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Abstract 

We report a series of 13 patients with COVID-19 treated with Cacipliq20®, an heparan 

sulfate mimetic approved for the treatment of hard to heal cutaneous ulcers. Heparan sulfates 

play important roles in tissue repair and possess antiviral activity. Cacipliq20® was 

administered through nebulization at a dose of 45 µg twice a day for 5.5 consecutive days. All 

patients presented respiratory symptoms with some dyspnea and in most cases pulmonary 

abnormalities on chest CT-Scan. Eight patients presented with a moderate form of the disease, 

three patients with a severe form, one with a mild form, and one with a critical form. In all 

patients the treatment was added to the standard of care. Ten patients were treated during the 

acute stage of the disease (<4 weeks from symptoms onset) while 3 patients were in the post-

acute stage (>4 weeks from symptoms onset). A second treatment was administered for another 

5.5 days in 6 patients. All patients showed clinically improvement after treatment. The time to 

first improvement ranged from 2 to 4 days after first treatment onset with a median of 3 days. 

Time to full clinical recovery ranged between 6 to 27 days from treatment onset with a median 

of 6 days. Lung CT scans followed clinical impression and showed a clear improvement of the 

lesions in most cases. The treatment was well tolerated in all patients. These preliminary 

observations should justify further evaluation through a well-designed placebo-controlled 

therapeutic trial. 

 

 

  



Introduction: 

Coronavirus Disease 2019 (COVID-19) caused by the new SARS-CoV-2 coronavirus, has 

affected the entire world population. There is still a need for treatments that could accelerate 

the recovery after COVID-19 infection and prevent long-term sequelae (Nalbandian et al., 

2021). 

OTR4120 is a linear chain of about 250 alpha 1-6 glucose carboxymethyl sulfate units 

engineered as a structural and functional biodegradable bio-mimetic of heparan sulfates. 

Heparan sulfates act as mechanical nano element in the scaffolding of the extracellular matrix, 

bridging large matrix proteins (such as collagens, elastin, laminin) and protecting the cellular 

communication peptides from degradation (Olczyk et al., 2015; Van Neck et al., 2012). 

OTR4120 mimics in all their functions heparan sulfates (Barritault et al, 2017; Rouet et al., 

2006). However, unlike natural heparan sulfates that possess b 1-4 links between the sugar 

units, the a-1-6 links of OTR4120 are resistant to heparanases and glycanases present at the 
site of injury. Consequently, OTR4120, when introduced at the site of injury replaces degraded 

heparan sulfates, restore the extracellular matrix architecture and protect the newly synthetized 

communication peptides from further degradation, hence creating a cellular micro-environment 

permissive to tissue regeneration. OTR4120 is commercially available in many countries, 

including Lebanon (Hayek et al., 2013 and 2016), under the tradename Cacipliq20® for the 

treatment of hard to heal cutaneous ulcers as a topical solution (Desgranges et al., 2019). Here 

we report a case series of 13 patients with COVID-19 and respiratory symptoms who were 

treated off-label with repeated nebulizations of Cacipliq20®. The treatment appeared to be safe 

and showed some promising efficacy. 

Methods 

Dr A.E.’s decided to administer Cacipliq20® in nebulization first to himself. After noticing 

spectacular improvement of his own respiratory symptoms (see case #1 below), Dr A.E. 

decided to treat other patients referred to him with COVID-19 respiratory symptoms. In all 13 

cases, infection by SARS-COV2 was confirmed by PCR or serology depending on whether the 

patient was in the acute phase or in the post-COVID phase. COVID-19 diagnosis was confirmed 

by the presence of ground-glass opacities on chest CT scans. Dr A.E. followed the patients 

clinically and with chest CT scans. Patients were followed in the context of routine clinical 

practice with no formal protocol. Dr A.E. used a “global impression approach” as well as 

Chalder fatigue scale, and MMRC dyspnea scale to assess the “time to first clinical 

improvement”. Time to recovery was defined as the time when the patient returned to normal 

life. CT Scans were sent to an independent contract research organization, “Visible patients, 

Strasbourg, France”, which performed 3D image reconstruction and provided a semi-automated 

quantification of pulmonary lesions (https://www.visiblepatient.com).  

Information was provided to, and consent letters were signed by each patient treated as 

individual case and at clinician’s own responsibility for off label use of Cacipliq with no 

further need for approval by ethical committee.   
Each patient received the same treatment. The nebulizing device was an OMRON C28P air 

jet nebulizer, available at local pharmacies or on the internet, which delivers droplets in the 50-

100µm size range. Each nebulization lasted 10 minutes and delivered 4.5 mL of a solution of 

commercially available Cacipliq20® at an initial concentration of 100µg/mL diluted 10 folds 

in water, for a final concentration of 10µg/mL. Consequently, each nebulization delivered 45µg 

of Cacipliq20®. Nebulizations were repeated twice a day (morning and evening) for 5.5 

consecutive days with a total of 11 nebulizations resulting in a total dose per patient of 495 µg. 

In 6 cases, a second series of nebulizations of Cacipliq20® was administered based on the 

patients’ demand after experiencing self-improvement from the first series, and on the intuition 



that it did not provide enough benefit or with the hope that the second series would consolidate 

the effects of the first one. 

 

Overall results: 

Thirteen patients diagnosed with Covid were treated with nebulized Cacipliq20® (table 1). 

Patients were between 27- and 75-year-old. All patients were ambulatory at the time of 

treatment onset and were treated in an out-clinic setting except case2 who was hospitalized. 

Ten patients were treated during the acute stage of the disease (<4 weeks from symptoms onset) 

while 3 patients (cases 1, 4, 5) were in the post-acute stage (>4 weeks from symptoms onset). 

Nine patients presented with a moderate form of the disease according to the NIH classification 

whereas 3 patients (cases 2, 4 and 6) presented with a severe form and another patient (case 5) 

with a critical form which required mechanical ventilation. The nebulized Cacipliq20® onset 

date ranged between 1 and 70 days after symptoms onset, with a median of 5 days. In all patients 

the treatment was added to the standard of care. In 6 patients (cases 1, 2, 4, 5, 6, 13), a second 

treatment was administered for another 5 days starting from 1 to 17 days after the end of the 

first treatment. All patients exhibited an improvement of their symptoms after treatment. The 

time to first improvement ranged from 2 to 4 days after first treatment onset with a median of 

3 days. Time to full clinical recovery ranged between 6 to 27 days from treatment onset with a 

median delay of 6 days. The percentage of lung lesions ranged between 0 and 41% before 

treatment (median = 2%) to 0 to 44.6% after treatment (median = 0.8%). In 6 cases (cases 1, 3, 

5, 6, 7, 9) the CT scan evolution showed a clear improvement of the lesions, and these 

improvements were observed respectively 29, 21, 50, 22, 12 and 5 days after the first scan. In 

4 cases (cases 4, 8, 11, 12) no significant pneumopathy was observed at baseline and no 

worsening occurred after treatment. In 2 patients (cases 10 and 13) no improvement or even a 

slight worsening was observed on follow-up CT scans performed 11 and 6 days after the first 

CT-scan. In both latter cases, patients eventually clinically recovered 11 and 6 days after the 

start of Cacipliq20®. 

 

 

 
Table 1: Summary of the 13 patients treated with Cacipliq20®.  Mod: moderate, Sev: severe, Crit: critical according to 

the NIH classification (https://www.covid19treatmentguidelines.nih.gov). Of note, the second scan quantification of case 9 

Case number #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 Median

Sex M M F M F F M F F F F F F

Age 69 63 45 58 63 75 47 27 63 47 39 54 41 54

Initial disease severity Mod Sev Mod Sev Crit Sev Mod Mild Mod Mod Mod Mod Mod

Start Cacipliq (days after first 

symptoms) 34 1 14 59 70 5 4 24 13 2 4 2 3 5

reStart Cacipliq (days after first 

Cacipliq dose) 18 5 ND 11 5 22 ND ND ND ND ND ND 6 9

Time to first improvement (days

after start of first  treatment) 2 2 3 3 3 2 2 3 3 3 3 4 2 3

Time to recovery (days after

start of first  treatment) 6 10 6 6 15 27 6 6 6 6 6 6 11 6

Fatigue score (before treatment) 4 4 2 3 3 4 1 2 3 2 2 2 1 2

Fatigue score (after treatment) 0 0 0 0 0 1 0 0 1 0 0 0 3 0

Dyspnea score (before

treatment) 2 3 1 3 3 4 1 1 3 3 2 2 2 2

Dyspnea score (after treatment) 0 1 0 0 0 2 0 0 1 0 0 0 3 0

% lung affected (before 

treatment) 5.61 NA 0.59 0.14 2.03 20.3 5.87 0 8.62 41 0.92 NA 0.23 2.0

% lung affected (after treatment) 0.64 NA 0 0 0.19 8.18 0.75 0 15.69 44.6 1.75 NA 2.13 0.8

Days between chest CT scans 29 21 42 50 22 12 25 5 11 16 6 21



seems to be an artifact, since the percentage of affected lung increases from 8.62 to 15.59% while the images clearly show 

improvement, see Figure 7). 

 

Brief summary of cases: 

Case 1 

Dr AE, a 69-year-old radiologist was contaminated by a patient in January 2021. 

Clinical symptoms appeared on Day 2 and intensified the following days, including cough, 

fatigue and chest pain. Drug regiment started on Day 13, with aspirin, Azithromycin 500, 

followed by favipiravir. During the period from Day 17 till Day 25, SpO2 was between 99 and 

96%, and temperature between 38 and 39°C. The patient experienced intense fatigue with 

sensation of fainting, low systolic blood pressure and anorexia resulting in a weight loss of 12 

kg.  Constipation was also noticed. Blood samples were analyzed every 2 or 3 days, and showed 

high inflammatory markers including ferritin, D-Dimers and CRP. Most of symptoms resolved 

spontaneously by Day 26 but extreme fatigue and exertional dyspnea persisted, blocking any 

attempt of walking more than few meters. A second chest CT scan performed at day 34 showed 

a diffuse interstitial pneumopathy (figure 1). Treatment with nebulized Cacipliq20® was started 

the evening of day 34 for 5.5 consecutive days. Concomitant treatment included 

Symbicort®320. The day after the first administration, the patient noticed an improvement of 

the dyspnea. He could walk again for 10, 20 minutes then 30 minutes on Days 37, 38, 39, 

respectively. By day 40, exertional dyspnea, pain and fatigue had completely disappeared.  A 

control CT scan performed on Day 51 (17 days after the start of the first Cacipliq20® treatment) 

indicated an improvement of the interstitial pneumonia (Figure 1). It was decided to resume 

treatment for another 5 Days. Another CT scan performed 29 days after the start of the first 

Cacipliq20® treatment showed further reduction of the interstitial pneumonia (Figure 1). 

 

 
Figure 1 . Chest CT-scan evolution of case 1. Upper panel: 3D reconstruction. Lesions appear in orange. Lower panel: 

native axial images. Cacipliq20® was started on Day 34. Day 0 = symptoms onset 

 

Case 2 

Case 2 is a 63-year-old male, medical doctor, admitted in the emergency room in February 

2021 (Day 1) with cough, a 39°C fever and dyspnea grade 3. SpO2 was 90%. A chest CT scan 

showed multiple pulmonary nodular infiltration with bilateral basal ground-glass opacities 

(Figure 18). Cacipliq20® was started the evening of day 1. On day 3, some cough improvement 

was noticed. On Day 6, the patient was allowed to go back home. Another Cacipliq20® 

treatment was administered at home for 5 days with no interruption between the two 
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Cacipliq20® treatments. Ten days after the first Cacipliq20® treatment, the patient had 

completely recovered. A CT scan performed at 51 days after symptoms onset showed a 

disappearance of the lesions (Figure 2). 
 

 
Figure 2: Chest CT-scan evolution of case 2. Native axial images. Cacipliq20® was started on Day 3. Day 0 = symptoms 

onset 

 

Case 3 

This 45-year-old female was diagnosed with Covid: First symptoms started in February 

2021, with sinusitis, frequent sneezing, cephalalgia, fever, deep fatigue, general muscle pain, 

diarrhea, anorexia and exertional dyspnea grade 1. A CT scan performed 14 days after 

symptoms onset showed a right lobe pneumopathy (Figure 3). Cacipliq20® treatment was 

started the same day. Concomitant treatments included antibiotics, paracetamol and aspirin. As 

early as the next day, dyspnea started to improve. The patient recovered within one week and 

went back to a normal life.  Three weeks after the start of Cacipliq20®, a new chest CT 

indicated a complete disappearance of the pneumopathy. 

 

 
Figure 3 Chest CT-scan evolution of case 3. Native axial images. Cacipliq20® was started on Day 14. Day 0 = symptoms 

onset 

 

Case 4 

This 58-year-old man was hospitalized for severe Covid in January 2021. His symptoms 

encompassed muscle pain, fatigue, dyspnea with low SpO2 and low arterial blood pressure. He 

was hospitalized in an intensive care unit for 2 weeks until being discharged. He was still 

complaining of a slight dyspnea at rest and severe exertional dyspnea grade 3 after short 

walking distances. He was kept under nasal oxygen at 2 liters/min with prophylactic 

anticoagulation. A CT-Scan performed Day 52 after symptoms onset indicated a slight 
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pneumopathy with ground-glass opacities. Dyspnea, overwhelming fatigue, and dry cough 

remained. Cacipliq20® was started on Day 59, leading to rapid clinical improvement. On Day 

62, the patient was able to walk 400 m and he had fully recovered by Day 65.  A Day 66 CT-

scan was found normal. 

 

Case 5 

This 63-year-old woman contracted Covid a week before Christmas 2020. She presented to 

the emergency department with cough, fever, dyspnea, fatigue, cephalalgia, low Sp02 

necessitating tracheal intubation and mechanical ventilation. She was discharged from hospital 

one month later. Since then, she suffered from extreme fatigue and dyspnea with pO2 value 

around 94 mmHg. A chest CT scan performed 70 days after symptoms onset (Day 70) revealed 

a mild interstitial pneumopathy (Figure 4). Cacipliq20® treatment was started the same day. A 

significant improvement was noted on the 3rd day, however, at the end of the first series of 

nebulizations, since dyspnea persisted, it was decided to continue the treatment for another 5 

days. By Day 85, the patient had fully recovered from dyspnea and fatigue. A CT scan 

performed on Day 94 indicated a regression of the bilateral interstitial pneumopathy (Figure 

4), that was confirmed on Day 120 (Figure 4).  

 

 

 
Figure 4: Chest CT-scan evolution of case 5. Upper panel: 3D reconstruction. Lesions appear in orange. Lower panel: native 

axial images. Cacipliq20® was started at Day 70. Day 0= symptoms onset 

 

 

Case 6  

This 75-year-old-female suffering from a chronic lymphoid leukemia was diagnosed with 

Sars-CoV2 infection. She suffered from dyspnea, fatigue, and diffuse abdominal pain. A CT 

scan performed 5 days after symptoms onset, showed a diffuse interstitial pneumopathy. 

Treatment with Cacipliq20® was started the same day. Symptoms improved after one week. A 

second treatment was administered starting 22 days after the first treatment but resulted in no 

further improvement. 
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A CT scan performed 24 days after Cacipliq20® started showed a clear reduction of the 

pneumopathy (Figure 5). 

 

 
Figure 5 Chest CT-scan evolution of case 6. Upper panel: 3D reconstruction. Lesions appear in orange. Lower panel: native 

axial images. Cacipliq20® was started on Day 5. Day 0 = symptoms onset 

 

Case 7  

This 47-year-old-man was diagnosed with Covid. Clinical symptoms started in March 2021 

with abdominal pain, dry cough, dyspnea, fatigue. Cacipliq20® was proposed 4 days after 

symptoms onset, after a first CT scan revealed a bilateral interstitial pneumonia (Figure 6). On 

the second day of Cacipliq20® treatment, fatigue and dyspnea improved significantly and 

disappeared on the 3rd day. A second CT scan performed 12 days after the first one showed an 

almost disappearance of the lesions. 
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Figure 6: Chest CT-scan evolution of case 7. Upper panel: 3D reconstruction. Lesions appear in orange. Lower panel: native 

axial images. Cacipliq20® was started on Day 4. Day 0 = symptoms onset 

Chest CT-scan evolution. Upper panel: 3D reconstruction. Lesions appear in orange. Lower panel: 

native axial images. Cacipliq20® was started on Day 4. Day 0= symptoms onset. 

 

Case 8  

This 27-year-old-female patient was diagnosed with Covid. She had experienced muscle 

pain, sore throat, slight general fatigue, moderate dyspnea, dry cough and fever. A first CT-

scan was performed 24 days after symptoms onset, indicating slight (below 1-2% interstitial 

pneumopathy). Treatment with Cacipliq20® was started the same day. Cough and dyspnea 

disappeared on the third day. A second CT scan performed 15 days after the first one was 

considered normal. 

 

Case 9  

This 63-year-old female positive for Covid, presented with a dyspnea grade 3. A CT scan 

performed 11 days after symptoms onset revealed a bilateral interstitial pneumopathy (Figure 

7). Cacipliq20® was started the same day. Symptoms started to improve 3 days later and 

recovered 6 days after Cacipliq20® start.  A second CT scan done 5 days after the first one 

showed an improvement of the lesions (Figure 7).  
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Figure 7: Chest CT-scan evolution of case 9. Upper panel: 3D reconstruction. Lesions appear in orange. Lower panel: native 

axial images. Cacipliq20® was started on Day 11. Day 0= symptoms onset. 

 

Case 10  

A 47-year-old woman presented with abdominal pain, fever, fatigue and dyspnea. A CT scan 

showed an interstitial sub-pleural pneumopathy, compatible with Covid 19 infection of the 

pulmonary bases. A treatment with Cacipliq20® was started 2 days after symptoms onset.  

Abdominal pain and dyspnea disappeared on the 3rd day of treatment and complete recovery 

was noticed on the 6th day. A control chest CT scan performed 11 days after the first one did 

not show any modification of the images (not shown).  
 

Case 11  

A 39-year-old woman presented with muscle pain, cough, dyspnea and fatigue. 

A chest CT-scan performed 4 days after symptoms onset showed a sub-pleural, bilateral mild 

COVID-19 lung disease with barely detectable ground-glass opacities. A Cacipliq20® 

treatment was started 4 days after symptoms onset. Three days later, muscle pain, dyspnea and 

fatigue improved, and the patient recovered on the 6th day. A follow-up CT scan 16 days later 

was found unchanged (not shown). 
 

Case 12  

A 54-year-old Woman was diagnosed with COVID-19. The patient had experienced cough, 

dyspnea, a 38°C fever, fatigue, and chest pain. A thoracic CT scan showed barely detectable 

sub-pleural interstitial opacities. A Cacipliq20® treatment was introduced 2 days after 

symptoms onset. Dyspnea, fatigue, chest pain and fever disappeared on the 3rd day. A follow-

up CT scan performed one month later was considered normal (not shown). 
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Case 13  

A 41-year-old woman was diagnosed with COVID-19. Her symptoms encompassed 

dyspnea, fatigue, cough, a 37.8° C fever. A thoracic CT scan showed a sub-pleural 

pneumopathy of the right middle lobe (Figure 8).  A treatment with Cacipliq20® was started. 

Regression of dyspnea, fatigue and cough was noticed on the 2nd day. However, fever at 39°C, 

fatigue, and dyspnea reappeared on the fifth day, after the last nebulization. A CT scan 

(performed 6 days after the first one) showed a regression of the right anterior original lesion 

with appearance of bilateral new ground-glass opacities (Figure 8). A 2nd series of Cacipliq20® 

nebulizations was administered the same day leading to re-improvement of the symptoms. 
 

 
Figure 8: Chest CT-scan evolution of case 13. Cacipliq20® was started at Day 3. See the regression of the anterior lesion 

and the appearance of new ground-glass opacities at Day 9. Day 0 = symptoms onset 

 

Discussion	

Here we report the clinical and radiological evolution of 13 consecutive patients with 

COVID-19 infection treated with Nebulized Cacipliq20®, an heparan sulfate mimetic approved 

for the treatment of hard to heal chronic ulcers. 

Patients received Cacipliq20® at the dose of 45µg per nebulization, twice a day for 11 days. 

Six patients received two full treatment regimens. Twelve patients were ambulatory at the time 

of treatment. Some patients were treated during the acute stage of the disease while 3 patients 

were in the post-acute stage. Nine patients exhibited signs of pneumopathy on their initial CT 

scan. In all cases, the evolution was favorable with no adverse effects related to the nebulization 

of Cacipliq20®. All patients eventually recovered clinically. In most cases, the radiological 

improvement followed clinical improvement. In 2 patients, no radiological improvement could 

be detected, however, in both cases, the follow-up CT scan was probably performed too soon 

(<12 days after the initial CT-Scan) to see any improvement.  

OTR4120 is a biomimetic of heparan sulfate, resistant to heparinase and glycanase digestion. 

OTR4120 serves both as a scaffold element and as a site for communication peptides storage 

and protection. It was designed to replace degraded heparan sulfates in damaged tissues, 

accelerating the speed and enhancing the quality of tissue repair. Its unique property has been 

subject to intensive pre-clinical and clinical studies in various type of lesions (Aifa et al., 2012; 

Barritault et al., 2017; Deback et al;, 2018; Desgranges et al., 2019; Escartin et al., 2003; Rouet 

et al., 2006). 

Beside this repair effect of OTR4120 which is supposed to be independent of the cause of 

the tissue damage and which might have played a role in the recovery of patients treated with 

nebulized Cacipliq20®, OTR4120 is also expected to have anti-viral properties. Indeed, it is 

well known that several viruses, including herpes and coronaviruses, bind to heparan sulfate 

during infection (Cagno et al., 2019; Clausen et al., 2020; De Pasquale et al., 2021; Lang et al., 

2011; Milewska et al., 2014). It was shown that binding of SARS-CoV to heparan sulfates (HS) 
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is required for viral attachment and infection of target cells and that HS can serve as an anchor 

point to facilitate endocytosis of SARS-CoV-2 related coronaviruses. Recently, it was also 

shown that SARS-CoV-2 spike protein interacts with HS through its receptor-binding domain 

(RBD). Consequently, OTR4120 could wrap the virus envelope. and would act as a decoy, 

preventing the virus from entering the host cell.   

To our knowledge this is the first report that RGTA administered by nebulization appears to 

be safe and might potentially facilitate lung tissue repair. 

It is acknowledged that this study is a collection of cases from which it is difficult to draw 

any robust conclusion regarding the link between Cacipliq20®  treatment and improvement 

which may have followed the natural evolution of the disease. This cases report has only 

ambition to provide some safety evidence and to illustrate the potential efficacy of a rapid 

treatment for lung injury in COVID-19. These clinical observations should justify further 

evaluation through a well-designed placebo-controlled study. 
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