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ARTICLE INFO ABSTRACT

Keywords: Background: Viral- and host-targeted traditional Chinese medicine (TCM) formulae NRICM101 and NRICM102
COVID-19 were administered to hospitalized patients with COVID-19 during the mid-2021 outbreak in Taiwan. We report
NRICM101

the outcomes by measuring the risks of intubation or admission to intensive care unit (ICU) for patients requiring
no oxygen support, and death for those requiring oxygen therapy.

Methods: This multicenter retrospective study retrieved data of 840 patients admitted to 9 hospitals between May
1 and July 26, 2021. After propensity score matching, 302 patients (151 received NRICM101 and 151 did not)
and 246 patients (123 received NRICM102 and 123 did not) were included in the analysis to assess relative risks.
Results: During the 30-day observation period, no endpoint occurred in the patients receiving NRICM101 plus
usual care while 14 (9.27%) in the group receiving only usual care were intubated or admitted to ICU. The
numbers of deceased patients were 7 (5.69%) in the group receiving NRICM102 plus usual care and 27 (21.95%)
in the usual care group. No patients receiving NRICM101 transitioned to a more severe status; NRICM102 users
were 74.07% less likely to die than non-users (relative risk= 25.93%, 95% confidence interval 11.73%-57.29%).
Conclusion: NRICM101 and NRICM102 were significantly associated with a lower risk of intubation/ICU
admission or death among patients with mild-to-severe COVID-19. This study provides real-world evidence of
adopting broad-spectrum oral therapeutics and shortening the gap between outbreak and effective response. It
offers a new vision in our preparation for future pandemics.

NRICM102
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Traditional Chinese Medicine
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Y.-H. Tseng et al.
1. Background

Coronavirus disease 2019 (COVID-19) has devastated the world
population and health care systems since 2020, and the accelerated
emergence of infectious diseases is expected. Understanding the neces-
sity to develop effective therapeutic approaches to tackle ongoing and
future outbreaks, the World Health Organization has recently called for
action to enhance the contribution of traditional Chinese medicine
(TCM) in managing global pandemics on the grounds of mounting evi-
dence [1,2]. In Taiwan, the “Traditional Chinese Medicine Clinical
Guideline for COVID-19” (TCM-CG) suggested integrated treatment of
mild-to-moderate and severe-to-critical cases with TCM formulae
NRICM101 and NRICM102, respectively, both of which consist of herbs
classified as dietary supplements in the United States. While NRICM101
was granted an Emergency Use Authorization in Taiwan and used in
more than 50 countries worldwide and NRICM102 was administered
during a serious outbreak in mid-2021, a robust evaluation is needed to
provide more clinical evidence of these herbal preparations with
different treatment priorities in different stages of COVID-19 illness
(Supplementary file 1).

The first report of NRICM101 was based on the results of a bed-to-
bench study, where real-world evidence derived from integrated TCM
and modern medicine (MM) was strengthened by confirmative labora-
tory findings of the antiviral, anti-inflammatory and immunoregulatory
effects of NRICM101 [3]. However, randomized control trials (RCTs)
were not viable as Taiwan managed to halt COVID-19 transmission with
nonpharmacological interventions until May 2021 [4], when a sudden
surge in COVID-19 cases overwhelmed the local health system. Given
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the limitation of traditional RCTs in delivering timely evidence neces-
sary for clinical decisions regarding the use of novel therapies [5,6],
health care providers, scientists and pharmaceutical companies lever-
aged the earlier TCM-MM cotreatment experience by providing the pa-
tients with NRICM101 and NRICM102, in addition to usual care (Fig. 1).

In the study, we examined the association between TCM (NRICM101
& NRICM102) use and progression to severe COVID-19 or death in 9
hospitals caring for a substantial number of patients during the 2021
outbreak. We hypothesized that TCM use would be associated with a
lower risk of an endpoint of intubation or intensive care unit (ICU)
admission, or death in propensity score analysis. The objective was to
demonstrate the applicability of the real-world TCM-MM model in the
rapid development of effective therapeutics to build our capacities for
pandemic preparedness.

2. Methods
2.1. Study design and assessed variables

In this multicenter retrospective study, we obtained data from all
admitted patients who had a COVID-19-related admission with diag-
nosis confirmed by a positive nasopharyngeal or oropharyngeal real-
time polymerase chain reaction test for SARS-CoV-2 from May 1 to
July 26, 2021. Patient data were extracted from the hospital information
system (HIS) of each participating hospital. An HIS is an integrated
comprehensive information system to manage the medical, adminis-
trative, financial, and legal information of a hospital’s operation. The
data included all outpatient and inpatient demographics, visit and

Stage Presymptomatic Mild lliness Moderate lliness Severe lllness Critical Iliness
WHO-CPS it P 3] 4 . 5 6 7 8 9
1
f
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Disease Application
Pathogenesis )
Treatment NRICM101 NRICM102
Treatment
Sratesy o -
o Immuno- Bady Function o Immuno- Body Function
Anti-virus modulation Supporting Anti-virus modulation Supporting

Fig. 1. Flowchart of Bedside-Bench-Industry Model for Traditional Chinese Medicine. This research model incorporated professionals in modern and traditional
Chinese medical, academic and industrial fields. Soon after the COVID-19 pandemic outbreak in December 2019, the National Research Institute of Chinese Medicine
(NRICM) developed the Traditional Chinese Medicine Clinical Guideline for COVID-19 (TCM-CG) based on the experience treating SARS patients and understanding
the manifestations and pathogenesis of COVID-19. The formulae NRICM101 & NRICM102 are suggested to treat COVID-19 patients who present with mild-to-
moderate (corresponding to WHO Clinical Progression Scale, WHO-CPS 1-4) and severe-to-critical respiratory illness, respectively. NRICM101 & NRICM102 are
composed of herbs with three main effects but with different dose ratios: (1) antivirus, (2) immune modulation, and (3) body function support. The COVID-19 MM &
TCM Collaboration Team adopted the TCM-CG to treat COVID-19 patients and confirmed the effectiveness of NRICM101 & NRICM102. NRICM elucidated the multi-
targeting mechanism and established quality control profiles of NRICM101 & NRICM102. Commercialized products of NRICM101 are being manufactured by GMP

pharmaceutical companies and used clinically.
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Fig. 2. Enrollment and Study Design.

admission information, diagnoses, medications, orders and pre-
scriptions, procedures, vital signs, care provider notes, laboratory results
and radiology reports. We extracted and analyzed the data, and we
obtained research ethics approval from each participating hospital.
Extracted data included the following:

(1) Demographics: age, sex, body height, body weight.

(2) Vital signs on presentation: heart rate, temperature, respiratory
rate, blood pressure.

(3) Laboratory tests: Complete blood cell count and differential
count, aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), blood urea nitrogen (BUN), creatinine, C-reactive
protein (CRP), and lactate dehydrogenase (LDH).

(4) Diagnostic categories: chronic lung disease (including asthma,
chronic obstructive pulmonary disease (COPD) and chronic
bronchitis), cancer, chronic kidney disease, hypertension, and
diabetes.

(5) Medication: remdesivir, dexamethasone, hydroxychloroquine,
azithromycin, tocilizumab, sarilumab, lopinavir, darunavir; and

antibiotics (with the exclusion of azithromycin as it is categorized
separately)

(6) Admission to the intensive care unit.

(7) Use of supplement oxygen, intubation and invasive mechanical
ventilation.

(8) Death records.

2.2. Stratification

We stratified all patients by whether they received oxygen therapy at
admission. For the group without oxygen therapy (corresponding to
World Health Organization - Clinical Progression Scale, WHO-CPS 1-4),
the patients were defined as receiving NRICM101 if they were initially
prescribed NRICM101; for the group with oxygen therapy WHO-CPS 5-
7, the patients were defined as receiving NRICM102. To avoid over-
estimation of TCM effectiveness, patients who received TCM for less
than 2 days were excluded.
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Characteristics and Clinical Outcomes of Patients Receiving or Not Receiving NRICM101, before and after Propensity Score Matching.

Characteristics All Patients Unmatched Patients Propensity Score-Matched Patients
(N = 345)

NRICM101 +Usual Care Usual Care NRICM101 +Usual Care Usual Care

(N=164) (N=181) (N=151) (N=151)
Age (mean + SD) 50.41 + 16.48 49.70 + 15.52 51.05 +17.32 49.43 +15.55 49.25 + 16.95
Age>60 — no. (%) 114  (33.0) 50 (30.3) 64  (32.6) 46  (30.5) 41 (29.1)
BMI — no. (%)
BMI< 30 291  (84.3) 145  (88.4) 146  (80.7) 143 (94.7) 141 (93.4)
BMI> 30 25  (7.2) 11 (6.7) 14  (7.7) 8 (5.3 10 (6.6)
BMI missing 29 (8.4) 8 (4.9) 21 (11.6) - -
Male sex — no. (%) 171  (49.6) 87  (53.0) 84  (46.4) 80  (53.0) 81  (53.6)
Smoking — no. (%) 58 (16.8) 27  (16.5) 31 (@17.1) 25 (16.6) 26  (17.2)
Drinking — no. (%) 49 (14.2) 28 (17.1) 21 (11.6) 25 (16.6) 20 (13.2)
Comorbidity — no. (%)
Chronic heart disease 85  (24.6) 40  (24.9) 45  (24.9) 33 (21.9) 39 (25.8)
Diabetes 39 (11.3) 16 (9.8 23 (12.7) 15 (9.9 14 (9.3)
Hyperlipidemia 25 (7.2) 12 (7.3) 13 (7.2) 12 (7.9) 10 (6.6)
Thyroid disease 8 (2.3 4 (24 4 (22 4  (2.6) 1 (0.7
Chronic liver disease 13 (3.8) 7  (4.3) 6 (3.3 7 (4.6) 5 (33
Chronic kidney disease 12 (3.5) 5 (3.0) 7 (3.9 5 (3.3) 7 (4.6)
Chronic pulmonary disease 10 2.9) 4 2.4 6 (3.3) 4 (2.6) 2 (1.3)
Cancer 15  (4.3) 7 (4.3 8 (44 7 (4.6) 8 (5.3
Stroke 4 (@12 4 249 0 (0.0 4 (26) 0 (0.0
Others 58 (16.8) 28 (17.1) 32 (16.6) 23 (15.2) 22 (14.6)
Medications
Remdesivir 11 (3.2) 8 (49 3 @17 8 (5.3 2 13
Dexamethasone/Glucocorticoid 71 (20.6) 37 (22.6) 34 (18.8) 35 (23.2) 25 (16.6)
Hydroxychloroquine 2 (0.6) 2 1.2) 0 (0.0) 3 (2.0) 0 (0.0)
Azithromycin 14 (4.1 4 24 11 (5.5) 3 (20 8 (53
Other antibiotic agent 100 (29.0) 40 (24.2) 60 (33.1) 36 (23.8) 46 (30.5)
Tocilizumab/Sarilumab 2  (0.6) 0 (0.0 2 (11 0 (0.0 2 1.3
Lopinavir/Darunavir 0 (0.0) 0 (0.0) 0 (0.0) 1 0.7) 0 (0.0)
WHO Clinical Progression Scale score
1 25  (7.2) 7 (4.3 18 (9.9 6 (4.0 15 (9.9
2 139  (40.3) 75  (45.7) 64  (35.4) 71  (47.0) 56  (37.1)
3 7 (2.0 4 (24 3 a7 3 (20 3 (0
4 174 (50.4) 78 (47.6) 96 (53.0) 71 (47.0) 77 (51.0)
Initial vital signs — mean (SD)
Systolic blood pressure — mmHg 131.62  (18.63) 131.87  (17.83) 131.39  (19.38) 131.94 (17.62) 128.81  (17.61)
Respiratory Rate — breaths/min 18.35 (1.86) 18.17 (1.32) 18.51 (2.23) 18.19 (1.29) 18.40 (2.32)
Temperature —°C 37.34 (1.01) 37.35  (0.99) 37.32  (1.03) 37.37 (1.01) 37.31  (1.06)
AST — U/L 34.98  (41.08) 34.70  (35.41) 35.24  (45.79) 351 0 36.10 (46.07)

(34.19)

ALT — U/L 31.20 (28.51) 33.31 (30.57) 29.24 (26.41) 34.28 (30.77) 30.41 (27.3)
Creatinine — mg/dL 1.06 (1.45) 0.95 (0.97) 116  (1.77) 0.96  (0.95) 1.29 (2.07)
CRP — mg/dL 2.36  (3.83) 211 (3.31) 2.59  (4.25) 1.94 (3.19) 271  (4.39)
LDH — U/L 254.84 (193.95) 243.54 (114.59) 263.54 (238.09) 225.32 (96.7) 260.07 (252.03)
Lymphocytes — % 23.57 (10.62) 23.00 (10.70) 2410 (10.56) 23.11  (11.12) 23.21  (10.2)
Neutrophils — % 66.39  (12.76) 66.65  (13.22) 66.14  (12.35) 66.70  (13.52) 67.08  (12.01)
Intervention
No. of days from admission to start NRICM101 (Median (IQR)) - - 2 (&) - 2 (©)] -
No. of days receiving NRICM101 (Median (IQR)) - - 7 (6 - 8 (6) -
Outcome
Intubation or ICU admission - no(%) 14 (4.06) 0 (0.0) 14 (7.73) 0 (0.0) 14 9.27)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; BUN: blood urea nitrogen; CRP: creatinine, C-reactive protein; IC: intensive

care unit; LDH: lactate dehydrogenase; SD: standard deviation; WHO: World Health Organization.

2.3. Propensity score matching

To help account for the nonrandomized treatment administration of
NRICM101 and NRICM102, we used propensity score methods to reduce
the effects of confounding. In the propensity score-matched analysis, the
nearest neighbor method was applied to create a matched control
sample that included demographic factors, clinical factors, laboratory
tests, and medications. Multiple imputation was used to account for
missing data on body mass index (BMI), systolic pressure, respiratory
rate, temperature, ALT, AST, creatinine, CRP, LDH, lymphocytes and
neutrophils count. To prevent intubated cases from being unselected by
matching, we used two-stage propensity score-matching. In the first
stage, we matched intubation/ICU admission and intubation/ICU
admission-free groups. In the second stage, we performed the propensity
score matching with the remaining intubation/ICU admission-free cases.

Similar procedure was carried out with death as the endpoint.

2.3.1. Time-to-event test and comparing the proportion of Intubation/ICU
Admission or death

After propensity-scored matching, the data of the variables in
NRICM101 plus usual care and usual care were not independent and had
similar distribution. Therefore, simple comparisons of two matched
samples were appropriate. The marginal cox regression, McNemar’s test
and log-rank test were employed to explore the association between
TCM and non-TCM use. All statistical analyses were performed with the
use of R software, version 3.6.1 (R Project for Statistical Computing). In
addition, we have also evaluated the impact of potential unmeasured
confounders, such as use of corticosteroids, that may have similar as-
sociation with the intervention and the risk of outcome by calculating an
e-value.
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Characteristics and Clinical Outcomes of Patients Receiving or Not Receiving NRICM102, before and after Propensity Score Matching.

Characteristics All Patients Unmatched Patients Propensity Score-Matched Patients
(N = 366)
NRICM102 +Usual Care Usual Care NRICM102 +Usual Usual Care
(N=126) (N =240) Care (N=123)
(N=123)
Age (mean + SD) 63.30 + 14.16 61.55 + 14.54 64.22 + 13.90 62.03 + 14.29 62.84 + 15.40
Age>60 — no. (%) 236 (64.5) 76 (60.3) 160 (66.7) 76 (61.8) 73 (59.3)
BMI — no. (%)
BMI< 30 276  (75.4) 95  (75.4) 181  (75.4) 102 (82.9) 100 (81.3)
BMI> 30 55 (15.0) 23 (18.3) 32 (13.49) 21 (17.1) 23 (18.7)
BMI missing 35 (9.6) 8 (6.3) 27  (11.2) - -
Male sex — no. (%) 201  (54.9) 65 (51.6) 136  (56.7) 63 (51.2) 68  (55.3)
Smoking — no. (%) 67 (18.3) 21 (16.7) 46  (19.2) 21 (17.1) 19 (15.4)
Drinking — no. (%) 46 (12.6) 22 (17.5) 24 (10.0) 19 (15.4) 16 (13.0)
Comorbidity — no. (%)
Chronic heart disease 191 (52.0) 64  (50.8) 127  (52.9) 63  (51.2) 70  (56.9)
Diabetes 103 (28.1) 33 (26.2) 70 (29.2) 33 (26.8) 29 (23.6)
Hyperlipidemia 39 (10.7) 16 (12.7) 23 (9.6) 17 (13.8) 12 (9.8)
Thyroid disease 8 (2.2 4 (32 4 Q.7 4 (33 1 (0.8
Chronic liver disease 12 (3.3) 4 (3.2) 8 (3.3) 4 (3.3) 6 4.9
Chronic kidney disease 21 (5.7) 7 (5.6) 14 (5.8) 7 (5.7) 7 (5.7)
Chronic pulmonary disease 25 (6.8) 8 (6.4 17 (7.1) 8 (6.5 10 (81)
Cancer 16 (4.0) 7 (5.6) 9 (38 8 (6.5 6 (49
Stroke 21 (5.7) 8 (6.4) 13 (5.4) 8 (6.5) 9 (7.3)
Others 4 (1.1 1 (0.8 3 (1.3 1 (0.8 3 (24
Medications
Remdesivir 79 (21.6) 23 (18.3) 56 (23.3) 23 (18.7) 20 (16.3)
Dexamethasone/Glucocorticoid 263 (71.9) 83 (65.9) 180 (75.0) 82 (66.7) 84 (68.3)
Hydroxychloroquine 1 (0.3) 1 (0.8) 0 (0.0) 1 (0.8) 0 (0.0)
Azithromycin 16 4.49) 9 (7.1) 7 (2.9 9 (7.3) 4 (3.3)
Other antibiotic agent 155  (42.3) 49  (38.9) 106 (44.2) 47  (38.2) 44  (35.8)
Tocilizumab/Sarilumab 65 (17.8) 10 (7.9) 55 (22.9) 10 (8.1) 25 (20.3)
Lopinavir/Darunavir 1 (0.3) 1 (0.8) 0 (0.0) 1 (0.8) 0 (0.0)
WHO Clinical Progression Scale score
5 291  (79.5) 111 (88.1) 180 (75.0) 108 (87.8) 109 (88.6)
6 48 (13.1) 12 (9.5 36 (15.0) 12 (9.8) 10 (8.1
7 27 (7.4) 3 (2.4) 24 (10.0) 3 (2.4) 4 (3.3)
Initial vital signs —mean (SD)
Systolic blood pressure — mmHg 132.33  (20.77) 133.52  (21.54) 131.72  (20.38) 133.76  (21.61) 132.54  (21.22)
Respiratory Rate — breaths/min 20.62 (5.00) 20.35 (3.36) 20.76 (5.67) 20.32 (3.39) 20.30 (4.14)
Temperature —°C 37.30  (0.98) 37.44  (1.00) 37.23  (0.96) 37.46  (1.00) 37.36  (1.10)
AST — U/L 47.12  (33.45) 43.55  (26.26) 49.06  (36.69) 43.55  (26.05) 48.13  (28.51)
ALT — U/L 36.60 (25.46) 34.05 (22.32) 37.9 (26.87) 33.45 (21.39) 34.41 (22.68)
Creatinine — mg/dL 1.26 (1.47) 1.22 (1.61) 1.29 (1.4) 1.21 (1.61) 1.23 1.18)
CRP — mg/dL 7.72  (6.45) 6.93  (6.49) 821 (6.4) 6.79  (6.39) 7.74  (6.45)
LDH — U/L 416.48  (224.22) 425.9  (200.85) 412.54  (233.69) 413.89 (193.98) 392.32  (192.53)
Lymphocytes — % 16.63 (9.31) 18.65 (9.96) 15.58 (8,78) 18.71 (10.25) 16.13 (8.95)
Neutrophils — % 77.60  (41.82) 72.77  (13.30) 80.31  (51.15) 72.98 (13.45) 75.40  (11.66)
Intervention
No. of days from admission to start NRICM102 (Median 2 (@) 2 (&) - 2 (&) -
(IQR))
No. of days of receiving NRICM102 (Median (IQR)) 9 (8 9 (8 - 9 (¥ -
Outcome
Death — no. (%) 49 (13.39) 7 (5.56) 42 (17.50) 7 (5.69) 27 (21.95)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; BUN: blood urea nitrogen; CRP: creatinine, C-reactive protein; LDH: lactate

dehydrogenase; SD: standard deviation; WHO: World Health Organization.

3. Results

We conducted this retrospective study in collaboration with 4 med-
ical centers and 5 regional hospitals in northern and central Taiwan. In
these 9 hospitals, physicians prescribed NRICM101 or NRICM102 ac-
cording to whether oxygen was required when the COVID-19 patient
requested or agreed to receive TCM treatment in addition to usual care.
Both formulae were administered orally three times daily. For the group
without oxygen therapy, the primary endpoint was the subsequent need
for intubation or ICU admission to the, and for the group with oxygen
therapy, the primary endpoint was death.

3.1. Characteristics of the cohort

Overall, 840 patients with COVID-19 admitted to 9 hospitals

between May 1 and July 26, 2021 were observed for 30 days. Among
them, 121 patients were excluded from the base cohort because they
were under 20 years of age, previously treated elsewhere, admitted for
other diseases, critically ill, or hospitalized for less than 2 days. The base
cohort of 719 patients was initially divided into the mild-to-moderate
group of 353 cases who required no oxygen therapy (non-oxygen
group) and the severe-to-critical group of 366 cases requiring oxygen
therapy (oxygen group), with the former receiving NRICM101 or not
and the latter receiving NRICM102 or not. After further excluding those
who were vaccinated from the non-oxygen group (not for the oxygen
group because vaccination was no longer a factor at this stage), pro-
pensity score matching was performed to attenuate the differences be-
tween usual care and usual care plus adjunctive treatment. Finally, 302
patients who did (151) and did not (151) receive NRICM101 as well as
246 patients who did (123) and did not (123) receive NRICM102 were
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Table 3
Associations between TCM Use and the Endpoint.
Analysis NRICM101 NRICM102
Intubation or Death

ICU Admission

No. of events/no. of patients at risk (%)

TCM + Usual Care 0/164 (0.00)
Usual Care 14/181 (7.73)
Relative Risk (95% CI) -&
Propensity score analyses - with matching
TCM + Usual Care (%) 0/151 (0.00)
Usual Care (%) 14/151 (9.27)
Relative Risk (95% CI) -&*

Hazard Ratio (95% CI) -$*

7/126 (5.56)
42/240 (17.50)
40.80% (20.54%-81.12%)

7/123 (5.69)

27/123 (21.95)

25.93% (11.73%—57.29%)*
23.17% (10.36-51.82%)"

& Seriously underestimated relative risk (95% CI) = 15.8% (3.6%—68.3%) for
unmatched data and 14.3% (3.3%—71.8%) for matched data when we included
2 censored cases as the endpoint.

" The chi-square test was used for unmatched data (p value = 0.002 for death and
p value = 0.006 when we set 2 censored cases as intubation or ICU admission).
* McNemar’s test compared the proportion of intubation or ICU admission (p
value = 0.003) and death (p value < 0.001) for matched data. The power of
McNemar'’s test being larger than 0.852 for NRICM101 and 0.929 for NRICM102
indicates that the significance of both is not due to chance.

$ Seriously underestimated hazard ratio= 13.58% (3.40-54.21%) when we set 2
censored cases as the endpoint by the marginal Cox model.

# Hazard ratio by marginal Cox regression and p value < 0.001 by stratified log-
rank test for both NRICM101 and NRICM102.

included in the analysis (Fig. 2).

In the unmatched non-oxygen group, the mean ( & SD) age was
50.41 ( + 16.48) years, 171 (49.6%) were male, 85 (24.6%) had at least
one preexisting condition and received prescription medications, and
the majority 174 (50.4%) scored 4 on the WHO-CPS. The most common
medication used in usual care was dexamethasone/glucocorticoid
(20.6%), in addition to antibiotics. Among the patients who received
NRICM101 (median duration of treatment 7 days), the first dose was
administered after a median of 2 days from admission. The distribution
of the patients’ characteristics by NRICM101 exposure is displayed in
Table 1, both in the unmatched and propensity score-matched samples.

In the unmatched oxygen group, the mean ( & SD) age was 63.30
(£ 14.16) years, 201 (54.9%) were male, 191 (52%) had at least one
preexisting condition and received prescription medications, the ma-
jority 291 (79.5%) scored 5 on the WHO-CPS, and all had very high
lactate dehydrogenase (LDH) levels. In addition to antibiotics, the most
common medications used in usual care were dexamethasone/gluco-
corticoid 263 (71.9%), followed by remdesivir 79 (21.6%) and tocili-
zumab/sarilumab 65 (17.8%). Among those who received NRICM102
(median duration of treatment 9 days), the first dose was administered
after a median of 2 days from admission. The unmatched and propensity
score-matched distribution of the patients’ characteristics by NRICM102
exposure is displayed in Table 2.

3.2. Primary outcome

During the 30-day observation period, 14 patients (4.06%) in the
non-oxygen group had a primary endpoint event (intubation or ICU
admission), and 49 patients (13.39%) in the oxygen group died. No
patient receiving NRICM101 plus usual care experienced the endpoint,
while 14 (9.27%) in the group receiving only usual care were intubated
or admitted to ICU. The numbers of deceased patients were 7 (5.69%) in
the group receiving NRICM102 plus usual care and 27 (21.95%) in the
group receiving usual care.

We present a seriously underestimated relative risk 15.8% (95%
confidence interval [CI], 3.6%—68.3%) for unmatched data and 14.3%
(95% CI, 3.3%—71.8%) for matched data when we set 2 censored cases
as intubation or ICU admission. Additionally, the results of marginal Cox
regression and log-rank tests for days of without intubation or transfer to
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ICU after matching indicated a significant association between
NRICM101 use and usual care (hazard ratio, 13.58%; 95% CI, 3.40%—
54.21%). Patients who did not receive NRICM102 were more likely to
have experienced a primary endpoint event than were patients who did
(relative risk, 40.80%; 95% CI, 20.54%—81.12%) in the unmatched data
analysis. The results of marginal Cox regression, McNemar’s test and
log-rank tests after propensity score matching indicated a significant
association between NRICM102 use and death (relative risk, 25.93%;
95% CI, 11.73%—57.29%; hazard ratio, 23.17%; 95% CI, 10.36%—
51.82%) (Table 3, Fig. 3). Regarding the impact of potential con-
founders, the e-value was 7.1756 which is bigger than the RR of corti-
costeroids [7]. Hence, the treatment effect of TCM was robust.

4. Discussion

In this study involving hospitalized patients with mild to severe
COVID-19, patients requiring oxygen therapy were older and had higher
percentages of underlying health conditions, such as obesity (BMI>30),
chronic heart disease and diabetes, than those requiring no oxygen.
These characteristics are known risk factors reported in previous studies
[8-10]. NRICM101 & NRICM102 plus usual care was associated with a
reduced risk of clinical deterioration leading to intubation/ICU admis-
sion or death. While it was not possible to launch a randomized clinical
trial due to constraining conditions in Taiwan, we used propensity score
methods to reduce the effects of confounding factors in the analysis.
Multiple analyses concluded that NRICM101 & NRICM102 plus usual
care was effective, and the consistency of the results was reassuring. Our
findings provide clinical evidence in support of the guideline (TCM-CG)
and the previous study which suggest use of NRICM101 and NRICM102
in patients with COVID-19 [3]. Moreover, the outcomes exhibited the
ability of TCM to handle the disease at different stages during its
progression.

Approximately 10-15% of people infected with SARS-CoV-2 expe-
rience moderate or severe COVID-19 and require hospitalization and
oxygen support, and 3-5% are admitted to ICU [11]. Drugs recom-
mended by international bodies for severe-to-critical cases included
dexamethasone, tocilizumab and remdesivir, which were the three most
prescribed medications in our data. While later investigations indicated
that tocilizumab and remdesivir were unassociated with improved sur-
vival [12,13], the incidence of death among patients receiving dexa-
methasone (29.3% for those receiving invasive mechanical ventilation
and 23.3% for those receiving oxygen without invasive mechanical
ventilation) [14] appears close to that of the usual care group (21.95%)
but still much higher than that of the NRICM102 plus usual care group
(5.69%) in the present study.

The use of mixtures of interacting medicinal plants to reach multiple
pharmacological targets and produce clinical efficacy was proposed long
ago [15], NRICM101 & NRICM102 represent an example of multicom-
ponent herbal therapeutics with active compounds that work as
broad-spectrum agents. They target the host-cell pathway essential for
viral infection and replication [3] on the one hand and the host response
by providing support to maintain body functions on the other, as sug-
gested by Fedson [16,17], in treating viral diseases (Fig. 1). This strategy
might offer a partial explanation for the relatively high effectiveness of
NRICM101 & NRICM102 compared to single target agents. Although the
subjects in this study were infected with the alpha variant, additional
laboratory assays confirmed that both formulae had an inhibitory effect
against 5 major variants, including delta and omicron strains, which
addressed the concerns over the evolution of the virus. Inhibitory ac-
tivities of TCM against the ACE2-Spike interaction is provided in the
Supplementary file 2.

Understanding the vital role of vaccines in reducing the threat posed
by SARS-CoV-2 variants [18], we excluded patients who were vacci-
nated from the analysis to rule out the effect of vaccines and more
realistically simulate a real-world scenario. In the face of emerging in-
fectious diseases such as COVID-19, a prompt deployment of specifically
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Fig. 3. Survival Curves according to TCM Use. a, Kaplan-Meier estimates of by NRICM101 or not after propensity score 1:1 matching. And “+ ” indicates that
patients not intubated or admitted to ICU were censored as of day 30 following hospital admission. b, Kaplan-Meier estimates of survival by NRICM102 or not after
propensity score 1:1 matching. And “+ ” indicates that patients still alive were censored as of day 30 following hospital admission.

targeted vaccines or new drugs is unlikely, as it requires a lengthy
process of development and testing and often faces the issue of partial
efficacy as the virus mutates. Nevertheless, it is relatively viable to
develop broad-spectrum therapies based on traditional medicine for a
fast response to deal with an outbreak crisis before vaccines become
available.

Traditional medicine is practiced in many societies and offers a rich
reservoir of safe-to-use drug candidates and experiences in dealing with
endemics over a long period of time [15,19]. Learning from the past
yields a higher chance of success, as is the case with NRICM101, which
appeared in the “Traditional Chinese Medicine Clinical Guideline for
COVID-19” 100 days after the WHO declared COVID-19 a Public Health
Emergency of International Concern (PHEIC) and was commercialized
in another 100 days (Fig. 4). The development and application of
NRICM101 and NRICM102 also followed the recommendations of the
scientific community by ensuring validation, characterization and

standardization of multicomponent herbal therapeutics to facilitate
acceptance into mainstream medicine [15]. The high performance
liquid chromatography (HPLC) profiles of different batches of
NRICM101 and NRICM102 prepared by pharmaceuticals and pharma-
cies in hospitals are provided in the Supplementary file 3.

Other notable examples, including Lianhua Qingwen, Huoxiang
Zhengqi [20], Jing Si Herbal Tea [21], and Jing Guan Fang [22] in East
Asia, Ashwagandha (Withania somnifera) and Giloy (Tinospora cordifolia)
in South Asia [23], and propolis in South America [24], have demon-
strated potential in combating COVID-19 with different levels of evi-
dence. Building collaborative networks that transcend the boundary of
traditional medicine by incorporating modern and traditional medicine
practitioners, bench scientists, and industry in societies where tradi-
tional medicine is culturally embedded may facilitate the development
of evidence-based, commercially viable options for larger populations
during epidemic outbreaks in a timely manner [25,26].
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COVID-19Timeline, Taiwan and World

QOutbreak in Wuhan, China
*  Firstcase reported in Taiwan

International Concern
¢ WHO Declared COVID-19 a pandemic
*  WHO launched Solidarity clinical trial

EUA to remdesivir for severe COVID-19in USA, Japan, Taiwan

WHO recommended corticosteroids for severe or critical COVID-19

WHO recommended Pfizer/BioNTech COVID vaccine

WHO recommended AstraZeneca vaccine
*  WHO recommended Modena vaccine
*  First vaccine rollout amongfrontline workers in Taiwan

COVID-19 outbreak in Taiwan

* First dose vaccine coverage reached 26% in Taiwan
*  WHO recommended IL-6 receptor blockers (tocilizumab or
sarilumab) for severe or critical COVID-19

End of the 2021 outbreak in Taiwan

First and second dose vaccine coverage reached 70%, 30% in Taiwan,
respectively

WHO recommended against remdesivir
WHO recommended against hydroxychloroquine, lopinavir/ritonavir

*  WHO recommended baricitinib along with corticosteroids for
severe or critical COVID-19

¢ WHO recommends sotrovimab for non-severe COVID-19

¢ WHO recommended molnupiravir (Lagevrio) for non-severe
COVID-19

e Outbreak in Hong Kong with world’s highest death rate

*  WHO recommended nirmatrelvir-ritonavir (Paxlovid) for non-
severe COVID-19

WHO recommended Cansino Ad5-nCoV-S vaccine
WHO recommended Janssen COVID-19 vaccine
Taiwan’s first, second and booster dose coverage reached 91, 84, 70%

* WHO declared COVID-19 a Public Health Emergency of

*  WHO suggested conditional use of remdesivir

TaiWan’s NRICM Mission Timeline

2019
Dec
2020
o 1 ”Tr’:aditional Chinese Medicine Clinical Guideline for Covid-
19" (TCM-CG) proposed by NRICM
Mar
Apr *  Bedside-to-bench investigation on NRICM101’s
effectiveness and mechanism
*  NRICM101 prescribed to Covid-19 patients
100 days after WHO declares PHEIC
May “Traditional Chinese Medicine Clinical Guideline for COVID-
19” announced by MOWH
200 days after WHO declares PHEIC
Aug @=)NRICM101 for mild COVID-19 commercialized by GMP
Pharmaceutica|s
Sep

ot ¥ NRICM101 exported to USAand EU countries
Dec

2021
Jan Real-world and mechanism study on NRICM101
published (Tsai et al 2021)
Feb
Apr
* Taiwan government issued EUA to NRICM101
May *  NRICM102 prescribed for severe COVID-19 while
NRICM101 for mild cases in hospitals
July
Au Multi-center retrospective, real-world study on NRICM101
g & NRICM102 launched
Preliminary clinical outcomes released: NRICM 102 reduced
Oct mortality by 80% while NRICM 101 reduced rate of
intubation/admission to ICU
Nov
Dec
2022
Jan
NRICM102 found to ameliorate pulmonary embolism and
Mar injury in animal model
Apr
May
Jun
Jul

Fig. 4. Covid-19 Timeline & Course of TCM Development and Application.

This study has several limitations. First, the observational study has
limited ability to make causal inferences given inherent known and
unknown confounders. We used propensity score methods to adjust for
known confounders. Second, our study recruited patients in Taiwan,
which limited the applicability to the populations in other geographic
regions. Third, we were unable to show information on adverse effects as

no TCM-associated events was reported. Additionally, pharmacovigi-
lance mechanisms, including the National Adverse Drug Reaction (ADR)
reporting system, National Health Insurance Administration and peri-
odic safety update reports by pharmaceutical companies, have not
documented the occurrence of serious adverse events after the use of
NRICM101 or NRICM102 in Taiwan and overseas. Fourth, this study
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excluded pregnant women, children and other vulnerable groups
because of few case numbers and ethics review regulations. We
acknowledge that our results should be interpreted with caution and
that further efficacy research is warranted.

5. Conclusion

NRICM101 and NRICM102 were significantly associated with a
lower risk of intubation/ICU admission or death among patients with
mild-to-severe COVID-19. This study provides real-world evidence of
adopting broad-spectrum oral therapeutics and shortening the gap be-
tween outbreak and effective response. It offers a new vision in our
preparation for future pandemics.
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