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Less aggressive treatment and worse overall survival in cancer patients

with diabetes: A large population based analysis

Lonneke V. van de Poll-Franse1*, Saskia Houterman1, Maryska L.G. Janssen-Heijnen1, Marcus W. Dercksen2,
Jan Willem W. Coebergh1,3 and Harm R. Haak2

1Comprehensive Cancer Centre South/Eindhoven Cancer Registry, Eindhoven, The Netherlands
2Department of Internal Medicine, M�axima Medical Centre, Eindhoven, The Netherlands
3Department of Public Health, Erasmus Medical Centre, Rotterdam, The Netherlands

The purpose of this study was to document the prevalence of
diabetes among newly diagnosed cancer patients and to evaluate
the influence of diabetes on stage at diagnosis, treatment and over-
all survival. We performed a population-based analyses of all
58,498 cancer patients newly diagnosed between 1995 and 2002
in the registration area of the Eindhoven Cancer Registry. Stage
of cancer, cancer treatment and comorbidities were actively
collected by hospital medical records review. Follow-up of all
patients was completed until January 1, 2005. Nine percent of all
cancer patients had diabetes at the time of cancer diagnosis. The
prevalence of diabetes was highest among patients with cancer of
the pancreas (19%), uterus (14%) and among young men with
kidney cancer (8%). Colon, breast and ovarian cancer patients
with diabetes were more often diagnosed with a higher tumour
stage (p < 0.05). Patients with diabetes and cancer of the oesopha-
gus, colon, breast and ovary were treated less aggressively com-
pared to those without diabetes (p < 0.05). During the follow-up
period 3,902 of 5,555 cancer patients with diabetes died and 29,909
of 52,943 cancer patients without diabetes died. For all cancers
combined, in a multivariate cox-regression model, adjusting for
age, gender, stage, treatment and cardiovascular disease, patients
with diabetes experienced a significant increase in overall mort-
ality (HR 5 1.44, 95% CI 1.40–1.49), ranging however from 0
to 40% for different types of cancer, compared to those without
diabetes. In conclusion, diabetic cancer patients frequently were
treated less aggressively and had a worse prognosis compared to
those without diabetes.
' 2007 Wiley-Liss, Inc.
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With the ageing of the population, the number of persons who
suffer from more than one chronic disease is increasing. In the
year 2000, it was estimated that about 5% of the total population
was living with 2 or more chronic conditions.1 This number has
increased over the past years and is expected to keep increasing in
the years to come. As a consequence, more and more patients
require a multidisciplinary approach for their multiple diseases.
One disease with its specific treatment can influence the treatment
and prognoses of other comorbid conditions.

Since 1993, the Eindhoven Cancer Registry (ECR) registers the
prevalence of comorbid conditions at the time of diagnosis of a
cancer patient. Recent analyses with these data showed that about
60% of all new cancer patients older than 65 years suffered from
at least one other serious disease. Diabetes appeared to be one of
the most common (16%) comorbid conditions in these newly diag-
nosed cancer patients.2

Worldwide, a strongly increasing prevalence of Type 2 diabetes
has been observed.3–6 The most important reasons for the rising
number of diabetic patients is the increasing prevalence of obesity
(as an important risk factor for diabetes) and the ageing population
(as diabetes is mostly a disease of the elderly).7 It is well estab-
lished that diabetes is positively associated with cancer of the
pancreas,8–13 kidney13 and uterus,13,14 whereas it appears to be ne-
gatively associated with prostate cancer.15–18

However, little is known about the treatment and prognosis
of this growing subgroup of cancer patients. In this study we

investigated the prevalence of diabetes among 58,498 cancer pa-
tients newly diagnosed between 1995 and 2002 in the registration
area of the ECR (2.3 million inhabitants). Furthermore, we investi-
gated whether cancer patients with diabetes had a different stage
at diagnosis, were treated differently, and had a different progno-
sis compared with cancer patients without diabetes.

Patients and methods

The Eindhoven Cancer Registry records data on all patients newly
diagnosed with cancer in the southern part of the Netherlands, an
area with 2.3 million inhabitants today, 10 general hospitals and
2 large radiotherapy institutes.19 Trained registration clerks ac-
tively collect data on diagnosis (TNM) and detailed information
about initial treatment from hospital medical records. The medical
record is generally regarded as the most complete source of infor-
mation on the patient’s past and current health status.20

Since 1993 serious comorbidity with prognostic impact has
been recorded for all patients. A slightly modified version of the
widely used Charlson comorbidity index21 is used for recording
comorbidity.2 Comorbidity was defined as life-shortening diseases
that were present at the time of cancer diagnosis. Diabetes mellitus
included both Type I and Type II disease and was registered
as a dichotomous variable (yes/no), as were all other comorbid
conditions. Cardiovascular disease (CVD) included myocardial
infarction, cardiac insufficiency, angina pectoris, coronary artery
bypass graft, peripheral arterial disease, cerebrovascular diseases
and hypertension. Since 1995 comorbidity data are considered
reliable.

We included all cancer patients, newly diagnosed between 1995
and 2002. Based on the number of cancer patients with diabetes,
we separately analysed detailed information on stage, treatment
and prognosis for each of the following tumours: oesophagus,
stomach, colon or rectum, pancreas, lung, breast, corpus uteri,
ovary, prostate, kidney, and non-Hodgkin’s lymphoma (NHL).
Oncological treatment was defined as surgery, radiotherapy,
chemotherapy and hormonal therapy, including adjuvant therapy.
Surgery did not comprise diagnostic operations.

Follow-up of all patients was completed until January 1 2005.
Information on the vital status of all patients was obtained from
the municipal registries in the area of the Eindhoven Cancer
Registry and the Central Bureau for Genealogy. The latter collects
data on all deceased Dutch citizens via the civil municipal regis-
tries and provide virtually complete coverage of all deceased
Dutch citizens. In this way, information on patients who had
moved outside the registry area was also obtained.
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The prevalence of diabetes in the general Dutch population22

was obtained in order to evaluate whether the observed prevalence
of diabetes among several types of cancer patients was different
from the expected proportion. The prevalence of diabetes in a
screened population is higher than in Dutch general practices
(known diabetes), as many unknown diabetes patients will be
diagnosed at screening. We compared diabetes prevalence among
newly diagnosed cancer patients with a screened population
because cancer patients newly diagnosed in a hospital setting are
less likely to have undiagnosed diabetes. As Dutch prevalence
data were available for the year 2000,22 we restricted our pre-
valence analyses in the cancer cohort to the period 1998–2002
(Table I) in order to get a similar time frame and to minimize the
effect of increasing prevalence of diabetes over time.

Statistical analyses

The SAS computer package (version 8.2) was used for all statis-
tical analyses (SAS Institute, Cary, NC, 1999). To compare treat-
ment between cancer patients with and without diabetes, we used
logistic regression analyses. For each tumour, logistic regression
models were fitted with �receiving therapy� (either surgery, radio-
therapy, chemotherapy or hormonal therapy) as dependent vari-
able, and age, gender, tumour stage and having diabetes as inde-
pendent variables. Effect modification was tested by including
interaction terms between diabetes and gender, diabetes and age,
and diabetes and stage. When an interaction term proved to be
statistically significant, we presented odds ratios (ORs) for each
different stratum.

Survival analysis was carried out using the life-table method to
evaluate the prognosis after diagnosis for cancer patients with or
without diabetes. Survival time was defined as the time from diag-
nosis to death or January 1 2005 for the patients who were still
alive. Five year cumulative survival probability and its standard
error were calculated for each type of cancer and for those with
or without diabetes. Subgroups were compared by means of the
log-rank test.

The independent prognostic effect of diabetes was estimated
using Cox proportional hazards regression models. The propor-
tional hazard assumption of diabetes was evaluated by estimating
Kaplan-Meier Curves. The effect of diabetes over time satisfied
the assumption of proportionality as the graphs of the log(log(sur-
vival)) versus log of survival time resulted in graphs with parallel
lines for the groups of diabetic and non diabetic patients. The
hazard rates for death were adjusted for age, gender, stage, and
treatment (Model A). As diabetes is associated with a high preva-
lence of CVD we chose to additionally adjust for the excess mor-

tality due to CVD (Model B) in order to show the adjusted effect
of diabetes on cancer survival. Hazard ratios with 95% confidence
intervals and p values were reported.

Results

Prevalence of diabetes in cancer patients

In general, for both men and women, the prevalence of diabetes
was higher in younger (35–64 years) cancer patients than in the
reference population (5.2% vs. 3.4% in men and 3.9% vs. 2.7% in
women). Among men and women with pancreatic cancer and
women with endometrial cancer, diabetes prevalence was higher
than the reference population in both age groups.

Patient characteristics and influence of diabetes
on stage and treatment

Cancer patients with diabetes were on average older than those
without diabetes (p < 0.0001; Table II). The gender distribution
for diabetes patients was significantly different from those without
diabetes, for all cancers combined, cancer of the stomach, colon,
nonsmall cell lung cancer (NSCLC), and kidney. Colon cancer
patients with diabetes were more often diagnosed with Stage II
and less often with Stage I than those without diabetes (Table II).
NSCLC with diabetes were more often diagnosed with localized
disease, whereas breast cancer patients with diabetes were more
frequently diagnosed with Stage III or IV and less often with Stage
I or II. The proportion of cancer patients with diabetes who also
suffered from CVD (ranging from 34 to 55%) was always higher
when compared with those without diabetes (ranging from 19 to
37%) (Table II).

Multivariate regression analyses showed that after correction
for the influence of age, gender and stage, colon and uterus cancer
patients with diabetes had a higher chance of being operated than
those without diabetes (OR 5 1.62 and OR 5 3.12, respectively).
Age appeared to be an effect modifier in the association between
diabetes and cancer treatment among patients with cancer of the
breast, prostate, lung (NSCLC) and Non-Hodgkin Lymphoma
(NHL) (Table III). For these tumours, we presented ORs sepa-
rately for both age strata.

Compared with those without diabetes, young (<65 years)
breast cancer patients with diabetes were more likely to receive
surgery (OR 5 2.32) and hormonal therapy (OR 5 1.66), and less
likely to receive (adjuvant) chemotherapy (OR 5 0.52). Older
breast cancer patients with diabetes were less likely to receive
radiotherapy (OR 5 0.73). The latter also relates to the fact that
older women with diabetes were less often treated with breast con-

TABLE I – PREVALENCE OF DIABETES (%) IN A DUTCH SCREENED POPULATION,22 AND IN 42,921 CANCER
PATIENTS IN THE EINDHOVEN CANCER REGISTRY, DIAGNOSED IN THE PERIOD 1998–2002

Men Women

35–64 years;
N5 8,351

651 years;
N 5 14,056

35–64 years;
N 5 10,008

651 years;
N 5 10,506

Dutch screened population22 3.4% 14.1% 2.7% 16.1%

% (n) % (n) % (n) % (n)

Eindhoven Cancer Registry
All cancers 5.2 (438) 10.4 (1464) 3.9 (391) 14.6 (1539)
Oesophagus 4.9 (12) 14.0 (38) 5.6 (4) 11.4 (14)
Stomach 5.8 (18) 12.1 (70) 4.6 (7) 16.1 (57)
Colon 6.6 (43) 11.6 (147) 5.6 (33) 14.6 (199)
Rectum 5.7 (31) 11.7 (88) 3.8 (12) 15.4 (86)
Pancreas 11.4 (21) 21.1 (60) 9.9 (13) 25.9 (76)
Lung 5.7 (94) 11.1 (345) 4.9 (42) 12.3 (91)
Breast – – 3.1 (133) 13.7 (385)
Uterus – – 8.0 (40) 20.8 (106)
Ovary – – 3.0 (12) 12.0 (45)
Prostate 4.3 (48) 8.5 (280) – –
Kidney 7.7 (21) 11.4 (36) 5.0 (7) 19.5 (48)
Non-Hodgkin lymphoma 4.5 (14) 8.6 (28) 4.6 (11) 11.4 (32)

1987TREATMENT AND SURVIVAL IN CANCER PATIENTS WITH DIABETES



TABLE II – PATIENT CHARACTERISTICS ACCORDING TO TYPE OF CANCER AND THE PRESENCE OF DIABETES AT THE TIME OF CANCER
DIAGNOSIS FOR PATIENTS DIAGNOSED IN THE PERIOD 1995–2002

Tumour N Mean age Men (%)
Stage (%)

CVD (%)
I II III IV X

All cancers
Diabetes 5555 71.3 49 45
No diabetes 52943 63.9 53 29

Oesophagus
Diabetes 83 71.6 71 5 7 16 24 48 52
No diabetes 849 65.3 72 6 14 20 27 33 30

Stomach
Diabetes 232 72.5 55 17 13 16 27 27 50
No diabetes 1895 67.9 65 17 16 14 32 21 33

Colon
Diabetes 609 72.9 44 10 42 24 17 7 49
No diabetes 4664 68.4 51 15 36 26 19 4 32

Rectum
Diabetes 304 71.6 55 24 29 22 12 14 42
No diabetes 2751 66.3 60 26 25 22 17 11 28

Pancreas
Diabetes 245 70.9 48 6 3 5 24 62 45
No diabetes 966 67.0 53 7 4 8 27 54 31

Nonsmall cell lung cancer Localized Nonlocal
Diabetes 581 69.4 82 35 22 44 50
No diabetes 6109 65.4 78 32 29 40 32

Small cell lung cancer Limited Extensive
Diabetes 157 68.2 69 41 43 16 55
No diabetes 1472 65.3 71 38 42 20 32

Breast
Diabetes 754 70.7 0.5 35 44 12 7 3 41
No diabetes 8971 58.9 0.5 39 46 8 4 3 19

Uterus
Diabetes 230 70.2 – 71 10 7 3 9 40
No diabetes 1203 64.1 – 71 7 9 3 10 29

Ovary
Diabetes 85 70.3 – 15 6 56 14 8 34
No diabetes 1097 61.3 – 32 7 44 13 4 22

Prostate
Diabetes 468 72.6 – 9 56 9 18 7 43
No diabetes 5010 70.3 – 9 59 10 18 4 37

Kidney
Diabetes 174 70.2 49 21 22 16 15 26 48
No diabetes 1223 64.2 62 21 27 16 17 18 34

Non-Hodgkin Lymphoma
Diabetes 123 69.7 50 29 15 16 27 13 44
No diabetes 1607 60.7 55 25 16 14 33 12 22

TABLE III – THE ODDS RATIOS (ORs) OF RECEIVING TREATMENT UNDER THE CONDITION OF DIABETES (YES Vs. NO), ADJUSTED FOR
THE EFFECT OF AGE, STAGE AND GENDER (1995–2002)

Tumour
OR of receiving treatment (yes) under the condition of diabetes (yes vs. no)

Surgery Radiotherapy Chemotherapy Hormonal therapy

Oesophagus 0.93 (0.39–2.22) 1.28 (0.67–2.47) – –
Stomach 0.92 (0.60–1.41) – – –
Colon 1.62 (1.10–2.39)1 – 0.81 (0.60–1.08) –
Rectum 1.47 (0.91–2.38) 0.85 (0.65–1.11) 0.81 (0.52–1.25)
Pancreas – – – –
NSCLC, 35–64 years� 0.90 (0.57–1.43) 0.73 (0.50–1.07) 0.73 (0.47–1.15) –
NSCLC, 651 years� 0.97 (0.73–1.22) 1.18 (0.95–1.45) 0.78 (0.52–1.17)
SCLC – 0.78 (0.50–1.18) 0.91 (0.62–1.32) –
Breast, 35–64 years� 2.32 (1.01–5.38)1 1.33 (0.96–1.84) 0.52 (0.36–0.75)2 1.66 (1.18–2.31)1

Breast, 651 years� 0.88 (0.64–1.22) 0.73 (0.60–0.88)2 0.66 (0.37–1.18) 1.22 (0.99–1.51)
Uterus 3.12 (1.30–7.49)1 1.06 (0.75–1.49)
Ovary 0.59 (0.34–1.01) – 0.83 (0.49–1.39) –
Prostate, 35–64 years� 0.92 (0.55–1.55) 2.24 (1.29–3.87)1 – 1.45 (0.81–2.61)
Prostate, 651 years� 1.02 (0.81–1.30) 0.79 (0.62–1.01) 1.11 (0.88–1.39)
Kidney 1.16 (0.64–2.11) – – –
NHL, 35–64 years� – 1.33 (0.96–1.84) 0.66 (0.30–1.44) –
NHL, 651 years� 0.73 (0.60–0.88)2 0.96 (0.59–1.58)

�ORs were presented for age groups separately when effect modification was present (e.g., the interaction term of diabetes and age was statis-
tically significant in multivariate regression analysis).

Abbreviations: NSCLC, Non-small cell lung cancer; SCLC, Small cell lung cancer; NHL, Non-Hodgkin Lymphome.
1p < 0.05.–2p < 0.001.
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serving surgery (39% vs. 46%, p 5 0.01). Young men with pros-
tate cancer and diabetes were more likely to receive radiotherapy
(OR 5 2.24). Older men with NHL were less likely to receive
radiotherapy when they also had diabetes (OR 5 0.73).

Survival of cancer patients with diabetes

Unadjusted analyses showed that the overall mortality of cancer
patients with diabetes was significantly higher for all types of can-
cers, except oesophageal and stomach cancer (Table IV; Figs. 1a
and 1b). As the mean age at cancer diagnosis was always several
years higher in diabetes patients than those without diabetes, and
gender was neither equally distributed, HRs were calculated with
adjustment for age and gender (Table V). After adjustment for
age, gender, stage and treatment (Model A), the HRs for the inde-
pendent effect of diabetes decreased (Table V). After additional
correction for the occurrence of cardiovascular disease, patients
with cancer of the colon, rectum, breast, uterus, ovary, prostate,
kidney and NHL still had a 20–40% increased risk of dying com-
pared to cancer patients without diabetes.

Discussion

This population-based study using data from 5,555 cancer
patients with diabetes and 52,943 cancer patients without diabetes
revealed that diabetes was most prevalent in patients with cancer
of the pancreas or uterus, whereas the lowest prevalence was ob-

served in older men with prostate cancer or NHL. Diabetic cancer
patients frequently were treated less aggressively compared to
those without diabetes, possibly due to concurrent (cardiovascular)
diseases or worse functional status. After adjusting for the con-
founding effects of different stage at diagnosis, age, gender, treat-
ment and even cardiovascular disease, we found that patients with
diabetes experienced a significant increase in overall mortality,
ranging from 0 to 40% for different types of cancer, compared to
those without diabetes.

Many studies have investigated the association between dia-
betes and cancer. As in our results, diabetes has been positively
associated with cancer of the pancreas8–13 and uterus13,14 and neg-
atively associated with prostate cancer in several studies15,17,18 and
a recent meta-analysis.16 In contrast with other studies,13,23 we
found a higher prevalence of diabetes among young, male kidney
cancer patients, although this can be explained by the small num-
ber of kidney cancer patients. A recent meta-analyses strongly
supported a relationship between diabetes and increased risk of
colon and rectal cancer in both women and men,24 whereas we
found the prevalence of diabetes only to be elevated in colorectal
cancer patients younger than 65.

Insulin-like growth factor I (IGF-I), which may act as promoter
of tumour cell growth, has been associated with increased risk of
colorectal cancer,25 and cancer of the breast in premenopausal
women.26 Also, diabetes patients have elevated levels of insulin
which in turn can stimulate IGF-1. It has also been shown that in-

TABLE IV – NUMBER OF PATIENTS, NUMBER OF DEATHS, MEDIAN SURVIVAL AND PROPORTION ALIVE 5 YEARS AFTER CANCER DIAGNOSIS, AMONG
CANCER PATIENTS WITH AND WITHOUT DIABETES FROM THE EINDHOVEN CANCER REGISTRY, DIAGNOSED IN THE PERIOD 1995–2002

Tumour No. of patients No. of deaths Median survival (yr) % alive at 5 years (SE) p-value survival (logrank)

All cancers
Diabetes 5555 3902 2.4 31 (1)
No diabetes 52943 29909 2.6 45 (0) <0.0001

Oesophagus
Diabetes 83 78 0.6 6 (3)
No diabetes 849 762 0.6 9 (1) 0.24

Stomach
Diabetes 232 200 0.5 13 (2)
No diabetes 1895 1606 0.7 16 (1) 0.18

Colon
Diabetes 609 398 2.2 35 (2)
No diabetes 4664 2503 2.6 47 (1) <0.0001

Rectum
Diabetes 304 197 2.3 35 (3)
No diabetes 2751 1444 3.1 49 (1) <0.0001

Pancreas
Diabetes 245 242 0.2 1 (1)
No diabetes 966 940 0.3 3 (1) 0.004

Non-small cell lung cancer
Diabetes 581 512 0.7 15 (1)
No diabetes 6109 5252 0.6 12 (2) 0.015

Small cell lung cancer
Diabetes 157 153 0.4 2 (1)
No diabetes 1472 1411 0.6 4 (1) 0.035

Breast
Diabetes 754 338 3.9 59 (2)
No diabetes 8971 2157 4.8 78 (1) <0.0001

Uterus
Diabetes 230 100 3.9 63 (3)
No diabetes 1203 324 4.7 75 (1) <0.0001

Ovary
Diabetes 85 67 0.9 21 (5)
No diabetes 1097 656 2.7 40 (2) <0.0001

Prostate
Diabetes 468 224 3.2 52 (3)
No diabetes 5010 2082 3.8 61 (1) <0.0001

Kidney
Diabetes 174 118 2.0 33 (4)
No diabetes 1223 674 2.8 48 (2) 0.0002

Non-Hodgkin lymphoma
Diabetes 123 88 1.7 32 (4)
No diabetes 1607 824 3.0 51 (1) <0.0001
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sulin promotes growth in human pancreatic cell lines, possibly
enhancing pancreatic carcinogenesis.27 The low prevalence of dia-
betes in prostate cancer is thought to be related to the lower
plasma concentration of testosterone in diabetic men,28 which
may be involved in prostate cancer carcinogenesis. High testoster-
one levels have been associated with an increased risk of prostate
cancer.29

Only a few studies have investigated the influence of diabetes on
the survival of cancer patients. Two population-based studies with
subsets of patients of the Surveillance, Epidemiology, and End
Results (SEER) Registry showed similar results among 1,800 post-
menopausal breast cancer30 and 1,610 colon cancer31 patients. Af-
ter adjustment for age and stage, breast cancer patients with
diabetes had a 76% higher risk of death within 30 months.30 Colon
cancer patients with diabetes had a 37% higher risk of dying from
cancer compared with those without, independent of age, gender
and stage.31 For these populations, no information was available
about type of cancer therapy, making it difficult to assess the true
effect of diabetes on survival. Data from a randomized adjuvant
chemotherapy trial showed that a sub-cohort of 287 colon cancer
patients with diabetes had a 42% higher risk of overall mortality
and a 21% higher risk of cancer recurrence compared to cancer
patients without diabetes.32 In this trial detailed information about
prognostic variables such as stage, treatment, and performance sta-
tus was available and could be adjusted for. Nevertheless, patients
who participate in randomized trials may differ from the population
at large, and these findings may not be extrapolated to the general
population. A prospective mortality study of 1.2 million US men
and women revealed that diabetes was significantly associated with
fatal colon and pancreatic cancer in men and women; fatal liver
and bladder cancer in men and fatal breast cancer in women.33

How diabetes influences survival of cancer patients is even less
clear than the association between cancer and diabetes prevalence.
Diabetes is associated with comorbid conditions such as cardio-
vascular diseases, which may decrease overall survival. In our
study as well as in both SEER studies, after adjustment for concur-
rent comorbidities, the overall survival was still diminished. Inter-
estingly, the presence of diabetes also increased cancer recurrence
in a randomized trial, suggesting a more specific role for diabetes
on cancer progression.32 A prospective cohort study among non-
diabetic women with early-stage breast cancer revealed that high
levels of fasting insulin, measured shortly after surgical treatment,
had an adverse prognostic effect on distant recurrence and death.34

Results from the NHANES II Mortality study showed that persons
with insulin resistance had a higher risk of dying because of
cancer, compared with those with normal glucose tolerance.35

Continuous exposure to high glycemic and insulin levels seems
to stimulate cancer growth or progression, leading to a worse
prognosis.36 Also, when treating cancer patients with diabetes,
clinicians have to consider all types of complications that are very
often associated with diabetes, which can result in the avoidance
of certain therapies.36 For example in our study, adjuvant chemo-
therapy was given less frequently in women with breast cancer.
Surgery was omitted in a large proportion of elderly women with
cancer of the ovary (ns). The lower rate of breast conserving
surgery and adjuvant radiotherapy in women with breast cancer

FIGURE 1 – (a) Kaplan-Meier estimated survival probability curves
for cancer patients with and without diabetes, according to age group
(<60 or 60–69 years of age). (b). Kaplan-Meier estimated survival
probability curves for cancer patients with or without diabetes, accord-
ing to age group (70–79 or 801 years of age).

TABLE V – ADJUSTED HAZARD RATIOS (HRs) FOR OVERALL MORTALITY FOR CANCER PATIENTS WITH DIABETES COMPARED
TO THOSE WITHOUT, ACCORDING TO THE DIFFERENT TUMOUR SITES

Influence of diabetes on overall mortality1 Age- and gender-adjusted HR (95% CI) Adjusted HR (95% CI): Model A2 Adjusted HR (95% CI): Model B3

All cancers 1.30 (1.26–1.35)4 1.37 (1.32–1.41)4 1.44 (1.40–1.49)4

Oesophagus 1.05 (0.83–1.26) 1.00 (0.79–1.26) 0.99 (0.78–1.26)
Stomach 1.07 (0.92–1.24) 1.06 (0.92–1.23) 1.04 (0.90–1.22)
Colon 1.28 (1.14–1.42)4 1.33 (1.19–1.47)4 1.28 (1.14–1.42)4

Rectum 1.36 (1.17–1.58)4 1.52 (1.31–1.77)4 1.48 (1.28–1.73)4

Pancreas 1.16 (1.00–1.34)5 1.14 (0.98–1.31) 1.14 (0.99–1.32)
Nonsmall cell lung cancer 1.06 (0.97–1.16) 1.09 (0.99–1.19) 1.06 (0.97–1.16)
Small cell lung cancer 1.12 (0.94–1.33) 1.09 (0.92–1.29) 1.08 (0.91–1.28)
Breast 1.69 (1.50–1.90)4 1.60 (1.42–1.80)4 1.54 (1.37–1.74)4

Uterus 1.34 (1.07–1.69)5 1.42 (1.12–1.79)5 1.43 (1.14–1.81)5

Ovary 1.50 (1.16–1.93)5 1.31 (1.02–1.70)5 1.31 (1.01–1.69)5

Prostate 1.22 (1.66–1.40)5 1.20 (1.04–1.38)5 1.19 (1.04–1.37)5

Kidney 1.33 (1.09–1.62)5 1.32 (1.08–1.62)5 1.25 (1.03–1.53)5

Non-Hodgkin lymphoma 1.41 (1.14–1.77)5 1.49 (1.19–1.87)4 1.44 (1.15–1.81)5

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval.
1The reference group consists of cancer patients without diabetes.–2Model A: adjusted for the effect of age, gender, stage, treatment.–3Model

B: Model A plus adjustment for cardiovascular disease.–4p < 0.001.–5p < 0.05.
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might be related to the burden of the many visits to the radiother-
apy institute, when an alternative treatment (amputation) is avail-
able. As we did not have information about the performance
status, psychological wellbeing and other patient factors such
as duration of diabetes or glycemic control that might influence
treatment decisions, we do not know whether the physicians’ use
of less aggressive therapies indicated that they appropriately
responded to the patients’ diminished life expectancy or whether
this was inappropriate. Also, no information was available about
the number of chemotherapy or radiotherapy courses and possible
interruption of treatment due to complications in those with or
without diabetes.

Besides, the less aggressive therapy that diabetic patients often
receive, it is furthermore possible that diabetes negatively influen-
ces the effect of cancer therapies. Perhaps cancer cells of diabetic
patients are less sensitive to systemic or radiotherapy. As this is
rather speculative, further research should not only investigate dia-
betes and its treatment as a cancer risk factor, but also focus on
the effect of diabetes on cancer outcomes and the mechanism that
underlies this association.

Although the presence of diabetes and cardiovascular disease
were assessed from medical records, which is more clinically
precise than from self-reported or administrative databases as is

often used in large epidemiological studies, no information was
available about the type and duration of diabetes. The strengths of
this study are that this is a population based study in which cancer
and its treatment are registered in a quality controlled cancer
registry system. Trained registration clerks are following refresher
courses twice a year, and annually perform a quality test. How-
ever, we cannot completely exclude the possibility of coding or
interpretation uncertainties, which will then be non-differential for
those with or without diabetes.

As the number of persons with diabetes4 or cancer37 is likely to
increase tremendously in the coming decades, the number of
persons with both diseases will also increase, meaning that more
and more doctors will be confronted with patients who have both
diseases. These patients will need a different, multidisciplinary
treatment approach38 in order to get better survival rates.
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