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Objective

To assess the effect of linagliptin vs. standard therapy in improving clinical outcomes in patients hospitalized with diabetes and coronavirus disease 2019 (COVID-19).



Materials and Methods

We did an open-label, prospective, multicenter, randomized clinical trial in 3 Israeli hospitals between October 1, 2020, and April 4, 2021. Eligible patients were adults with type 2 diabetes mellitus and a diagnosis of COVID-19. A total of 64 patients, 32 in each group, were randomized to receive linagliptin 5 mg PO daily throughout the hospitalization or standard of care therapy. The primary outcome was time to clinical improvement within 28 days after randomization, defined as a 2-point reduction on an ordinal scale ranging from 0 (discharged without disease) to 8 (death).



Results

The mean age was 67 ± 14 years, and most patients were male (59.4%). Median time to clinical improvement was 7 days (interquartile range (IQR) 3.5-15) in the linagliptin group compared with 8 days (IQR 3.5–28) in the standard of care group (hazard ratio, 1.22; 95% CI, 0.70–2.15; p = 0.49). In-hospital mortality was 5 (15.6%) and 8 (25.0%) in the linagliptin and standard of care groups, respectively (odds ratio, 0.56; 95% CI, 0.16–1.93). The trial was prematurely terminated due to the control of the COVID-19 outbreak in Israel.



Conclusions

In this randomized clinical trial of hospitalized adult patients with diabetes and COVID-19 who received linagliptin, there was no difference in the time to clinical improvement compared with the standard of care.



Clinical Trial Registration

ClinicalTrials.gov, identifier NCT04371978.
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Introduction

The coronavirus disease 2019 (COVID-19) is an emerging pandemic in 2020–2021 caused by a novel coronavirus named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1, 2). Diabetes confers a significant additional risk for COVID-19 patients (3–5). Currently, there are only a few specific effective therapeutic agents for the treatment of COVID-19 despite a large number of clinical trials that evaluated a wide range of therapies (6–10).

Dipeptidyl peptidase 4 (DPP-4) is a transmembrane glycoprotein expressed ubiquitously in many tissues and originally known as T-cell surface marker cluster of differentiation 26 (CD26) (11). In addition to its effect on glucose levels, DPP-4 has various effects on the immune system and several diseases, including lung diseases (11, 12). DPP-4 serves as the functional receptor for the Middle East respiratory syndrome coronavirus (MERS-CoV) (13), and potential interactions of SARS-CoV-2 spike glycoprotein and DPP-4 may play a significant role in the viral process of hijacking the human host cells (14).

In addition to their role in treating diabetes, several studies have evaluated the potential of DPP-4 inhibitors as immune-modulating agents and as a treatment for chronic allograft dysfunction following lung transplantation (11, 15). The anti-inflammatory effects of DPP-4 inhibitors and the possible involvement in the process of entering human cells are the basis for the assumption that these agents may be beneficial for the treatment of COVID-19 (16, 17). Two retrospective studies from Italy found that the use of DPP-4 inhibitors as a group or sitagliptin specifically reduced mortality and improved outcomes of patients hospitalized with COVID-19 (18, 19). Nevertheless, a meta-analysis based on retrospective studies concluded that the current data are insufficient and that the combined estimate of the risk ratio for mortality reduction by DPP-4 inhibitors is neutral (20).

Linagliptin is a DPP-4 inhibitor approved by the Food and Drug Administration in 2011 as a treatment for type 2 diabetes (21) and is as effective as other DPP-4 inhibitors (22). In contrast to other DPP-4 inhibitors, no dosage adjustment is necessary for renal or hepatic impairment, and linagliptin does not affect the risk of heart failure (23). In this multicenter randomized, controlled, open-label trial, we investigated the safety and efficacy of linagliptin in hospitalized patients with COVID-19 and diabetes.



Materials and Methods


Design

This was an investigator-initiated, multicenter, open-label randomized clinical trial aimed to assess the safety and efficacy of linagliptin vs. standard therapy in hospitalized patients with diabetes and COVID-19. A total of 3 hospitals in Israel enrolled patients between October 1, 2020, and April 4, 2021, from designated COVID-19 departments. Patients were randomized by the study coordinators using a web-based system with blocks of variable size to a 1:1 allocation ratio. Patients were randomized to receive linagliptin 5 mg daily PO plus standard of care or standard of care alone. The standard of care for patients with diabetes included holding oral drugs and initiating insulin therapy according to a basal bolus protocol (24). The goal of therapy was to keep blood glucose levels in the range of 140–180 mg/dl (25). COVID-19-specific treatments in both groups were according to the updated evidence (26). Treatment with linagliptin was continued from randomization to hospital discharge. The randomization was stratified by the hospital and in each hospital by age (≤70 or >70 years) and oxygen use at randomization (if supplemental oxygen was required or not). Patients were followed up until 28 days following randomization when they were contacted by the study staff by telephone. This trial followed the Consolidated Standards of Reporting Trials (CONSORT) reporting guidelines. Due to the control of the COVID-19 outbreak in Israel (27, 28), no patients were enrolled after April 4, 2021, and the trial was terminated prematurely on May 4, 2021.



Patients

Hospitalized patients 18 years and older, with a diagnosis of COVID-19 confirmed by a positive reverse-transcriptase PCR (RT-PCR) assay for SARS-CoV-2 in a respiratory tract specimen, were all evaluated for eligibility for the study. Other inclusion criteria were a previous diagnosis of type 2 diabetes mellitus or a diagnosis initially made during hospitalization, according to the American Diabetes Association (ADA) guidelines (29), 10 days from COVID-19 symptom onset or within 48 h after positive RT-PCR test. Exclusion criteria included a need for mechanical ventilation or vasopressor medications prior to randomization; expected immediate need of intensive care unit (ICU) admission or immediate surgical intervention; current treatment with any DPP-4 inhibitor; pregnancy; or known hypersensitivity to DPP-4 inhibitors.



Outcomes

The primary clinical endpoint was time to clinical improvement within 28 days after randomization. Clinical improvement was defined as a 2-point reduction in patients’ admission status on a 9-point ordinal scale. This scale has been used in different COVID-19 therapeutic trials (30–32) and was recommended by the R&D Blueprint of the WHO (33). The 9-point scale was as follows: 0, discharged, no clinical or virological evidence of infection; 1, discharged, no limitation of activities; 2, discharged, limitation of activities or ambulatory oxygen use; 3, hospitalized, no oxygen therapy; 4, hospitalized, oxygen by mask or nasal prongs; 5, hospitalized, non-invasive ventilation or high-flow oxygen; 6, hospitalized, intubation and mechanical ventilation; 7, hospitalized, ventilation + additional organ support—vasopressors, renal replacement therapy, extracorporeal membrane oxygenation; and 8, death.

Secondary outcomes were the proportion of patients with 2-point reduction in patients’ admission status on a 9-point ordinal scale; all-cause mortality at 28 days; in-hospital death; length of hospitalization; ICU admissions; mechanical ventilation; supplemental oxygen-free days at 28 days; ventilator-free days at 28 days; and the proportion of patients with 50% decrease in C-reactive protein (CRP) levels. Safety outcomes included treatment-related adverse events, serious adverse events, and premature discontinuations of the study drug.



Statistical Analysis

During the initial design of the study and based on the trial of Cao et al. (30), assuming a decrease in the primary endpoint measure from a median of 16 days to a median of 8 days between the two trial groups with overall power of 80% and significance of 0.05, the sample size required for the trial was 88 patients. After publications of further trials, it was assumed that a larger sample size is required for such power, but the wide vaccine campaign and outbreak control in Israel (27, 28) led to premature termination of the trial.

Primary endpoint analysis was based on intention-to-treat analysis and included all the patients who had undergone randomization. The time to clinical improvement was assessed after all patients had reached day 28, with failure to reach clinical improvement or death before day 28 and before clinical improvement was considered as right-censored at day 28. The time to clinical improvement was portrayed by the Kaplan–Meier plot and compared with a log-rank test. Hazard ratios with 95% CIs were calculated by Cox proportional hazards model. Secondary outcomes such as mortality at 28 days, the proportion of ICU admission, the proportion of mechanical ventilation, and the proportion of CRP reduction were compared using the χ2 test. Only the p-value for the primary efficacy analysis (2-tailed; significance defined as p ≤ 0.05) was reported, and bilateral 95% CI was not adjusted for multiplicity for all the other comparisons. Statistical analyses were performed with Stata, version 13.0 (StataCorp, Texas, USA) and SPSS, version 25 (IBM Corp). This trial is registered with ClinicalTrials.gov, NCT04371978.




Results


Patients

A total of 64 patients with COVID-19 from three hospitals in Israel underwent randomization and were included in this analysis. All patients were included in the intention-to-treat analysis (Figure 1). No patient withdrew from the trial. Demographic and baseline clinical characteristics are summarized in Table 1. Most of the patients were male (59.4%) with a mean age of 66.95 ± 13.93 years. Generally, the baseline clinical and laboratory parameters were balanced between the two groups, except for HbA1c, which was lower in the linagliptin group. COVID-19 disease classification was defined according to the National Institute of Health guidelines (10), and more than 70% of patients were classified as severe on admission. Of the patients, 84.4% and 81.3% received dexamethasone and 43.8% and 56.3% received remdesivir in the linagliptin and standard of care groups, respectively.




Figure 1 | Flowchart of the study.




Table 1 | Characteristics of the patients at baseline.





Primary Outcome

A total of 26 patients (81.3%) in the linagliptin group and 23 (71.9%) in the standard of care group showed clinical improvement, i.e., 2-point reduction in the WHO scale, within 28 days of randomization (odds ratio, 0.59; 95% CI, 0.18–1.91) (Table 2). The time to improvement was also similar between the groups—median time of 7 days (interquartile range (IQR) 3.5–15) in the linagliptin group compared with 8 days (IQR 3.5–28) in the standard of care group (hazard ratio, 1.22; 95% CI, 0.70–2.15; p = 0.49, Figure 2). Different sensitivity analyses showed similar results.


Table 2 | Outcomes in the intention-to-treat population.






Figure 2 | Kaplan–Meier estimates of cumulative clinical improvement.



Adverse events related to the study drug were rare. Only two patients had a related adverse event, hypoglycemia, with one in the linagliptin group and the other in the standard of care group.



Secondary Outcomes

There were no major differences in the rate of ICU admission between the groups, with 7 (21.9%) in the linagliptin group and 4 (12.5%) in the standard of care group (odds ratio, 1.96; 95% CI, 0.51–7.50) (Table 2). All-cause mortality at 28 days was 7 (21.9%) and 9 (28.1%) in the linagliptin and standard of care groups, respectively (odds ratio, 0.72; 95% CI, 0.23–2.23). The length of hospitalization was also similar in both groups with a median of 7 days (IQR 3–12) for the entire cohort (mean difference, 0.44; 95% CI, −2.83 to 3.71). One patient in the linagliptin group was still hospitalized in the ICU after 28 days from randomization.




Discussion

Observational studies have suggested that DPP-4 inhibitors are effective in reducing mortality in patients with COVID-19 (18, 19). However, this randomized trial found that in hospitalized adults with COVID-19 and diabetes, linagliptin treatment added to the standard of care failed to significantly improve the time to resolution of symptoms or day 28 mortality. Furthermore, no difference between the study groups was observed for any of the secondary outcomes, including the proportion of patients admitted to an ICU, mechanical ventilation rates, length of hospitalization, and supplemental oxygen use. To our knowledge, this is the first randomized clinical trial evaluating the efficacy and safety of a DPP-4 inhibitor in patients with COVID-19.

As in many COVID-19 trials (31, 34–36), our study also had a male predominance in both groups, but the mean age was higher. The death and complications rates of our patients were higher than in most other clinical trials since our population included only patients with diabetes mellitus, a known risk factor for severe COVID-19 (3–5). The number of comorbidities was also high as reflected in the Charlson Comorbidity Index with a median score of 7, which is a strong predictor for mortality (37). As in other places in the world (38), hospital resources became scarce during the pandemic, and ambulatory treatment models were widely adopted. That narrowed hospitalizations only to those who needed them the most and explains why more than 70% of the patients were classified with severe disease on admission. Patients with a mild or moderate disease on admission were at high risk of progression to severe disease and/or with several additional acute illnesses.

The timing of linagliptin administration during the course of the disease might also be of importance. There are two suggested mechanisms for the effects of linagliptin on COVID-19. The first is the interaction of the virus with the human host cell (14), and the second is the anti-inflammatory effect (39). The first encourages use during the initial infection, while most patients are asymptomatic/presymptomatic, while the second is aimed for a later stage in the natural history of the disease, the inflammatory stage (40). Since we enrolled only hospitalized patients, treatment during the presymptomatic stage was not practical, but we enrolled patients only until the 10th day of symptoms. The results of previous observational studies support the hypothesis of the anti-inflammatory effect, as patients treated with DPP-4 inhibitors prior to COVID-19 infection had similar outcomes compared with those not being treated, as opposed to the studies in which DPP-4 inhibitors were used during the hospitalization, in which mortality reduction was shown (20). In our study, analysis of patients with symptoms shorter or longer than 5 days prior to admission showed no significant difference in the primary outcome. In addition, since most patients in our study were hospitalized with a disease classified as severe, it is possible that treatment of patients with diabetes and mild COVID-19 in the symptomatic stage may lead to different clinical outcomes. The use of DPP-4 inhibitors as anti-inflammatory agents in patients without diabetes may also lead to different clinical outcomes than those presented in this manuscript. Glucagon-like peptide 1 receptor (GLP-1R) agonists may have a similar anti-inflammatory effect in patients with diabetes and COVID-19, as they are known to reduce the levels of several anti-inflammatory markers (41). This should be assessed in further studies.

The Italian observational studies that showed mortality reduction with DPP-4 inhibitors were conducted during the early phase of the pandemic, February–April 2020 (18, 19). The rapid changes of clinical guidelines as new data emerged weekly led to a substantial difference between the treatment of COVID-19 patients in April 2020 and April 2021 (26, 42). Thus, it is possible that DPP-4 inhibitors have a beneficial effect on COVID-19 compared with supportive care alone, but this effect is eliminated when other therapies such as remdesivir and dexamethasone are added, as was for most of the patients in our study. The relation between the immunomodulatory effect of DPP-4 inhibitors and corticosteroids is unknown, and it is possible that dexamethasone diminished the immunomodulatory effect of linagliptin (43, 44). It should be noted that while sitagliptin specifically was evaluated in a previous study (18), we evaluated linagliptin, but if DPP-4 inhibitors are beneficial, then this is probably a class effect.

The very low rate of adverse events can be explained by the fairly good safety profile of linagliptin, especially with regard to severe adverse events (45). Another explanation is the short treatment period, with most patients treated for less than 10 days, while for diabetes, it is a chronic treatment, and most trials that evaluated the safety of the drug followed up patients for 6–24 months.

Our study has several limitations. The first limitation is the sample size and the premature discontinuation of the trial due to the end of the COVID-19 outbreak in Israel (27, 28). This makes our study underpowered to detect possible differences in the primary outcome and in mortality. The second limitation is the fact that the trial was open-label. We considered conducting a double-blind placebo-controlled trial, but that was not feasible due to the time constraints.



Conclusions

The administration of linagliptin in patients with COVID-19 and diabetes did not improve the time to clinical improvement or 28-day mortality. Further large-scale, blinded, placebo-controlled randomized clinical trials are needed to confirm the results and to explore possible applications of DPP-4 inhibitors in different stages of the disease in patients with and without diabetes.
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