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Cancer risk in patients with diabetic nephropathy

A retrospective cohort study in Hong Kong
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Abstract \\,
Diabetic nephropathy (DN) is a leading cause of end-stage kidney disease nowadays. Certain cancers are more common in patients |
with diabetes mellitus. However, there are no data concerning the cancer pattern in patients with DN. The aim of this study is to
investigate the site-specific cancer risk and mortality in these patients.

A retrospective cohort study of 5643 DN patients between 2000 and 2015 was conducted in 2 large hospitals in Hong Kong.
Incidence and mortality of various cancers were compared with those of general population using standardized incidence ratios
(SIRs) and standardized mortality ratios (SMRs) respectively.

With 24,726 person-years follow-up, 250 cancers were diagnosed. Overall cancer incidence was similar between DN patients and
the general population (SIR 1.05, 95% confidence interval [Cl] 0.92—1.19). However, certain site-specific cancers are increased in DN
patients: the highest risk was observed for laryngeal cancer (SIR 3.03, 95% Cl 1.11-6.60), followed by cancers of liver (SIR 1.96, 95%
Cl 1.35-2.76) and colorectum (SIR 1.92, 95% Cl 1.563-2.37), but the risk of prostate cancer was lower (SIR 0.48, 95% CI 0.21-0.95)
inthe males with DN. The SMR of all cancers was 1.17 (95% CI 1.01-1.37). For individual specific site, only colorectal cancer carried a
significant higher mortality risk (SMR 2.45, 95% CI 1.82-3.23).

Our data suggested that DN is associated with increased incidence of cancers of colorectum, liver, and larynx but decreased
incidence of prostate cancer. Moreover, there is increased mortality of colorectal cancer in patients with DN.

Abbreviations: ACR = albumin to creatinine ratio, CDARS = Clinical Data Analysis and Reporting System, CKD = chronic kidney
disease, DM = diabeses mellitus, DN = diabetic nephropathy, ESKD = end-stage kidney disease, Hb = hemoglobin, MDRD =
modification of diet in renal disease, PCR = protein to creatinine ratio, SD = standard deviation, SIR = standardized incidence ratio,
SMR = standardized mortality ratio.
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1. Introduction

The prevalence of diabetes mellitus (DM) is increasing worldwide
with an aging population and lifestyle changes in many countries.
DM represents a major challenge in public health because it is
associated with many acute and chronic complications which
seriously affect the quality of life and survival of affected
individuals. The association between DM and cancer has been
studied extensively in the past and most of the studies showed
that certain types of cancer are more common in patients with
type 1 or type 2 DM.H 81 In addition, DM has also been shown to
be associated with cancer mortality.[®"!
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Albuminuria is an early sign of diabetic nephropathy (DN),
which occurs in 25% to 40% of patients with DM.% DN is
now the leading cause of end-stage kidney disease (ESKD) in
different countries."?! Various studies found that urinary
albumin excretion alone can predict cancer mortality even in
people without diabetes.">'* In addition, albuminuria has
been observed in patients with different types of cancers such
as colorectal, lung, renal cell, breast, and non-Hodgkin
lymphoma.[*>~1%!

Despite all these evidence, there are no data concerning the
cancer pattern in patients suffering from DN. The aim of our
study is to investigate the risk and mortality of various cancers in
patients suffering from DM associated nephropathy.

2. Methods

This is a retrospective cohort study in all patients with DN,
who had follow-up in the outpatient clinics of the Queen
Elizabeth Hospital and Queen Mary Hospital, 2 of the largest
hospitals in Hong Kong, between the period January 1, 2000
and December 31, 2015. Those patients with DN were
identified from the Clinical Data Analysis and Reporting
System (CDARS).

The CDARS is a tool developed by the Hospital Authority,
which is a statutory body responsible for primary, secondary, and
tertiary public healthcare services of Hong Kong. The database
generated from CDARS contains patients’ demographic data and
clinical information including diagnoses, operations, drug
prescriptions, laboratory investigations, inpatient stays, and
outpatient clinics since 1993. In addition, it also contains data on
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causes of death through its internal linkage to regional death
registry from the Immigration Department.

The inclusion criteria included reported primary or secondary
diagnosis of DM or requirement of medication for the treatment
of DM, together with the presence of macroalbuminuria or
proteinuria during screening for the diabetic complications.
Macroalbuminuria was determined by measuring the amount of
albumin in a spot urine sample and was defined as the urinary
albumin to creatinine ratio (ACR) >30mg/mmol. However,
proteinuria could be detected by either spot urinary protein to
creatinine ratio (PCR) >0.5 g/g (56 mg/mmol) or 24-hour urinary
protein >0.5g.2%*!1 The exclusion criteria included missing
values for determination of albuminuria or proteinuria; presence
of kidney diseases other than DN, and history of organ
transplants. The cohort entry date was defined as the date of
DN when macroalbuminuria or proteinuria was first diagnosed.
Basic demographic and clinical data including sex, age, diagnosis
of DM and cancers, amount of albuminuria and/or proteinuria,
hemoglobin (Hb) Alc, and serum creatinine level were extracted
from the CDARS and individual patient’s medical record.
Estimated glomerular filtration rate was calculated by the
abbreviated MDRD equation (mL/min/1.73 m?): 186 x (creati-
nine/88.4)—1.154 x (age)—0.203 x (0.742 if female) x (1.210 if
black).!*?! All cancers were diagnosed with histology and other
relevant information, such as radiological imaging, and coded
according to the 10th World Health Organization International
Classification of Disease (ICD-10). The follow-up duration was
defined from the date of cohort entry to the date of death, the last
reported contact, or March 31, 2016. This study was approved
by the research ethics committee of both hospitals.

2.1. Statistical Analyses

The statistical analyses were performed by SPSS (SPSS 20.0, Inc,
Chicago, IL). Categorical data were expressed as percentages and
continuous data were expressed as mean +standard deviation
(SD) or median (range). Categorical data were compared with x>
or Fisher exact tests, whereas continuous data were compared
with # test or Mann-Whitney U test. The outcome in this study
included the standardized incidence ratio (SIR) and the
standardized mortality ratio (SMR) of different cancers in
patients with DN. The SIR was calculated as the number of
observed cancer cases per 100,000 patient-years among the
patients with DN divided by the expected number of cancer cases
per 100,000 patient-years. The expected number of cases was
based on the age-adjusted cancer incidence rates in the general
population. All information about cancer incidence and mortality
in the Hong Kong general population could be obtained from the
Hong Kong Cancer Registry 2011.%1 The 95% confidence
intervals of the SIRs were calculated by assuming that the
observed cancers follow a Poisson distribution. For patients with
multiple primary cancers, each tumor was counted separately in
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Standardized incidence ratios for all malignancies, stratified by
sex, age, and calendar year at diagnosis of DN.

Person-years 0/E SIR (95% ClI)

All patients 24,726 250/238.2 1.05 (0.92-1.19)
Sex

Male 13,940 157/149.0 1.05 (0.90-1.23)

Female 10,786 93/91.2 1.02 (0.82-1.25)
Age at diagnosis of DN, y

<44 1131 2111 1.82 (0.20-6.56)

45-64 10,985 49/50.7 0.97 (0.71-1.28)

>65 12,610 199/186.4 1.07 (0.92-1.23)
Calendar year at diagnosis of DN

2000-2008 12,634 118/117.2 0.96 (0.79-1.16)

2009-2014 12,092 132/120.9 1.09 (0.91-1.29)

Cl=confidence interval, DN = diabetic nephropathy, E=expected number of cancer cases, based on
the general population in Hong Kong, from Hong Kong Cancer Registry, O =0bserved number of
cancer cases, SIR=standardized incidence ratio.

the analysis and the cancer would not be counted if it was
diagnosed before the onset of DN. However, the SMR was the
observed rate of cancer death among the patients with DN
divided by the expected rates of cancer death and the 95%
confidence intervals (Cls) were also calculated by assuming that
the observed mortality follow a Poisson distribution. A P value of
<.05 was defined as statistically significant.

3. Results

Total 6218patients were diagnosed to have DM with the presence
of macroalbuminuria or proteinuria during the study period.
Among them, 575 patients were excluded (425 with history of
kidney or liver transplants and 150 because of the presence of
other renal diseases). Thus, only 5643 patients were included in
the analysis. The clinical characteristics of these patients are
depicted in Table 1.

After a median follow -up duration of 4 years (6 months—16
years), 250 cancers were diagnosed. The overall cancer incidence
rate was 4.4 %. In the cancer group, the age at diagnosis of DN was
68.0+10.7 years, whereas the age at diagnosis of cancer was 72.0
+9.7 years. There was no significant difference in HbA1¢, urinary
ACR, and amount of proteinuria between DN patients with and
without cancers (Table 1). Colorectal cancer was the most common
cause of cancers in the patients with DN (34.0%), followed by lung
(16.4%), liver (13.2%), stomach (6.0%), and breast (5.6%).

The risks of any cancer occurrence were similar between
patients with DN and the age-matched general population (SIR
1.05, 95% CI 0.92-1.19). The SIRs of all cancers were then
further analyzed according to the sex, age at diagnosis of DN, and
year of diagnosis of DN (Table 2). However, there were also no
significant differences in cancer risks among male and female
patients, age, and calendar year at the diagnosis of DN.

Clinical characteristics of DN patients analyzed in the study.

All, n=5643 Cancer, n=250 Non-cancer, n=5393 P
Male, n (%) 3215 (57.0) 157 (62.8) 3058 (56.7) .06
Mean age at diagnosis of DN, y 66.3+11.5 68.0+10.7 65.8+10.5 10
Mean HbA1c (%) 79+0.7 8.0+£17 7.9+0.9 A7
Median albumin to creatinine ratio, mg/mmol 73.3 (30.0-1117.8) 67.9 (30.5-1026.4) 74.3 (30.0-1117.8) .56
Median proteinuria, g/day 1.6 (0.5-24.5) 1.7 (0.5-17.6) 1.4 (0.5-24.5) 13

DN =diabetic nephropathy.
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Percentage of different cancer sites and site-specific cancer risk
in all patients with DN.
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Standardized mortality ratio of the commonest sites of cancer
deaths in patients with DN.

Site of cancer Percentage 0/E SIR (95% CI) Site of cancer 0/E SMR (95% CI)
Colorectal 34.0 85/44.3 1.92 (1.53-2.37) Colorectal 50/20.4 2.45 (1.82-3.23)
Lung 16.4 41 /47.9 0.86 (0.61-1.16) Lung 36/42.4 0.85 (0.59-1.17)
Liver 13.2 33/16.8 1.96 (1.35-2.76) Liver 20/15.4 1.30 (0.79-2.01)
Stomach 6.0 15/11.3 1.33 (0.74-2.19) Esophagus 8/3.8 211 (0.91-4.15)
Breast 5.6 14/18.7 0.75 (0.41-1.26) Pancreas 8/5.1 1.57 (0.68-3.09)
Esophagus 3.2 8/4.7 1.72 (0.74-3.39) ] ) .

Nasopharynx 39 8/5.0 1.67 (0.72-3.29) Cl=confidence mtelrval,lDN:dlabetlc nephropathy, E=expected number of cancer cases, based on
Pancreas 39 8/5.3 150 (0.65-2.96) the general population in Hong Kong, from Hong Kong Cancer Registry, O=observed number of

cancer cases, SMR=standardized mortality ratio.

Prostate 3.2 8/16.7 0.48 (0.21-0.95)

Larynx 2.4 6/1.9 3.03 (1.11-6.60)

NHL 1.6 4/6.5 062 (0.17-159)  hyperinsulinemia can have a direct carcinogenic effect.”*2¢! In
Oral cavity 1.2 3/4.6 0.65 (0.13-1.91)  addition, hyperinsulinemia may also increase the level of insulin-
Bladder 1.2 353 0.57 (0.11-1.66)  like growth factor axis protein 1, which is a potential mitogen
Kidney 0.8 2/3.9 051 (0.06-1.85  and inhibitor of apoptosis and can promote tumorigenesis.*” 2!
Multiple myeloma 0.8 2/2.3 0.87 (0.10-3.13)

Cl=confidence interval, DN = diabetic nephropathy , E=expected number of cancer cases, based on
the general population in Hong Kong, from Hong Kong Cancer Registry, NHL=non-Hodgkin
lymphoma, O=observed number of cancer cases, SIR=standardized incidence ratio.

Table 3 showed the SIRs of the major cancer sites. Highest risk
was observed for laryngeal cancer (SIR 3.03,95% CI 1.11-6.60),
followed by cancers of liver (SIR 1.96, 95% CI 1.35-2.76) and
colorectum (SIR 1.92, 95% CI 1.53-2.37). All patients with
laryngeal cancer were males. For cancers of liver and colorectum,
the incidence was increased in both male and female patients
(Table 4). However, the risk of prostate cancer was lower (SIR
0.48, 95% CI 0.21-0.95) in the males with DN.

Total 162 patients died of cancer during the study period. The
cancer mortality risk was higher in patients with DN when
compared with the general population (SMR 1.17, 95% CI
1.01-1.37). When the SMR of all cancers was further analyzed
according to sex, the SMR of male and female patients was 1.18
(95% CI10.96-1.42) and 1.08 (95% CI 0.82-1.41), respectively.
The SMR of common cancer sites were shown in Table 5.

4. Discussion

The association between DM and the risk of various cancers has
been extensively investigated. A number of studies have suggested
that DM can increase the risk of several cancers such as
pancreatic cancer, liver cancer,”! colorectal cancer,'®! breast
cancer,”! and kidney cancer,’® but the exact reasons for the
increased risk of these cancers are still a matter of debate.
Different mechanisms have been proposed to explain the
relationship between DM and risk of cancer. Type 2 DM is
associated with relative insulin insufficiency and is characterized
by hyperinsulinemia and insulin resistance. Insulin is a growth
factor which can promote proliferation of cancer cells. Therefore,

Furthermore, type 2 DM and cancers share many common risk
factors such as age, obesity, tobacco use, and higher intake of
saturated fats. As a result, both insulin resistance and shared risk
factors can explain the association between type 2 DM and risk of
cancer development. However, type 1 DM is a condition caused
by the autoimmune destruction of the beta cells within the
pancreas. The evidence of the association between type 1 DM and
cancer is limited and variable, depending on the research methods
used and the criteria for the diagnosis of DM."% In a recent study
using one of the largest diabetes registries, the magnitudes of
excess risk of cancers for type 1 and type 2 DM are generally
similar, supporting the concept that hyperglycemia, found in
both types of DM, can be the mechanistic driver between DM and
cancers.®!

Despite all the available clinical evidence, there are no data
concerning the cancer pattern and the risk of various cancers in
patients with DN. The classic renal pathology of DN, no matter
whether it is caused by type 1 or type 2 DM, is the presence of
different pathological lesions of diabetic glomerulosclerosis.
These lesions could then lead to albuminuria. Albuminuria
assessment is commonly used for early diagnosis and screening of
DN. Microalbuminuria may be regarded as an early marker of
DN and can be defined as appearance of small amounts of
albumin in urine (30-300mg/day in 24-hour collection or spot
urine ACR 3-30mg/mmol). However, macroalbuminuria is
defined as an ACR >30mg/mmol. Two of 3 samples should fall
within the microalbuminuric or macroalbuminuric range to
confirm the classification.””! Without specific interventions,
approximately 80% of patients with type 1 DM who developed
sustained microalbuminuria will progress to the stage of
macroalbuminuria or overt nephropathy during a period of 10
to 15 years. ESKD develops in 50% of type 1 diabetic patients
with overt nephropathy within 10 years and in >75% by 20
years. However, 20% to 40% of type 2 diabetic patients with

Site-specific cancer risk of commonest cancers in male and female patients with DN.

Site of cancer Male O/E SIR (95% Cl) Female O/E SIR (95% CI)

Colorectal 50/27.5 1.82 (1.35-2.40) 3517.7 1.98 (1.38-2.75)
Lung 33/34.6 0.95 (0.66—1.34) 8/14.9 0.54 (0.23-1.06)
Liver 23/13.6 1.69 (1.07-2.54) 10/4.3 2.31 (1.11-4.26)
Stomach 10/7.7 1.30 (0.62-2.38) 5/3.9 1.29 (0.42-3.02)

Cl=confidence interval, DN = diabetic nephropathy, E=expected number of cancer cases, based on the general population in Hong Kong, from Hong Kong Cancer Registry, NHL = non-Hodgkin lymphoma, 0=

observed number of cancer cases, SIR=standardized incidence ratio.
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microalbuminuria progress to overt nephropathy and only 20%
will further progress to ESKD by 20 years after onset of overt
nephropathy.®! It has been found that each SD increase in
albuminuria could result in a 20% increase in the overall risk of
cancer even in patients without DM."% Moreover, a study in
Taiwan showed that presence of proteinuria could predict 10-
year cancer-related mortality in patients with type 2 DM.D?!
However, another study based on a cohort from a randomized
trial showed that mild to moderate chronic kidney disease (CKD)
did not increase the risk of cancer in people with DM.!3?!

To the best of our knowledge, ours is the first cohort study
investigating the risk of various cancers in patients with DM-
associated nephropathy when compared with the general
population. We could not find any significant association
between DN and an increased incidence of overall cancer.
However, there were increased risks of certain site-specific
cancers such as cancers of larynx, liver, and colorectum in our
cohort. Positive association of laryngeal cancer with either DM or
CKD was rarely reported in literature. A prospective cohort study
in Japan observed a positive association of DM with laryngeal
cancer in men.>*! As all the patients with laryngeal cancer in our
cohort were males, the SIR of laryngeal cancer in men with DN
was 2.94 (95% CI 1.07-6.40). As the number of patients is small
and confounding factors such as smoking status are not known,
further studies are required to ascertain this positive association.

In addition, our findings also indicated that patients with DN
had a higher incidence of liver cancer (SIR 1.96, 95% CI
1.35-2.76) and colorectal cancer (SIR 1.92, 95% CI 1.53-2.37)
when compared with the general population. In fact, the positive
association between both cancers and DM has been well
documented in literature.”>®! In a meta-analysis, the incidence
of liver cancer was higher in individuals with DM (SIRs=2.01,
95% CI: 1.61-2.51), compared with those without DM.F!
Moreover, DM was associated with an increased risk of
colorectal cancer, compared with no DM (SIR 1.30, 95% CI
1.20-1.40).1! However, we observed a lower risk of prostate
cancer in our cohort. This is in concordance with some studies in
patients with DM®! and the reason can be owing to the lower
levels of circulating testosterone in these individuals.*S! Unlike
some other studies, we did not find any significant association
between DN and cancers of pancreas, breast, or kidneys.

The overall risk of cancer death in patients with DN was
significantly higher than the age- and sex-matched population in
our study. However, among the different cancers identified in our
cohort, only colorectal cancer had higher cancer mortality than
the general population (SMR 2.45, 95% CI 1.82-3.23).
Proteinuria has been found to be associated with cancer-related
mortality (hazard ratio 1.99; 95% CI 1.00-3.94). In addition,
proteinuria also showed a trend of increased colon cancer
death.B% The exact mechanisms for the association between
proteinuria and cancer mortality remain unclear. One possible
explanation is that proteinuria is associated with low-grade
inflammation in DM, which can increase the risk of cancer.>®!

There are several strengths in this study. First of all, our study
has the largest patient-years of follow up in studying the
relationship between DN and cancers. Moreover, an accurate
ascertainment of those patients with DN and cancers was
possible by linking the various data in the CDARS. The database
generated from CDARS has been used to conduct high-quality
epidemiological studies in the past.®”>*®! In addition, the cancer
data obtained from the Hong Kong Cancer Registry are also of
high standard. The percentage of histologically verified cases and
death certificate only cases (the 2 key performance indicators of
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data completeness) was 87% and 0.7%, respectively. This is
already up to the highest International Association of Cancer
Registries standard for developed countries )

However, there are a number of limitations in our study. First
of all, it was a retrospective study and various risk factors of
cancers such as obesity, tobacco use, alcohol consumption, and
family history of cancers were not recorded. In addition, DM
itself is not a single disease, but can be viewed as a group of
metabolic disorders characterized by hyperglycemia. A series of
potential confounders directly related to DM such as obesity,
diet, and physical activity were not available in our study.
Moreover, the diagnosis of DN might be underestimated in our
study because it was based on the presence of albuminuria only.
Although the natural history of DN has been described as
progressive albuminuria followed by a steady loss of GFR, there
are studies showing that patients with DN can have a reduced
GFR without albuminuria.®®! In our study, presence of
albuminuria was assessed using a single specimen. As albumin-
uria can be transient or reversible, only those patients with
macroalbuminuria and/or proteinuria were included. It has been
known that transient hyperglycemia, urinary tract infections,
exercise within 24 hours, severe hypertension, congestive heart
failure, and acute febrile illness can all cause transient micro-
albuminuria. Some studies have shown that although all
individuals with macroalbuminuria in the first urine sample
had either macroalbuminuria or microalbuminuria in the second
urine sample, approximately one-third of the adults with
microalbuminuria would not have increased urine albumin
excretion on repeat assessment.>”*%! Furthermore, we might also
miss some patients with DN who had improvement of
albuminuria or proteinuria after the use of angiotensin-convert-
ing enzyme inhibitors or angiotensin receptor blockers. As we
only focused on those patients with DN, the size of our cohort
was relatively small and there was insufficient power to provide
sex-specific estimates of each cancer from this study. In addition,
the findings in our study might not be able to be generalized to
other populations because the cancer risk was different among
diabetic patients of different ethnicities.*!! Finally, the informa-
tion concerning the use of antidiabetic medication such as
metformin, which has been found to be associated with reduced
risk of cancers in some studies, were not included in our
analysis,[**43!

In conclusion, we demonstrate that DN is associated with
increased incidence of cancers of colorectum, liver, and larynx
but decreased incidence of prostate cancer. Moreover, there is
also increased mortality of colorectal cancer in patients with DN.
As most of the patients in this study are Chinese, further studies
are required to see whether similar association can also be found
in other populations.

Our manuscript is a unique submission and is not being
considered for publication by any other source in any medium.
Further, the manuscript has not been published, in part or in full,
in any form.

References

[1] LeRoith D, Novosyadlyy R, Gallagher EJ, et al. Obesity and type 2
diabetes are associated with an increased risk of developing cancer and a
worse prognosis; epidemiological and mechanistic evidence. Exp Clin
Endocrinol Diabetes 2008;116(suppl 1):54-6.

[2] Inoue M, Iwasaki M, Otani T, et al. Diabetes mellitus and the risk of
cancer: results from a large-scale population-based cohort study in
Japan. Arch Intern Med 2006;166:1871-7.

[3] Vigneri P, Frasca F, Sciacca L, et al. Diabetes and cancer. Endocr Relat
Cancer 2009;16:1103-23.



Cheung et al. Medicine (2017) 96:38

[4] Huxley R, Ansary-Moghaddam A, Berrington de Gonzalez A, et al.
Type-II diabetes and pancreatic cancer: a meta-analysis of 36 studies. Br |
Cancer 2005;92:2076-83.

[5] Wang C, Wang X, Gong G, et al. Increased risk of hepatocellular
carcinoma in patients with diabetes mellitus: a systematic review and
meta-analysis of cohort studies. Int ] Cancer 2012;130:1639-48.

[6] Larsson SC, Orsini N, Wolk A. Diabetes mellitus and risk of colorectal
cancer: a meta-analysis. ] Natl Cancer Inst 2005;97:1679-87.

[7] Larsson SC, Mantzoros CS, Wolk A. Diabetes mellitus and risk of breast
cancer: a meta-analysis. Int ] Cancer 2007;121:856-62.

[8] Harding JL, Shaw JE, Peeters A, et al. Cancer risk among people with
type 1 and type 2 diabetes: disentangling true associations, detection bias,
and reverse causation. Diabetes Care 2015;38:734-5.

[9] Barone BB, Yeh HC, Snyder CF, et al. Long-term all-cause mortality in
cancer patients with preexisting diabetes mellitus: a systematic review
and meta-analysis. JAMA 2008;300:2754-64.

[10] Jorgensen L, Heuch 1, Jenssen T, et al. Association of albuminuria and
cancer incidence. ] Am Soc Nephrol 2008;19:992-8.

[11] Ritz E, Orth SR. Nephropathy in patients with type 2 diabetes mellitus. N
Engl ] Med 1999;341:1127-33.

[12] Tang SC. Diabetic nephropathy: a global and growing threat. Hong
Kong Med ] 2010;16:244-5.

[13] Karalliedde J, Viberti G. Microalbuminuria and cardiovascular risk. Am
J Hypertens 2004;17:986-93.

[14] Hillege HL, Fidler V, Diercks GF, et al. Prevention of Renal and Vascular
End Stage Disease (PREVEND) Study GroupUrinary albumin excretion
predicts cardiovascular and noncardiovascular mortality in general
population. Circulation 2002;106:1777-82.

[15] Pedersen LM, Milman N. Microalbuminuria in patients with lung
cancer. Eur J Cancer 1998;34:76-80.

[16] Pedersen LM, Serensen PG. Mediators of inflammation correlate with
microalbuminuria in patients with non-Hodgkin’s lymphoma. Br |
Haematol 2003;121:275-9.

[17] Roumen RM, Wijnen MH. Proteinuria: a frequent paraneoplastic
phenomenon in colorectal cancer? Eur ] Cancer 1998;34:206-7.

[18] Vaglio A, Buzio L, Cravedi P, et al. Prognostic significance of
albuminuria in patients with renal cell cancer. ] Urol 2003;170:1135-7.

[19] Pedersen LM, Serensen PG. Increased urinary albumin excretion rate in
breast cancer patients. Acta Oncol 2000;39:145-9.

[20] Levey AS, Eckardt KU, Tsukamoto Y, et al. Definition and classification
of chronic kidney disease: a position statement from Kidney Disease:
Improving Global Outcomes (KDIGO). Kidney Int 2005;67:2089-100.

[21] de Zeeuw D, Remuzzi G, Parving HH, et al. Proteinuria, a target for
renoprotection in patients with type 2 diabetic nephropathy: lessons from
RENAAL. Kidney Int 2004;65:2309-20.

[22] Levey AS, Coresh ], Greene T, et al. Chronic Kidney Disease
Epidemiology Collaboration. Using standardized serum creatinine values
in the modification of diet in renal disease study equation for estimating
glomerular filtration rate. Ann Intern Med 2006;145:247-54.

[23] Hospital Authority: Hong Kong Cancer Registry web site. Available at:
http://www3.ha.org.hk/cancereg/statistics.html (last accessed September
2016).

[24] Hsu IR, Kim SP, Kabir M, et al. Metabolic syndrome, hyperinsulinemia,
and cancer. Am ] Clin Nutr 2007;86:s867-71.

www.md-journal.com

[25] Bruning PF, Bonfrér JM, van Noord PA, et al. Insulin resistance and
breast-cancer risk. Int ] Cancer 1992;52:511-6.

[26] Giovannucci E, Harlan DM, Archer MC, et al. Diabetes and cancer: a
consensus report. CA Cancer J Clin 2010;60:207-21.

[27] Sandhu MS, Dunger DB, Giovannucci EL. Insulin, insulin-like growth
factor-I (IGF-I), IGF binding proteins, their biologic interactions, and
colorectal cancer. | Natl Cancer Inst 2002;94:972-80.

[28] Wu X, Zhao H, Do KA, et al. Serum levels of insulin growth factor (IGF-
I) and IGF-binding protein predict risk of second primary tumors in
patients with head and neck cancer. Clin Cancer Res 2004;10:3988-95.

[29] Yu H, Spitz MR, Mistry ], et al. Plasma levels of insulin-like growth
factor-I and lung cancer risk: a case-control analysis. ] Natl Cancer Inst
1999;91:151-6.

[30] Gordon-Dseagu VL, Shelton N, Mindell JS. Epidemiological evidence of
a relationship between type-1 diabetes mellitus and cancer: a review of
the existing literature. Int ] Cancer 2013;132:501-8.

[31] Molitch ME, DeFronzo RA, Franz M], et al. American Diabetes
AssociationNephropathy in diabetes. Diabetes Care 2004;27(suppl 1):
S§79-83.

[32] Yu TY, Li HY, Jiang YD, et al. Proteinuria predicts 10-year cancer-
related mortality in patients with type 2 diabetes. ] Diabetes
Complications 2013;27:201-7.

[33] Wong G, Zoungas S, Lo S, et al. The risk of cancer in people with
diabetes and chronic kidney disease. Nephrol Dial Transplant
2012;27:3337-44.

[34] Nakamura K, Wada K, Tamai Y, et al. Diabetes mellitus and risk of
cancer in Takayama: a population-based prospective cohort study in
Japan. Cancer Sci 2013;104:1362-7.

[35] Kasper JS, Giovannucci E. A meta-analysis of diabetes mellitus and the
risk of prostate cancer. Cancer Epidemiol Biomarkers Prev 2006;15:
2056-62.

[36] Coussens LM, Werb Z. Inflammation and cancer. Nature 2002;420:
860-7.

[37] Wong AY, Root A, Douglas IJ, et al. Cardiovascular outcomes associated
with use of clarithromycin: population based study. BM] 2016;352:
h6926.

[38] Chiu SS, Lau YL, Chan KH, et al. Influenza-related hospitalizations
among children in Hong Kong. N Engl ] Med 2002;347:2097-103.

[39] Kramer HJ, Nguyen QD, Curhan G, et al. Renal insufficiency in the
absence of albuminuria and retinopathy among adults with type 2
diabetes mellitus. JAMA 2003;289:3273-7.

[40] Coresh ], Astor BC, Greene T, et al. Prevalence of chronic kidney disease
and decreased kidney function in the adult US population: Third
National Health and Nutrition Examination Survey. Am ] Kidney Dis
2003;41:1-2.

[41] Woodward M, Zhang X, Barzi F, et al. Asia Pacific Cohort Studies
CollaborationThe effects of diabetes on the risks of major cardiovascular
diseases and death in the Asia-Pacific region. Diabetes Care
2003;26:360-6.

[42] Bodmer M, Meier C, Krihenbiihl S, et al. Long-term metformin use is
associated with decreased risk of breast cancer. Diabetes Care 2010;33:
1304-8.

[43] Li D, Yeung SC, Hassan MM, et al. Antidiabetic therapies affect risk of
pancreatic cancer. Gastroenterology 2009;137:482-8.


http://www3.ha.org.hk/cancereg/statistics.html
http://www.md-journal.com

	Cancer risk in patients with diabetic nephropathy
	Outline placeholder
	2 Methods
	2.1 Statistical Analyses

	3 Results
	4 Discussion

	References


