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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) in patients with malignancy poses unique therapeutic challenges,
necessitating effective and safe combination therapies. This study compared the efficacy and safety of empagliflozin—
sitagliptin—-metformin versus empagliflozin-alogliptin—-metformin in poorly controlled T2DM with coexisting cancer.

Methods: Prospective, randomized, open-label clinical trial of 12 weeks was performed in 120 patients with T2DM and
controlled malignancy. Two groups were randomized: Group A, who received empagliflozin 10 mg combined with
sitagliptin 100 mg along with metformin, and Group B, who received empagliflozin 10 mg combined with alogliptin 25
mg along with metformin. Primary endpoint was HbAlc change; secondary endpoints were fasting plasma glucose (FPG),
postprandial glucose (PPG), body weight, lipid profile, and adverse events. Data were examined using repeated-measures
ANOVA and independent t-tests with p<0.05 being significant.

Results: Baseline demographics were similar between groups. At 12 weeks, Group A had a larger mean decrease in HbAlc
(—1.4% + 0.3) than Group B (—1.1% = 0.4; p=0.02). FPG and PPG also dropped significantly lower in Group A (—37.7
mg/dL and —54.1 mg/dL, respectively) than Group B (=31.7 mg/dL and —46.2 mg/dL; p<0.05). Both regimens were
tolerated without difficulty, with minimal hypoglycemia and urinary tract infection being the only adverse events noted,
and no deterioration of malignancy symptoms.

Conclusion: Empagliflozin—sitagliptin—metformin vyielded better glycemic control than empagliflozin—alogliptin—
metformin in T2DM patients with malignancy without compromising safety. This combination may be a more potent
treatment option for managing complex diabetic populations.
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1. INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a long-standing metabolic disorder often complicated by comorbidities like
malignancies, rendering the treatment more difficult and the clinical outcome worse. Optimization of glycaemia in such
patients requires effective, safe, and acceptable treatment regimens. Among newer pharmacologic agents, sodium—glucose
cotransporter-2 inhibitors (SGLT2i) such as empagliflozin and dipeptidyl peptidase-4 inhibitors (DPP-4i) such as
sitagliptin and alogliptin have proved to be beneficial when combined with metformin.
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Certain comparative studies had determined the effectiveness of sitagliptin plus metformin, with acceptable glycemic
response and safety profiles compared to sulfonylureas like glimepiride [1]. Likewise, research studies have compared the
metabolic as well as lipid-altering effects of newer drugs like Terminalia arjuna, with newer interests in combination
therapy in metabolic disorders [2-4]. Clinical trials have even compared empagliflozin and sitagliptin as add-on to
metformin, determining their antihyperglycemic effectiveness and tolerability in type 2 diabetic patients with suboptimal
glycemic control [5,6].

Moreover, combination therapy trials provide evidence of the greater glycemic control by triple-drug treatment compared
to dual therapies. For instance, the combination between sitagliptin—-metformin and empagliflozin or vice versa
demonstrated enhanced glycemic parameters among Egyptian T2DM patients [7]. Similarly, fixed-dose combinations of
dapagliflozin, sitagliptin, and metformin also demonstrated equal advantages, which underscore the therapeutic
effectiveness of combined therapeutic approaches in poorly controlled T2DM [8].

Lacking comparative effectiveness data on empagliflozin-sitagliptin vs. empagliflozin—alogliptin combination, especially
in patients with concomitant malignancy, the current study will compare their clinical activity to metformin treatment.

2. METHODOLOGY

Study Design

This research was a prospective, randomized, open-label, comparative clinical trial spanning 12 weeks. The main aim was
to evaluate the efficacy and safety of combination regimens—empagliflozin with sitagliptin compared with empagliflozin
with alogliptin—added to metformin in patients with poorly controlled type 2 diabetes mellitus (T2DM) with concomitant
malignancy.

Study Population

Patients aged 40 to 70 years with clear diagnosis of T2DM and co-existing underlying malignancy in stable oncological
control were enrolled. Participants on constant doses of metformin (>1500 mg/day) for >12 weeks with suboptimal
glycemic control were enrolled, with Hb Alc levels between 7.5% to 10%. Participants with severe renal impairment (eGFR
<45 mL/min/1.73 m?), active liver disease, history of hypersensitivity reaction to study medication, or on insulin were not
enrolled.

Randomization and Intervention

Participants were randomly assigned in a 1:1 ratio to two groups through computer-generated block randomization. Group
A was given empagliflozin 10 mg once daily and sitagliptin 200 mg once daily, with metformin continued. Group B was
given empagliflozin 10 mg once daily and alogliptin 25 mg once daily, with metformin continued at the same dose.
Adherence was assessed at each follow-up visit through pill counting and patient diaries.

Clinical and Laboratory Evaluations

Baseline assessment consisted of demographic information, body mass index (BMI), blood pressure, duration of diabetes,
type and stage of cancer, and history of previous treatment. Laboratory assessment consisted of fasting plasma glucose
(FPG), postprandial plasma glucose (PPG), glycated hemoglobin (HbAlc), lipid profile, renal function tests, and liver
function tests. The tests were repeated at 6 weeks and 12 weeks to assess changes in magnitude. Adverse events and
complications of cancer therapy were monitored with vigilance during the study.

Outcome Measures

The primary endpoint was the change in HbAlc from baseline to week 12. Secondary endpoints were change in FPG, PPG,
body weight, BMI, and lipid profile. Safety endpoints were the frequency of hypoglycemia, urinary tract infections,
gastrointestinal disturbance, and any increase in cancer-related symptoms. **Statistical Analysis** Data were tabulated
and also analyzed using SPSS software version XX. Continuous variables were presented as mean * standard deviation
(SD) and categorical variables as percentage. Group differences were compared with independent t-tests for continuous
variables and chi-square tests for categorical variables. For comparing the changes in the glycemic parameters at time
points, a repeated-measures ANOVA was applied. A p-value of <0.05 was employed to find the significance of the tests.

3. RESULT

Baseline Characteristics120 patients were enrolled and randomized into two groups, Group A (empagliflozin-sitagliptin—
metformin, n=60) and Group B (empagliflozin—alogliptin—metformin, n=60). The two groups were similar at baseline for
demographic profiles, the duration of diabetes, malignancy type, and metabolic parameters. The patients' mean ages were
56.4 + 7.9 years in Group A and 55.8 + 8.1 years in Group B. The patients' mean baseline HbAlc was 8.7% + 0.6 in Group
A and 8.6% + 0.7 in Group B, with no statistically significant difference.
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Table 1. Baseline Demographic and Clinical Characteristics

Parameter Group A | Group B | p-value
(Empa+Sita+Met) (Empa+Alo+Met)
Number of patients (n) 60 60 -
Age (years, mean + SD) | 56.4+7.9 55.8+8.1 0.71
Male/Female (%) 52/48 55/45 0.68
Duration of T2DM |8.1+2.3 84+26 0.54
(years)
BMI (kg/m?) 27.3+3.2 27.6+3.1 0.62
HbAlc (%) 8.7+0.6 8.6+0.7 0.44
FPG (mg/dL) 166.2 +21.3 165.4 £ 22.1 0.81
Type of malignancy | 78/22 75/25 0.67
(solid/hematological, %)

Glycemic OutcomesBoth groups had substantial decreases in HbAlc, FPG, and PPG at 12 weeks from baseline. The mean
HbAlc decrease was more prominent in the empagliflozin—sitagliptin group (—1.4% = 0.3) than in the empagliflozin—
alogliptin group (—1.1% =+ 0.4; p=0.02). FPG and PPG also decreased more significantly in Group A.

Table 2. Changes in Glycemic Parameters from Baseline to 12 Weeks

Parameter Group A | Group B | p-value
(Empa+Sita+Met) (Empa+Alo+Met)
HbAlc (%) baseline 8.7+ 0.6 8.6+0.7 0.44
HbAlc (%) at 12 weeks | 7.3+0.4 75+05 0.02
FPG (mg/dL) baseline 166.2 £ 21.3 165.4£22.1 0.81
FPG (mg/dL) at 12 weeks | 128.5 + 18.6 133.7+£19.2 0.04
PPG (mg/dL) baseline 236.7+25.1 235.4 £ 26.7 0.76
PPG (mg/dL) at 12 weeks | 182.6 + 20.5 189.2+214 0.03

Safety and Adverse EventsBoth regimens were tolerated well. Hypoglycemic episodes were infrequent and non-severe,
in 2 patients in Group A and 3 patients in Group B. Urinary tract infections were marginally increased with empagliflozin—
alogliptin group (8.3%) in comparison with empagliflozin—sitagliptin group (6.7%), though it was not statistically
significant. No patient had worsening malignancy-related symptoms due to study medications.
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Graph 1. Mean Reduction in HbAlc (%) Over 12 Weeks

Graph 1 comparing HbA1c decline in both groups from baseline to 6 weeks and 12 weeks; steeper decline observed in
empagliflozin-sitagliptin group.
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Graph 2. Changes in Fasting Plasma Glucose (mg/dL) Across Follow-Up
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Graph 2 showing mean FPG reduction at baseline, 6 weeks, and 12 weeks in both groups; greater reduction in
empagliflozin—sitagliptin group.

4. DISCUSSION

The current research illustrates that the combination of empagliflozin with sitagliptin and metformin attained better
glycemic management compared to empagliflozin added to alogliptin and metformin in patients with type 2 diabetes
mellitus complicated by malignancy. Patients in the empagliflozin-sitagliptin group experienced larger decreases in
HbAlc, fasting plasma glucose, and postprandial glucose during the 12-week duration, which points to the possible additive
effect of the regimen in patients with complicated comorbidities. Both therapeutic approaches were tolerated well, with
minimal adverse effects, and no worsening of malignancy-associated outcomes was noted, implying that such combinations
are safe in this unique population.

These results corroborate previous evidence of the sustained efficacy and safety of empagliflozin and sitagliptin when
added to metformin. Sustained glycemic benefit and tolerability after 78 weeks in patients treated with empagliflozin,
sitagliptin, and metformin were reported in a groundbreaking trial by [9], further affirming long-term clinical efficacy of
this triple therapy. Our observations extrapolate these to a more difficult-to-treat patient population with concomitant
malignancy, a subgroup often excluded from traditional clinical trials.

The superiority of the empagliflozin-sitagliptin combination found in this trial also concurs with more recent comparative
evidence. [11] showed that empagliflozin had more beneficial effects on metabolic parameters, including serum asprosin
concentration, compared with sitagliptin as add-on treatments with metformin, and pointed to mechanistic distinctions that
could account for their combination's improved outcomes. In a similar vein, [14] also observed empagliflozin to be a useful
add-on to metformin in patients with mild hyperglycemia, and [13] noted that sitagliptin added to metformin enhanced
glycemic control in Chinese patients with T2DM with a very good safety profile. All these results highlight the utility of
combining both agents with metformin, especially in patients with suboptimal glycemic control.

Our findings also attest to results from comparative research evaluating empagliflozin versus other oral hypoglycemic
drugs. For instance, [10] noted that empagliflozin combination therapy enhanced both glycemic control and weight
parameters in patients with obesity and T2DM, in line with the weight-reducing trend in our population. Similarly,
comparative studies using incretin-based therapies have indicated that sitagliptin is still effective while GLP-1 receptor
agonists liraglutide and semaglutide provide more HbAlc and weight reductions, as indicated by the SUSTAIN 2 trial of
[12] and the research of [15]. Nevertheless, due to the oncological comorbidity of our patient population, sitagliptin's
favorable tolerability and safety profile rendered it an especially appropriate choice.

Notably, our trial's higher efficacy of empagliflozin-sitagliptin relative to empagliflozin—alogliptin is significant, since
there is still limited direct evidence to compare these particular DPP-4 inhibitors when combined with SGLT2 inhibitors.
While the two drugs block the identical enzymatic pathway, structural and pharmacokinetic differences might predispose
to differences in clinical effect. The consistent superiority of sitagliptin documented here may support its preferential use
in high-risk patients who need aggressive glycemic control.

In summary, this research provides new evidence by filling a clinically significant gap: the optimization of combination
therapy in diabetic patients with active malignancy. Our results justify the employment of empagliflozin—sitagliptin—
metformin as a more efficient approach compared to empagliflozin—alogliptin—metformin for enhancing glycemic metrics
without jeopardizing safety. Such results are to be confirmed in larger and longer studies in the future, especially concerning
cardiovascular and oncologic outcomes in this complex population of patients.

5. CONCLUSION

In type 2 diabetes mellitus patients with concomitant malignancy, the empagliflozin plus sitagliptin plus metformin
combination had greater glycemic efficacy than empagliflozin plus alogliptin plus metformin, with both combinations
having good safety and tolerability. The more effective HbAlc and fasting glucose reduction with the empagliflozin—
sitagliptin combination highlights its therapeutic value as a better treatment option in this at-risk population. These results
underscore the importance of individualizing combination therapy to achieve maximum results in complicated clinical
situations and call for further confirmation with large, long-term studies.
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