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Background: In diabetes mellitus, during the last years, cancer became of equivalent
importance as a cardiovascular disease in terms of mortality. In an earlier study, we have
analyzed data of the National Health Insurance Fund (NHIF) of Hungary with regards all
patients treated with sodium-glucose co-transporter 2 (SGLT2) inhibitors (SGLT2is) vs.
those treated with dipeptidyl peptidase-4 (DPP-4) inhibitors (DPP-4is) in a given
timeframe. In propensity score-matched groups of SGLT2i- vs. DPP-4i-treated
patients, we found a lower incidence of cancer in general. In this post-hoc analysis, we
aimed to obtain data on the incidence of site-specific cancer.

Patients and Methods: All patients starting an SGLT2i or a DPP-4i between 2014 and
2017 in Hungary were included; the two groups (SGLT2i vs. DPP-4i) were matched for 54
clinical and demographical parameters. The follow-up period was 639 vs. 696 days,
respectively. Patients with a letter “C” International Classification of Diseases, 10th
Revision (ICD-10) code have been chosen, and those with a known malignancy within
a year before the onset of the study have been excluded from the analysis.

Results:We found a lower risk of urinary tract [HR 0.50 (95% CI: 0.32–0.79) p = 0.0027]
and hematological malignancies [HR 0.50 (95% CI: 0.28–0.88) p = 0.0174] in patients
treated with SGLT2i vs. those on DPP-4i. Risk of other types of cancer (including lung and
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larynx, lower gastrointestinal (GI) tract, rectum, pancreas, non-melanoma skin cancers,
breast, or prostate) did not differ significantly between the two groups. When plotting
absolute risk difference against follow-up time, an early divergence of curves was found in
case of prostate, urinary tract, and hematological malignancies, whereas late divergence
can be seen in case of cancers of the lung and larynx, the lower GI tract, and the breast.

Conclusions: Urinary tract and hematological malignancies were less frequent in patients
treated with SGLT2i vs. DPP-4i. An early vs. late divergence could be observed for
different cancer types, which deserves further studies.
Keywords: diabetesmellitus type 2, cancer, antidiabetic treatment, dipeptidyl peptidase (DPP)-4 inhibitors, sodium-
glucose co-transporter 2 (SGLT 2) inhibitors
INTRODUCTION

Data of the last decades indicated that cardiovascular (CV)
mortality is the leading cause of death in type 2 diabetes
mellitus (T2DM). This has become a paradigm of diabetology
and even changed the guidelines (1–3). However, a recent paper
drew the interest to non-CV causes of death. It has shown that
the leading causes of mortality have changed substantially in
England between 2001 and 2018. While mortality attributable to
CV events has dramatically changed, there was a large increase in
mortality due to dementia, and the rate of cancer mortality did
not change markedly. In 2001, CV death was responsible for
45.4% and 45.2% of the overall mortality in men and women,
respectively; by 2018, this proportion decreased to 27.0% and
24.0%, respectively. On the other hand, in 2001, the relative
contribution of cancer to overall mortality was 25.8% and 19.4%
in males and females, respectively; and by 2018, this proportion
rose to 33.4% and 27.5%. Consequently, these data confirm that
cancer has become the leading cause of mortality in this
population (4).

Beyond glycemic parameters and lifestyle, antidiabetic
medications may have an impact on cancer risk as well (5).
Since overfeeding and obesity contribute to an excess risk with
regard to malignancies, it seems reasonable that agents leading to
weight loss could lead to a decrease in the risk of cancer. In fact,
weight loss and starvation are proposed in the literature to be
used as an anticancer strategy (6).

Therefore, comparison of the effect of sodium-glucose co-
transporter 2 (SGLT2) inhibitors (SGLT2is) as a medication
associated with weight loss and metabolic off-load with
dipeptidyl peptidase-4 (DPP-4) inhibitors (DPP-4i) as weight-
neutral agents could be of interest also in terms of cancer.

In a previous publication, our workgroup compared patients
treated with SGLT2i with patients treated with DPP-4i in a
nationwide analysis (7). After a thorough propensity match for
54 clinical parameters, we obtained more than 18,000 cases in
each group. We compared the risk of CV events, amputation,
hospitalization for heart failure, death, the risk of cancer. We
found a significantly lower risk of cancer in general for patients on
SGLT2i vs. those on DPP-4i. In a further analysis, we conducted a
cancer site-specific analysis using these cohorts. The results of this
analysis are demonstrated in the present paper.
2

MATERIALS AND METHODS

Research Design
We obtained data from the National Health Insurance Fund
(NHIF) of Hungary in an anonymized manner. All patients with
T2DM who initiated an SGLT2i or a DPP-4i between August 1,
2014, and July 1, 2017, were included in the study; thus, a
nationwide coverage could be achieved. Subsequently, a
propensity score matching for 54 demographical and clinical
parameters (including sex, age at diagnosis, age at the index date,
comorbidities, and antidiabetic and CV medications) has been
performed in a 1:1 ratio. This resulted in two well-matched
groups. A detailed description of the study was previously
published in an earlier paper (7). The study period covered the
time between August 2014 and July 2017, providing an average
follow-up of 639 and 696 days for the SGLT2i and DPP-4i arms,
respectively. Patients with any malignant disease within 1 year
prior to the index date were excluded from the analysis of cancer
(7). One major difference between the present publication and
our previous publication is that the earlier paper also included a
comparison of a group with SGLT2i as an add-on treatment to
DPP-4i vs. another group, where DPP-4i was substituted for an
SGLT2i. This SGLT2i add-on vs. switch comparison could not be
performed here in terms of cancer events because of the low
number of events. Thus, the present paper only provides
comparison of SGLT2i clear- vs. DPP-4i clear-treated groups.

In the present analysis, the International Classification of
Diseases, 10th Revision (ICD-10) codes between C00 and C99
have been used. The first letter “C” ICD code and the
corresponding date were recorded. Afterwards, we were
looking for a subsequent letter “C” ICD code until June 2019
(end of study) either in outpatient or in inpatient reports,
irrespective of the time interval between the two ICD codes. In
case the patient had more than one letter “C” ICD code, the code
of a primary cancer with the highest prevalence in the records
was the main cancer diagnosis. The first mention of the “C” ICD
code in inpatient records was regarded as the time of diagnosis of
the malignancy. Secondary (metastatic) cancer was taken as a
main diagnosis only in case the patient had a C77-80 ICD code,
without having a primary cancer code registered in any of the
records. If a patient had even ICD codes for two cancer types,
their latest report was chosen as the main cancer diagnosis.
October 2021 | Volume 11 | Article 725465
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Cancer sites were grouped into larger categories on an
anatomical basis to provide a sufficient amount of data in the
individual groups; hence, data were obtained for the head and
neck, the lung and larynx, the upper gastrointestinal (GI) tract,
the lower GI tract, the rectum, the hepatobiliary system, the
pancreas, melanoma, non-melanoma skin cancers, cancers
related to the female sex organs, the breast, male sex organs,
the prostate, the urinary tract, hematological cancers, and other
unspecified cancer sites as well as secondary tumors (metastases).
For reasons of data security, cancer sites with less than 10 cases
cannot be presented in the current paper to preserve anonymity
of the patients.

Statistical Methodology
For the propensity score matching, a caliper of 0.2 has been used.
We performed survival analysis comparing the propensity score-
matched SGLT2i vs. DPP-4i groups. A Cox proportional hazards
model with time since index date was used to obtain hazard
ratios, the 95% confidence intervals (CIs), and p-values. Selected
endpoints were also graphed using the Kaplan–Meier-type
survival curves. Also, the absolute risk difference between the
SGLT2i arm and the DPP-4i arm has been calculated and
graphed as a function of follow-up time (8). A negative
difference refers to a lower risk in the SGLT2i arm. The
statistical software R (version 3.6.1) was used for the
statistical analyses.
RESULTS

After the propensity score matching, two groups of 18,583
patients in each arm have been obtained. The groups had an
approx. 48% of female patients, their age at diagnosis of diabetes,
the age at index date, the duration of diabetes, and previous
comorbidities, antidiabetic and CV medications were properly
matched in both groups (Table 1 and (7)].

We have compared the number of cancer events in patients in
the SGLT2i arm to patients in the DPP-4i arm. Different
locations were studied. The hazard ratios and the 95% CIs of
several locations are depicted in Figure 1. Because of data
security reasons and to provide anonymity of the patients,
groups with less than 10 events in any arm (including cancers
of the head and neck region, the upper GI tract, the hepatobiliary
system, melanoma, the male sex organs, and metastatic cancer
cases) had to be excluded from the analysis; thus, they are not
Frontiers in Oncology | www.frontiersin.org 3
shown in Figure 1. Hence, the overall number of events in the
SGLT2i vs. DPP-4 arm (334 vs. 450) has to be lower than the
number of total cancer events reported in our previous paper
(408 vs. 506 events) (7).

When comparing SGLT2i vs. DPP-4i patient groups, there
was no significant difference in the risk of cancers affecting the
lung and larynx, the lower GI tract, the rectum, the pancreas,
the non-melanoma skin cancers, the breast or the prostate, the
female sex organs, and other cancers. The HR values were
numerically less than 1.0 for most cancer types, except for the
rectum (1.01), the pancreas (1.06, as seen in Figure 1), or
hepatobiliary (1.17, not shown in Figure 1) cancer. Again, we
must declare that there was no significant difference concerning
these values, either.

On the other hand, we found a significantly lower risk of
urinary tract cancers [HR 0.50 (95% CI: 0.32–0.79)] and of
hematological malignancies [HR 0.50 (95% CI: 0.28–0.88)] in the
case of patients treated with SGLT2i vs. those treated with DPP-
4i. We found no significant increase of risk for any cancer sites in
the group treated with SGLT2i vs. those treated with DPP-4i.

Subsequently, we analyzed survival data using the Kaplan–
Meier survival curves and Cox regression analysis. Selected
curves are depicted in Figure 2. Figures 2A–C show data
concerning lung and laryngeal cancer, lower GI tract cancer,
and breast cancer, respectively. Figures 2D–F depict pancreatic,
non-melanoma skin, and rectal cancers, respectively; while
Figures 2G–I show prostate, urinary tract, and hematological
malignancies. It must be noted that data have been scaled to the
same axis. Both urinary tract malignancies and hematological
malignancies show an early divergence (of curves from approx.
the sixth to 10th months) with a statistically significant
difference. Furthermore, one may observe that curves on
Figures 2A–C, G also seem to diverge, although there was no
statistical difference regarding the two groups and risk of cancer
at these cancer sites.

To be able to visualize the difference in divergence of the
survival curves, the absolute risk difference was plotted for cancer
types depicted in Figures 1, 2 against follow-up time. Figure 3
shows in the same structure as Figure 2, that the lung and larynx,
lower GI tract, and breast cancers have a late risk reduction
(Figures 3A–C); while in the case of prostate, urinary, and
hematological malignancies, the risk already seems to decrease
between 2 and 12 months (Figures 3G–I). Figures 3D–F are in
line with the overlapping survival curves seen in Figure 2, for
pancreatic, non-melanoma skin, and rectal cancers, respectively.
TABLE 1 | Selected clinical parameters of the SGLT2i arm vs. the DPP-4i arm after the propensity score matching.

Parameter SGLT2i arm DPP-4i arm SMD

Number of cases 18,583 18,583
Female gender, n (%) 8,900 (47.9) 8,934 (48.1) 0.004
Age at diagnosis of DM (mean (SD)) 54.4 (9.5) 54.7 (10.8) 0.030
Age at index date (mean (SD)) 59.6 (10.0) 59.8 (11.6) 0.019
Days from diagnosis to index (mean (SD)) 1,913 (958) 1,875 (980) 0.039
Cancer in the past medical history, n (%) 1.297 (7.0) 1.305 (7.0) 0.002
October 2021 | Volume 11 | Article 7
Data are taken from reference 7, an Open Access paper, upon written permission (7).
DM, diabetes mellitus; n, number of cases; SMD, standardized mean difference; SGLT2i, sodium-glucose co-transporter 2 inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor.
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DISCUSSION

Our paper provides a nationwide analysis of cancer cases regarding
SGLT2i vs. DPP-4i antidiabetic treatment. We found that in
patients on SGLT2i, the hazard of development of urinary tract
Frontiers in Oncology | www.frontiersin.org 4
cancer or hematological malignancy was half that of the hazard in
patients takingDPP-4i. Therewas no significant difference between
the groups in other types of cancer, but—with exception of rectal,
hepatobiliary, and pancreatic cancers—the point estimates for
cancer were less than 1.0 in the SGLT2i arm for these cancer types.
FIGURE 1 | Forest plot on the comparison of SGLT2i and DPP-4i arms and the risk of individual cancer types. Hazard ratios as well as their 95% confidence
intervals are shown; p-values are also reported. Hazard ratios below 1.0 indicate that the risk is higher in the DPP-4i arm, whereas hazard ratios above 1.0 signify
that the risk is higher in the SGLT2i arm. GI, gastrointestinal tract; SGLT2i, sodium-glucose co-transporter 2 inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor.
A B C

D E F

G H I

FIGURE 2 | Kaplan-Meier survival curves of selected cancer sites: (A) lung and larynx cancer, (B) lower GI tract cancer, (C) breast cancer, (D) pancreatic cancer, (E) non-
melanoma skin cancer, (F) rectal cancer, (G) Prostate cancer, (H) urinary tract cancer, (I) hematological malignancies. The blue curves show cancer-free survival in the
SGLT2i arm, the red curves the cancer-free survival in the DPP-4i arm. In case of significant difference in hazard, also the exact hazard rates, 95% confidence intervals and p
values are presented. It must be noted that the axis of survival is on the same scale for each graph, enabling visual comparisons of curves of different cancer sites.
October 2021 | Volume 11 | Article 725465
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T2DM itself is associatedwith an overall higher risk of cancer. This
is attributable to multiple factors, such as hyperglycemia-induced free
radicals and free-radical-associated mutagenesis, inhibition of
apoptosis, altered insulin signaling, effects of overweight or obesity,
poor diet, and lack of physical activity (9, 10), leading to higher risk of
breast, endometrial, and colorectal cancers (9, 11, 12).

Beyond intrinsic properties of DM, antidiabetic medications,
too,may have an influence on the risk of cancer. One should bear in
mind that when comparing two treatments and observing a
difference between them, the difference observed may be the
consequence of the protective effect of one agent (in this case the
SGLT2i), a potential harmful effect of the other agent (in this case
the DPP-4i), or the combination of both. Therefore, it does make a
large difference which classes of agents are compared.

DPP-4is have—among others—insulin secretion-inducing
properties (13). Since insulin per se is a mitogenic factor, insulin
secretagogues could theoretically induce higher cancer rates (14).
Furthermore, as theDPP-4 enzyme is a putative enzyme that is able
to cleave several peptides, it is feasible that it may interfere with
several peptide-signaling pathways.Asone of these pathways,DPP-
4 inhibition may alter chemokine signaling (e.g., that of CXCL-12
and its downstream receptor CXCR4). Thismay in turn change the
activity of the mammalian target of rapamycin (mTOR) pathway,
which could theoretically result in tumor cell proliferation and
metastasis formation (15).
Frontiers in Oncology | www.frontiersin.org 5
Some ex vivodata indeed suggest thatpotential targets ofDPP-4/
CD26 could interfere with chemokine signaling, and the expression
of DPP-4/CD26 seems to be associated with cancer aggressiveness
and outcomes, although data may be controversial concerning
whether it may promote or inhibit cancer growth (15). In a
mouse model of breast cancer, inhibition of DPP-4 promoted
metastasis formation, while metformin had an inhibitory effect on
it by influencing mTOR-related signals (16).

The clinical data regarding DPP-4i and cancer risk or
outcomes are controversial. A Medicare database search found
improved survival of lung and colorectal cancer patients on
DPP-4i. This effect was further improved by the concomitant use
of metformin (17). Another database analysis found an increased
survival in users of DPP-4i among patients with prostate cancer
but not among patients with breast or pancreas cancer (18). A
study on propensity score-matched groups of DPP-4i users (n =
769) vs. metformin users (n = 769) found no difference in cancer
risk, although the overall cancer incidence was relatively low (20
vs. 33 cases) (19). In the J-Brand prospective real-world study,
alogliptin use was associated with a higher risk of cancer,
however, not in the multivariate Cox regression analysis, where
age and smoking were associated with cancer (20). A meta-
analysis of 72 studies found no increased risk of cancer for DPP-
4i users [relative risk (RR): 1.01 (0.91–1.12)]. There was no
difference between DPP-4i users and non-users regarding major
A B C

D E F

G H I

FIGURE 3 | Absolute risk difference between the SGLT2i arm and the DPP-4i arm as a function of time for different cancer sites. It is to be noted that a negative
difference indicates a lower actual risk for the SGLT2i arm as compared to the DPP-4i arm. The dotted lines represent the corresponding 95% confidence intervals.
The order of individual sites is the same as in Figure 2, i.e. (A) lung and larynx cancer, (B) lower GI tract cancer, (C) breast cancer, (D) pancreatic cancer, (E) non-
melanoma skin cancer, (F) rectal cancer, (G) Prostate cancer, (H) urinary tract cancer, (I) hematological malignancies
October 2021 | Volume 11 | Article 725465
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cancer types (GI, respiratory, urinary, etc.). Concerning
individual cancer types, the risk was only significantly different
for rectal cancer with an RR of 0.41 (0.18–0.95), thus rather
showing a protective effect, if any (21). In another meta-analysis,
involving 157 trials, no increase in risk of cancer was found in
DPP-4i users; indeed, as compared with those of placebo, the
overall cancer risk [OR: 0.90 (0.82–0.99)] and colorectal cancer
risk [OR: 0.70 (0.52–0.94)] was lower (22). In a meta-analysis of
trials on advanced lung and colorectal cancers, the progression-
free survival was higher in DPP-4i users than in the controls (23).

SGLT2i was studied on its effects on cancer under in vitro or ex
vivo circumstances. Both SGLT1 and SGLT2may help in providing
excess energy to cancer cells; thus, their inhibitionmay result in the
suppression of cancer growth (24). Both SGLT2 and SGLT1 are
described to be present in the brain, prostate, and pancreatic
cancers; SGLT1 are present on top in ovaries and head and neck
cancers; while SGLT2 present on top also in lung cancer. This is
verified not only at mRNA or protein levels but also using a a-
methyl-4-deoxy-4-[18F]fluoro-D-glucopyranoside (Me4FDG)
PET-CT scan. This may be important not only as a diagnostic
tool, but SGLT2i may theoretically play an additional role as an
adjuvant anticancer treatment.WhileDPP-4i is regarded asweight-
neutral, SGLT2i generally leads to a clinically significantweight loss,
contributing to possible anticancer properties (24, 25).

In a meta-analysis, there was no difference in the overall
incidence of cancer between SGLT2i and comparators [OR: 0.98
(0.77–1.24)]. In a pre-specified subgroup analysis, SGLT2i was
compared with DPP-4i, and the observed difference was not
significant [OR: 0.67 (0.19–2.36)] (26). An important recent piece
of evidence originates from a post-hoc analysis of the DAPA-CKD
study. Their data suggest that similar to our observation on SGLT2i
presented here, dapagliflozin was associated with a 58% lower
cancer mortality [HR: 0.42 (0.19–0.97)] (27). The fact that this
lower cancer mortality was not present in comparison with one
particular class of antidiabetic agents but in comparison with
placebo and standard-of-care treatment suggests that this effect is
a unique feature of the SGLT2i dapagliflozin.

Cancers of the urinary tractwere an important fear at the time of
start of marketing of SGLT2i medications. It was feared that urine
with a high glucose content would stay in the bladder for several
hours, thus resulting in carcinogenesis in loco. On top of this, in
documents filed with dapagliflozin for a Food and Drug
Administration (FDA) new drug application, the number of
bladder cancer cases was numerically higher for dapagliflozin (9/
5,478 vs. 1/3,156) (28).Anetworkmeta-analysis showedno increase
in the risk of bladder cancer or renal cancer (29). However, in the
samepaper,with a pairwisemeta-analysis approach, a higher risk of
bladder cancer was found [HR: 3.87 (1.48–10.08)] (29). In the
CANVAS study, therewas nodifference between canagliflozin- and
placebo-treated cases; however, in the EMPA-REG OUTCOMES
trial, a numericallyhigherportionof thepatientshadbladder cancer
(9 vs. 0); however, the overall incidence (9/7,028) was low (30).

In our study, the number of cases with urinary tract malignancies
in generalwas not higher; in fact, and surprisingly, it was significantly
lower in theSGLT2ivs.DPP-4i group.Weshould emphasize that this
is true for a combined urinary tract cancer endpoint including
Frontiers in Oncology | www.frontiersin.org 6
bladder and renal carcinoma. We believe that the inhibition of
uptake of glucose in cells lining the urinary tract could yield
protection even against the high glucose-driven carcinogenesis. The
discrepancy between our real-world data and data of randomized
controlled trials (RCTs) may in part also be the consequence of
detection bias and time-lag bias that can be problematic in RCT
studies. A higher risk of genitourinary infections in SGLT2i-treated
patientsmay also drawattention to other diseases of the urinary tract,
thus resulting in detection bias in RCT (28). In our case, different
types of bias were eliminated by the research design, the real-file
setting, exclusion of patients with events within a year prior to the
index date, and other statistical measures.

Probably the most striking finding in our study was the
significantly lower risk of hematological malignancies in the
SGLT2i arm as compared with the DPP-4i arm [HR: 0.50 (0.28–
0.88)]. It has not yet been studied extensively whether SGLT2 is
expressed in lymphoid or myeloid cells. According to one study
using quantitative polymerase chain reaction (PCR; TaqMan),
sodium myo-inositol co-transporter (SMIT), and SGLT5, and
according to Figure 2B of that paper, to a minor extent, also
SGLT2 is expressed in the tonsil as a part of the lymphatic system
(31). According to data of The Human Protein Atlas, mRNA
expression is present; however, no protein expression has been
verified for total peripheral blood mononuclear cells, more
specifically T lymphocytes and NK cells. Also, immune cells of
the heart, T cells andmacrophages of the kidney, T cells and B cells
of the liver,macrophages of the lung, T cells andmacrophages of the
skin, and regulatory T cells, memory CD4 andCD8T cells, andNK
cells of flow cytometric analysis of blood are shown to exert weak
SGLT2 RNA positivity according to The Human Protein Atlas (32,
33). On the other hand, SGLT1 does not seem to be expressed in
blood cells (32). No data in the literature are available for SGLT2
expression in human hematological malignancies yet. As for DPP-
4is, in ameta-analysis, there was no increased risk of hematological
malignancies [RR: 1.05 (0.65–1.68)], leukemia [RR: 0.93 (0.45–
1.93)], lymphoma [RR: 1.29 (0.67–2.49)], orHodgkin’s disease [RR:
0.20 (0.01–4.13)] (21). In fact, data are available for DPP-4is
vildagliptin and saxagliptin, but not for sitagliptin, alogliptin, or
linagliptin to inhibit cell proliferation of myeloma cells, probably
through modulation of DPP-8 (34). Both agents were available at
the timeofour analysis inHungary.Webelieve that further research
is warranted to explain differences in the risk of hematological
diseases between the SGLT2i and DPP-4i arms.

Another interesting piece of evidence arising from our study
concerns the shapeof theKaplan–Meier survival curves.First,wedo
acknowledge that results are only significant for urinary tract
cancers and hematological malignancies. Apart from those, if
only the form of separation of the curves is considered, it can be
observed that inFigures 2A–C, the curves showa late separation, in
the period of months 18–30; concerning Figures 2D–F, the curves
overlap, and for Figures 2G–I, one may observe a relative early
divergence of the curves (from approx. month 6). In a survival
analysis, divergence of the curves (overlapping curves, crossing,
diverging, and then converging curves and clearly separating
curves) may be important (35, 36). Little is known, however,
about the difference between early separating and late separating
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survival curves. In the field of oncology, late separation of the
survival curves is suggested to be present in case of cancer
immunotherapy; it is believed to be due to a benefit in patients
with a slowdisease progression (37). The difference in divergence of
the curves may require multiple hypothetical explanations:
i) cancers with early separation may have a faster proliferation
and progression, while those with late separation may have a lower
rate of cell proliferation; therefore, the beneficial effect of treatment
only manifests later; ii) there are differences between tumor types,
concerning the mode of their reaction to the given medication (in
this case SGLT2i vs. DPP-4i); or iii) the medications are able to
influence different pathological abnormalities in different cancer
cell types. Since the evolution of cancers is now regarded as
multifactorial, i.e., it involves mutagenic and mitogenic changes
(38), early divergenceof the curvesmaybe related to an influenceon
mitogenic potency, and late diverging curves may arise as a
consequence of an effect of mutagenesis.

One of the factors explaining at least a part of the potential
beneficial impact of SGLT2i on cancer is their metabolic effects.
Intermittent fasting or starvation may have a positive effect on the
risk of cancer (6). Approaches targeting glucose metabolism may
also alter anticancer activity of the immune system, by affecting the
amount and activity of tumor-infiltratingCD8+T lymphocytes and
other subsets of white blood cells (39). Tumor cells may produce
reactive oxygen species (ROS), and these activate hypoxia-inducible
factor 1 alpha (HIF-1a), nuclear factor kappa-B (NFkB), and
consequent lactate production in the adjacent fibroblasts, which
in turn is associated with faster growth of the cancer cells (40).
SGLT2i has been shown to lead to a lower activity of HIF-1a in the
kidneys (41–43). Data regarding the kidneys suggest that
hyperglycemia may lead to an abnormal metabolism with high
hexokinase and pyruvate kinaseM2 activity, low Sirtuin-3 levels, an
activated STAT3, and HIF1a signaling and an aberrant glycolysis
similar to the Warburg effect in cancer cells. Furthermore,
empagliflozin but not insulin led to normalization of these
signaling anomalies (44). Based on these facts, it seems feasible
that SGLT2i can block HIF-1a and thereby change metabolism in
cancer cells or stromal fibroblasts, andwemight speculate that they
could lead to a slower cell division and a lower rate of mitogenesis,
which could contribute to the results seen in our study on an early
divergence of the cancer-survival curves.

Summing up, in our nationwide study comparing patients
treated with SGLT2i vs. DPP-4i, we found that in the background
of lower overall cancer incidence with SGLT2i treatment, there is a
significant lower risk for urinary tract cancers and hematological
malignancies. For most other cancer sites, the tendency favors
SGLT2i treatment; however, results between the groups are not
statistically significant.One can also observe a difference in the early
vs. late divergence of the survival curves between different organs.
LIMITATIONS

Despite being a nationwide study, due to the selected nature of
population and the given time range, the number of cases that could
be included into the study was limited. The sample size was further
decreased by the propensity score matching approach. Thus, the
Frontiers in Oncology | www.frontiersin.org 7
number of cancer events was low, and thismight have accounted in
part for the wide CI and non-significant results for some
malignancies. The number of factors that could be included in the
analysis was limited by the data available in the insurance database;
hence, clinical parameters such asHbA1c and smoking could not be
considered. All these factors could of course have possible
confounding effects. Since body weight and body mass index
(BMI) data are not available in the NHIF dataset, we cannot state
how much weight loss or a difference in obesity contributed to the
differences seen between the two classes of agents.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Regional Ethical Board, University of Pécs,
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Enikő Bodor for technical assistance.
October 2021 | Volume 11 | Article 725465

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Rokszin et al. SGLT2i or DPP-4i and Cancer
REFERENCES

1. American Diabetes Association. Cardiovascular Disease and Risk
Management: Standards of Medical Care in Diabetes 2021. Diabetes Care
(2021) 44:S125–50. doi: 10.2337/dc21-S010

2. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, et al. ESC
Guidelines on Diabetes, Pre-Diabetes, and Cardiovascular Diseases
Developed in Collaboration With the EASD. Eur Heart J (2020) 41:255–
323. doi: 10.1093/eurheartj/ehz486

3. Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, et al.
Correction to: 2019 Update to: Management of Hyperglycaemia in Type 2
Diabetes, 2018. A Consensus Report by the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes (EASD)
(Diabetologia, (2020), 63, 2, (221-228), 10.1. Diabetologia (2020) 63:1667.
doi: 10.1007/s00125-020-05151-2

4. Pearson-Stuttard J, Bennett J, Cheng YJ, Vamos EP, Cross AJ, Ezzati M, et al.
Trends in Predominant Causes of Death in Individuals With and Without
Diabetes in England From 2001 to 2018: An Epidemiological Analysis of
Linked Primary Care Records. Lancet Diabetes Endocrinol (2021) 9:165–73.
doi: 10.1016/S2213-8587(20)30431-9

5. Liu YC, Nguyen PA, Humayun A, Chien SC, Yang HC, Asdary RN, et al. Does
Long-Term Use of Antidiabetic Drugs Changes Cancer Risk? Med (United
States) (2019) 98. doi: 10.1097/MD.0000000000017461

6. Deligiorgi MV, Liapi C, Trafalis DT. How Far are We From Prescribing
Fasting as Anticancer Medicine? Int J Mol Sci (2020) 21:1–30. doi: 10.3390/
ijms21239175
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Cotransporters: New Targets of Cancer Therapy? Arh Hig Rada Toksikol
(2018) 69:278–85. doi: 10.2478/aiht-2018-69-3204

25. Wright EM. SGLT2 and Cancer. Pflügers Arch - Eur J Physiol (2020)
472:1407–14. doi: 10.1007/s00424-020-02448-4

26. Dicembrini I, Nreu B, Mannucci E, Monami M. Sodium-Glucose Co-
Transporter-2 (SGLT-2) Inhibitors and Cancer: A Meta-Analysis of
Randomized Controlled Trials. Diabetes Obes Metab (2019) 21:1871–7.
doi: 10.1111/dom.13745

27. HeerspinkHJL, SjöströmCD, JongsN,ChertowGM,KosiborodM,Hou FF, et al.
Effects of Dapagliflozin onMortality in PatientsWith Chronic KidneyDisease: A
Pre-Specified Analysis From the DAPA-CKDRandomized Controlled Trial. Eur
Heart J (2021) 42:1216–27. doi: 10.1093/eurheartj/ehab094

28. Ptaszynska A, Cohen SM, Messing EM, Reilly TP, Johnsson E, Johnsson K.
Assessing Bladder Cancer Risk in Type 2 Diabetes Clinical Trials: The
Dapagliflozin Drug Development Program as a ‘Case Study’. Diabetes Ther
(2015) 6:357–75. doi: 10.1007/s13300-015-0128-9

29. TangH,DaiQ,ShiW,Zhai S, SongY,Han J. SGLT2 Inhibitors andRiskofCancer
in Type 2 Diabetes: A Systematic Review and Meta-Analysis of Randomised
Controlled Trials. Diabetologia (2017) 60:1862–72. doi: 10.1007/s00125-017-
4370-8

30. Filippas-Ntekouan S, Filippatos TD, Elisaf MS. SGLT2 Inhibitors: Are They
Safe? Postgrad Med (2018) 130:72–82. doi: 10.1080/00325481.2018.1394152

31. Chen J, Williams S, Ho S, Loraine H, Hagan D, Whaley JM, et al. Quantitative
PCR Tissue Expression Profiling of the Human SGLT2 Gene and Related
Family Members. Diabetes Ther (2010) 1:57–92. doi: 10.1007/s13300-010-
0006-4

32. Uhlén M, Fagerberg L, Hallström BM, Lindskog C, Oksvold P, Mardinoglu A,
et al. Tissue-Based Map of the Human Proteome. Sci (80-) (2015) 347.
doi: 10.1126/science.1260419

33. TissueExpression of SLC5A2 - Summary - TheHumanProteinAtlas. Available at:
https://www.proteinatlas.org/ENSG00000140675-SLC5A2/tissue (Accessed
April 18, 2021).

34. Sato T, Tatekoshi A, Takada K, Iyama S, Kamihara Y, Jawaid P, et al. DPP8 is a
Novel Therapeutic Target for Multiple Myeloma. Sci Rep (2019) 9:3–10.
doi: 10.1038/s41598-019-54695-w

35. Silva I, dos S. “Introduction To Survival,” in Cancer Epidemiology: Principles
and Methods, ed. I Silva, S dos (Lyon: International Agency for Research on
Cancer), 263–276.

36. Dehbi HM, Royston P, Hackshaw A. Life Expectancy Difference and Life
Expectancy Ratio: Two Measures of Treatment Effects in Randomised Trials
With non-Proportional Hazards. BMJ (2017) 357:6–12. doi: 10.1136/
bmj.j2250

37. Thorén FB, Anderson H, Strannegård Ö. Late Divergence of Survival Curves
in Cancer Immunotherapy Trials: Interpretation and Implications. Cancer
Immunol Immunother (2013) 62:1547–51. doi: 10.1007/s00262-013-1458-y

38. Frank SA. Commentary: The Nature of Cancer Research. Int J Epidemiol
(2016) 45:638–45. doi: 10.1093/ije/dyv200

39. Okawa T, Nagai M, Hase K. Dietary Intervention Impacts Immune Cell
Functions and Dynamics by Inducing Metabolic Rewiring. Front Immunol
(2021) 11:623989. doi: 10.3389/fimmu.2020.623989
October 2021 | Volume 11 | Article 725465

https://doi.org/10.2337/dc21-S010
https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.1007/s00125-020-05151-2
https://doi.org/10.1016/S2213-8587(20)30431-9
https://doi.org/10.1097/MD.0000000000017461
https://doi.org/10.3390/ijms21239175
https://doi.org/10.3390/ijms21239175
https://doi.org/10.1136/bmjdrc-2020-001765
https://doi.org/10.1016/j.jclinepi.2014.03.006
https://doi.org/10.2337/diaspect.27.4.276
https://doi.org/10.1158/1055-9965.EPI-19-1623
https://doi.org/10.1016/S2213-8587(18)30150-5
https://doi.org/10.5041/rmmj.10043
https://doi.org/10.2337/DC07-0233
https://doi.org/10.1186/1758-5996-3-10
https://doi.org/10.3390/cancers13092191
https://doi.org/10.1158/1541-7786.MCR-20-0115
https://doi.org/10.1002/cam4.2278
https://doi.org/10.3389/fonc.2020.00405
https://doi.org/10.2147/CMAR.S215107
https://doi.org/10.1136/bmjdrc-2020-001787
https://doi.org/10.1038/s41598-017-07921-2
https://doi.org/10.1007/s00592-020-01479-8
https://doi.org/10.3892/mco.2018.1766
https://doi.org/10.2478/aiht-2018-69-3204
https://doi.org/10.1007/s00424-020-02448-4
https://doi.org/10.1111/dom.13745
https://doi.org/10.1093/eurheartj/ehab094
https://doi.org/10.1007/s13300-015-0128-9
https://doi.org/10.1007/s00125-017-4370-8
https://doi.org/10.1007/s00125-017-4370-8
https://doi.org/10.1080/00325481.2018.1394152
https://doi.org/10.1007/s13300-010-0006-4
https://doi.org/10.1007/s13300-010-0006-4
https://doi.org/10.1126/science.1260419
https://www.proteinatlas.org/ENSG00000140675-SLC5A2/tissue
https://doi.org/10.1038/s41598-019-54695-w
https://doi.org/10.1136/bmj.j2250
https://doi.org/10.1136/bmj.j2250
https://doi.org/10.1007/s00262-013-1458-y
https://doi.org/10.1093/ije/dyv200
https://doi.org/10.3389/fimmu.2020.623989
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Rokszin et al. SGLT2i or DPP-4i and Cancer
40. Wilde L, Roche M, Domingo-Vidal M, Tanson K, Philp N, Curry J, et al.
Metabolic Coupling and the Reverse Warburg Effect in Cancer: Implications
for Novel Biomarker and Anticancer Agent Development. Semin Oncol (2017)
44:198–203. doi: 10.1053/j.seminoncol.2017.10.004

41. Packer M. Mechanisms Leading to Differential Hypoxia-Inducible Factor
Signaling in the Diabetic Kidney: Modulation by SGLT2 Inhibitors and
Hypoxia Mimetics. Am J Kidney Dis (2021) 77:280–6. doi: 10.1053/
j.ajkd.2020.04.016

42. Bessho R, Takiyama Y, Takiyama T, Kitsunai H, Takeda Y, Sakagami H, et al.
Hypoxia-Inducible Factor-1a is the Therapeutic Target of the SGLT2
Inhibitor for Diabetic Nephropathy. Sci Rep (2019) 9:1–12. doi: 10.1038/
s41598-019-51343-1

43. Ndibalema AR, Kabuye D, Wen S, Li L, Li X, Fan Q. Empagliflozin Protects
Against Proximal Renal Tubular Cell Injury Induced by High Glucose via
Regulation of Hypoxia-Inducible Factor 1-Alpha. Diabetes Metab Syndr Obes
Targets Ther (2020) 13:1953–67. doi: 10.2147/DMSO.S243170

44. Li J, Liu H, Takagi S, Nitta K, Kitada M, Srivastava SP, et al. Renal
Protective Effects of Empagliflozin via Inhibition of EMT and Aberrant
Glycolysis in Proximal Tubules. JCI Insight (2020) 5. doi: 10.1172/
jci.insight.129034
Frontiers in Oncology | www.frontiersin.org 9
Conflict of Interest: GR and IF are employed by RxTarget Ltd., a company that is
highly specialized in statistical analysis and data mining.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Rokszin, Kiss, Süto,̋ Kempler, Jermendy, Fab́iań, Szekanecz, Pooŕ,
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