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Abstract:

Purpose: This study was conducted to assimilate evidence on the efficacy of 2-deoxy-glucose (2-DG), a glucose analog, in the treatment of

moderate to severe COVID-19 patients in a hospital setting.

Patients and Methods: Medical records of adult patients with moderate to severe illness, admitted to intensive care units (ICU) of a
multispecialty hospital were retrospectively analyzed. The inclusion criteria comprised of laboratory diagnosis of COVID-19 and the
completeness of records. 2-DG was administered to patients on day-1 of receiving oxygen support in ICU. Details obtained from the medical
record included demographics, laboratory investigations, clinical outcomes, and survival.

Results: Records of 29 patients, with an average age of 51.3 + 11.7 years were included in the study. Males constituted 82.8% of the patient
population. Co-morbidities (hypertension and diabetes) were present in 35.5 % of patients. Standard biological markers for COVID-19 were
elevated on the day of admission for all the patients. Following the 2-DG intervention, oxygen saturation levels improved to > 93 % in > 70 %
of the patients within 7 days of intervention. The average length of the hospital stays and average time to viral clearance was 21.2 days and 11.8
days respectively. Improvement on the World Health Organization (WHO) defined ordinal scale was observed in 37.9 % of the patients
(movement from category 5 and 6 to category 4, i.e., from moderate/severe to mild illness) post-intervention. Mortality was observed to be
20.7% in this study. No 2-DG related side effects were observed.

Conclusion: This is the first retrospective case series examining the efficacy of 2-DG in COVID-19 management in real-world settings. In

this case series, 2-DG was found to be effective in reducing oxygen requirement and time to viral clearance in moderate to severely ill COVID-

19 patients as reflected in improvement on the WHO ordinal scale.
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Introduction

Since the first reported case in February 2020, more than 31 million
people in India have been affected by the coronavirus disease-19
(COVID-19), designated as a global pandemic by the World Health
Organization(WHO).[1] This disease is caused by the highly
contagious and invasive severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and has led to more than 4 lakh deaths
in the Indian subcontinent to date.[2] Concerns on the increasing rates
of COVID-19 related hospitalizations, intensive care admissions, and
mortality have accelerated research on deciphering the effectiveness
of various therapeutic agents against this rapidly mutating virus to

curb disease severity and mortality. Supportive care[3] remains the

mainstay of COVID-19 management, although several repurposed
and repositioned therapeutics including antivirals such as remdesivir
and lopinavir alone or in combination with interferon and ribavirin
are employed with varying degrees of success.[4] Other treatments
such as monoclonal antibodies namely tocilizumab, and convalescent
plasma therapy have shown limited success, both in trials as well as
under clinical settings but are challenged by the logistics of large scale
production and availability to meet the immediate needs of COVID-
19 patients especially at the peak of the second wave of the pandemic

in developing countries. [4]
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Study on viral structure and biochemistry has shown that inhibition
of glycolysis pathway is a potential target for termination of the viral
replication and transmission.[5] 2-deoxy-glucose (2-DG) is an
analog of glucose with an antimetabolite action.[6] It acts by
inhibiting the production of glucose-6 phosphate and instead leads to
the accumulation of intracellular 2-deoxy-D-glucose-6-phosphate (2-
DG6P). [7] This potential therapeutic agent reduces viral load in the
host cells by inhibiting glycolysis. Furthermore, in a clinical trial
conducted in SARS-CoV-2 infected patients, 2-DG reduced

supplemental oxygen usage and showed a higher rate of negative

Material and methods

This retrospective cohort study included 29 adult patients (> 18 years
of age) admitted to the medical Intensive Care Units (ICUs) at
Medanta Multispecialty Hospital, Gurugram, India during the second
wave of COVID-19 between May 3 and June 28, 2021. Medical
records of ICU patients with laboratory-confirmed COVID-19
infection and a need for oxygen support were included in the study.
The patients received 2-DG as an adjunct to the physician-prescribed
standard of care. Confirmed cases of COVID-19 were characterized
by a positive result on RT-PCR assay of a throat or nasopharyngeal
swab sample. Pregnant women and children (< 18 years of age) were
excluded from the analysis. Ethics approval and patient consent were
not required for this retrospective study as it involved only a review
of medical records.

Data on patient demographics, comorbidities, clinical and laboratory
findings, oxygen support requirements (room air, nasal low-flow
oxygen, nasal high-flow oxygen, non-invasive ventilation (NIV) and
invasive mechanical ventilation), length of hospital stay, and time to
viral clearance were collected retrospectively through a review of
patients’ medical records during the first 14 days post-2-DG
administration. Additionally, clinical improvement in patients was
assessed by the patient status on WHO defined 8-point ordinal scale

for clinical improvement (where a score of 1 indicates no limitation

Results

The baseline demographics and clinical characteristics of the 29
patients included in this study have been given in Table 1. The age of
patients ranged from 30-79 years with a majority (37.9 %) of the
patients belonging to the age group of 41-50 years. The average age
was 51.3 £ 11.7 years and 82.8 % of the patients were male. Body
mass index (BMI) of < 25 kg/m? was noted in 72.4 % of patients, with
overweight and obese patients making up 17.2 % and 10.3 % of the

patient population respectively. Co-morbidities like hypertensionand

conversion of reverse transcription-polymerase chain reaction (RT-
PCR). Based on the promising results, the Drug Controller General of
India approved the emergency use of 2-DG in moderate to severe
COVID-19 patients in May 2021.[6]

There is limited clinical evidence on the use of 2-DG for the
management of COVID-19 in real-world settings. The present study
is the first retrospective case series to evaluate the efficacy of 2-DG
and its effect on supplemental oxygen requirement in a small cohort

of moderate to severely ill COVID-19 patients

in activities and 8 refers to death) [8] at the start and end of the 2-DG
intervention.

Based on hospital-defined guidelines, patients admitted to ICUs were
considered eligible for 2-DG intervention if they had a progressive
worsening of oxygen saturation. As per hospital records, 2-DG was
administered twice a day (morning and evening) for a maximum
duration of ten days as an adjunct to the physician-prescribed standard
of care. A pre-filled sachet of 2-DG containing 5.85 g of pure 2-DG
consisted of a single dose. The entire contents of one sachet were
dissolved in 100 mL potable water 1-hour before administration. The
volume of the 2-DG solution was determined as per the following
formula:

Volume of one dose of 2-DG = 0.77 x (body weight of the patient [in
kgs]) mL

Each dose of 2-DG was freshly prepared before administration and
the excess 2-DG solution was discarded.

Descriptive statistics were used to summarize the data and results are
reported as mean and standard deviations, as applicable. Categorical
variables were summarized as counts and percentages. Missing data
were not included in estimations of averages. Analysis was performed
with MS Excel software (Microsoft).

diabetes mellitus were present in 24.1 % and 13.8 % of patients,
respectively. Thirty-five percent of patients had both hypertension
and diabetes. A history of smoking was present in 24.1 % of patients.
Elevation in key biomarkers for COVID-19 namely C-reactive
proteins (CRP), D-dimer, and total leucocyte count was observed in
all the patients on day-1 of 2-DG intervention. Fever, cough, and
shortness of breath were the most commonly reported symptoms in

all patients at admission.
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Table 1: Baseline demographic and clinical characteristics of patients treated with 2-DG

Demographic Characteristics

Age, Mean (SD) 51.3 (11.7)
Age category n (%o)
<40 years 4 (13.8)
41-50 years 11 (37.9)
51-60 years 7(24.1)
61-70 years 5(17.2)

> 70 years 2 (6.9)
Gender n (%)
Male 24 (82.8)
Female 5(17.2)
BMI Category n (%)
<25 21 (72.4)
25.1-29.9 5 (17.2)

> 30 3(10.3)
Co-morbidity n (%)
Both hypertension and diabetes mellitus | 10 (35.5)
Only hypertension 7(24.1)
Only diabetes mellitus 4 (13.8)
No co-morbidity 8 (27.6)
Smokers, n (%) 7(24.1)
Clinical parameters Mean (n)
SpO2 (%) 89.9 (29)
TLC (cells'mmd) 16.07 (28)
CRP (mg/L) 72.8 (27)
D-Dimer (ng/mL) 1926.6 (27)
SGOT (units/L) 52.04 (26)
SGPT (units /L) 80.65 (26)
Creatinine (mg/dL) 0.72 (27)
Urea (mmol/L) 57.68 (27)

Abbreviations BMI, body mass index; SpO., oxygen saturation levels; TLC, total leucocyte count; CRP, C-reactive protein; SGOT, serum

glutamic oxaloacetic transaminase; SGPT, serum glutamic-pyruvic transaminase; SD, standard deviation

Mortality of 20.7 % was noted in this retrospective case series (Table
2). Six patients expired within the 14-day study period, this included
3 patients who were on invasive ventilation and 3 who were on NIV.
The average length of the hospital stay was reported as 21.2 days and

the time taken for the viral clearance was 11.8 days. The duration of

hospital stay was between 11-20 days for 55.2 % of patients. Out of
29 patients, the RT-PCR test was repeated for 20 patients during the
14-day study period. Eighty-five percent of patients had a negative
RT-PCR report at less than 15 days post-2-DG intervention (Table
2).
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Table 2 Clinical outcomes of patients treated with 2-DG

Mortality, n (%)

6(20.7)

Duration of hospital stay

n (%)

0-10 days

3(10.3)

11-20 days

16 (55.2)

21-30 days

7 (24.1)

> 30 days

4 (13.8)

Time to negative RT-PCR
(N=20)

n (%o)

<7 days

8 (40)

< 15 days

17 (85)

> 15 days

3 (15)

Abbreviations n/N, number; RT-PCR, reverse transcriptase-polymerase chain reaction

Improvement in oxygen saturation levels (SpO2 %) was observed in
patients treated with 2-DG. The average SpO: levels improved from
89.9 % at baseline (n= 29) to an average of > 95 % by day 10 of 2-
DG intervention in 19 patients. (Figure 1A). The decrease in the
number of patients from 29 on day 1 to 19 at day 10 of follow-up is
due to deaths and discharges. Eleven of the 17 patients on invasive
and non-invasive high-flow oxygen at day -1 of intervention were

shifted to low-flow oxygen support within 10 days of 2-DG

intervention. The number of patients achieving 93 % SpO2 mark also
increased with time during the study. On day 1 of intervention, 24.1
% (7 out of 29 patients) patients were noted to have SpO> levels >93
% which increased to 70.8 % (17 out of 24 patients) by day 7 and 80
% (16 out of 20 patients) by day 10 (Figure 1B). This reflects the
efficacy of 2-DG in mitigating respiratory distress in COVID-19

patients in a short period.
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Figure 1 Improvement in oxygen saturation levels with 2-DG treatment in severely ill-COVID-19 patients.

A. Average change in % SpO: levels.
B. Number of patients with SpO- levels > 93 %.
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The clinical condition of patients was mapped based on the 8-point
WHO-defined ordinal scale® on the day the patient received oxygen
support and on the last day of the 14-day study period. During the
study period, patients’ WHO score ranged from 4 (hospitalized mild
illness; oxygen delivered by masks or nasal prongs) to category 8
(death). Figure 2 depicts the distribution of patients based on WHO
score on day 1 of 2-DG administration, considered as baseline score,
and at the end of the study period. By the end of the study period, 65.5
% of the patients were in the mild disease category (ordinal score 4)
as compared to 41.4 % of patients at baseline (Figure 2A). Percentage
of patients in ordinal score 5 (severe disease; on NIV or high-flow

oxygen) reduced from a baseline of 31 % to 6.9 %. Similarly,

the percentage of patients with an ordinal score of 6 (severe illness
requiring intubation or mechanical ventilation) reduced from a
baseline of 27.6 % to 6.9 %. Six patients (20.7 %) succumbed to
COVID-19 during the study period and hence fell underscore 8 of the
WHO ordinal score. Graphical representation of clinical condition at
baseline and end of the study for each patient has been shown in
Figure 2B. Improvement in oxygen requirement status and clinical
condition was observed in 11 out of the 29 patients depicted as a
decrease in ordinal score. Nine patients did not show any change in
ordinal score indicating no further increase in oxygen requirement.
Deterioration in clinical condition and oxygen status was observed in
nine of the 29 patients over the 14- day study.
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Figure 2 Clinical improvement in the patient condition represented a change in WHO defined ordinal score.

A. Patient-wise distribution based on the ordinal score at the start of the study period and the end of the study period/discharge/death.

B. Change in clinical and oxygen requirement status of individual patients based on the ordinal score over the study period. A decrease in ordinal

score indicates improvement in clinical condition and vice-versa.

Overall, 37.9 % of the patients (n=11) showed improvement in their
condition (from severely ill to mildly ill as indicated by either a 1-
point or 2-point improvement in ordinal score) along with a change in
oxygen requirement (from mechanical ventilation and non-invasive
high-flow oxygen to low-flow oxygen using masks or prongs) (Figure

3). Improvement by 2-points on the 8-point ordinal scale was

observed in 17.2 % of the patients (n=5) and improvement by 1-point
was observed in 20.7 % of the patients (n=6) (Figure 3). 31 % of the
patients were clinically stable indicated by no change in their WHO
ordinal score status. Deterioration in medical conditions with a
requirement to increased oxygen support was observed in 3 patients

and 6 patients expired during the study period.
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Figure 3 Distribution of patients based on the change in clinical condition and oxygen requirement status of COVID-19 patients treated with 2-

DG over the 14-day study period.

Discussion

This retrospective analysis of 29 patients has been done to collate
evidence on the use of 2-DG as a potential therapeutic intervention in
the management of COVID-19. India, like several countries, has
witnessed a two-wave pattern of COVID-19 cases over the last two
years. Compared to the ‘first wave in 2020, the ‘second wave, which
started in March 2021, has had a more devastating effect on the Indian
population. This phase was characterized by a higher incidence of
viral pneumonia with acute respiratory distress syndrome (ARDS)
that resulted in significant morbidity and mortality, particularly this
time involving a younger age group of patients as compared to the
first wave in the preceding year.[9] It presented a significant
challenge to India’s health care system and overwhelmed the
healthcare infrastructure with a sudden increase in the number of
patients requiring supplemental oxygen. Considering this, research on

the compassionate use of repurposed medication and new molecules

Findings of this study shows the effect of 2-DG on the

following aspects:

1. Oxygenrequirement: As shown in Figures 1A and 1B the average
SpO2 increased along with the number of patients at saturation of
> 93 % during the study period.

2. The severity of disease: As shown in Figures 2 and 3, 37.9 % of
patients showed either a 1 or 2-point improvement in WHO
Ordinal Score within 15 days of 2-DG intervention.

We observed that 38 % of the patients treated with 2-DG who were

on high-flow oxygen or mechanical ventilation moved on to low-flow

oxygen between day 10 to day 14, with a resolution of hypoxia (SpO2
levels > 93 %) within day 3 of intervention for 31 % of the patients.

Two of the six surviving patients on mechanical ventilation (33.3 %)

were off intubation on day 5, the shortest time to extubating in this

study. This is comparable to previous reports on other interventions

in the case of severely ill COVID-19 patients. A case report on a

single remdesivir-treated severely ill COVID-19 patient showed that

the patient’s need for supplemental oxygen dropped over a 14-day

took precedence. Consequently, in India, 2-DG, a drug originally
designed for cancer treatment was studied as a treatment of COVID-
19 and approved by DGCl as an emergency use adjunct treatment for
COVID patients.

In this study, patient outcomes in moderate to severely ill COVID-19
patients admitted to ICU and were on oxygen support have been
described. Clinical responses to the intervention were observed in
terms of reduction in oxygen requirement, change in oxygen
requirement status, and overall improvement on the WHO- ordinal
scale. 2-DG was administered between day 6 to day 7 of infection
which coincides with the setting in of cytokine storm in COVID-19
patients.[10] This molecule was given as an adjunct to the standard of
care. The age and gender distribution of the patient population were

similar to those reported in previous studies.[11-13]

period.[14] In another large case series with 52 patients on remdesivir,
improvement in the oxygen support category (from intubation to non-
invasive support) was observed in 68 % of the patients after a median
of 18 days of treatment.[15] Studies on tocilizumab interventions
have also shown a reduction in the requirement of supplemental
oxygen in up to 75 % of the patients with severe COVID, [16,17] with
median days on mechanical ventilation of 7 days for tocilizumab-
treated patients as compared to 10 days in the control cohort.[17] In
this case, series, 2-DG establishes its place in the league of therapies
for reducing respiratory distress in COVID-19 patients.

Around 38 % of the patients showed a drop of one or two points on
the WHO-ordinal scale, indicating an improvement in their health
within 14 days of 2-DG administration (Figure 3). This correlates
with the study by Grein et al., where 68 % of patients on remdesivir
reported a 2-point improvement in ordinal scale over a median of 18

days of follow-up.[15] We observed that 2-DG was beneficial to
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patients at higher levels of oxygen support such as NIV or mechanical
ventilation, which is in contrast to the effect of known anti-viral
remdesivir, where the benefits were higher in patients on ambient air
or nasal cannula.[18] This is an important finding, considering the
number of COVID-19 related deaths and morbidities seen in ICU
patients in India from April to June 2021. In this case series, patients
shifted from ICUs or discharged from the hospital within the study
period were observed to be on low-flow oxygen support.

Another observation was that around 30 % of the patients did not
present any worsening of the condition during the 14-day study
period. The possible role of 2-DG as a Poly pharmacological drug has
been established in previous studies.[10] Anti-viral effects of 2-DG
are modulated by inhibition of glycolysis[19] and production of viral
glycoproteins thereby inhibiting viral multiplication as well as viral
infectivity.[20] 2-DG has been also shown to exert an anti-
inflammatory effect. [21] The findings of this study provide further
clinical evidence for use of 2-DG in COVID-19 management.

In this study, the duration of hospital stays for 19 of the 29 patients
was < 15 days. Duration of hospital stay for most patients (n= 15)
ranged between 11 to 15 days. Similar outcomes have been reported
with remdesivir in a previous study, with median hospital stay
between 8-11 days [22] and with tocilizumab, where mean hospital
stay for severe COVID-19 patients was reported to be 28 days
(RECOVERY trials). [23] Short duration to negative RT-PCR results
(<15 days for 85 % of the patients tested during the study period) was
seen in patients treated with 2-DG as compared to the median range

Conclusion

In moderate to severe COVID-19 patients, 2-DG is effective in
reducing oxygen dependence along with a shorter duration to viral
clearance and a shorter duration of hospital stay. This is reflected in
the overall improvement in WHO-defined ordinal scores during the
14-day study period. 2-DG has the potential to emerge as a cost-
effective adjunct to the standard of care. Evidence on the benefits of

2-DG to COVID-19 patients from this retrospective study can be
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