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Mechanisms through which diabetes mellitus influences renal cell
carcinoma development and treatment: A review of the literature
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Abstract. Renal cell carcinoma (RCC) comprises 2-3% of all
malignant tumors in adults. Many studies have established
the key roles of smoking, hypertension and other components
of metabolic syndrome in the occurrence of RCC. Diabetes
mellitus (DM), one of the main consequences of metabolic
syndrome, appears much more often in patients with RCC. The
prognosis for patients suffering from both diabetes and RCC is
worse than for those with kidney cancer only. Diabetes is linked
to higher rate of recurrence and a greater number of distant
metastases. These factors contribute to a reduction in overall
survival (OS) and cause-specific survival (CSS). Diabetes
can also occur as a paraneoplastic syndrome. Tyrosine kinase
inhibitors (TKIs), which are agents used in the therapy of meta-
static RCC, may have unexpected effects when administered to
patients with diabetes. Studies and case reports have shown that
they influence blood glucose levels (BGLs) in diabetic patients,
sometimes causing dangerous episodes of hypoglycemia.
Hyperinsulinemia and hyperglycemia can be considered inde-
pendent carcinogenic factors, as they increase the amount of
pro-inflammatory cytokines, reactive oxygen species and lipid
peroxidation. TKIs have yet to be re-evaluated as to their safety
of use in patients with diabetes.

Introduction
Renal cell carcinoma (RCC) represents 2-3% of malignant

tumors in adults. The largest morbidity is noted in the devel-
oped countries, the United States and the European Union (1,2).
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Over the past two decades, the incidence of RCC has steadily
increased, prompting researchers to point at a modern life-
style and resulting diseases of affluence as a possible cause.
Genetic factors account for only 5% of RCC, usually as a part
of hereditary, such as von Hippel-Lindau syndrome. The vast
majority of renal carcinomas arises from a sporadic muta-
tion; however, smoking, obesity and hypertension are linked
to an increased risk for this malignancy (3). Histologically,
three main types of RCC have been distinguished: clear
cell (80-90%), papillary (10-15%) and chromophobe (4-5%).
Surgical treatment is considered the only curative approach.
Systemic immunotherapy is offered to patients excluded
from radical surgery. Cytokines (interferon-ay), serine-thre-
onine mTOR kinase inhibitors (temsirolimus, everolimus),
monoclonal anti-VEGF (bevacizumab) and tyrosine kinase
inhibitors (TKIs) (sunitinib, sorafenib, pazopanib, axitinib) are
commonly used agents (4). Kinases are enzymes capable of
binding a phosphate particle to other proteins, which results in
the activation or inhibition of the protein. There are two types
of kinases: serine/threonine-specific and tyrosine-specific,
named after the amino acids they interact with. By inhibiting
the kinases, we are able to interfere with a signal transduction,
which blocks cell proliferation. Over 20 TKIs are currently
available; however, all the mechanisms through which they
influence the human body have yet not been identified.

Diabetes mellitus (DM), a group of metabolic diseases
characterized by chronic hyperglycemia, concerns approxi-
matetly 5-7% of the adult population (5). Type 2 diabetes,
associated with obesity, accounts for approximatetly 90% of
cases. The underlying pathomechanism is insulin resistance
caused by an excess of free fatty acids and the increased
production of pro-inflammatory cytokines. Insulin resistance
is initially compensated by the overproduction of insulin by
the pancreas. Gradually, however, a degeneration of pancreatic
[-cells takes place and diabetes develops.

Over the years, it has become clear that there is a link
between RCC and diabetes, both in the incidence of the disease
and in the prognosis and treatment (6). There is also a growing
body of evidence indicating that immunotherapy used in meta-
static RCC has significant, possibly positive effects on blood
glucose levels (BGLs) in patients with diabetes. Our goal was to
deliver a comprehensive literature review on the subject and to
raise awareness of the phenomenon.
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Data collection methods

We researched PubMed for studies concerning our topic of
interest. Retrospective and prospective studies were included,
both on humans and on animals. All articles had at least an
abstract written in English; translation services were used for
further content.

Results of the literature review

Comorbidity: RCC and DM. The first study confirming
the bond between diabetes and RCC was published by
Lindblad et al in 1999 (7). Their retrospective study analyzed
153,852 Swedish patients with diabetes. The estimated inci-
dence of RCC for this group should have been 182.4 cases;
however, there were 267 cases. Clearly, diabetic patients had
an increased incidence of RCC. The statistical terms used to
assess this result are the standardized incidence ratio (SIR) and
the standardized mortality ratio (SMR). SIR describes the ratio
of the observed cases (incidence) to the expected cases (esti-
mated prevalence), while the SMR describes the ratio of the
actual number of deaths to the number expected. These two
indicators prove that there is a correlation between RCC and
DM in both males and females. SIR has been calculated for
incidence in the female population (SIR, 1.7; 95% CI, 1.4-2.0)
and the male population (SIR, 1.3; 95% CI, 1.1-1.6), and SMR
has been calculated for mortality among women (SMR, 1.9;
95% CI, 1.7-2.2) and men (SMR, 1.7, 95% CI, 1.4-1.9).

In the current literature, the percentage of patients with
DM and with kidney cancer ranges from 9.1% in the Italian
population (8) to as high as 25.4% among residents of Texas
in the United States (9). In females, this association is more
pronounced (31.4% comorbidity in women and 20.8% in men;
p=0.01) (9). Many studies have proven that diabetes is an
independent risk factor for RCC (7,13-17). In a previous study,
the gazard ratio (HR) or relative risk (RR), which served as an
indicator, reached 1,161 (whereas the confidence indicator was
95% CI, 1.19-2.18) (10). In another study, this rate was HR, 1.92
(95% C1, 1.06-3.46) (11). Patients with diabetes who developed
kidney cancer were older than patients without DM (12,13) and
more likely to have an asymptomatic course (13). The main
subtype was clear cell carcinoma (9,12), with a usually small
tumor size (1-5 cm) (9). These patients were also more often
afflicted with multiple diseases (13).

The prognosis for patients who developed both diseases
was also investigated. A previous study on the Turkish popula-
tion found, using Kaplan-Meier analysis, that there were fewer
5-year survivals in the DM group (62.9 vs. 77.7%), p=0.1 (12).
Opinions on the impact of diabetes on mortality in RCC differ.
There are sources that suggest a total lack of effect of DM
on mortality (13), whereas other sources report an increased
mortality in these patients (7). In another study, multivariate
analysis on Japanese patients indicated the impact of diabetes
on shorter survival rates, both non-cancer-related survival
rates (survival unrelated to cancer) (HR, 2.22; 95% CI,
1.06-4.64) as well as overall survival (OS) rates (HR, 1.88;
95% CI, 1.09-13.23) (14). The study by Vavallo et al reported
a shorter OS, an increased risk of recurrence and a higher
mortality risk associated with kidney cancer [cause-specific
survival (CSS)] (15). The meta-analysis by Chen et al suggested
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that DM was significantly associated with poor OS, CSS and
RFS in patients with RCC (16).

The potential association of pre-existing diabetes and
pre-operative HbAlc with outcomes was tested by Lee et al.
Their multivariate analyses showed that diabetes was an inde-
pendent predictor of disease progression (HR, 1.766; p=0.002),
all-cause mortality (OR, 1.825; p=0.001) and cancer-specific
mortality (HR, 2.266; p=0.001). Pre-operative high HbAlc
predicted post-operative disease progression (HR, 2.221;
p=0.023) (17). Diabetes also increases the risk of malignancy
recurrence. Fukushima er al proved a significant difference
in the 5-year relapse-free survival between patients with and
without diabetes (75.3 vs. 91.9%, p<0.001) (18). All these data
indicate that diabetes not only affects the incidence of RCC, but
also deteriorates the prognosis of patients (Fig. 1).

Obesity as a factor leading to diabetes and its role in carci-
nogenesis. Obesity is the most important risk factor leading to
DM type 2. The greatest risk for a patient is central obesity,
which is characterized by an increased amount of visceral fat.
Its adipocytes secrete substances responsible for insulin resis-
tance, e.g., free fatty acids.

The question of obesity arises in the incidence of kidney
cancer. Studies have proven the link between excess body
weight and an increased risk of breast cancer in post-meno-
pausal women, endometrial and colon cancer, adenocarcinoma
of the esophagus and even pancreatic cancer (19,20). The role
of excessive body mass in RCC was confirmed by a study
on the population of the United States, where the RR rate
was 1.5 (BMI, 25-30 kg/m?) compared to 2.5 in obese
subjects (BMI>30 kg/m?) (19). An increased risk resulting
from a greater BMI was more pronounced in women. It is
important to emphasize that obesity is a risk factor indepen-
dent of blood pressure, which suggests a different mechanism
of action. Obese subjects are more likely to develop clear cell
subtype RCC than subjects with a normal BMI (OR, 1.48;
95% CI, 1.19-1.84) (21,22). However, there has also been a study
on the Japanese population which demonstrated that BMI did
not play a statistically significant role (p=0.991) in the recur-
rence of RCC (18).

Paraneoplastic syndromes as other manifestations of diabetes
in RCC. Diabetes can be a rare paraneoplastic syndrome. Two
such cases have been reported. The first patient, described
in 1999, was a 35-year-old man, suffering from diabetes for
12 years. He was admitted to the hospital due to a sudden
loss of glycemic control. The insulin demand increased from
80 units s.c. to 600 units i.v. What is more, during a physical
examination, he complained of a pain on the right side, and his
blood test revealed increased levels of C-reactive protein (CRP).
Hematuria was discovered during a urine test. A subsequently
ordered CT scan revealed a bilateral renal tumor. Following a
histopathological examination, he was diagnosed with bilateral
papillary carcinoma. Following a radical left-side nephrectomy
and nephron-sparing surgery (NSS) on the right side, the
control of diabetes returned to normal (22).

The second case was a 64-year-old patient with a history
of nephrectomy due to RCC, clear cell type. Nine years after
surgery, the man was admitted to the hospital with a 2-week
history of polydipsia, polyuria and weight loss. Blood tests
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Figure 1. Clinical characteristics of coincidental renal cell carcinoma (RCC) in patients with diabetes mellitus (DM).

revealed the following levels: glucose, 662 mg%; HbAlc, 11.5%;
and anti-glutamic acid decarboxylase (GAD) 28,680 U/l
(normal <9.5 U/1). The abdominal CT scan revealed progres-
sion; sunitinib treatment was ordered. Within 9 months, the
dosage of insulin had been systematically reduced and finally
discontinued. This state lasted at least 7 months, counting from
the date of appearance. After 15 months of follow-up, the levels
of anti-GAD were still elevated (23).

Treatment with TKIs in metastatic RCC and its influence on
diabetic disorders. In a study conducted on mice, Louvet et al
achieved the remission of type 1 diabetes in NOD mice 1 week
after the initiation of therapy (24). Two years later, Agostino et al
studied the average BGLs of 80 patients treated with TKIs,
including 30 treated with sunitinib and 23 with sorafenib.
Both groups (DM and non-DM) experienced a decrease in
the average glucose level of 14 and 15 mg/dl for sunitinib and
12 mg/dl for sorafenib, respectively. Discontinuation of the
treatment resulted in an increase of BGLSs to the previous values
associated with DM. In total, 47% of the respondents were able
to stop taking their anti-glycemic agents during treatment with
TKIs (25).

Improvement in glycemic control via oral anti-diabetic
drugs was also described by Billemont et al. Their report
analyzed the impact of sunitinib therapy on 28 patients with
metastatic RCC (19 patients with DM). BGL assessment during
the 4-week therapy showed that all DM patients experienced a
significant, yet reversible, reduction in blood glucose (average
of 1.77 mmol/l). Two patients discontinued taking the oral
anti-glycemic agents entirely, and five achieved BGL results
defined as normal until the end of the therapy. This result was
not repeated in healthy patients, and blood glucose reduction
was not statistically significant (0.17 mmol/l) (26).

Improvement in glycemic control also occurred during the
administration of pazopanib. A 73-year-old patient stopped
taking glibenclamide due to an average drop in self-measured

blood glucose of 5 mmol/l and HbA1C reduction from
10.9 to 7%. Weight and kidney functions were unaltered (27). A
life-threatening hypoglycemia during sunitinib administration
was described by Lee et al. In this case, the patient had been
diagnosed with diabetes, although the episode could only be
explained as a side-effect of kinase inhibitors (28).

The latest reports provide further evidence of the impact
of TKIs on the glycemic state. Research carried out by
Oh et al (29) revealed a significant decrease in the mean BGL
in patients with diabetes. The average score before treatment
was 185.2+52.8 and 76.1+29.0 mg/dl 4 weeks after treatment.
After such significant changes in blood test results, 40% of the
patients changed their oral dose of hypoglycemic medication
or even discontinued its use. In contrary to results of the study
by Agostino et al (25), patients without diabetes demonstrated
only a slight downward trend in the level of glucose. Moreover,
in the whole group of 48 patients, no significant changes in
BMI were noted (29). In another case, among 10 patients on
sorafenib therapy, four required a reduction of insulin dose (30).

Multiple case reports showing a reduction of insulin dose
in patients treated with TKI have been published. A case
report from 2014 described a woman with type 1 DM who
underwent a pancreoduodenectomy due to a neuroendocrine
tumor of the pancreas. She was administered sunitinib after
metastases were discovered. Within 3 months of the treat-
ment, the patient's need for insulin gradually diminished.
This state lasted until her death due to sepsis following pneu-
monia 3 months later. It is worth noting that the woman was
suffering from type 1 DM for 40 years (31). A similar case
was described in Korea: a 57-year-old man with DM type 2
treated with metformin and glimepiride was admitted to the
hospital due to a decreased level of consciousness. He was
diagnosed with severe hypoglycemia and metabolic encepha-
lopathy. No changes in physical activity, dietary habits or
present infections were noted; however, he recently began
taking sunitinib (50 mg/day) due to metastatic RCC (23).
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Tyrrell and Pwint analyzed a case of a 61-year-old man
with type 2 DM who, prior to sunitinib treatment, had erratic
blood sugars and HbAlc ranging from 55 to 79 mmol/mol in a
recent year. Four months after sunitinib, his HbAlc was down
to 49 mmol/mol and his insulin dose had to be reduced (32).
After the sunitinib dose was reduced, his blood sugars rose
slightly (from 43-48 to 52 mmol/mol), and this trend continued
with every sunitinib dose reduction until it was stopped
entirely, at which point his HbAlc rose to 68 mmol/mol. A
similar phenomenon occurred after axitinib was administered,
although the follow-up period was shorter due to the patient's
death.

Unfortunately, TKIs may also cause hypoglycemia. A
study recently published by Polish researchers investigated the
influence of sunitinib on BGLs in rabbits. In animals with DM,
examined between 6 and 12 h after the sunitinib administration,
the decrease in glucose levels ranged between 14.4 and 69.6%,
while healthy rabbits responded with a 15.4 to 33.6% glucose
drop (33).

Severe hypoglycemia in a patient with hepatocellular
carcinoma due to a possible interaction between glibenclamide
and the first dose of sorafenib has been described by
Holstein er al (34). As no hepatic or renal dysfunction was
present, this effect was attributed to sorafenib-induced inhibi-
tion of the metabolic pathway of glibenclamide.

Another case of sunitinib inducing severe hypoglycemia
was reported by Demirci et al (35). A 60-year-old man with
type 2 DM treated with glimepiride was started on sunitinib,
and 2 weeks afterwards he had a hypoglycemic episode not
linked to drug overdose or a change in dietary habits. Five
days later, the situation repeated itself, and this time the patient
required an intravenous infusion of dextrose. Over the next
2 weeks, hypoglycemia appeared less frequently, and he was
discharged, but did not need to continue taking glimepiride
during 6 months of follow-up.

A case of recurring episodes of severe, life-threatening
hypoglycemia 3 months after the initiation of sunitinib was
described by Fountas er al (36). Initially, milder episodes
were corrected by an increased calorie intake; however,
soon the patient required intravenous dextrose administra-
tion. Laboratory tests revealed increased plasma insulin and
C-peptide levels. Sunitinib was discontinued, and there was
a gradual improvement in both the frequency and severity of
hypoglycemic episodes until their disappearance 1 month later.

An important study on humans has recently been published.
Thijs et al (37) recruited 10 patients with metastatic RCC
with an indication to start sunitinib. One patient had diabetes
controlled with metformin. In the week before the treatment
and 1 week after its commencement, a 120-min hyperinsulin-
emic euglycemic clamp was performed. The obtained mean
plasma insulin concentrations were significantly higher 1 week
after the sunitinib administration. As several studies (38,39)
have shown that the pharmacokinetics of insulin aspart are not
affected by an impaired renal function, it was decided that a
rise in creatinine levels in patients did not play a significant
role in the achieved result, the conclusion being that sunitinib
reduces insulin clearance.

Less obvious results emerge when we analyze the number
of hypo- and hyperglycemic episodes in the full population
of patients administered sunitinib or pazopanib, making no
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distinction between those with DM or without it. According
to survey information provided by Pfizer, 19% of respon-
dents reported hypoglycemic events, whereas hyperglycemia
appeared in 15% (40). Guevremont et al rated elevated BGLs,
which occur in 15% of patients, among the toxic side-effects of
therapy sunitinib (41). In addition, for pazopanib, cases of both
hyper- and hypoglycemia have been reported in patients with
metastatic RCC (42).

Molecular background for diabetes, RCC and TKI interactions
Risk factors. There are many pathways which, when activated by
diabetes, can contribute to the development of RCC. The most
frequently mentioned carcinogenic factors are the following.

i) Hyperglycemia. According to the Warburg hypothesis,
cancer cells prefer glycolysis over the respiratory chain in
the mitochondria. In order to maintain a proper metabolism,
they need an increased supply of glucose. Hyperglycemia
in a diabetic can stimulate the metabolism of tumor cells.
Hyperglycemia also stimulates tumor cell proliferation by
increased levels of protein kinase C (PKC) and peroxisome
proliferator-activated receptors (PPARs), which can accelerate
cellular metabolism and induce proliferation (43).

ii) Hyperactivation of the protein kinase B
(Akt)) mammalian target of rapamycin (mTOR) pathway. Akt
regulates the majority of the cellular pathways, including those
responsible for renal carcinogenesis. In a study examining
cancer cells from patients suffering only from RCC and from
those with both RCC and diabetes, a considerably higher activity
in the second group was noted (44). Tuberin is a protein released
during acute renal failure. It inhibits proliferation induced
by reproductive processes. Akt kinase is responsible for the
phosphorylation or the inactivation of tuberin, which activates
a pathway responsible for growth, proliferation and cell traffic
regulation (mTOR). The activation of mTOR kinase causes the
phosphorylation of p70S6K protein. Increased concentrations
of phosphorylated p70S6K were detected in patients with both
DM and RCC and in patients with only DM (44). It can thus be
concluded that patients with diabetes have an increased activity
of Akt, which causes a reduction in the tuberin concentration
and the increased activity of mTOR. All these processes affect
the stimulation of the proliferation of kidney cells.

iii) Hyperinsulinemia and the insulin-like growth
factor (IGF) family. Insulin promotes the synthesis and activity
of IGF-1. Both insulin and IGF-1 stimulate proliferation and
inhibit apoptosis. IGF acts through the IGF-1 receptor. It is a
transmembrane protein of tyrosine kinase activity. Its activity
is required for the transmission of a signal, which occurs
through the activation of phosphatidylinositol 3-kinase (PI3K)
and mitogen-activated protein kinase (MAPK) (45). It is also
present in tumor cells, including RCC (46). In these cells,
particularly those with increased proliferation, IGF-1R is often
located in the nuclear membrane, which enables a direct tran-
scription regulation (47). The significance of this phenomenon
is disputable. Aleksic et al suggested that cells with IGF-1R
located in the nuclear membrane have a higher proliferation
rate and are associated with a poorer prognosis (47). However,
in the study by Lkhagvadorj et al, an increased expression of
IGF-1R was demonstrated in RCC of a lower malignancy grade
(Fuhrman grading scale); this result did not apply to cancers
with higher grade tumors (48). The study by Rasmuson er al



2| SPANDIDOS
Z‘ PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 38: 1887-1894, 2016

1891

Hyperinsulinemia
(IGF-1)

Increase in
activation of the
Akt/mTOR trail

Hyperglycemia

Renal hypertrophy
caused by DM

Figure 2. Potential pathways which, when activated by diabetes, can contribute to the development of renal cell carcinoma (RCC). Most frequently mentioned
carcinogenic factors are: hyperglycemia, renal hypertrophy caused by diabetes mellitus (DM), increase in activation of the Akt/mTOR trail and hyperinsu-

linemia and insulin-like growth factor (IGF)-1 family.

showed that increased levels of IGF-1 were associated with a
better prognosis (p=0.017) (49).

The IGF family also includes IGF-binding proteins
(IGFBPs). According to the ‘insulin-neoplasia’ hypothesis,
chronic hyperinsulinemia reduces the levels of IGFBP-1 and -2,
which results in an increased bioavailability of IGF-1 (20).
The most interesting binding protein is IGFBP-3. IGF-1 has
a higher affinity to it than to its receptor, so that IGFBP-3 is
able to reduce bioavailability and, indirectly, the activity of the
growth factor. Reduced levels of IGFBP-3 are associated with
a higher risk of cancer in many organs, as well as with a poorer
prognosis (50) (Fig. 2).

Influence of tyrosine kinase inhibition on cells and tissues.
The mechanisms through which receptor TKIs affect the
metabolism of glucose have not yet been fully elucidated.
There are several mechanisms through which TKIs influence
glucose metabolism:

i) Inhibition of B-cell damage and increased insulin produc-
tion. Higerkvist et al hypothesized that imatinib may help to
preserve B-cell mass. Under conditions of stress, Abelson tyro-
sine kinase (c-Abl) protein [present in large quantities in the
endoplasmic reticulum (ER)] induces the apoptosis of -cells.
The protection of B-cells can be achieved by silencing c-Abl
protein with small interfering RNA (siRNA). TKIs inhibit
c-Abl and c-Jun N-terminal kinase (JNK), and create a state
similar to ischemic preconditioning, resulting in increased
nuclear factor (NF)-«xB production (51).

Mokhtari et al (52) proved that imatinib activates NF-«xB,
which has an anti-apoptotic effect. Additionally, a decrease in
the sensitivity of pancreatic cells to cytokines was noted. This
could reduce the amount of amyloid formation, alleviating its
unfavorable effect on pancreatic islets' performance (52,53).
Ono et al (54) suggested that TKIs may increase insulin

production by acting against an SRC-kinase family responsible
for the reduction of insulin secretion.

it) Influence on adipose tissue macrophages. It has been
proven that excessive adipose tissue is a location of a mild but
chronic inflammation, which causes an increase in systemic
insulin resistance (55). Up to 40% of the cells infiltrating
the adipose tissue in obese mice and humans are macro-
phages (56). They can be divided into two subpopulations:
M1 and M2 macrophages. M1 macrophages secrete cytokines,
such as tumor necrosis factor (TNF)a, interleukin (IL)-6 and
inducible nitric oxide synthase (iNOS); M2 macrophages
reduce inflammation by producing IL-4 and IL-10 (57). In
obese subjects, the balance between these two groups is shifted
toward the M1 phenotype (58). Prada et al demonstrated that
the administration of TKIs decreased the amount of circulating
IL-6, TNFa and iNOS, which suggested that the drug had
shifted the balance between macrophage subpopulations from
M1 to M2 (59) (Fig. 3).

iii) Influence on insulin sensitivity and ER stress. It has also
been suggested that imatinib improves insulin sensitivity (60).
This could be due to a decrease in ER stress. In the study by
Han et al, imatinib was administered to mice with DM type 2
for 4 weeks. Afterwards, an improvement in fasting glucose
levels and glucose tolerance was noted. The levels of markers of
ER stress, such as phospho-ERK or phospho-elF2-a decreased.
The experiment was repeated on liver cancer cells, yielding a
similar result. Reduced ER stress was also accompanied by a
decrease in JNK activity and insulin receptor substrate-1 (IRS-1)
phosphorylation (61). Hagerkvist et al demonstrated that the
administration of a TKI (PD153035 or imatinib) reduced the
phosphorylation of an insulin receptor associated with insulin
resistance (60). However, in the study conducted by Thijs et al,
this effect was not confirmed (37) (Fig. 4).
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Figure 3. Influence of tyrosine kinase inhibitors (TKIs) on insulin resistance. Adipose tissue is infiltrated with M2 macrophages, promoting a constant inflamma-
tory state [inflammatory cytokines interleukin (IL)-6 and tumor necrosis factor (TNF)a]. Inflammation promotes insulin resistance. Adipocytes express Toll-like
receptor 4 (TLR4), which activates a variety of kinases, such as c-Jun N-terminal kinase (JNK), IxB kinase (IKK) and protein kinase R (PKR). Increased levels
of these kinases are markers of endoplasmic reticulum stress, linked with the exhaustion of -cells in the pancreas. Insulin receptor substrate-1 (IRS-1) activation
meliorates insulin sensitivity, thus promoting diabetes. TKIs are hypothesized to hold back the conversion of M1 macrophages to the M2 type, which decreases
TNFo production (anti-inflammatory effect). They also inhibit the INK pathway, improving tissue sensitivity to insulin (decrease in IRS-1).
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Figure 4. Anti-apoptotic effect of tyrosine kinase inhibitors (TKIs). Endoplasmic reticulum (ER) stress results in 3-cell apoptosis. By reducing ER stress and
promoting nuclear factor (NK)-kB production, TKIs promote the survival of -cells.
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common in elderly patients and in women. Patients affected
Multiple studies claim that diabetes is an independent risk factor ~ often have an asymptotic course and more comorbidities (10-13).
for non-hereditary kidney cancer development and its accelerated ~ Kidney cancer in diabetic patients is usually of the clear cell
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subtype with a small tumor size (1-5 cm) (14). The prognosis is
worse than for patients suffering from kidney cancer alone. This
is due to a higher rate of recurrence and a greater number of
distant metastases. All these factors contribute to a reduction in
survival rates, both OS and CSS. Diabetes can also occur as a
paraneoplastic syndrome, thus contributing to an early diagnosis
of RCC (15-24).

Reasons for severe hypoglycemia episodes and alterations
in BGLs in patients treated with TKIs remain disputable.
The first and most obvious explanation that comes to mind
is that body mass and dietary habits change due to the
disease itself. Weight loss could contribute to a decrease in
insulin resistance. However, in the study by Oh er al (29),
BMI reduction was very insignificant, ranging from 0.68 in
diabetic to 0.25 in non-diabetic patients. Other authors, when
struggling to explain numerous hypoglycemic effects, exclude
all likely causes, such as drug overdose, changes in dietary
habits, insulin-producing tumors or effects of corticosteroids.
Moderate (grade 2) anorexia related to sunitinib treatment has
been reported in 6% of patients; however, severe or life-threat-
ening (grades 3 and 4) effects were not present at all (62).
Sorafenib resulted in a decreased appetite in only 2.9% of
patients in a large international study (63). In a study published
in 2009, Mokhtari and Welsh suggested that trials should be
conducted to verify the following hypotheses: i) TKIs prevent
the destruction of B-cells in patients with recently developed
type 1 diabetes; ii) TKIs inhibit inflammatory and autoimmune
processes in pre-diabetic patients so that the precipitation of
type 1 diabetes is delayed/prevented; and iii) TKIs improve
[-cell function and insulin sensitivity in late decompensated
stages of DM type 2 so that insulin therapy is no longer neces-
sary (64). The authors of this study are aware that carrying
out such trials on real-life patients can be ethically disturbing;
therefore, we emphasize that large-scale animal studies should
precede those on humans. Confirmation of the inhibitory
effects of TKIs on the development of diabetes may result
in the discovery of novel treatment methods for DM, and
disproving this hypothesis would finally confirm the safety of
TKIs for diabetic patients in oncological treatment.

In conclusion, the potential pathomechanisms leading to
the development of kidney cancer in patients with DM remain
unexplained. The most important are probably the following:
chronic hyperglycemia, renal hypertrophy, Akt/mTOR trail
hyperactivation and hyperinsulinemia. The role of insulin and
the IGF-1 family is perhaps the most promising object of future
investigation. The stimulation of cell proliferation by insulin
and IGF-1 and the direct impact on transcription by the pres-
ence of IGF-1R in the cell membrane suggest that this agent is
of the greatest importance in the development of RCC.

In this analysis, we wanted to draw attention to the cellular
pathways leading to carcinogenesis and to potential targets
for novel anticancer therapies, such as blocking the activity
of IGF-1R or increasing the activity of IGFBP-3. As for the
hypoglycemic effects of TKIs, we are aware that retrospective
analysis on small groups of patients and relatively few animal
studies are not sufficient to draw general conclusions. However,
with the growing incidence of both diabetes and various
oncological conditions in developed countries, we believe it is
necessary to expand our knowledge on the pleiotropic impact
of TKIs on the human body.
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