a progressive disease characterized by genetic susceptibility, development of
insulin resistance, decline in f#-cell function, impaired glucose tolerance over time, and
eventually, the appearance of clinical type 2 DM. During this trajectory of diabetes
development, individuals develop progressive hyperglycemia and increasing dependence on
medication used to regulate blood glucose levels. With decline in #-cell function, most
individuals with diabetes eventually require insulin therapy [2, 89] resulting in prolonged
exposure to endogenous insulin during the pre-diabetes and insulin resistance phase, as well
as subsequent exposure to exogenous insulin when the pancreas fails to produce insulin later
in the course of the disease.

Unlike hyperglycemia, which defines the clinical onset of diabetes and is progressive and
present in varying severity, hyperinsulinemia, oxidative stress, and chronic inflammation are
present for a considerable length of time before DM onset and continue in a self-
perpetuating loop over the course of diabetes. While it is difficult to separate these latter
effects from that of diabetes and hyperglycemia per se, the pattern of latency between
diabetes and cancer may be suggestive of causality. A short latency period or no consistent
pattern of duration would favor shared risk factors, such as hyperinsulinemia, being the link
between diabetes and cancer. On the other hand, a long latency period or a consistent pattern
of diabetes duration and cancer would suggest diabetes by itself, as defined by
hyperglycemia, to be a risk factor for cancer development. Several studies have investigated
the latency period between clinical diabetes and cancer. Hassan et al. [29] reported an
increased risk of hepatocellular cancer (HCC) after diagnosis of DM. In their study, 87 % of
patients with HCC had DM prior to diagnosis of HCC, with an overall adjusted odds ratio
(AOR) of 4.4 (95 % Cl, 3.0-6.3). Patients with DM of 2-5 years duration were compared to
those with longer duration of DM. Estimated AORs for those with a DM duration of 6-10
years and those with a DM duration >10 years were 1.8 (95 % CI, 0.8-4.1) and 2.2 (95 %
Cl, 1.2-4.8), respectively [29]. Hazard ratios (HRs) for longer duration were thus similar to
shorter duration of diabetes without any clear trend.

Another observed temporal pattern of cancer development post-DM diagnosis is
characterized by a short period of unchanged risk followed by an increased risk and
eventually a decline in risk. Flood et al. [21] evaluated women enrolled in a large cohort
study for development of DM and subsequent colorectal cancer. During the first 4 years
after DM diagnosis, colorectal cancer risk was essentially the same compared to those who
had never been diagnosed with DM [21]. Women who had DM for 4-8 years had an
increased RR for colorectal cancer incidence (RR = 2.36, 95 % ClI, 0.96-5.79). With longer
duration of DM, a decline in risk was noted, eventually achieving a plateau where no
difference in risk was discernible in patients with or without a diagnosis of DM. A similar
pattern was observed by Michels et al. [90] related to duration of DM and development of
breast cancer. The HR for breast cancer was similar in those with increasing duration up to
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15 years and was even lower for longer durations. However, while women with DM for >20
years had a lower HR for breast cancer than non-diabetic women, there were few cases in
this group [90].

The association of pancreatic cancer with DM duration appears to be more complex, with
studies indicating an overall increased risk followed by a decline in risk. DM may be a cause
of pancreatic cancer, but also a consequence of pancreatic cancer. Pancreatic cancer can
destroy islet cells, leading to diabetes. In fact, adult sudden onset diabetes is an indicator to
pursue evaluation for a pancreatic malignancy [48]. If DM is in fact an early manifestation
of pancreatic cancer, the latency period would be short. If DM is an etiologic factor for
pancreatic cancer, the relationship between DM and cancer incidence would follow the same
pattern described above.

Several studies have illustrated a pattern of reverse causality between DM and pancreatic
cancer. Ben et al. [8] reported a higher incidence of pancreatic cancer in new-onset DM of
<2-year duration (AOR 4.43, 95 % Cl, 3.44-5.72) compared to controls without DM. A
moderate increase in risk of pancreatic cancer was observed among cases with long-standing
diabetes of >2-year duration (AOR 2.11, 95 % CI, 1.51-2.94) [8]. Wang et al. [48] also
reported early high risk followed by decreasing risk over time with risk of pancreatic cancer
varying with duration of DM: for DM duration 1-4 years, OR 2.4 (95 % Cl, 1.4-4.0); DM
duration 5-9 years, OR 2.0 (95 % CI, 1.2-3.4); and DM duration =10 years, OR 0.86 (95 %
Cl, 0.52-1.4). Results reported by Johnson et al. [91] are in agreement with pancreatic
cancer incidence, higher in early post-diagnosis of DM. They report an HR for pancreatic
cancer of 3.71 at 3 months to 1 year, 2.94 at 1-2 years, 1.78 at 2-3 years, and 1.65 at 3—-10
years. Other investigators have observed a similar clustering in pancreatic cancer incidence
within 2 years of new-onset DM and have suggested close surveillance for pancreatic cancer
for at least 2 years in patients with new-onset diabetes [44, 46]. The relationship between
pancreatic cancer and DM may be complicated further by other factors such as family
history of DM [8], smoking [8], and insulin use [48], which act synergistically to increase
risk.

The relationship between DM duration and prostate cancer is indicative of an extended
period of unchanged risk post-DM diagnosis, followed by a declining risk over time. DM is
associated with a reduced risk of prostate cancer (OR 0.27-0.96) [92-95], with little change
in magnitude with increasing duration of DM [95]. Pierce et al. [93] demonstrated that the
median time from DM diagnosis to this protective effect is approximately 6 years.
Consistent with this finding, Tavani et al. [94] reported no significant association between
DM and prostate cancer within the first 5 years of DM diagnosis (OR = 1.07, 95 % CI, 0.68-
1.66). However, after 5 years, the risk of prostate cancer declined with ORs of 0.96 and 0.78
for a diagnosis of diabetes 5-9 years and =10 years prior, respectively [94]. Johnson et al.
[91] reported an initial increase in prostate cancer incidence in the first 3 months following
diagnosis of DM (HR = 1.98, 95 % ClI, 1.57-2.48), and following this initial peak, a
protective effect similar to that observed by others was noted (HR = 0.81, 95 % ClI, 0.76—
0.87). Reduced testosterone levels in men with DM may be part of the explanation for the
observed decrease in prostate cancer incidence. There is some weak evidence to suggest that
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the inverse association between prostate cancer and DM is greater for well- versus poorly-
differentiated cancers [95].

It is clear from these studies that there are many complex factors associated with DM and
with cancer development, making it difficult to distinguish a defined temporal relationship
between duration of diabetes and cancer. Diabetes treatment and duration of such treatment
complicate this relationship even further. Nevertheless, we may overall conclude that
duration of diabetes is not linked to eventual cancer emergence by strong epidemiologic
evidence, and thus at present, the hypothesis of a shared risk factor at diabetes initiation for
the two diseases seems favored. Therefore, diabetes may not be expected to mediate cancer
occurrence directly through associated hyperglycemia or its associated complications, and
better glycemic control would not be expected to decrease cancer risk. Indeed, in a recent
meta-analysis of three trials reporting cancer incidence [96-98] for the study arms with 357
events in 47,974 person-years with improved glycemic control and 380 events in 45,009
person-years in the control arms, the pooled risk ratio for cancer incidence for participants
with improved glycemic control was 0.91 (95 % CI, 0.79-1.05; 12 = 0 %) [99]. It was
concluded that data from large randomized controlled trials of intensified glycemic control
suggest that cancer risk is not reduced by improving glycemic control in type 2 diabetes
[99]. We conclude, therefore, that it is possible that shared risk factors present at the time of
diabetes emergence promote the onset of the oncogenic milieu. Prospective epidemiological
evidence is required to verify this hypothesis.

Cancer prognosis

A pre-existing diagnosis of DM negatively impacts cancer-related outcomes. Reasons for
this association have been suggested to be the result of complex, multi-factorial processes,
but no theories have been substantiated. It is important to recognize this association in order
to emphasize cancer prevention, cancer screening, careful treatment decisions, and
subsequent long-term surveillance in patients with DM. Several studies of both cancer
survival and cancer mortality have been performed, and the distinction between the two
types of studies is particularly important for this discussion. Survival analyses compare the
differential intervals to death in groups of cancer patients with and without DM. Cancer
mortality, however, compares the rate of cancer-specific death in diabetic and non-diabetic
patients and is influenced by both cancer incidence and survival, and a change in incidence
is likely to effect a change in mortality.

Survival in cancer patients with DM has been investigated either over a short time period,
usually 30 days postoperatively, or over the long-term, and several of these studies have
been further analyzed by meta-analysis (Table 3). In analyses of short-term survival, four
studies showed decreased postoperative survival in diabetic patients undergoing emergency
surgery for colon cancer [100, 101], hepatectomy for metastatic colorectal cancer [102], or
planned resection for colorectal cancer [103]. The largest study of colorectal cancer (CRC)
and DM by Davila et al. [103] evaluated 30-day survival in 32,621 patients with and without
DM from the Veteran’s Affairs Database and showed a significant decrease in survival
following surgical resection for CRC in patients with DM (HR 1.19, 95 % Cl, 1.04-1.36).
However, another similar study found no significant difference in 30-day survival between
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CRC patients with and without DM, although overall 5-year survival in patients treated with
curative intent was decreased in patients with DM [104]. With regard to other
gastrointestinal cancers, decreased 30-day survival has also been reported for diabetic
patients with cancer of the esophagus or gastroesophageal junction [105-109]. After
resection of pancreatic adenocarcinoma, DM did not influence postoperative outcomes,
including 60-day survival, with the exception of fistula development [110]. Studies
investigating short-term survival following lung cancer surgery have reported mixed results.
With the exception of one report of decreased risk of 30-day postoperative survival in lung
cancer patients undergoing lesser resections [111], there was generally no significant
association between DM and 30-day survival following pneumonectomy [111-114].

Risk estimates for long-term, all-cause survival in cancer patients with and without DM
have also been evaluated, and several meta-analyses have been done to summarize the
findings (Table 3). One meta-analysis assessed the effect of DM on long-term, all-cause
survival, as it relates to all cancers. Barone et al. [115] evaluated 23 studies and found that
DM was associated with decreased survival (HR = 1.41, 95 % ClI, 1.28-1.55). In a subgroup
analysis, DM was associated with decreased long-term survival in patients with endometrial,
breast, and colorectal cancer [115], consistent with the findings described above [104].
Similarly, in meta-analyses of survival in patients with breast or prostate cancer, DM was
associated with decreased survival (Table 3) [116, 117]. It is interesting to note that despite
the observed protective effect of DM on the risk of prostate cancer, patients who do get
prostate cancer and have DM have a shorter survival than those without DM [117].

Although not a meta-analysis, another large study from the Asia—Pacific region also
examined the influence of raised blood glucose and DM on cancer survival [118]. Thirty-six
Asian and Australasian cohort studies provided 367,361 participants with 6 % diabetic
patients at baseline. With a median follow-up of 4.0 years, there were 5,992 deaths due to
cancer. Participants with diabetes had decreased all-cause cancer survival compared to those
without (HR = 1.23, 95 % Cl, 1.12-1.35). DM was also associated with decreased survival
due to cancer of the liver (HR = 1.51, 95 % CI, 1.19-1.91), pancreas (HR = 1.78, 95 % ClI,
1.20-2.65), and the colorectum (HR = 1.32, 95 % ClI, 0.98-1.78) [118].

Several other important studies report association between DM and cancer mortality. An
increased cancer mortality rate was found in diabetic patients independent of body mass
index (BMI) or obesity in 1145 patients enrolled in the Zwolle Outpatient Diabetes project
Integrating Available Care (ZODIAC) study with a standardized mortality rate (SMR) in
diabetic patients of 1.38 (95 % CI, 1.07-1.75) [119]. There are also several reports of meta-
analyses of cancer mortality in patients with and without DM (Table 4). Noto et al. [120]
performed a meta-analysis consisting of 257,222 subjects with DM from 12 cohort studies
and found DM to be associated with an increased risk of mortality (RR = 1.16, 95 % ClI,
1.03-1.30). Similarly, meta-analyses have been performed for breast, colon, and
hepatocellular cancer mortality, and all found an increased risk of mortality in patients with
DM (Table 4) [44, 45, 73]. Mortality studies are more difficult to interpret because mortality
depends on both incidence and survival. As shown in Table 4, all four meta-analyses also
found an increase in the overall incidence of cancer associated with DM, which is likely to
influence the increased risk of cancer mortality observed in these studies. In these meta-
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analyses, there is little difference in the strength of association between DM and cancer
incidence and DM and cancer mortality, making it difficult to draw conclusions, since
increased cancer incidence may be the cause of the increased mortality. However,
consideration of survival and mortality analyses together makes a strong case for an
association between DM and cancer prognosis, especially for breast [45, 115, 116], prostate
[117], colorectal [44, 100-103, 115, 121], and endometrial [115] cancer.

Glycemic status and cancer proghosis

While the mechanisms behind the effects of DM on cancer prognosis are not clear, it is
likely that the effect of the hyperglycemia of DM on other outcomes related to survival may
be implicated. Indeed, a large data set from 17 European population-based or occupational
cohorts involved in the DECODE study, which was composed of 26,460 men and 18,195
women aged 25-90 years, suggests that glycemic status is important in the relationship
between diabetes and cancer survival [121]. After a follow-up period of 5.9-36.8 years with
adjustment for cohort, age, BMI, total cholesterol, blood pressure, and smoking status,
cancer-specific survival was decreased for those with abnormal glycemic status. Compared
with normal glucose tolerance, the multivariable-adjusted HRs (95 % CI) for all cancer
death increased with worsening glucose tolerance reaching 1.13 (1.00-1.28) for pre-
diabetes, 1.27 (1.02-1.57) for previously undiagnosed diabetes, and 1.71 (1.35-2.17) for
known diabetes in men, and the results were similar in women [121]. This analysis showed a
significant decrease in survival for cancers of the stomach, colorectum, and liver in men
with pre-diabetes and DM, as well as decreased survival for cancers of the liver and
pancreas in women with DM. This sort of relationship was also demonstrated by the
Emerging Risk Factors Collaboration [122] who examined the use of fasting glucose as a
biomarker for cancer survival. After adjustment for age, sex, smoking, and BMI, the HR for
cancer-specific death in patients with elevated fasting glucose was 1.25 (95 % ClI, 1.19—
1.31). DM was associated with decreased survival for cancers of the liver, pancreas, ovary,
colorectum, lung, bladder, and breast. The HR was reduced after adjustment for glycemia
measures, but remained unchanged following adjustment for blood pressure, lipid levels,
inflammation, or renal markers. Fasting glucose levels >100 mg/dl were associated with
decreased survival [122]. In contrast to survival studies, mortality studies do not appear to
show this trend. This is demonstrated by four trials that have reported cancer mortality for
intensive glycemic control (222 events in 53,892 person-years) and standard control (155
events in 38,743 person-years) arms [123-126]. The SRR for cancer mortality in a meta-
analysis was reported by Johnson and Bowker [99] to be 1.00 (95 % CI, 0.81-1.24).
Additionally, in the three studies that reported cancer incidence, there was no difference
between study arms (RR = 0.91, 95 % CI, 0.79-1.05). As mentioned above, hyperglycemia
per se does not seem to impact on cancer risk, and while it does seem to impact on cancer
survival, the interaction between risk and survival may not be of sufficient magnitude to
alter mortality.

It should be mentioned that glycemic influences on survival may simply be a proxy for
factors that are not directly linked to the level of control, but rather to adverse associates of
uncontrolled diabetes per se. Such factors include diabetics being less health conscious,
chemotherapy not working optimally in the diabetic state [127], and uncontrolled DM being
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associated with more advanced-stage breast cancer at presentation or with altered regimens
for breast cancer treatment and increased toxicity from chemotherapy [116]. In prostate
cancer patients, an association has been reported between DM and radiation therapy,
complication rates, recurrence, and treatment failure [117]. These may be pathways through
which survival decreases with DM, despite the protective effect of DM on the occurrence of
prostate cancer. Thus, patients who do get prostate cancer and have DM are at a greater risk
of mortality than those without DM. Other factors associated with the diabetic state per se
include more non-cancer deaths, later stage at cancer diagnosis, less cancer treatment, and
more co-morbidity [115, 128]. There could also be added effects of the diabetic environment
creating the potential for greater tumor cell proliferation and the influence of other DM-
related co-morbidities on clinical decisions. Also, there is a poorer response to cancer
treatment in patients with pre-existing DM (e.g., increased risk of infection and intra-
operative complications), presentation with a more advanced stage cancer due to suboptimal
cancer screening of people with pre-existing DM (see next section), and inappropriate
management of DM during cancer treatment [115].

We conclude that, regardless of the mechanism or explanation responsible for this
association, decreased cancer survival and increased cancer mortality in diabetic patients
seem well described. Therefore, it is important to emphasize cancer screening and
prevention in people with a pre-existing DM diagnosis and to optimize both DM and cancer
care after cancer diagnosis.

Cancer screening

As discussed extensively above, patients with DM have an increased risk of developing
certain types of cancer, including cancer of the breast, liver, pancreas, endometrium,
colorectum, and bladder, and have a worse prognosis after cancer diagnosis. Screening/
surveillance to detect cancer at early stages is important for patients to have the best possible
prognosis. In 2010, the American Diabetes Association and the American Cancer Society
(ACS) presented a consensus report suggesting that cancer incidence is associated with DM
and that a healthy diet, physical activity, and weight management could reduce risk and
improve outcomes of DM and some forms of cancer [129]. The report also encouraged
appropriate cancer screening for patients with DM [129]. However, specific DM-related
cancer screening recommendations have not been made. ACS Guidelines for Cancer
Screening address breast, cervical, prostate, endometrial, and colorectal cancer [130]. The
ACS does not provide specific guidelines for screening for other cancers and does not
specifically address screening differences for patients with DM.

Despite the large body of evidence linking diabetes and cancer, cancer screening rates are
still reported to be lower for patients with DM. Several studies have demonstrated this to be
the case in the United States. A case—control study of 424 women aged 50-75 years from the
Midwest reported that from August 1997 to January 2000, women with DM had lower
mammogram rates compared to controls with an OR of 0.63 (78.1 % vs. 84.9 %, p = 0.002),
even after adjustment for insurance status and race (OR 0.70, p = 0.27) [131]. In another
study, screening patterns in women with self-reported DM living in 12 different states were
evaluated using the Predisposing, Reinforcing, and Enabling Constructs in Educational
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Diagnosis and Evaluation (PRECEDE) model, with data from the Centers for Disease
Control Behavioral Risk Factor Surveillance System [132]. There was no significant
association found between a diagnosis of DM and mammography screening rates; however,
there was a significant association between screening rates for cervical cancer and DM
diagnosis, with 78 % of women with DM being screened for cervical cancer compared to 86
% of non-diabetic women (p < 0.01) [132]. Another study using data obtained from a
telephone survey as part of the Behavioral Risk Factor Surveillance System reported that
women with DM had a lower adjusted prevalence of cervical cancer screening (74 % vs. 79
%, p < 0.05), with an AOR of 0.73 (95 % ClI, 0.66-0.81), although a higher adjusted
prevalence was reported for colorectal cancer screening (63 % vs. 60 %, p < 0.05), with an
AOR of 1.14 (95 % CI, 1.04-1.24) [133]. A prospective study in Pennsylvania compared
characteristics of elderly women who did or did not have a screening mammogram and Pap
during the first 2 years that these services were a Medicare Part B benefit (1991-1992)
[134]. Of women still alive after 3 years (n = 2,175), 44.6 % had a mammogram within the
study time period and 14.6 % had a Pap test. Women who were younger, more educated,
had supplemental insurance, did not require assistance with activities of daily living, and did
not have DM or arthritis were more likely to have mammograms. Younger, college-
educated, and non-widowed women were more likely to have Pap smears [134]. Another
study of elderly women took advantage of the Surveillance, Epidemiology, and End Results
(SEER) Program’s Medicare files to evaluate cancer screening and found that women with
DM were less likely to have mammogram (OR = 0.83, 95 % CI 0.78-0.88) or colorectal
cancer screening (OR = 0.79, 95 % CI, 0.70-0.88) [135]. Women who were seen by their
obstetrician/gynecologist had the highest rates of all three services evaluated in this study
(mammogram, colorectal cancer screening, and bone density) [135].

Lower cancer screening rates in diabetic patients are not only reported for the US population
but also globally. In a study of 675 women with DM and 5,772 women without DM, women
with DM had lower rates of participation in the following tests: clinical breast exam, Pap
test, self-breast exam, skin check, mammography, or breast ultrasound. Women without DM
performed screening at the recommended interval more frequently [136]. A study in Spain
involving women with and without DM asked women whether they had a diagnosis of DM
and whether they had a mammogram done within 2 years prior or had a Pap test done in the
3 years prior [137]. Women with DM were less likely to receive mammography compared to
those without DM (57.9 % vs. 61.9 %; OR = 0.84, 95 % ClI, 0.72-0.97; p < 0.05) or have a
Pap smear (61.5 % vs. 65.6 %; OR = 0.82, 95 % CI, 0.66-0.98; p < 0.05). Higher education
level was a positive predictor for both tests [137]. In Canada, health databases were accessed
for data from years 1999 to 2002 in a retrospective cohort study of women aged 50-67 years
to compare mammogram rates between women who had DM for a minimum of 2 years (n =
69,168) to women without DM (n = 663,519). Diabetic women were older, had more
physician visits, and were more often from a lower-income neighborhood. Despite the
greater number of physician visits, the OR for women with DM of having a mammogram
during the study time period was 0.68 (95 % CI, 0.67-0.70; p < 0.001) [138].

While cancer screening is clearly lower in diabetic patients, the reasons for this are not clear.
The effects of demographic characteristics such as education, ethnicity, and socioeconomic
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status appear to influence the effects of DM on cancer screening, although this is not
extensively described in the literature. A study published in 2001 based on data from the
North Carolina Behavioral Risk Factor Surveillance System analyzed colorectal cancer
screening rates in diabetic and non-diabetic patients [139]. While there was no difference
overall between patients with and without DM, ethnic minorities and people with lower
education and income who were also diabetic were less likely to undergo screening for
colorectal cancer than their non-diabetic counterparts [139]. A comprehensive study of
preventative care in women with DM found that women with DM were less likely to have a
Pap test than those without and that the diabetic women least likely to access preventative
care were at the extremes of the life cycle, poor, and less educated [140].

In patients with DM, overall cancer screening rates are lower, the incidence of certain
cancers is higher, and prognosis is poorer after cancer diagnosis. Recognition of the lower
screening rates and reasons thereof provides an opportunity to explore ways to improve
cancer screening in diabetic patients. Mechanisms for improved screening may include
increased availability and affordability of testing, better education of patients and healthcare
providers, adjustment of screening guidelines for diabetic patients, and targeting of certain
groups of people with DM at high risk of lower screening or for increased cancer
development. Development of a tool to simultaneously assess the risk of DM and cancer
may be quite valuable in this respect. It is important for screening guidelines to take into
account patients at higher risk due to DM diagnosis and to measure whether those
adjustments make a difference in the care of diabetic patients. Additionally, continued
investigation into screening measures for other cancers thought to be related to DM is
needed. Finally, there should be consideration for increased prevention strategies and the use
of chemoprotective agents (e.g., metformin) for cancer in diabetic individuals.

Conclusion

Overwhelming evidence suggests that diabetic patients are at increased risk of several
cancers, including cancers of the pancreas, liver, colorectum, breast, urinary tract, and
endometrium [30-82]. An interesting exception to this phenomenon is prostate cancer,
where DM seems to be protective [83, 84]. When meta-analytic risk was averaged across
various types of cancer incorporating their site-specific incidence, there was an increased
risk of cancer observed in women, but not in men. In men, all studies of cancer risk in
diabetic patients indicated increased risk, except for those of prostate cancer, which has a
relatively high incidence and accounts for the lack of population RR change between
diabetic and non-diabetic men. As the link between DM and cancer incidence appears to be
different for different cancers, it is important for future studies to focus on rarer cancers and
to limit analyses of “all cancers,” as generalizations may allow for an association between
one type of cancer and DM to be diluted by a cancer with no association with DM, as
demonstrated in our population risk analysis for cancer in men (Fig. 1). The development of
cancer in the context of DM is complex. No clear temporal relationship between DM and
cancer has been defined, and at present, data suggest that the relationship between the two
conditions may be related to shared risk factors, as opposed to a causal relationship.
Prospective studies designed to answer the questions regarding DM duration and cancer
incidence are needed to better understand causality.
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In addition to increased cancer risk, diabetic patients also have a poorer prognosis following
cancer diagnosis. This association is most effectively demonstrated by studies that focus on
survival in cancer patients with and without DM. Studies of cancer mortality are more
difficult to interpret due to the well-demonstrated increased incidence of cancer in diabetic
patients. More detailed, prospective analyses that examine cancer prognosis in the context of
DM are needed in order to advance our understanding of the effects of DM on cancer
outcomes and to determine the factors involved in this association, as they may be
therapeutic targets. Several reasons for decreased survival in diabetic patients following
cancer diagnosis have been hypothesized, including increased tumor cell proliferation in an
environment of hyperinsulinemia and hyperglycemia, differences in cancer treatment,
influence of DM-related co-morbidities on treatment decisions, poorer response to cancer
treatments in patients with DM, presentation with advanced stage cancer due to suboptimal
screening, and inappropriate management of DM during cancer treatment [115].
Hyperglycemia, which defines the diabetic condition, is an especially attractive target.
However, recent studies suggesting that controlling the hyperglycemia characteristic of DM
does not decrease the risk of cancer compared to diabetic individuals with poor glycemic
control, indicate that exploration of other possibilities is important [96-99]. Whether
glycemic control in DM impacts on cancer prognosis remains to be determined.

Decreased cancer screening rates in diabetic patients are perplexing as diabetic individuals
tend to have more interaction with the healthcare system than non-diabetic individuals [138].
Future investigation into the barriers to screening in patients with DM is an important step
toward improving screening. Additionally, development of screening measures for cancers
thought to be related to DM may help to reduce the excess burden of cancer seen in the
diabetic population. Recognition of the increased cancer risk, suboptimal cancer screening,
and reduced survival after cancer diagnosis in diabetic patients provides an opportunity for
better-quality cancer care in these patients through improved screening and the development
of risk assessment tools and risk prevention strategies for cancer and diabetes.
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Pooled risk analysis of cancer in diabetic males. Pooled risk of cancer in the population with
diabetes using population weights and quality weights in diabetic males. Studies are
arranged in increasing order of the effect size (indicated by box size), and population
weights are based on US cancer incidence of the specific cancer. The solid lineat 1 indicates
a relative risk (RR) of 1.0, and the solid line through the diamond represents the overall RR,
with the diamond representing the 95 % CI
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Pooled risk analysis of cancer in diabetic females. Pooled risk of cancer in the population
with diabetes using population weights and quality weights in diabetic females. Studies are
arranged in increasing order of the effect size (indicated by box size), and population
weights are based on US cancer incidence of the specific cancer. The solid lineat 1 indicates
a relative risk (RR) of 1.0, and the solid line through the diamond represents the overall RR,
with the diamond representing the 95 % CI
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Summary of meta-analyses of the risk for different cancers (by site) in patients with diabetes

First author, #

Cancer RR (95 %
Cl)

Cancer RR (95 % CI)—

Cancer type study design Cancer RR (95 % Cl)—male female
Pancreas Huxley [34] 1.73 (1.59-1.88) 1.57 (1.3-1.89)
Overall 1.82 (1.66-1.89)
17 Case—control 1.94 (1.53-2.46)
19 Cohort 1.73 (1.59-1.88)
Everhart [19] N/A N/A
Overall 2.1(1.6-2.8)
11 Case—control 1.8 (1.1-2.7)
9 Cohort 2.6 (1.6-4.1)
Breast Larsson [45] N/A
Overall 1.20 (1.12-1.28) 1.20 (1.12-1.28)
5 Case—control 1.18 (1.05-1.32) 1.18 (1.05-1.32)
15 Cohort 1.20 (1.11-1.30) 1.20 (1.11-1.30)
Wolf [82] N/A
4 Case—control 1.13 (0.99-1.28) 1.13 (0.99-1.28)
6 Cohort 1.25(1.19-1.3) 1.25(1.19-1.3)
Prostate Bonovas [83] N/A
Overall 0.91 (0.86-0.96) 0.91 (0.86-0.96)
5 Case—control 0.9 (0.7-1.2) 0.9 (0.7-1.2)
9 Cohort 0.9 (0.9-1.0) 0.9 (0.9-1.0)
Kasper [84] N/A
Overall 0.84 (0.76-0.93) 0.84 (0.76-0.93)
9 Case—control 0.89 (0.72-1.11) 0.89 (0.72-1.11)
10 Cohort 0.81 (0.71-0.92) 0.81 (0.71-0.92)
Liver Wang [73] 1.15 (0.84-1.59) 1.66 (1.14-2.41)
25 Cohort 2.01 (1.61-2.51)

Biliary tract/gallbladder

Bladder

El-Serag [18]
Overall
13 Case-control
12 Cohort
Noto [65]
7 Unspecified
Ren [68]
Overall
8 Case—control
13 Cohort
Larsson [53]
Overall
7 Case—control

3 Cohort

2.5 (1.8-2.9)
2.5 (15-3.1)
2.5(1.9-3.2)

OR 3.64 (2.61-5.07)

1.43 (1.18-1.72)
1.50 (0.72-3.13)
1.42 (1.16-1.74)

1.24 (1.08-1.42)
1.37 (1.04-1.80)
1.43 (1.18-1.74)

N/A

N/A

1.31 (1.17-1.47) [biliary]
1.26 (0.99-1.62) [gallbladder]

N/A
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Cancer type

First author, #
study design

Cancer RR (95 %
Cl)

Cancer RR (95 % Cl)—male

Cancer RR (95 % CI)—
female

Endometrium

Colorectal

Non-Hodgkin lymphoma

All cancer

Friberg [22]
Overall
13 Case-control
3 Cohort
Larsson [44]
Overall
6 Case—control
9 Cohort
Mitri [63]
Overall
5 Cohort
11 Case-control
Chao [12]
Overall
10 Case-control
3 Cohort
Noto [65]
Overall
12 Cohort

1 Case-control

2.10 (1.75-2.53)
2.22 (1.80-2.74)
1.62 (1.21-2.16)

1.30 (1.2-1.4)
1.36 (1.23-1.5)
1.29 (1.16-1.43)

1.19 (1.04-1.35)
1.41 (1.07-1.88)
1.12 (0.95-1.31)

1.3 (1.1-15)
1.2 (1.0-1.4)

1.8 (1.3-2.5)

1.10 (1.04-1.17)

N/A

1.29 (1.15-1.44)

0.98 (0.79-1.22)

1.15 (0.84-1.59)

1.14 (1.06-1.23)

2.10 (1.75-2.53)
2.22 (1.80-2.74)
1.62 (1.21-2.16)
1.33 (1.23-1.44)

1.38 (1.06-1.8)

1.6 (1.15-2.22)

1.18 (1.08-1.28)

N/A not available
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Table 2

Meta-analyses used in pooling risk associated with specific cancers

Cancer Site Study ID First author
Pancreas Pancreaticl Huxley [34]
Pancreatic2 Everhart [19]
Breast Breast1 Larrson [45]
Breast2 Wolf [82]
Prostate Prostatel Kasper [84]
Prostate2 Bonovas [83]
Liver Hepatocellularl  El-Serag [18]
Hepatocellular2  Wang [73]
Bladder Bladder Larsson [53]

Endometrium
Colon

Non-Hodgkin lymphoma

Biliary tract

Endometrial
CRC

NHL1
NHL2
Biliary

Friberg [22]
Larsson [44]
Mitri [63]
Chao [12]
Ren [68]
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Table 3

Summary of meta-analyses of survival in cancer patients with diabetes

Cancer site (number of studies)  First author  HR (95 % CI) of death (all cause)

All cancer types (23)
Breast (8)
Prostate (4)

Barone [115]  1.41 (1.28-1.55)
Peairs [116]  1.49 (1.35-1.65)
Snyder [117]  1.57 (1.12-2.20)
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Table 4

Summary of meta-analyses of cancer-specific mortality risk in patients with diabetes

Cancer site (number of studies)  Firstauthor RR (95 % CI) of cancer

RR (95 % CI) of death (cause specific)

All cancer types (12)
Breast (5)

Colon (6)
Hepatocellular (3)

Noto [120]  1.10 (1.04-1.17)
Larsson [45] 1.20 (1.12-1.28)
Larsson [44]  1.30 (1.20-1.40)
Wang [73]  2.01 (1.61-2.51)

1.16 (1.03-1.30)
1.24 (0.95-1.62)
1.26 (1.05-1.50)
1.56 (1.30-1.87)
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