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1. List of abbreviations, tables and figures 

 

1.1 Abbreviations 

 

ACE-2 angiotensin-converting enzyme 

ARDS acute respiratory distress syndrome 

AUC  area under the curve 

BD bidaily 

BMI body mass index 

C. control 

CD cluster of differentiation 

cerebrovasc. cerebrovascular  

CI confidence interval 

CIS Covid-19 Inflammation score 

CMV Cytomegalovirus 

COPD chronic obstructive pulmonary disease 

COD chronic obstructive disease 

Covid-19 Coronavirus disease-2019/  

Coronavirus-Krankheit-2019 

CRP C-reactive protein 

CSS cytokine storm syndrome 

CT computer tomography  

CYPs cytochromes 

d. day(s) 

deceas. deceased 

DNA deoxyribonucleic acid 

E.coli Escherichia coli 

EBV Epstein-Bar-Virus 

ECMO extracorporeal membrane oxygenation 

eGFR estimated glomerular filtration rate                                                     

ELSO Extracorporeal life support organisation 

etc. et cetera 

G-CSF granulocyte colony-stimulating factor 

GM-CSF granulocyte-macrophage 

colony - stimulating factor 
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hb haemoglobin 

HF high flow 

HLH hemophagocytic lymphohistiocytosis 

HSV  Herpes Simplex Virus  

ICB intracranial bleeding 

ICU(s) intensive care unit(s) 

IFN(s) interferon(s) 

IgA/IgG Immunoglobulin A/G 

IL(s) Interleukin(s) 

inv. vent. invasive ventilation  

IP-10 interferon-gamma induced protein-10  

IQR interquartile range 

JAKs janus kinases 

JH JAK homology  

Klebs. Klebsiella 

KS Kassel 

max. maximum 

MCP-1 monocyte chemoattractant protein-1 

MERS  Middle East respiratory syndrome 

MF myelofibrosis  

min. minimum 

MIP-1 macrophage inflammatory protein-1 

MRGN multi resistant gram-negative bacteria 

n sample size 

NF-kB nuclear factor 'kappa-light-chain-

enhancer' of activated B-cells 

NIV non-invasive ventilation 

no. number 

OR odds ratio 

OSAS obstructive sleep apnoea 

P phosphate 

PCR polymerase chain reaction 

PCT procalcitonin  

PV polycythaemia vera 
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R. Ruxolitinib 

RKI Robert Koch-Institute 

RNA ribonucleic acid 

RR relative risk 

RSV respiratory syncytial virus 

Ruxo Ruxolitinib 

SAB subarachnoid bleeding 

SAPS II Simplified Acute Physiology Score II 

SARS-CoV severe acute respiratory syndrome 

coronavirus 

SARS-CoV-2 severe acute respiratory syndrome 

coronavirus 2 

SD standard deviation 

SH Src-homology 2 

signal transducers and activators of 

transcriptions 

STATs 

SOFA Sequential Organ Failure Assessment 

SR-(a)GVHD steroid-refractory (acute) 

graft – versus - host disease 

Staph. Staphylococcus 

surv. survivors 

TAD transactivation domain 

th. therapy 

Th1 cell T helper 1 cell 

TISS Therapeutic Intervention Scoring System 

TMPRSS2 transmembrane protease serine 2 

TNF  tumour necrosis factor   

Tyk 2 Tyk 2 

US United States 

V/Q mismatch ventilation perfusion mismatch 

vent. ventilation 

VILI ventilator associated lung injury 

vs. versus 

vv veno-venous 
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VZV Varicella Zoster Virus  

WHO World Health Organisation 

yrs. years 
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1.2 Tables 

 

Table 1 The Berlin Definition of ARDS. Acute respiratory distress syndrome. Table 

taken from: Acute respiratory distress syndrome: The Berlin Definition. JAMA [Internet]. 

20. Juni 2012. Abbreviations: CPAP = continuous positive airway pressure; 

FiO2 =  Fraction of inspired oxygen; PaO2 = partial pressure of arterial oxygen; 

PEEP = positive end-expiratory pressure * May be delivered non-invasively in the mild 

acute respiratory distress syndrome group (59). 

 

Table 2 Patient characteristics. The number of missing data is displayed in the right-

hand column if it is deemed to be clinically relevant. Abbreviations: BMI = body mass 

index; C. = Control; IQR = interquartile range; n = sample size; no. = number; 

R./Ruxo = Ruxolitinib; SD = standard deviation. 

 

Table 3 Relevant scoring systems. * The value of p was calculated using the student’s t 

test. *1 p The value of p was calculated using the Mann-Whitney U test. 

 

Table 4 Treatment characteristics. The table displays the treatment characteristics of 

both groups. Abbreviations: ECMO = extracorporeal membrane oxygenation; 

ICU = intensive care unit; inv. = invasive; vent = ventilation; IQR = interquartile range; 

KS = Kassel; max = maximum; min = minimum; n = sample size; no. = number; 

Ruxo = Ruxolitinib; vv = veno-venous. 

 

Table 5 Ruxolitinib treatment group characteristics. The table presents the principal 

attributes of the Ruxolitinib therapy. * As documented in the patient’s records 

**Inv./NIV; Abbreviations: d = day(s); ICB = intracranial bleeding; ICU = intensive care 

unit; IQR = interquartile range; inv. = invasive; vent = ventilation; max. = maximum; 

min. = minimum; no. = number; NIV = non-invasive ventilation; pat. = patient; 

Ruxo = Ruxolitinib. 

 

Table 6 Overall mortality. The cohort is divided into two main groups, displayed in 

columns (RUXO/CONTROL), and further divided into subgroups displayed in rows. 

Mortality is calculated for each group and subgroup and given as a number and a 

percentage in brackets (%). Due to the limited sample size, p is only calculated for the 

overall mortality, using the X2 test of association. 

 

Table 7 Multivariable Cox regression. The table illustrates the impact of multiple 

variables on survival. The Nagelkerke R2 is value is 0.409. A total of 137 observations 

were made. * Reference group. 

 

Table 8 Duration of treatment and invasive ventilation. The table presents the length 

of treatment and ventilatory support. **ICU admission-discharge hospital; *1p was 

calculated using Mann-Whitney-U test. *2 p was calculated using X2 test of association. 

Abbreviations: d. = days; deceas. = deceased; ICU = intensive care unit 

IQR = interquartile range; KS = Kassel; n = sample size; no = number; surv .= survivors. 

 

Table 9 Infection controlling drugs. The table presents the most utilised infection 

controlling pharmaceuticals. % is shown in brackets. 

 

Table 10 Pathogens. The table presents the most prevalent pathogens within the 

treatment and control group. 
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1.3. Figures 

 

Figure 1 Overview of SARS-CoV-2. Figure adapted from: The potential of JAK/STAT 

pathway inhibition by Ruxolitinib in the treatment of COVID-19: B. Goker Bagca and C. 

Biray Avci: Overview of the SARS-CoV-2 (24). 

 

Figure 2 The JAK/STAT pathway and proteins. Figure adapted from: The potential of 

JAK/STAT pathway inhibition by Ruxolitinib in the treatment of COVID-19: B. Goker 

Bagca and C. Biray Avci: The schematic structures of the JAK and STAT proteins and 

overview of the JAK/STAT pathway (24).  

 

Figure 3 Trial profile. The graph illustrates the configuration of the final patient cohort. 

 

Figure 4 Discharge status. The figure shows the discharge status of survivors. 

 

Figure 5 Survival analysis. The Log-rank test was employed. The dotted line represents 

the median estimated survival. The 95 % confidence intervals are shaded. 

 

Figure 6 Progression of pro-inflammatory markers under the treatment with 

Ruxolitinib (Box and Whisker Plot). The y axis demonstrates the level of the biomarker, 

the x axis the days under treatment with Ruxolitinib (days 1-8, day 13). The value of n is 

displayed alongside the individual whisker. It should be noted that the number of subjects 

(n) decreases during the course of treatment.  
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2. Introduction 

 

2.1. Overview 

 

In December 2019 the new coronavirus, severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) and its associated disease Covid-19 emerged in China. This marked the 

fifth pandemic since 1918 (47). At the end of January 2020, the outbreak was declared a 

public health emergency of international concern, and it has since then severely affected 

people and health systems all over the world (7). The first cases in Germany were noted 

in Bavaria at the end of January 2020 (39). As of March 2022 the World Health 

Organisation (WHO) reported over 469 million cases and over 6 million deaths globally 

(75).  

 

Transmission occurs through droplets and small airborne particles created by the 

respiratory system (82). The severity of the infection ranges from asymptomatic to a mild 

spectrum of respiratory symptoms such as cough, fever and the typical loss of taste, but 

it can also cause severe pneumonia and acute respiratory distress syndrome (ARDS) (63).  

 

During the first and second waves of the pandemic, 33 % of hospitalised patients were 

treated in intensive care units (ICUs) (63). In Germany, the highest number of registered 

adult patients on ICUs was reached by January 3rd in 2021with as many as 5745 cases 

(18).  

Risk factors for severe disease progression include age, male sex, obesity and a variety 

of co-morbidities such as cardiovascular disease, chronic obstructive lung disease, and 

diabetes (63). 

 

ARDS, which is associated with a high mortality rate, causes immune cells to deposit in 

the lung’s alveoli, resulting in tissue damage and subsequent respiratory failure. Severe 

disease is associated with a cytokine storm - a dysregulated response of the immune 

system with increased cytokine release. Various pathways have been discovered to 

regulate this excessive immune response (24,33,79). 

 

Therapeutic options for Covid-19 include immunomodulating or antiviral therapies (79). 

Treatment regimens changed rapidly during the pandemic, with off-label use of 

medication playing a special role at the beginning and during the peaks. Thanks to 

increasing knowledge and a reduced death rate it has now increasingly faded into the 
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background (42). It is worth noting the milestone of the first Covid-19 vaccination in 

Germany which was administered at the end of December 2020. According to the Robert 

Koch Institute (RKI), the vaccination has prevented tens of thousands of deaths by mid-

2021 (64). According to the “Bundesministerium für Gesundheit”, a basic immunisation 

rate of 75 % of the population had been achieved by mid-February 2020 (9).  

 

Several studies have discussed the positive impact of Ruxolitinib, a drug that targets the 

janus kinases and signal transducers and activators of transcriptions (JAK-STAT) 

signalling pathway, on cytokine levels and clinical status (8,10,11,25,36,43,56,57,61,70). 

However, the knowledge gained from these studies is often based on small case studies 

or on heterogenous study groups, making it difficult to apply the findings in a clinical 

setting. 

 

2.2. ARDS and Covid-19 

 

ARDS was first described in 1967. It causes diffuse alveolar damage leading to non-

cardiogenic pulmonary oedema and in turn acute onset respiratory failure. ARDS is 

associated with a high mortality rate and has various causes (53,67). 

 

Macrophages are activated either by damage to the lung tissue itself, causing pulmonary 

ARDS, or by systemic triggers, resulting in extrapulmonary ARDS. Macrophage 

activation leads to the release of cytokines, which in turn activate neutrophils. Although 

activated neutrophils are effective in killing pathogens, they can also damage the alveolar-

endothelial cell layer, increasing its permeability and resulting in the leakage of cell-rich 

fluid into the alveolar space. The build-up of alveolar oedema restricts effective gas 

exchange. Consequently, this results in hypoxaemia, an increase in dead space and a 

reduction in lung compliance. A typical bilateral opacity is visible on chest imaging 

(42,53,67). 

 

ARDS is classified according to the Berlin definition, which considers timing, chest 

imaging, origin of oedema and oxygenation, the latter of which can be graded using the 

Horowitz Index for lung function (P/F ratio). Please refer to Table 1 for further details 

(59). Arterial hypoxaemia is associated with an increased risk of mortality (78), with 

severe hypoxaemia having an observed mortality rate of 45 % (53). 
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Table 1 The Berlin Definition of ARDS. Acute respiratory distress syndrome. Table 

taken from: Acute respiratory distress syndrome: The Berlin Definition. JAMA [Internet]. 

20. Juni 2012. Abbreviations: CPAP = continuous positive airway pressure; 

FiO2 =  Fraction of inspired oxygen; PaO2 = partial pressure of arterial oxygen; 

PEEP = positive end-expiratory pressure * May be delivered non-invasively in the mild 

acute respiratory distress syndrome group (59). 

 

 

 

Covid-19 lung injury is caused by viral infection. Following the attachment of the virus 

to angiotensin-converting enzyme 2 (ACE-2) receptor on alveolar and vascular 

epithelium, it is then internalised. This leads to cellular damage and alveolar as well as 

interstitial oedema. Autopsies of advanced disease have also shown severe vasculopathy 

and alveolar haemorrhage. Although there was initial disagreement regarding Covid-

ARDS at the beginning of the pandemic, it has since been demonstrated to share many 

physiological characteristics with non-Covid ARDS (21).  

Hypoxaemia is caused by ventilation-perfusion (V/Q) mismatch resulting from increased 

dead space and shunt. Hypoventilation and V/Q mismatch lead to hypercapnia. Imaging 

shows peripheral and basilar ground glass opacities that progress to a typical 

consolidation as seen in ARDS of other causes. Basilar and dorsal regions are particularly 

affected, which is why prone positioning is one option for improving gas exchange (59). 

Ventilation is a crucial aspect of ARDS treatment. The objective is to avoid ventilator 

associated lung injury (VILI) while improving oxygenation and decarboxylation. To 

Timing Within one week of a known clinical insult or new/ 

worsening respiratory symptoms 

Chest imaging  

(Chest radiograph or computed 

tomography scan) 

Bilateral opacities - not completely explained by 

effusions, lobar/lung collapse, or nodules 

Origin of oedema Respiratory failure not fully explained by cardiac 

failure or fluid overload 

Need objective assessment (e.g., echocardiography) 

to exclude hydrostatic oedema if no risk factor 

present 

Oxygenation 

If altitude is higher than 1000 m, use 

the following correction factor: 

[(PaO2/FiO2 x (barometric 

pressure/760))] 

Mild  

200 mmHg  PaO2/FiO2 300 mmHg with PEEP or 

CPAP 5 cm H2O * 

Moderate  

100 mmHg  PaO2/FiO2 200 mmHg with PEEP 5 

cm H2O 

Severe 

PaO2/FiO2 100 mmHg with PEEP 5 cm H2O 
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achieve this, it is recommended to use a lung protective ventilation strategy with a tidal 

volume of less than 6 ml/kg ideal body weight and a plateau pressure of less than 30 cm 

H20 (41,83). 

 

2.3. Outcomes and risk factors 

 

International data from the beginning of the pandemic suggest that 5 % to 20 % of 

hospitalised patients required treatment in the ICU. Their mortality rate was reported to 

be between 26 % and 61.5 %. The majority of these patients presented with respiratory 

failure with up to 88 % requiring mechanical ventilation (5,27,67). In line with 

international data, an analysis of the nationwide inpatient sample in Germany found that, 

176137 adult patients were hospitalised with Covid-19 in 2020. Of these patients, 15.4 % 

required treatment in intensive care units. In the same year, a case-fatality rate of 17.9 % 

was reported for Covid-19 patients in German hospitals. Treatment in the ICU was even 

associated with a higher case-fatality rate with an odds ratio (OR) of 3.76 (95 % 

confidence interval (CI) 3.65-3.87, p<0.001) (39). Those high mortality rates and the 

progression to critical illness required the identification of risk factors for severe 

outcomes. 

 

Various studies have shown that sex is a predictive factor for SARS-CoV-2 infection 

(39,58). A meta-analysis of 59 studies conducted at the beginning of the pandemic, 

including more than 36000 people, found that men have a higher risk of infection with 

SARS-CoV-2 (relative risk (RR) 1.08, 95 % CI 1.03-1.12) and are more likely to suffer 

from severe disease (58). Keller et al. also reported more male ICU admissions (39). In 

the previously named meta-analysis, not only the relative risk of being treated in an 

intensive care unit was reported to be increased for male patients (RR 1.38, 95 % CI 1.09-

1.74), but also the relative risk of dying was found to be 1.5 times higher (95 % CI 1.18-

1.91) (58). 

 

Regardless of gender, higher age was associated with an increased risk of mortality in 

multiple studies (16,19,26,62,74,78,82). Grasselli et al. analysed data from almost 4000 

patients treated in the Lombardy at the beginning of 2020 and identified a hazard ratio of 

1.75 (95 % CI, 1.60-1.92) for age (26). The risk of contracting Covid-19 was found to be 

65 % higher in patients over 70 years, with an increased risk of treatment in the ICU and 

a severe disease progress (73). Looking again at the analysis of German data from 2020, 
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the need to be treated in an ICU increased with age and peaked in the 8th decade of life 

(39). A higher risk for mortality associated with age was confirmed by Richardson et al. 

analysing data from critically ill and mechanically ventilated patients in New York City. 

Mortality rates were as high as 97 % for those over 65 years old (62).  

 

Several studies have highlighted the increased risk of severe illness and death associated 

with co-morbidities such as cardiovascular disease, respiratory disease and cancer 

(16,19,26,39,74). For patients in the ICU, the Charlson-Comorbidity Index was higher 

and they were found to have a 5.4 fold increased risk of in-hospital mortality (39). The 

large United Kingdom OpenSAFELY cohort study, covering over 17 million residents, 

highlighted several fully adjusted risk factors for death, such as cardiovascular disease, 

respiratory disease including asthma with recent oral corticosteroid use, a reduced kidney 

function (with an estimated glomerular filtration rate (eGFR) <30), as well as 

neurological disease and immunosuppressive conditions. Additionally, a recent diagnosis 

of cancer and haematological malignancy were found to be associated with a higher risk 

of death (74). 

Many studies have identified pre-existing respiratory conditions as risk factors for death 

(1,2). An increased risk for severe disease in patients with “modest” chronic obstructive 

disease (COPD) was found analysing a British cohort. People with inactive asthma, 

COPD and bronchiectasis did not show higher ICU admission rates. However, active 

asthma increased the risk for ICU admission but not death. Active COPD was found to 

increase the risk of fatality or hospital admission by 54 % (1). A systematic review of 26 

studies from the US and China analysed the impact of pre-existing COPD on mortality in 

patients with Covid-19 and also found an elevated risk of mortality or worse clinical 

outcomes in the majority of analysed studies (2). 

The fatality rate was also found to be higher in obese individuals increasing with the 

degree of obesity (19,74). Additionally, several studies have identified diabetes as a risk 

factor for ICU admission and mortality (16,26,39,51,62,74).  

 

In the US, social disparities and poor access to health care resources linked to higher 

quantities or more distinctive co-morbidities, were shown to lead to worse outcomes in 

South Asian and people of colour (74) . 
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Given the shortage of intensive care beds during the peaks of the pandemic, triage became 

increasingly important and prior existing mortality prediction systems were used as part 

of triage systems to guide clinical decision making and resource allocation (40). 

Data analysing the predictive power of the well-known "Sequential Organ Failure 

Assessment” (SOFA) score are controversial. Some studies have shown, that a higher 

SOFA score, which mirrors multi-organ dysfunction at hospital admission, is associated 

with an increased odds of death (78,82). However, Zylke et al. found that the SOFA had 

poor performance in predicting mortality in patients not being intubated. They highlight, 

that the SOFA score was initially developed for septic patients and only covers three out 

of six organ systems that are associated with Covid-19 fatality (60). A poor performance 

of the SOFA score predicting in-hospital mortality was also confirmed by Keller et al. 

analysing data from over 15000 intubated US citizens (40). Another scoring system, the 

Simplified Acute Physiology Score II (SAPS II), was shown to be elevated in ICU non-

survivors (73). 

 

Hypercoagulability increases the risk of thrombotic events and Covid-19 related mortality 

(80). D-Dimer, which results from fibrin degradation, is a marker of hypercoagulability, 

as well as endothelial dysfunction and activation (20,76,80). It is associated with 

thrombo-inflammation in Covid-19. Hypoxaemia induces vasoconstriction, which in turn 

lowers blood flow and causes vascular occlusion. Additionally, the cytokine storm 

promotes platelet activation (71). A meta-analysis revealed that elevated D-Dimer levels 

were found in critically ill patients and highlighted its possibility of predicting severe 

illness and non-survival (20,71,80). Multiple studies confirm higher D-Dimer levels in 

non-survivors (13,29,71,82). According to one study, a D-Dimer above 1 ug/ml at 

hospital admission was associated with an 18-fold risk of death (82). 

 

An infection with SARS-CoV-2 triggers the body’s immune response and respectively a 

cytokine release which can be very pronounced and overshooting, resulting in what is 

known as a cytokine storm.  

After analysing serum inflammatory cytokines from 55 studies covering over 8000 

patients, it was found that Interleukin-2 (IL-2) , IL-4, IL-6, IL-8 as well as tumour 

necrosis factor  (TNF ) were elevated in critically ill patients. IL-6 and IL-8 had the 

highest inter-group difference. In severely affected patients, IgA (Immunoglobulin A) 



 13 

and IgG (Immunoglobulin G) SARS-CoV-2-specific antibodies were found to be 

significantly higher, also the neutrophil count was observed to be elevated (17,46). 

 

Analysing different cytokines, it was found that IL-6, a cytokine that is produced by B- 

cells, T-cells, dendritic cells and macrophages, is predominantly expressed in Covid-19 

(24). Different studies have therefore investigated the importance of IL-6 and C-reactive 

protein (CRP) in predicting clinical outcomes. They have confirmed the prognostic ability 

of elevated IL-6 levels (15,24,34,44,54). Predicting future respiratory failure an IL-6 level 

with an optimal cut off >80 pg/m with an area under the curve (AUC) of 0.97 (CI = 0.93-

1.0) and a median time to mechanical ventilation of 1.5 days was found. In a different 

cohort, an IL-6 over 86 pg/m was associated with a higher risk of dying. For CRP the cut 

off for predicting respiratory failure was 97 mg/L with an AUC of 0.86 (CI = 0.74-0.98) 

and a median time to ventilation of 0 days (34,44). 

Manson et al. confirmed that identifying patients at risk of dying or requiring escalated 

respiratory support based on elevated or excessively progressing pro-inflammatory 

laboratory markers, such as CRP and ferritin, is effective (50). 

 

Lymphopenia is a common finding in critically ill patients (37,54,78,82). SARS-CoV-2 

related death of T-cells is believed to occur due to necrosis, apoptosis and pyroptosis after 

the virus infects T-cells without being able to replicate within them. TNF-, an anti-

inflammatory cytokine, is released by macrophages and epithelial cells of the lung and 

causes T-cell apoptosis. This explains the correlation of lymphopenia and elevated TNF-

 levels. IL-10 in turn prevents T-cell proliferation and is highly expressed in severe 

disease (37). The extent of lymphopenia seems to mirror non-survival and severity of the 

infection. It was already reported to occur in Middle East respiratory syndrome-related 

(MERS) coronavirus and the severe acute respiratory syndrome coronavirus (SARS-

CoV) due to the virus-induced damage to cytoplasmic components (17,28,46,78). 

 

2.4. The coronavirus  

 

The coronaviruses were first discovered in 1960 and are single-stranded, enveloped RNA 

viruses. They can be grouped in the family of Coronaviridae and the subfamilies of 

Coronavirinae and Torovirinae. Seven strains of the coronaviruses can infect humans. 

Despite the new strain SARS-CoV-2, other well-known strains are the SARS-CoV which 

caused a global pandemic in the early 2000s and the MERS-CoV, which emerged in 2012. 
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Both SARS and MERS can cause a spectrum of mild or asymptomatic disease to a 

pronounced respiratory participation with ARDS (81). Coronaviruses are classified into 

four genera (Alpha, Beta, Gamma and Delta) with SARS-CoV-2 belonging to the 

Betacoronavirus group. Alpha- and Betacoronaviruses are known to be hosted by bats 

(35,81). The virus replicates in both the lower and the upper respiratory tract. 

Transmission occurs primarily via respiratory droplets and aerosols, although it can also 

occur to a lesser degree via contaminated surfaces (68). The clinical picture ranges from 

an asymptomatic infection and a mild spectrum of disease to the previously discussed 

ARDS (63). Endothelial damage also causes extrapulmonary manifestations, including 

cardiac injury, liver and kidney dysfunction, thrombosis, and stroke. The aforementioned 

extrapulmonary manifestations can be attributed to either a direct mechanism caused by 

the binding of the virus to the ACE-2 receptor, or an indirect form of damage, such as 

that mediated by a cytokine storm, which will be discussed in greater detail down below 

(76). 

 

SARS-CoV-2 binds to the ACE-2 receptor on host cells using its spike glycoprotein. Host 

proteases, in particular transmembrane protease serine 2 (TMPRSS2), are thought to 

enhance the binding process and cause conformational changes of the S protein, which 

then leads to endocytosis of the virus. As the endosome progresses to an endolysosome, 

its luminal pH decreases, and the viral genome is released into the cytoplasm. The RNA-

dependent RNA polymerase is formed by the translation of the open reading frame using 

viral RNA. This initiates the replication and transcription of structural proteins. 

Nucleocapsid loaded RNA of the virus is encapsulated and a complete virion can escape 

to the extracellular space via exocytosis (24) (see Figure 1 for details). The expression 

of ACE-2 and TMPRSS2 makes alveolar cells, alveolar macrophages and vascular 

endothelial cells popular targets of the virus (68).  
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Figure 1 Overview of SARS-CoV-2. Figure adapted from: The potential of JAK/STAT 

pathway inhibition by Ruxolitinib in the treatment of COVID-19: B. Goker Bagca and C. 

Biray Avci: Overview of the SARS-CoV-2 (24). 

Abbreviations: ACE-2 = angiotensin converting enzyme-2; E protein = envelope protein; 

M protein = membrane protein; RNA = ribonucleic acid; S protein = spike protein; 

TMPRSS2 = transmembrane protease serine 2 
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2.5. The role of the cytokine storm in Covid-19  

 

Cytokines facilitate cell to cell communication and can be pro- or anti-inflammatory. 

They are classified into several sub-types include chemokines, ILs, lymphokines, 

monokines and interferons (IFN). Secretion occurs by a variety of immune cells and non-

immune cells, including fibroblasts and endothelial cells (24). 

Cytokine storm syndrome (CSS), also termed “cytokine release syndrome“ is caused by 

a dysregulated immune response characterised by an overshooting activation of 

lymphocytes and macrophages, releasing large quantities of cytokines causing organ 

damage and failure (14,24,37). Replication of SARS-CoV-2 in target type 2 pneumocytes 

initiates pyroptosis, a form of inflammatory programmed cell death linked to viral 

infections. This in turn leads to the release of a variety of pro-inflammatory cytokines and 

may be one of main causes of hyperinflammation and cytokine storm (68). 

Cluster of differentiation (CD) T cells, especially CD4+ and CD8+ cells, are crucial in 

regulating the adaptive immune response. The activation of cytotoxic CD8+ cells helps to 

eliminate the virus from infected cells but also causes tissue damage. CD4+ cells can 

differentiate into pathogenic T helper 1 (Th1) cells which are capable of producing pro-

inflammatory cytokines and chemokines. Lymphocytes and leukocytes accumulate at the 

site of infection (79). Hypercytokinaemia and the malfunctioning T-cell response are 

thought to cause insufficient clearance of apoptic cells and macrophages involved in the 

immune response. This, in turn, increases viral replication and spread which leads to the 

vicious cycle of even more mediator release (37). The excessive amount of immune cells 

infiltrates the lungs in Covid-19, leading to a destruction of alveoli and the clinical picture 

of ARDS as described above (79). 

 

The expression “cytokine storm” was originally used to frame the hypercytokinaemia 

observed in graft versus host disease following allogenic stem cell transplantation. 

However, it can also be observed in a variety of bacterial and viral infections including 

Epstein-Barr virus (EBV) and Mycobacterium tuberculosis. Commonalities of Covid-19 

cytokine storm syndrome (CSS) and haemophagocytic lymphohistiocytosis (HLH) were 

found amongst others (14). HLH shares the characteristic of an unregulated cytokine 

storm and a spread of tissue macrophages or histiocytes that perform haemophagocytosis. 

From a clinical perspective, fever, cytopenia, hypercytokinaemia, ferritinaemia and 

multi-organ damage can all be observed in both HLH and severe Covid-19. As previously 

described, ACE-2 was shown to be the target receptor for SARS-CoV-2. It can be 



 17 

expressed by macrophages which play a major role in HLH like cytokine storm in 

COVID-19 (81). The activation of cytokine is regulated by the JAK/STAT signalling 

pathway (24,33), which will be discussed in section 2.7.. 

 

2.6. Current Guidelines for the treatment of Covid-19 patients in Germany  

 

A review of the most recent German guidelines, the “S3 Leitlinie: Empfehlungen zur 

Therapie von Patienten mit COVID-19 - Version January 2024“, reveals 

recommendations for the treatment of patients with Covid-19. In contrast to previous 

guidelines, and in the context of decreasing mortality rates as well as the post-pandemic 

situation, off-label use of medication was pushed into the background. In summary, 

antiviral medication plays a role in the first days after infection due to rapid viral 

replication, whereas immunomodulatory medication targets the previously discussed 

hyperinflammation and is prescribed in later disease. 

For patients at high risk of developing “severe disease”, the current guideline 

recommends the antivirals Nirmatrelvir/Ritonavir and Remdesivir for the early phase (5 

to 7 days after symptom onset). The risk of a “severe disease” is seen for patients with 

advanced age, immunosuppression, chronic disease, and insufficient immunisation. 

Patients with excessive immunosuppression or those who have undergone organ 

transplantation are considered to be at “high risk for hospital admission” whereas patients 

with known risk factors such as diabetes, age >65 years, obesity, chronic lung disease etc. 

are grouped as “moderate risk for hospital admission”. A five-to-ten-day course of 

Remdesivir is also discussed as a potential therapeutical option for patients with low flow 

oxygen and Covid-19 pneumonia (41). Remdesivir has been demonstrated to possess a 

“broad-spectrum antiviral activity” and can be classified as a nucleotide analogue 

prodrug. After conversion to its active form, it is capable to inhibit RNA synthesis. 

Despite its utility in the treatment of Covid-19 it was also shown to act against respiratory 

syncytial virus (RSV) and Ebola, among other pathogens (6). Nirmatrelvir and Ritonavir 

are combined in the commonly known drug Paxlovid®. Nirmatrelvir is a SARS-CoV-2 

main protease inhibitor that was developed by Pfizer. Its metabolism is decreased by the 

cytochrome P450 3A4 inhibitor Ritonavir, which increases its serum levels (55). 

 

Corticosteroids act anti-inflammatory by inhibiting pro-inflammatory transcription 

factors and are also immuno-modulatory. They decrease the “proliferation, activation and 

differentiation” as well as the survival of T cells and macrophages (76). German 
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guidelines suggest that all patients requiring supplemental oxygen or suffering from 

severe disease should receive 6 mg Dexamethasone for 10 days as an immunomodulatory 

component. A meta-analysis demonstrated a positive effect in the delay of invasive 

ventilation and 28-day mortality in hospitalised patients treated with the Il-6 receptor 

antagonist Tocilizumab. This led to a “can” recommendation in patients with rapidly 

progressive and critical disease, when combined with steroids (41). As previously 

discussed, IL-6 plays an important role in the immune response to Covid-19. It prevents 

the binding of IL-6 to its receptor, thereby inhibiting local and systemic inflammatory 

responses. Globally IL-6 activates the synthesis of acute phase protein and promotes 

fever. In the lungs, it assists the activation of macrophages and increases the permeability 

of the endothelium leading to fluid leakage (68). However, a meta-analysis was unable to 

confirm a clinical benefit for Tocilizumab, when administered to patients already under 

invasive ventilatory support for more than 24 hours (41). 

Furthermore, the guideline emphasises the importance of being restrictive when 

prescribing antibiotics and only initiating empirical antibiotic therapy in the event of a 

suspicion of a bacterial superinfection following the appropriate clinical tests (blood 

cultures, etc.). Prophylactic antibacterial treatment, particularly in an ambulatory setting, 

is not recommended. As discussed above, the authors highlight, that CRP rises with 

hyperinflammation and should therefore not be considered marker for bacterial 

superinfection, whereas procalcitonin (PCT) could be utilised (41).  

In summary, various treatment options exist but each drug brings drug specific adverse 

events and contraindications and requires a rigorous assessment of the indication in the 

individual patient. Studies examining the advantages of these drugs often have a 

heterogenous study population or a small sample sizes.  

 

2.7. JAK/STAT pathway 

 

JAKs as well as STATs form one major signalling pathway that is responsible for the 

maintenance of cellular stability (24). JAKs are located intracellularly and play an 

important role in the immune response as they are able to forward signals from 

“cytokines, hormones and growth factors” (68). Additionally they interact with 

proliferation, differentiation, apoptosis and migration (23,24) .  

 

The JAK non-receptor tyrosine kinase can be divided into Jak1, Jak2, Jak3 and tyrosine 

kinase 2 (Tyk 2) proteins. It is activated by various extracellular triggers, including the 
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aforementioned growth factors, pro-inflammatory as well as anti-inflammatory cytokines 

and hormones. It consists of seven JAK “homology domains” (JH1-7), which forward 

information from host receptors to the nucleus using intracellular STATs. Extracellular 

signal causes a confirmational change of the JAK receptor leading to autophosphorylation 

of tyrosines attached to the JAKs and a dimerisation of the STATs. Dimerised STATs 

can then enter the nucleus and can trigger the transcription of genes (23,24). The resulting 

transcription is dependent on the combination of JAK and STAT subtypes (23). A detailed 

description is given in Figure 2. The various JAK domains become interesting from a 

pharmacological point of view, as drugs inhibiting the binding of extracellular triggers, 

so called JAK-inhibitors, are able to selectively target one specific JAK/STAT domain, 

which determines their clinical usage (23). 

 

Pathogen recognition and elimination is regulated by the complement pathway, an 

intracellular pathway that counts towards the innate immune response. Complement gene 

transcription is highly induced by SARS-CoV-2 and was shown to signal through the 

JAK1/JAK2 pathway. It was predominantly found in respiratory epithelial cells of 

infected individuals, again highlighting the importance of this pathway in Covid-19 (77). 

Having already discussed the importance of IL-6 in the immunological response to 

SARS-CoV-2, the JAK/STAT pathway can also be activated by the binding of IL-6. The 

activation of the IL6/JAK/STAT3 pathway results in the triggering of “inflammation-

related downstream targets”, which subsequently leads to hyperinflammation and organ 

damage (24). Other cytokines that have been reported to signal through this pathway 

include IL-2, IL-7, IFN gamma, granulocyte colony-stimulating factor (G-CSF), 

granulocyte-macrophage colony-stimulating factor (GM-CSF), interferon-gamma 

induced protein-10 (IP-10), monocyte chemoattractant protein-1 (MCP-1) and 

macrophage inflammatory protein-1 (MIP-1) (79). 
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Figure 2 The JAK/STAT pathway and proteins. Figure adapted from: The potential of 

JAK/STAT pathway inhibition by Ruxolitinib in the treatment of COVID-19: B. Goker 

Bagca and C. Biray Avci: The schematic structures of the JAK and STAT proteins and 

overview of the JAK/STAT pathway (24). Abbreviations: DNA = deoxyribonucleic acid; 

JAK = januskinase; JH = JAK homology domain; P = phosphate; SH = Src-homology 2; 

STAT = signal transducers and activators of transcription; TAD = transactivation domain 
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2.8. Ruxolitinib  

 

2.8.1. Ruxolitinib - an overview 

 

A better understanding of the underlying immunopathological processes and the 

prognostic importance of hyperinflammation occurring in severe Covid-19 guided 

research to investigate drugs targeting excessive immune responses and trial those as a 

possible treatment option for severe Covid-19. Myelofibrosis (MF), polycythemia vera 

(PV), HLH and steroid-refractory acute graft-versus-host disease (SR-aGVHD) are four 

conditions that are characterised by hyperinflammatory states (33,79). 

Ruxolitinib (INCB018424; Jakavi; Incyte Corporation), a selective JAK-1, JAK-2 

inhibitor is a drug that has been successfully employed in all four previously mentioned 

conditions generating a better symptom control and a reduction of the excessive immune 

response (33,79). Drug repurposing based on shared molecular patterns as described 

above allows for the use of drugs that have been successfully prescribed for the treatment 

of other conditions thus saving time and costs. A well-known example of drug 

repurposing is Aspirin, which was originally prescribed as an analgesic and is now 

commonly used as an antiplatelet drug (23). The concept of targeting a whole cytokine 

signalling pathway and therefore a variety of cytokines in contrast to targeting one 

cytokine only - as it is done by drugs such as Tocilizumab - seems to be especially 

attractive (79). Emphasizing this argument, gene analysis revealed that Ruxolitinib is 

likely to overcome SARS-CoV-2 associated complement activation, a pathway of the 

innate immune system that is crucial to recognize and fight SARS-CoV-2 antigens 

(45,77). However, Yan et al. also postulate that Ruxolitinib might be more efficient when 

combined with another anti-viral drug, such as Remdesivir, as Ruxolitinib itself might 

potentially not target genes coding the nuclear factor 'kappa-light-chain-enhancer' of 

activated B-cells (NF-kB) pathway, another pathway regulating the gene response caused 

by SARS-CoV-2 (77). IF signature genes and IL-6 genes were shown to be normalised 

by Ruxolitinib. IFNs activate the ACE-2 receptor, the main receptor targeted by SARS-

CoV-2. Constant upregulation of IFNs has been associated with an excessive immune 

response, making it an attractive target (38). Despite its anti-inflammatory activity, 

Ruxolitinib has been shown to downregulate the endothelial prothrombotic state 

associated with inflammation in a various ways (4). 

 

Summarising its main pharmacological features, it is mainly protein bound. The drug is 

eliminated via the urinary system in 74 % and biliary by 22 %. Metabolism occurs via 
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cytochromes (CYPs) CYP3A4 and CYP2C9. The half-life (t ½) is 3 hours, but the terminal 

half-life is as long as 114 hours (23). 

 

2.8.2. Adverse events 

 

In MF, GVHD and PV patients treated with Ruxolitinib commonly developed anaemia 

and thrombocytopenia (32,72,79) This was also observed in the context of Covid-19. 

Vannucchi et al. found a worsening anaemia in 38.2 % of patients and reported 12 % of 

patients developing a thrombocytopenia (70). In non-Covid patients treated with 

Ruxolitinib, non-haematological side effects included an elevation in lipid blood markers, 

gastrointestinal side effects such as diarrhoea and nausea, headaches and fatigue (32,72). 

The reactivation of cytomegalovirus (CMV) and herpes zoster virus was observed, yet 

clinical examination of mice treated with Ruxolitinib for GVHD revealed its 

immunomodulatory effects without being immunodepleting (79). The occurrence of 

infectious complications as seen in randomised control trials was described to be low, 

further supporting the drug’s cell-type specific cellular suppression without being 

immunosuppressive in general (33). 

 

Importantly, none of the investigated studies described serious adverse events associated 

with Ruxolitinib and Covid-19. La Rosée et al. reported an elevation in transaminases in 

one patient experiencing liver toxicity. Elevated transaminases were also found in a 

variety of other clinical studies (10,30,36,43,70). A comparable rate of adverse events 

between the Ruxolitinib treatment and the placebo group was observed in the 

RUXCOVID study; cytopenia and infection were balanced in both groups (31). The 

equivalent occurrence of adverse events between Ruxolitinib and placebo was confirmed 

by Cao et al. (10). Both studies employed a low dosage regimen of 5 mg Ruxolitinib 

bidaily (BD).  

 

Prior to the commencement of the studies, there was a great deal of concern regarding the 

potential for the drug to have a negative effect on viral clearance. However, this was not 

observed (10,70). This said Capochiani et al. highlight that the drug is typically initiated 

approximately nine days after symptom onset, a time point associated with a lower viral 

load (11). It is important to consider drug-to-drug interactions, particularly as 

combination therapies are commonly used. These interactions can increase the risk of 

toxicity or reduce pharmacological activity. Ruxolitinib has an increased risk for drug-to-
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drug interactions due to its hepatic metabolism (CYP3A4/2C9) and co-medication should 

be checked before prescription (23).  

 

2.8.3. Dosing and timing 

 

Several (case) studies investigated the role of Ruxolitinib in Covid-19, applying different 

dosing regimens. The dosage was based on approved dosages for licensed treatment of 

conditions previously discussed. For instance, the recommended and effective anti-

inflammatory starting dose for Ruxolitinib in SR-GVHD as well as in myelofibrosis is 5 

mg bidaily (31). The documented dosages in the context of Covid-19 range from 5 mg 

bidaily up to 25 mg bidaily with different adjustments over time period 

(25,30,31,36,43,56,70). Dosages at the lower end of the dosage range, as applied in the 

RUXCOVID or La Rosée studies, was used in order to reduce the risk of cytopenia, 

infection and toxicity (31,43). In contrast, Capochiani et al. used a regimen starting with 

20 mg bidaily for two days, subsequently deescalating down to 5 mg. They argue that the 

suppression of hyperinflammation caused by cytokine inhibition via a specific STAT 

pathway was shown to occur in dependence of dosage with 5 mg Ruxolitinib causing 

40 % mean inhibition but with the drug exhibiting a potential of 90 % inhibition with 

20 mg (11). The argument in favour of a shorter duration of treatment was that this would 

reduce the chance of viral reactivation (43). 

 

It seems like the timing of the drug initiation appears to influence clinical outcomes. 

Neubauer et al. found that the duration of ventilatory support at the start of the Ruxolitinib 

therapy played a significant role. Patients in their cohort that died after 28 days or who 

were still on invasive ventilator support were shown to have longer ventilator times before 

Ruxolitinib therapy was initiated (56). Starting Ruxolitinib therapy before irreversible 

lung damage occurs but in a patient cohort with deteriorating symptom control was 

associated with a better drug response (11). 

 

2.8.4. Cytokines and clinical response 

 

Different studies report a significant reduction in several cytokines, particularly C-

reactive protein (CRP) and Il-6 (10,11,30,56). A shorter time scale to recovery from 

lymphocytopenia using a 5 mg bidaily Ruxolitinib regimen was reported by Cao. It is of 

note that in both, the standard of care (SOC) and the control group, approximately 90 % 

of patients received additional antivirals (10). Capochiani et al. noted a significant 
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correlation between the depletion of CRP and improvement of respiratory function within 

in the first two days of treatment (11). These findings are of particular importance, given 

that a reduction in Il-6 and CRP levels are associated with clinical improvement (27). 

 

Considering imaging, a significant improvement at computer tomography (CT) scans 

performed after 14 days of treatment was reported by Cao et al. in 90 % of patients treated 

with Ruxolitinib (vs. 61.9 % in the control group) (10). Looking at clinical improvement 

and mortality, Capochiani et al. report on Ruxolitinib therapy being able to avoid 

mechanical ventilation in 16 out of 18 patients (89 %) on non-invasive ventilation (NIV) 

suffering from medium to severe ARDS. None of their patients died (11,25). La Rosée et 

al. explored a comparable patient cohort. They confirm an improvement of the 

inflammatory and clinical state using a newly developed “Covid-19 Inflammation score“ 

(CIS) (max. 16 points, 10 associated with hyperinflammation, parameters: body 

temperature, laboratory values, chest imaging) reporting a 25 % reduction of CIS at day 

7 of treatment (Ruxolitinib+SOC) (43). In the same and extended patient group, 4 out of 

20 (20 %) of patients died and 16 survived to discharge. Importantly the mortality of 

patients treated on ICU in the same hospital was as high as 45.2 % (43). The CIS score 

was reused in the RuxCoFlam Trial, a multicentre trial investigating nearly 200 patients 

with 30.4 % non-invasively ventilated patients and 28.3 % on invasive ventilation. Again, 

Remdesivir was additionally used in about 40 % of patients. A 25 % reduction in CIS 

score at day 7 was reported in over 70 % of patients. Mortality rate on day 29 after 

beginning of the treatment was 19.2 %. A comparable mortality rate at day 28 (19 %) was 

seen in the severely diseased cohort of Neubauer et al. (56). The RUXCOVID study in 

contrast only included 5 % of patients with severe disease (HF oxygen/NIV), they report 

no reduction in mortality and no advance in the need to avoid invasive ventilation 

(invasive ventilation on Ruxolitinib 8 % vs. 7 % in control group). Additionally, there 

was no reduction in ICU admission compared with the control group. These results 

suggest that Ruxolitinib may be less effective in improving clinical status and mortality 

when being initiated in patients hospitalised with mild to moderate disease (31). Although 

not statistically significant, Cao et al. report on a shorter time to clinical improvement and 

no mortality in a cohort with severe disease but the cohort comprised only a small 

percentage of patients on high flow or NIV (10). 
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2.8.5. Aim of this research 

 

As previously outlined, the global impact of the Covid-19 pandemic on health systems 

was significant, manifesting in various ways. Treatment approaches underwent rapid 

changes, and the accumulated knowledge was often based on small case studies or 

heterogeneous study groups. The positive impact of Ruxolitinib on cytokine levels, 

pulmonary recovery as seen in radiographic images and clinical status was discussed by 

a variety of (case) studies (8,10,11,25,36,43,56,57,70). However, other studies were 

unable to report a clear benefit of the drug in the setting of Covid-19 (31,61). The study 

cohorts are highly heterogeneous, particularly with regard to dosing, the timing of drug 

initiation, disease severity and the co-administration of standard of care drugs. However, 

these, and other factors have a significant impact on the pharmacokinetics and 

pharmacodynamics of the drug due to various reasons discussed in the previous pages, 

which in turn affects the treatment outcome. Therefore, case numbers are limited when 

applying study results to a specific patient cohort and results often offer a rough guidance 

for possible treatment options rather than a clear recommendation. With the available 

literature not allowing to come to a closing conclusion regarding the prescription of 

Ruxolitinib in the setting of severely diseased patients with Covid-19, further research is 

still indicated. 

 

The objective of this study is to retrospectively analyse the impact of Ruxolitinib in Covid 

positive patients treated on an ICU and to contrast them with a reference group receiving 

standard of care only. Findings related to Ruxolitinib in the setting of Covid-19 are 

contrasted with available literature. Data was primarily analysed for (in-hospital) 

mortality and survival. Furthermore, this study aimed to explore the impact of the drug 

on clinical status and progression of pro-inflammatory markers.  
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3. Methods 

 

3.1. Study design 

 

A total of 198 Covid-positive patients (aged ≥18 years and ≤90 years) who were treated 

on two ICUs at Klinikum Kassel between February 2020 and March 2021 were 

considered eligible for this retrospective case-control study. Patients who were admitted 

for reasons other than Covid-19 and scheduled hospital admissions who tested positive 

for Covid-19 on routine testing were excluded. Additionally, patients who were tested 

positive for SARS-CoV-2 without presenting any specific symptoms were excluded. All 

patients required a positive SARS-CoV-2 polymerase chain reaction (PCR) test result. 

Patients were included if they either required invasive ventilation or NIV/ high flow (HF). 

Patients with oxygen support only were excluded. The minimum duration of treatment 

on the ICU was set at three days. Patients were split into two groups retrospectively. Both 

groups received standard of care in accordance with the local protocol and national 

recommendations. Patients who received at least three days of Ruxolitinib treatment were 

included in the treatment group. Eight patients who received Ruxolitinib for a shorter or 

vague duration were excluded. Patients who received standard of care only were 

attributed to the control group. Finally, a total number of 137 patients were included in 

the study (treatment group n = 67 (n = sample size), control group n = 70) (see Figure 3).  

 

The following inclusion/exclusion criteria were chosen for the study: 

 

Inclusion criteria 

Treatment group 

- Patients ≥18 years, ≤90 years 

- Tested Covid positive (PCR) 

- Invasive ventilation or NIV/HF during disease course 

- Ruxolitinib for ≥3 days 

- Treatment on ICU ≥3 days 

 

 Control group 

- Patients ≥18 years, ≤90 years 

- Tested Covid positive (PCR) 

- Invasive ventilation or NIV/HF during disease course 

- Treatment on ICU ≥3 days 
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Exclusion criteria 

- Patients <18 years, Patients >90 years 

- Scheduled hospital admission being tested Covid positive without respiratory 

symptoms 

- Patients being tested Covid positive and on treatment on ICU without any 

respiratory Covid symptoms 

- Patients treated with low-flow oxygen 

- Treatment on ICU <3 days 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Trial profile. The graph illustrates the configuration of the final patient cohort. 

Abbreviations: HF = high flow; ICU = intensive care unit; n = sample size; th. = therapy; 

yrs. = years 

 

3.2. Ethical approval  

 

Ethical approval was granted by the German authority, the Ethik-Kommission bei der 

Landesärztekammer Hessen” (ID: 2020-2135-AF), for the “anonymised data analysis of 

Covid-19 patients”. The study design was presented to the dean of medicine, Universität 

Marburg, in the form of a study draft, and official approval was obtained in March 2021. 

 

3.3. Data collection and outcomes  

 

Data was collected retrospectively using the hospitals’ electronic health record MEDICO.  

The primary outcomes were:  

- mortality (in hospital-mortality/overall mortality) and survival 
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Secondary outcomes included: 

1. Length of intensive care stay in days/stay in hospital in days 

2. Length of invasive ventilation in days 

3. Progression of pro-inflammatory markers during treatment with Ruxolitinib 

4. Infection controlling drugs 

5. Pathogens 

 

The treatment group and the control group were contrasted for each of the named 

parameters, despite the progression of pro-inflammatory markers. 

 

To compare disease severity at baseline, the SOFA Score was calculated using the online 

calculator Mdcalc.com (52). The Charlson Comorbidity Index, a tool commonly used to 

assume one-year mortality, was calculated based on patient records using the same online 

platform. The SAPS and Therapeutic Intervention Scoring System (TISS) are calculated 

routinely at Klinikum Kassel and can be extracted from the electronic patient records. 

These scores were used to mirror the medical and custodial complexity of the treatment. 

 

3.4. Statistical analysis 

 

The following software was used for statistical analysis and data conduction: 

- Microsoft Word for Mac version 16.64 

- Microsoft Excel version 16.64 

- Microsoft Powerpoint version 16.64 

- Jamovi version 2.3.19.0 

- Zotero version 6.0.20-6-0.31 

 

As this study was conducted retrospectively, the sample size was determined by the 

available patient data. Accordingly, a power calculation was not performed. 

 

The tables summarising patient and treatment characteristics (Table 2, Table 4,Table 5) 

were analysed purely descriptively, with consideration of clinical meaning and thus did 

not require analytical testing.  

Relevant scoring systems were tested for inter-group difference employing the Mann-

Whitney-U test for skewed data and the students t-test for normally distributed data. In 
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conducting statistical tests, a difference between variables was considered statistically 

significant if p value was less than 0.05. 

 

The limitations of statistical analysis were largely determined by the sample size. This 

was particularly evident when analysing subgroups. However, it was possible to identify 

trends from the confrontation of data. The X2 test of association was employed to 

calculate p for the overall mortality. The null hypothesis for the primary outcome was set 

as “no improvement of mortality within the treatment group”.  

 

Due to the shorter periods of follow-up (median length of stay within the treatment group 

18 days), it was not possible to calculate the 28-day mortality/survival. Therefore, a log-

rank test was performed to assess whether there was a statistically significant survival 

difference between the groups and to calculate the median estimated survival. 

 

A multivariable Cox regression was conducted to assess the influence of various 

parameters on survival, including group assignment, age, gender, SOFA score, length of 

ICU treatment, and length of invasive ventilation. 

Secondary outcomes were also analysed descriptively, including the use of infection-

controlling drugs, pathogens, and subgroup analysis regarding ventilation and duration of 

treatment. Additionally, a Mann-Whitney-U test was performed for the statistical analysis 

of treatment duration and invasive ventilation for skewed data and a X2 test of association 

for categorical variables. The progression of pro-inflammatory markers was monitored 

using a box and whisker plot.  
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4. Results 

 

4.1. Patient characteristics 

 

Demographic data of the cohort are displayed in Table 2. The mean age was 64 years 

(standard deviation (SD)) 11.5, with 70 % of patients being male. The mean body mass 

index (BMI) was 29 (SD 7.04). It should be noted that BMI calculations were missing for 

nearly half of the control group. The median length of stay on the ICU was 11 days 

(minimum (min.) 3/maximum (max.) 61). The median length of stay in hospital prior to 

admission to the ICU was five days, with symptoms typically manifesting one week prior 

to hospital admission. 

 

The most prevalent comorbidity was arterial hypertension affecting 66.42 % of patients, 

followed by diabetes (35.77 %). The median Charlson Comorbidity Index was three, 

corresponding to a one-year mortality rate of 52 % (12). The median SOFA score was 

6.09 (SD 2.77), as shown in Table 3. 

 

Table 2 Patient characteristics. The number of missing data is displayed in the right-

hand column if it is deemed to be clinically relevant. Abbreviations: BMI = body mass 

index; C. = Control; IQR = interquartile range; n = sample size; no. = number; 

R./Ruxo = Ruxolitinib; SD = standard deviation 

The diseases included in the category of "comorbidities" are as follows: 

a. Cerebrovascular disease: Stroke, bleeding (intracranial bleeding (ICB); 

subarachnoid bleeding (SAB), Parkinson’s disease, mental retardation, epilepsy 

b. Arrythmia: newly diagnosed atrial fibrillation, tachyarrhythmias of any kind.  

c. Chronic lung disease: Chronic obstructive pulmonary disease (COPD), asthma, 

obstructive sleep apnoea (OSAS), fibrosis, sarcoidosis, history of surgery, 

empyema 

 

CHARACTERISTIC  RUXO 

n = 67 

CONTROL 

n = 70 

COHORT 

n = 137 

 MISSING       

no. (R.; C.) 

Age, years mean (SD)      
 

60.63 (9.64) 67.29 (12.16) 64 (11.5)               

female, no. (%)  17 (25.37) 24 (34.29) 41 (29.93)        

male, no. (%)  50 (74.63) 46 (65.71) 96 (70.07)                

BMI mean (SD) 
 

28.78 (7.5) 29.48 (6.16) 29 (7.04)  9 (13.4 %); 

39 (55.7 %)              

Comorbidities, no. (%)        

  cardiovascular  13 (19.4) 28 (40) 41 (29.93)                  

  art. hypertension  43 (64.18) 48 (68.57) 91 (66.42)                    

  arrythmias   11 (16.42) 24 (34.29) 35 (25.55)                    
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CHARACTERISTIC  RUXO 

n = 67 

CONTROL 

n = 70 

COHORT 

n = 137 

 MISSING       

no. (R.; C.) 

  cerebrovasc. disease  7 (10.45) 21 (30) 28 (20.44)                    

  dementia  1 (1.5) 6 (8.57) 7 (5.11)                  

  diabetes  18 (26.87) 31 (44.29) 49 (35.77)                   

  chronic lung disease  16 (23.88) 22 (31.42) 38 (27.74)                   

  malignancy   3 (4.48) 11 (15.71) 14 (10.22)                    

immunosuppression  4 (5.97) 3 (4.29) 7 (7.30)                    

Admission to ICU 

on hospital day  

median 

(IQR) 

6.5 (6.5) 4.5 (4) 5 (5)  7 (10.4 %); 

20 (28.6 %)             

Symptom start  

(days before 

hospital admission) 

median 

(IQR) 

7 (5.5)  6 (5) 7 (4.5)  27 (40.3 %); 

23 (32.9 %)          

 

 

Table 3 Relevant scoring systems. * The value of p was calculated using the student’s t 

test. *1 p The value of p was calculated using the Mann-Whitney U test. Abbreviations: 

d. = day; IQR = interquartile range; n = sample size; Ruxo = Ruxolitinib; SD = standard 

deviation; SOFA = sequential organ failure assessment  

SCORING 

SYSTEM 

 RUXO 

n = 67 

CONTROL 

n = 70 

COHORT 

n = 137 

        p-value 

 

SAPS admission d.  mean (SD) 39.47 (11.91) 40.03 (12.92) 39.8 (12.4)         0.532*1 

TISS admission d.  median (IQR) 17 (5) 14 (7) 14 (9)        <0.001*1 

Charlson 

Comorbidity Index  

median (IQR) 2 (2.75) 4 (3) 3 (3)                     <0.001*1    

SOFA score  mean (SD) 6.76 (2.75) 5.46 (2.66) 6.09 (2.77)           0.006* 

 

 

4.2. Comparability of groups 

 

Age is almost comparable between groups. The mean age of the Ruxolitinib group was 

60.63 years, whereas it was slightly higher in the control group (67.29). There were 

slightly more female patients in the control group (34 % vs. 25 %). The mean time frame 

between symptom-start and hospital admission was slightly longer in the treatment group 

(7 days (IQR 5.5) vs. 5 days (IQR 5)). Patients in the treatment group were admitted a 

median of two days later to ICU (see Table 2). 

A clinically relevant discrepancy is visible in the median length of stay on ICU (18 days 

Ruxolitinib group vs. 8 days control group) (see Table 4). The density of co-morbidities 
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was higher in the control group, consequently the median Charlson Comorbidity Index 

was higher (4 vs. 2) (see Table 3). 

In summary patients of the control group were more severely affected by co-morbidities 

but the treatment group had a more profound disease severity. This was mirrored by a 

higher TISS score within the intervention group, with treatment complexity reflecting 

distinct organ dysfunction. Invasive ventilation at or before ICU admission was more 

common in the Ruxolitinib group. Catecholamines, renal replacement therapy and supine 

positioning were indicated more often. Importantly, 62.69 % of Ruxolitinib patients 

required veno-venous (vv) ECMO therapy during their treatment and only two out of 70 

(0.29 %) vv ECMO treatments were reported in the control group Table 4. 

 

Table 4 Treatment characteristics. The table displays the treatment characteristics of 

both groups. Abbreviations: ECMO = extracorporeal membrane oxygenation; 

ICU = intensive care unit; inv. = invasive; vent = ventilation; IQR = interquartile range; 

KS = Kassel; max = maximum; min = minimum; n = sample size; no. = number; 

Ruxo = Ruxolitinib; vv = veno-venous  

 

 

  

TREATMENT  RUXO 

n = 67 

CONTROL 

n = 70 

 

ICU length of stay – days- median (min./max.)  18 (4/61) 8 (3/46)  

Catecholamines on ICU admission no. (%) 
 

46 (68.66) 25 (35.71)  

Catecholamines during ICU treatment no. (%)  61 (91.04) 48 (68.57)  

Supine/135° positioning during ICU treatment  44 (65.67) 21 (30.00)  

Inv. vent. before ICU admission KS no. (%)  32 (47.76) 11 (15.71)  

Intubation on admission day no. (%)  16 (23.88) 10 (14.29)  

Days invasively ventilated before ICU admission KS  

median (IQR; min./max.) 

 2 (4.5;1/23) 1. 5 (9.75;1/19)  

Median day of intubation ICU KS (IQR)  1 (2) 2 (2)  

Renal replacement therapy no. (%)  47 (70.15) 27 (38.57)  

Cytosorb no. (%)  37 (55.22) 12 (17.14)  

Inhaled nitric oxide no. (%)  13 (19.40) 1 (1.42)  

vv ECMO support  42 (62.69) 2 (0.29)  
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4.3. Ruxolitinib  

 

The median length of Ruxolitinib therapy was 13 days (min. 3 days, max. 30 days). The 

median length of the therapy was two days shorter in patients who died during their 

hospital stay compared to those who were discharged. Ruxolitinib was typically 

administered at a dosage of 15 mg bidaily although there was a dosage reduction in three 

patients (10 mg bidaily/7.5 mg bidaily). The median day of initiating Ruxolitinib was 

intensive care day two. Forty-seven patients were already invasively ventilated at the time 

of initiating therapy. Ten Patients were intubated during the course of treatment, while 

three patients were intubated subsequently. The median duration of invasive ventilation 

during Ruxolitinib therapy was 8.5 days (IQR 10.8) (see Table 5). Thrombocytopenia 

was reported in the patients records as the reason to end therapy in nine patients. It is 

important to acknowledge that all nine patients were concurrently treated with vv ECMO. 

On average, there was no severe anaemia, thrombocytopenia, or leukocytopenia during 

the course of Ruxolitinib treatment. The mean haemoglobin (hb) was between 10 g/dl and 

10.9 g/dl from day one to eight of treatment. The lowest hb concentration observed was 

6.3 g/dl on day two of treatment, while the lowest platelet count (thrombocytopenia) was 

12.000 µl on day seven. A total of 13 out of 67 (19.4 %) patients died during the course 

of treatment.  

 

Table 5 Ruxolitinib treatment group characteristics. The table presents the principal 

attributes of the Ruxolitinib therapy. * As documented in the patient’s records 

**Inv./NIV; Abbreviations: d = day(s); ICB = intracranial bleeding; ICU = intensive care 

unit; IQR = interquartile range; inv. = invasive; vent = ventilation; max. = maximum; 

min. = minimum; no. = number; NIV = non-invasive ventilation; pat. = patient; 

Ruxo = Ruxolitinib 

Characteristic  median  IQR   min.; max. 

Duration of therapy   13           14            3;30 

Duration of therapy - discharged pat.   14           12            4;28 

Duration of therapy - deceased pat.   12           10            3;27 

Ruxolitinib start on ICU day   2             0.5           1;17 

Reason for ending therapy*   

  Thrombocytopenia no.  9 

  Discharged no.  27 

  Death no.  13 

  Other (ICB possible) no.  1 
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Characteristic  median  IQR   min.; max. 

  Not named no.  11 

Invasive ventilation before therapy no. (%)  47 (70.15)     

Days on inv. vent. before therapy no.   

  1 day no.  15 

  2-5 days no.  20 

  6-10 days no.  6 

  >10 days no.  6 

Ventilation** with Ruxolitinib (d)  8.5          10.8         1;30 

Intubation during therapy no.  10 

 Intubation on Ruxo day 1 no.  8 

 Intubation on Ruxo day 7 no.  2 

 Intubation after Ruxo therapy no.  3 

Inv. vent. with Ruxolitinib (d)   8.5          11.5         1;30 
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4.4. Discharge status 

 

Twenty-seven patients were discharged. The location of discharge is visible in Figure 4. 

In both groups, the majority of patients were discharged to another ICU (57 % in the 

Ruxolitinib group, 39 % in the control group). The percentage of patients discharged 

home was comparable between groups (Ruxolitinib 26 % vs. control group 29 %).  

 

 
 

 
Figure 4 Discharge status. The figure shows the discharge status of survivors. The 

number of patients is displayed within the pie chart. Abbreviations: ICU = intensive care 

unit 
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4.5. Primary outcome  

 

4.5.1. In-hospital mortality 

 

A total of 32 of the 67 patients (47.76 %) who received Ruxolitinib died during their 

hospital stay. All of the Ruxolitinib patients who died, died on the ICU. The in-hospital 

mortality rate within the control group was slightly lower (41.43 %). When examining 

relevant subgroups, 42 patients in the treatment group required vv ECMO support. The 

mortality rate within this group was as high as 69.05 %, whereas the mortality rate was 

12 % in Ruxolitinib patients without ECMO support. Invasive ventilated patients 

generally had a higher mortality rate than NIV only patients. All Ruxolitinib patients with 

NIV only survived their hospital stay.  

 

Table 6 Overall mortality. The cohort is divided into two main groups, displayed in 

columns (RUXO/CONTROL), and further divided into subgroups displayed in rows. 

Mortality is calculated for each group and subgroup and given as a number and a 

percentage in brackets (%). Due to the limited sample size, p is only calculated for the 

overall mortality, using the X2 test of association. Abbreviations: inv. vent. = invasive 

ventilation; n = sample size; NIV = non-invasive ventilation; RUXO = Ruxolitinib 

SUBGROUP RUXO 

n = 67 

CONTROL 

n = 70 

COHORT    p 

n = 137 

    

Overall mortality  32 (47.76) 29 (41.43) 61 (44.53)     0.456      

  ECMO SUPPORT 

   Mortality ECMO         

42 (62.69) 

29 (69.05) 

2 (0.29) 

1 (50) 

44 (32.12).     

30 (68.18) 

    

  NO ECMO 

   Mortality no ECMO 

25 (37.31) 

3 (12)  

68 (97.14) 

28 (41.18)  

93 (67.88) 

31 (33.33)  

    

  INVASIVE VENT. 

   Mortality inv. vent. 

  60 (89.55) 

  32 (53.33) 

40 (57.14) 

20 (50) 

100 (72.99) 

52 (52) 

  NIV ONLY 

   Mortality NIV only 

7 (10.45) 

0 

28 (40) 

9 (32.14) 

35 (25.55) 

9 (25.71) 

    

 

 

4.5.2. Survival 

 

A log-rank test was conducted to ascertain whether a statistically significant survival 

difference exists between the two groups (Figure 5). Statistical significance was defined 

as p<0.05. The results demonstrated that the survival distributions differed significantly 

(χ² = 12.7 p<0.001). While a greater number of patients in the Ruxolitinib group died, 

their total survival was longer (median estimated survival of 27 days in the treatment 

group, vs. 15 days in the control group). To determine the impact of various variables a 

multivariable Cox regression analysis was conducted (Table 7). While not statistically 
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significant, the hazard of death was marginally lower in the control group than in the 

Ruxolitinib group (HR 0.93, 95 % CI 0.49-1.76; p=0.818). The hazard ratio was found to 

be slightly elevated in older age groups (HR 1.03, 95 % CI 1-1.07; p=0.025). The impact 

of gender on survival was found to be non-significant (HR 1.07, 95 % CI 0.58-2; 

p=0.825). It is of note that, with an increase of one unit in the SOFA score, the hazard 

was increased by 18 % (p=0.005). In addition, the hazard of death was 3.7 times higher 

in patients who were invasively ventilated (p=0.003). A lower hazard of death was 

observed with increasing days spent on the intensive care unit (HR 0.91, 95 % CI 0.88-

0.94; p<0.001). 

 

 
Figure 5 Survival analysis. The Log-rank test was employed. The dotted line represents 

the median estimated survival. The 95 % confidence intervals are shaded. 
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Table 7 Multivariable Cox regression. The table illustrates the impact of multiple 

variables on survival. The Nagelkerke R2 is value is 0.409. A total of 137 observations 

were made. * Reference group; Abbreviations: CI = confidence interval; ICU = intensive 

care unit; inv. vent. = invasive ventilation; Ruxo. = Ruxolitinib; SOFA = sequential 

organ failure assessment  

Predictors Hazard-Ratio 95 %-CI p-value 

Ruxo.* – Control 0.93 0.49-1.76 0.818 

Age 1.03 1.00-1.07 0.025 

Gender (male*-

female) 

1.07 0.58-2.00 0.825 

SOFA score 1.18 1.05-1.32 0.005 

ICU length days 0.91 0.88-0.94 <0.001 

Inv. vent. 3.70 1.54-8.88 0.003 

    

    

 

 

4.6. Secondary outcomes 

 

4.6.1. Length of intensive care stay (days) and stay in hospital 

 

Ruxolitinib was unable to shorten the duration of hospitalisation, or time spent on the 

ICU in comparison to the control group. The median length of stay on ICU was 18 days 

(IQR 13) in the treatment group, in contrast to 8 days (IQR 7.75) in the control group 

(p<0.001). Please refer to Table 8. The median length of stay on the ICU for survivors in 

the treatment group was shorter than for those who died (14 days (IQR 12.5) vs. 21.5 days 

(IQR 10.75)). The length of stay on the ICU (median 8 days, IQR 7.75) was not dependent 

on the status of survival in the control group. 

 

4.6.2. Invasive ventilation 

 

The total duration of invasive ventilation was longer in the Ruxolitinib group than in the 

control group (20.5 vs 6.5 days), as shown in Table 8. Those who survived required a 

shorter period of invasive ventilatory support in both groups. There was no evidence that 

Ruxolitinib was able to shorten the duration of invasive ventilation. 

 

  



 39 

Table 8 Duration of treatment and invasive ventilation. The table presents the length 

of treatment and ventilatory support. **ICU admission-discharge hospital; *1p was 

calculated using Mann-Whitney-U test. *2 p was calculated using X2 test of association. 

Abbreviations: d. = days; deceas. = deceased; ICU = intensive care unit 

IQR = interquartile range; KS = Kassel; n = sample size; no = number; surv .= survivors 

 Ruxolitinib 

Surv. n = 35 

Deceas. n = 32  

Control 

Surv. n = 41 

Deceas.n = 29 

Cohort 

Surv. n = 76 

Deceas. n = 61 

p 

I Duration of treatment     

Length of stay on ICU d. 

median (IQR) 

18 (13) 8 (7.75) 11 (14) <0.001*1 

  Survivors d. median (IQR) 14 (12.5) 8 (7)   

  Deceased d. median (IQR) 21.5 (10.75) 8 (8)   

Length of stay in hospital d. 

** median (IQR) 

22 (13.5) 10 (10) 14 (16) <0.001*1 

II Ventilation     

Invasive ventilation no. (%) 60 (89.55) 40 (87.44) 100 (72.99) <0.001*2 

Invasive ventilation KS d. 

median (IQR) 

17 (16) 6 (6) 10 (16) <0.001*1 

Invasive ventilation d. 

median (IQR) 

20.5 (18) 6.5 (8.25) 12.5 (18.3) <0.001*1 

  Survivors median (IQR) 12.5 (14.25) 5.5 (6.5)   

  Deceased median (IQR) 23 (13) 8 (8.25)   

 

 

4.6.3. Progression of pro-inflammatory markers during treatment with Ruxolitinib 

 

A downward trend was observed for the infection parameters IL-6 and CRP. The median 

IL-6 on day one of treatment was 89.1 ng/L (IQR 146) with a subsequent decrease to 

27.5 ng/L (IQR 108) by day six. The median CRP fell from 161 mg/L (IQR 159) on day 

one to 27 mg/L (IQR 67) on day eight of treatment. Overall Ferritin levels decreased, 

reaching the lowest median on day eight (1058 ng/ml (IQR 1987)), although a slight 

increase was observed on day six. PCT remained slightly elevated throughout the 

treatment course, with the median not exceeding 0,54 ug/l in total. The D-Dimer levels 

remained largely unchanged throughout the treatment course. It is noteworthy that the 

median values for leukocytes do not display an excessive leukopenia. Nevertheless, the 

lowest individual leucocyte count recorded was 1.4 ug/L on day of treatment. The overall 

high interquartile ranges demonstrate the great spread of data points (see Figure 6). 
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Figure 6 Progression of pro-inflammatory markers under the treatment with 

Ruxolitinib (Box and Whisker Plot). The y axis demonstrates the  level of the 

biomarker, the x axis the days under treatment with Ruxolitinib (days 1-8, day 13). The 

value of n is displayed alongside the individual whisker. It should be noted that the 

number of subjects (n) decreases during the course of treatment. Abbreviations: CRP = C-

reactive protein; IL = interleukin; PCT = procalcitonin  
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Figure 6 Progression of pro-inflammatory markers under the treatment with 

Ruxolitinib (Box and Whisker Plot). The y axis demonstrates the level of the 

biomarker, the x axis the days under treatment with Ruxolitinib (days 1-8, day 13). The 

value of n is displayed alongside the individual whisker. It should be noted that the 

number of subjects (n) decreases during the course of treatment. Abbreviations: 

CRP = C-reactive protein; IL = interleukin; PCT = procalcitonin  

 

 

4.6.4. Infection controlling drugs 

 

Seven patients (10 %) in the control group were treated with either virostatics or 

antimycotics, whereas 34 patients (50.75%) in the treatment group received a drug 
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belonging to one of those two classes. There was no discernible difference in the 

administration of antibiotics in general between the two groups (Ruxolitinib group 

92.53 %; control group 88.57 %). A notable difference was observed in the 

administration of glykopeptides (Teicoplanin/Vancomycin) with 62.69 % of Ruxolitinib 

patients receiving these drugs, compared to only 22.86 % of patients in the control group. 

Virostatics appear to be more frequently administered in the treatment group (13.43 % 

vs. 1.43 %). A similar pattern is observed with antimycotics, with 37.31 % of patients in 

the treatment group receiving this class of drugs, compared to 8.57 % in the control group. 

The most frequently used antiviral agents were Acyclovir and Ganciclovir. Voriconazole, 

Caspofungin and Fluconazole were applied as antifungal agents. The administration of 

Hydroxychloroquine is comparable between groups and only applies to a minority of 

patients. Table 9 provides further details. 

 

Table 9 Infection controlling drugs. The table presents the most utilised infection 

controlling pharmaceuticals. % is shown in brackets. 1Ruxolitinib, antimycotics, 

antivirals, virustatics. Abbreviations: n =sample size; Ruxo = Ruxolitinib 

  
RUXO  

(n = 67) 

CONTROL  

(n = 70) 

COHORT 

(n = 137) 

Anti-infectives1  67 (100) 7 (10) 74 (54.01) 

Antibiotics  62 (92.53) 62 (88.57) 124 (90.51) 

Cephalosporins  11 (16.41) 5 (7.14) 16 (11.68) 

Penicillin  58 (86.57) 61 (87.14) 119 (86.86) 

Carbapenems  35 (52.24) 20 (28.57) 55 (40.15) 

Aminoglycosides  1 (1.49) 5 (7.14) 6 (4.38) 

Glycopeptides  42 (62.69) 16 (22.86) 58 (42.34) 

Macrolides  41 (61.19)                    45 (64.29) 86 (62.77) 

Antivirals  2 (2.99) 0 2 (1.46) 

Virostatics  9 (13.43)                        1 (1.43) 10 (30) 

Antimycotics  25 (37.31) 6 (8.57) 31 (22.63) 

Hydroxychloroquine  7 (10.45) 6 (8.57) 13 (9.49) 

 

 

4.6.5. Pathogens 

 

A clinically significant difference was observed in the higher prevalence of Enterococci, 

Mold, HSV, EBV and CMV in the Ruxolitinib group. Furthermore, there was a markedly 
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higher prevalence of Staphylococcus aureus, Enterococci and Staphylococcus 

epidermidis in the treatment group, as evidenced in Table 10. 

 

Table 10 Pathogens. The table presents the most prevalent pathogens within the 

treatment and control group. Abbreviations: CMV = Cytomegalovirus; EBV = Epstein-

Barr Virus; E. coli = Escherichia coli; HSV = Herpes simplex virus; Klebs. = Klebsiella; 

MRGN = multi resistant gram-negative bacteria; n = sample size; Ruxo = Ruxolitinib; 

Staph. = Staphylococcus; VZV = Varicella zoster virus  
 

 

 

 

Pathogen  
Ruxo  

(n = 67) 

Control 

(n = 70) 

Cohort 

(n = 137) 

Staph. aureus  21 (31.34) 17 (1.43) 38 (27.74) 

Staph. 

Epidermidis 
 20 (29.85) 13 (19.40) 33 (24.09) 

Enterococci  34 (50.75) 20 (28.57) 54 (39.42) 

Actinomyces  3 (4.48) 1 (1.43) 4 (2.92) 

E. coli  17 (25.37) 14 (20) 31 (22.63) 

Klebs. 

Pneumoniae 
 

11 (16.42) 5 (7.14) 16 (11.68) 

Proteus mirabilis 

 

Serratia 

 

5 (7.46) 

 

5 (7.46) 

1(1.43) 

 

5 (7.14) 

6 (4.38) 

 

10 (7.30) 

Pseudomonas  6 (8.96) 4 (5.71) 10 (7.30) 

MRGN  7 (10.45) 2 (2.86) 9 (6.57) 

Yeast  3 (4.48) 1 (1.43) 4 (2.92) 

Mold  10 (14.93) 1 (1.43) 11 (8) 

HSV  11 (16.42) 1 (1.43) 12 (8.76) 

VZV  1 (1.49) 0  1 (0.73) 

EBV  16 (23.88) 2 (2.86) 18 (13.14) 

CMV  7 (10.45) 0 7 (5.11) 
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5. Discussion 

 

The present study investigated Ruxolitinib as a potential therapeutic option for patients 

diagnosed with the severe form of Covid-19 in need of ventilatory support.  

The investigation of the Ruxolitinib group indicates neither a reduction in in-hospital 

mortality nor in the duration of intensive care treatment or ventilation in the present 

cohort. Nevertheless, the results must be considered in the context of the complexity of 

the treatment group and in light of prior research to reach a conclusion. 

 

5.1. Mortality and survival 

 

During their hospital stay, 47.76 % of patients in the treatment group passed away. This 

percentage, along with the mortality rate in the control group, is higher than the reported 

in-hospital case-fatality rate of 38.4 % for patients treated in the ICU, according to data 

from the German Nationwide Inpatient Sample 2020 (39). However, the subgroup 

analysis (Table 6) indicates that the mortality rate in the treatment group without ECMO 

support was only as high as 12 %. One possible explanation offers the median SOFA 

score on the day of admission, suggesting that ECMO patients had a more severe organ 

dysfunction than non-ECMO patients (SOFA score 7 vs. 5). Importantly, ECMO support 

is associated with various complications, including bleeding, thromboembolism and 

cerebrovascular events (22), increasing the risk of mortality. 

In a multicentre study using data from the Extracorporeal Life Support Organisation 

(ELSO) registry (3), the 90-day in-hospital mortality rate after initiation of vv ECMO in 

Covid-positive ARDS patients was found to be 38 %. However, individual studies report 

a mortality rate of up to 74 % (22). Therefore, this purely descriptive result suggests that 

Ruxolitinib was not able to improve mortality in patients with severe organ dysfunction 

and ECMO support. At the same time, results indicate that additional research is required 

in a comparable and larger patient cohort of individuals who did not receive ECMO 

support to arrive at a definitive conclusion. 

 

The study's subgroup analysis and multivariable Cox regression (Table 6 and Table 7) 

confirmed recent findings that mechanical ventilation is associated with high mortality 

rates (26,27,65). It is noteworthy that all Ruxolitinib patients treated with NIV only 

survived (n = 7), whereas NIV-only patients in the control group had a mortality rate as 

high as 32.14 % (n = 28). However, these results must be interpreted with caution due to 
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the small number of cases. Several studies have evaluated Ruxolitinib in severely affected 

patients on NIV only or supplemental oxygen on admission and found a comparable 

mortality rate ranging from 0 to 7.14 % (10,11,36,43,70). Capochiani et al. reported no 

deaths in a cohort of patients at high risk of systemic inflammation (n = 18) who were 

treated with NIV only. The study also demonstrated recovery of respiratory function, 

suggesting that the drug is particularly effective in patients with worsening symptoms but 

before irreversible lung damage has started (11). This finding may indicate that patients 

on NIV may already be experiencing clinical deterioration but may still be in a period 

where permanent lung damage has not yet occurred. The limited therapeutic window 

resulting from this idea presents a further challenge for its clinical use. 

 

Examining hospitalised patients with a diagnosis of Covid-19 receiving non-invasive 

ventilation/oxygen but not in intensive care (33 % without oxygen therapy; 61 % 

receiving oxygen via mask or nasal prongs; 6 % receiving NIV/HF), the RUXCOVID 

study did not find evidence of improved mortality rates, ICU admissions, or progression 

to respiratory failure when comparing Ruxolitinib to standard of care (31). Based on 

findings from Tocilizumab trials, the authors suggest that patients with more severe 

disease and hyperinflammation may benefit more from immunomodulatory agents. 

However the RUXCOVID study included less than 25 % of patients with 

hyperinflammation based on their laboratory values (31). In contrast, Vannucchi et al. 

(n = 34, median age 80.5, “standard HF oxygen” 29.4 %; low flow oxygen 47.1 %, 

NIV/HF nasal cannula 20.6 %) reported a 28-day survival rate of 91 % as well as clinical 

improvement independent of low/high-flow oxygen therapy, with the limitation of 

reduced improvement in patients with a PaO2/FiO2 <200 mmHg indicating 

moderate/severe disease (70). 

 

Iastrebner et al. conducted a study (“Ruxolitinib in severe Covid-19”) on a cohort of 51 

patients diagnosed with Covid-19. The median age was 51 years, 73 % of whom were 

male, and 68.4 % of whom were on mechanical ventilation during the treatment course. 

The study reported an improvement in respiratory function and no deaths at the end of 

the 45 days follow-up period. In contrast, our results did not confirm a mortality benefit 

of Ruxolitinib in invasively ventilated patients. However, in comparison to Iastrebner et 

al. our treatment group consisted of older individuals with more comorbidities. 

Additionally, mechanical ventilation was less pronounced in their cohort and initial 
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mechanical ventilation was an exclusion criterion (36). Despite these differences, our 

mortality rate is comparable to that of a phase 3, double-blind, placebo-controlled study 

conducted by Rein et al. (cohort n = 211) investigating mechanically ventilated Covid-

positive ARDS patients treated with standard of care plus Ruxolitinib 15 mg BD, 5 mg 

BD or placebo. Most patients had mild/moderate ARDS, co-morbidities and age were 

comparable to our Ruxolitinib group. Additionally, the mean SOFA score of this group 

was even higher (Rein et al. 9.4 vs. 6.76 in our Ruxolitinib group). The 28-day mortality 

rates for the above-named groups were 51 %, 53 % and 70 %. Although the results were 

not statistically significant, they showed a numerical improvement in mortality when 

comparing Ruxolitinib to standard of care. Although this was a phase III trial, and the 

cohort was larger than other trials it was underpowered. This highlights the need for 

further investigation, particularly in the subgroup of ventilated patients (61). 

In summary, drawing conclusions about the impact of Ruxolitinib in various phases of 

ventilatory support is challenging. Studies have shown improvement in mortality and 

clinical status independent of ventilatory support (70). However, it appears that 

mechanically ventilated patients may benefit from Ruxolitinib in some cases, such as 

mild/moderate ARDS (36,61), while patients without ICU support and without 

mechanical ventilation do not seem to benefit from the treatment (31). When interpreting 

and applying results, it is important to consider the severity of organ dysfunction and the 

reversibility of lung injury at the time of treatment. Based on our findings and the 

available literature, patients receiving NIV alone may benefit from Ruxolitinib. However, 

this effect may also be related to disease severity. Further research is needed to identify 

the group of patients who benefit the most.  

 

We performed a log-rank test and found a median estimated survival of 27 days within 

the Ruxolitinib group. This contrasts with a 28-day survival rate of 81 % reported by 

Neubauer et al. in a demographically comparable patient population. Their study 

highlights the importance of an early administration of Ruxolitinib. They found that 

patients who were ventilated longer before starting the drug were more likely to be dead 

or still on ventilatory support at 28 days (56). This said 47 (70.15 %) patients in our 

treatment group were already on mechanical ventilation when Ruxolitinib was started, 20 

of whom had been ventilated for 2-5 days (Table 5). This was due to a high rate of transfer 

from external hospitals requiring the expertise of a specialised centre and is also likely to 

contribute to the relatively high mortality rate in our treatment group. 
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Our findings show that Ruxolitinib was not able to reduce the median length of hospital 

stay, or time spent on ICU compared to the control group (Ruxolitinib group 18 days 

(IQR 13), vs. control group 8 days (IQR 7.75); p<0.001) (Table 8).There was also no 

benefit in relation to the duration of invasive ventilatory support. Interestingly the 

discharge status revealed a comparable proportion of patients being discharged home 

(26 % Ruxolitinib group, 29 % control group). Nevertheless, the results show a high 

proportion of patients being discharged to other ICUs, in both groups, indicating a 

continuing need for comprehensive medical care.  

Other studies have shown improvement in clinical status, such as respiratory function 

measured as SpO2 in room air (25), or an improvement in a clinical illness severity score 

(CIS) that includes laboratory parameters and imaging modalities (43). A numerically 

shorter time to recovery has been reported by Cao et al. and Han et al. (10,31). 

 

5.2. Safety 

 

Toxicity and side effects have been major concerns when starting Ruxolitinib for the 

treatment of Covid-19. Many studies therefore started with a low dose regimen 

(10,31,36). Consistent with other study results, the main side-effect we observed was 

cytopenia in our treatment group at the commonly prescribed dose of 15 mg bidaily. Even 

with a higher dose of Ruxolitinib (20 mg bidaily, gradually reduced to 5 mg bidaily) 

Capochiani et al. reported no serious adverse events (11). La Rosée et al. (stepwise dose 

escalation regimen, up to 15 mg bidaily) and Vannucchi et al. (stepwise dose escalation 

up to 20 mg/day) also reported on cell depletion but did not see any red flags in terms of 

toxicity, which is in line with our results (43,70), suggesting that a higher daily dose is 

not necessarily associated with more side-effects. 

 

A platelet depletion leading to discontinuation of the therapy was observed in nine 

patients (19.15 %) within our treatment group. Vannucchi et al. report on a 

thrombocytopenia of any grade in 14.7 % of patients, whereas Capochiani et al. and La 

Rosée do not report on any relevant thrombocytopenia (11,43,70). The mean Hb value 

between days one and eight in our treatment group was between 10 g/dl and 10.6 g/dl. 

This value is comparable to that reported by Capochiani et al. who observed a median Hb 

of 10.3 g/dl (11). Furthermore, Vannucchi et al. report that 55.9 % of patients were 

suffering from anaemia (70). Cytopenia, particularly anaemia and thrombocytopenia, are 

well known side-effects of Ruxolitinib. These were frequently reported in studies 
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investigating Ruxolitinib in the context of diseases including MF, GVHD, PV (32,72,79). 

The JAK/STAT pathway is also of significant importance in the process of 

hematopoiesis. Consequently, the interruption of the pathway, results in the disruption of 

all blood cell lines, leading to the development of cytopenia (49). Our data reinforces the 

conclusion, that cytopenia under the treatment with Ruxolitinib, independent from its area 

of application, is an important adverse effect (32,72,79). It is therefore essential for the 

clinicians to be sensitive for cytopenia and to monitor laboratory values closely. 

 

5.3. Inflammatory markers 

 

Several studies have investigated pro-inflammatory markers during the treatment course. 

Of these, CRP and Il-6 have been of particular interest (10,11,56). Capochiani et al. found 

a reduction in Il-6 in responding patients and an association between a reduction in CRP 

and improved respiratory function at 48 hours (11). Our study confirmed a numerically 

improvement in both markers over the course of treatment. Unfortunately, the number of 

patients with progressing disease declined over the observation period, resulting in a 

reduced number of laboratory observations. It would have been necessary to control for 

confounding factors such as bacterial superinfections, medications, co-morbidities, and 

extracorporeal procedures in order to obtain clinically significant laboratory values. 

 

5.4. Infection controlling drugs and pathogens 

 

Due to the immunosuppressive and immunomodulatory effects of Ruxolitinib, it was of 

particular interest to monitor the incidence of pathogens in the cohort. We found more 

cases of CMV and EBV in the Ruxolitinib group compared to the control group, which 

aligns with recent studies, which found an association between the reactivation of a 

variety of viruses and Ruxolitinib therapy, including CMV, EBV and Herpes zoster virus 

(69,79). Yet, many of these studies include patients with myeloproliferative neoplasms, 

which are themselves associated with higher rates of infection (66). The difference in the 

occurrence of Herpes zoster virus was marginal in our study, but it is often seen when 

treating patients with polycythaemia vera (48,66). However, to the best of our knowledge, 

viral re-infection did not lead to discontinuation of Ruxolitinib therapy in our treatment 

group. A pooled analysis of extended phase III randomised controlled trials evaluating 

Ruxolitinib in myeloproliferative neoplasms showed an increased odds ratio for urinary 

tract infections, bronchitis and pneumonia (48). In addition to the higher incidence of 

viral infections, we also found a higher incidence of bacterial infections in the treatment 



 49 

group. When analysing infection controlling drugs, we found no clinically significant 

difference in the frequency of antibiotics prescribed. Carbapenems, glycopeptides and 

cephalosporins were prescribed more often in the treatment group, and we also found a 

higher prescription rate for antimycotics. The results highlight the need to carefully screen 

patients for superinfections and identify additional risk factors for opportunistic 

infections before starting Ruxolitinib therapy. 

 

5.5. Strength and limitations 

 

This study analysed 67 patients diagnosed with Covid-19 who were treated with 

Ruxolitinib in the intensive care unit, most of whom required mechanical ventilation. We 

were able to include a higher number of patients treated with Ruxolitinib compared to 

other studies (10,11,25,36,43,56,57,70). After being admitted to Klinikum Kassel, all 

patients received a consistent standard of care as they were treated within the same 

hospital. There are several aspects of this study that require critical discussion. First, it 

should be noted that some patients had received treatment in external hospitals prior to 

being transferred to Kassel. On the one hand this implies that the initial treatment received 

by patients may vary, potentially leading to disparities that would be avoided in a 

prospective study. On the other hand, as many as 70 % of patients in the treatment group, 

received invasive ventilation prior to the commencement of Ruxolitinib therapy. 

Neubauer et al. stress that a timely start of Ruxolitinib is crucial as they found an 

association between prolonged ventilation before administration of Ruxolitinib and 

mortality/duration of hospitalisation (56). It is important to consider the prolonged 

timeframe before the administration of Ruxolitinib in our study when interpreting 

survival and mortality rates as an early administration of the drug may potentially 

improve clinical outcomes. 

 

Second, as Klinikum Kassel is a well-established ECMO centre, many patients in the 

treatment group were supported with vv ECMO. This limits the generalisability of the 

results to the average mechanically ventilated Covid patient in the ICU.  

 

This study uses subgroups to analyse the primary outcome and control for the 

invasiveness of treatment (ECMO vs. no ECMO, invasive ventilation vs. NIV only). Due 

to the retrospective nature of the study, the patient cohort was predetermined and limited 

in size. The use of subgroups reduces the number of patients within each group. While 
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small subgroups enable us to identify trends and establish a foundation for future studies, 

they do not allow for comprehensive statistical testing. Therefore, the analysis primarily 

focused on the clinical significance of the results, rather than the statistical significance, 

making it predominantly descriptive in nature. 

 

5.6. Suggestions for future studies 

 

It was initially planned to create a retrospective case-control study to compare standard 

of care versus standard of care plus Ruxolitinib within one hospital. However, the results 

indicate that the study cohort is heterogenous, with groups differing in disease severity 

and required treatment invasiveness. To ensure a more homogenous cohort, it would have 

been necessary to construct a control group with a high proportion of vv ECMO support. 

Therefore, in light of the above, a comparison of the results with those of available 

literature became of increasing priority. When planning a future study to investigate the 

impact of Ruxolitinib on Covid patients, it is recommended to observe a group of patients 

who do not receive ECMO support. This will help to reduce the bias of ECMO treatment 

on the outcome.  

 

As previously mentioned, many patients were transferred from other hospitals, which 

poses a risk of information loss due to inadequate documentation and creates different 

starting points. To ensure accurate analysis of the impact of Ruxolitinib on respiratory 

function, a fixed regimen for the regular measurement of the P/F ratio would have been 

beneficial. A prospective study could have helped control for bias and facilitate the 

comparison of individual treatment progress. When prescribing Ruxolitinib, it is 

important to consider the potential for confounding by indication. This is because 

individual physicians may base their decision to prescribe the drug on their perception of 

disease severity and individual prognosis. This is particularly important in the context of 

a highly dynamic pandemic with changing treatment approaches and uncertainties. 

 

To balance cost-effectiveness, it would be desirable to conduct a long-term follow-up of 

the patient cohort in terms of mortality and quality of life, particularly in times of rising 

healthcare costs. Our treatment cohort had a high transfer rate of 57 % to other hospitals, 

with only a quarter of patients being directly transferred home. The quality of life and the 

rate of hospital readmission for these patients remain unknown. 
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5.7. Conclusion 

 

Taken together, this study was able to demonstrate that Ruxolitinib administration in 

Covid-19 patients should not be recommended without reservations. Results were not 

able to confirm a positive impact of Ruxolitinib on mortality in invasively ventilated 

Covid-19 patients. We did not observe any mortality in non-invasively ventilated Covid-

19 patients who were receiving Ruxolitinib. This finding is consistent with the results of 

previous studies. Given the continued relevance of Covid-19 disease, further research, 

ideally in the form of a prospective study, is required to reach a definitive conclusion. 

 

. 
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6. Summaries 

 

6.1. Summary (English version) 

 

In 2019 the new coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) and its associated disease coronavirus disease-2019 (Covid-19) emerged in China 

leading to a global health crisis. A significant challenge was the treatment of the acute 

respiratory distress syndrome (ARDS), a condition associated with the severe form of the 

disease. A cytokine storm, an overshooting reaction of the immune system, was identified 

as part of its underlying pathomechanism. Ruxolitinib, a drug that has been successfully 

used to treat conditions associated with an overactive immune response, has been 

demonstrated to inhibit the januskinase/signal transducers and activators of transcription 

(JAK/STAT) pathway, an important pathway in cytokine regulation. Consequently, 

Ruxolitinib has been trialled in a variety of studies investigating potential treatment 

options for coronavirus disease 2019.  

 

This study provides an overview of Ruxolitinib therapy in the context of coronavirus 

disease-2019 in a cohort of patients with severe disease who were primarily invasively 

ventilated. Data from 137 adult patients (mean age 64 years, standard deviation 11.5, 

70 % male) diagnosed with coronavirus disease-2019, who were treated on intensive care 

units at Klinikum Kassel between February 2020 and March 2021 were retrospectively 

analysed. Patients who received only low flow oxygen/room air were excluded. Patients 

were split into two groups. The treatment group (n = 67) received Ruxolitinib for a 

minimum of three days, whereas the control group (n = 70) received standard of care 

only. The primary objective was to analyse mortality and survival rates. The results were 

compared between both groups. Secondary outcomes included the length of intensive 

care/hospital stay, the impact of Ruxolitinib on the duration of invasive ventilation and 

the progression of pro-inflammatory markers during the treatment with Ruxolitinib 

among others.  

 

The in-hospital mortality rate for the treatment group was 47.76 % (32/67), while the 

equivalent mortality rate for the control group was 41.43 % (29/70). A subgroup analysis 

of patients that were treated with Ruxolitinib and veno-venous extracorporeal membrane 

oxygenation (vv ECMO) (n = 42) revealed a mortality rate of 69.05 %. In the same group 

without extracorporeal membrane oxygenation, the mortality rate was 12 %. The log-rank 

test demonstrated a statistically significant survival difference between the two groups 
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(χ² = 12.7 p<0.001). The median estimated survival in the treatment group was 27 days, 

in contrast to 15 days in the control group. The hazard ratio for death was elevated in 

invasively ventilated patients (hazard ratio 3.7, 95 % confidence interval 1.54-8.88; 

p=0.003). None of the non-invasively ventilated patients died under the Ruxolitinib 

therapy. Ruxolitinib was unable to shorten the median time spent on intensive care unit 

(treatment group 18 days (interquartile range 13), vs. control group 8 days (interquartile 

range 7.75); p<0.001) or the length of hospitalisation, compared to the control group. The 

median duration of invasive ventilation was longer in the Ruxolitinib group than in the 

control group (treatment group 20.5 days (interquartile range 18) vs. control group 6.5 

days (interquartile range 8.25); p<0.001). A downward trend was observed for 

Interleukin-6 and C-reactive protein. No signs of toxicity were identified under the 

therapy with Ruxolitinib. 

 

The present study demonstrates that Ruxolitinib was unable to improve mortality in 

patients with severe organ dysfunction and veno-venous extracorporeal membrane 

oxygenation. However, it suggests the necessity for further investigation into the effect 

of Ruxolitinib in patients with severe disease lacking extracorporeal membrane support. 

Findings confirm recent investigations on the impact of ventilation on mortality. The 

absence of death in patients receiving Ruxolitinib and non-invasive ventilation, is 

consistent with previous research and reinforces the concept of a limited time frame for 

Ruxolitinib administration. Previous research had indicated a reduction in mortality 

among invasively ventilated patients undergoing Ruxolitinib therapy; however, this study 

was unable to confirm these findings. The aforementioned results concerning pro-

inflammatory markers are in accordance with recent findings in the literature. Although 

limited due to the retrospective study design, this study analysed a relatively large cohort 

of patients treated with Ruxolitinib and offers the opportunity for subgroup analysis. Due 

to the small number of cases in the subgroup, the reduction in mortality described, can 

only be seen as a trend. The analysis of the current data suggests that the administration 

of Ruxolitinib in the described setting must be critically discussed. However, to come to 

a definitive conclusion, further, at best prospective research is required. 
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6.2. Summary (German Version) – Zusammenfassung 

 

Im Jahr 2019 wurde in China das neue Coronavirus, severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) und die daraus resultierende Erkrankung Coronavirus-

Krankheit-2019 (Covid-19) nachgewiesen und führte zu einer globalen Gesundheitskrise. 

Als besonders große Herausforderung stellte sich die Manifestation in Form des akuten 

Atemnotsyndroms (englisch: acute respiratory distress syndrome (ARDS)) heraus. Als 

Pathomechanismus konnte eine überschießende Reaktion des Immunsystems, ein 

sogenannter Zytokinsturm, identifiziert werden. Ruxolitinib, ein Inhibitor des Zytokin 

regulierenden januskinase/signal transducers and activators of transcription (JAK/STAT) 

Signalwegs wird erfolgreich zur Behandlung von Erkrankungen mit überschießender 

Immunreaktion eingesetzt. Folglich wurde Ruxolitinib unteranderem Bestandteil 

verschiedener, die Behandlungsmöglichkeiten der Coronavirus-Krankheit-2019 

erforschenden, Studien. 

 

Diese Studie gibt einen Überblick über die Ruxolitinib-Therapie als Behandlungsansatz 

der Coronavirus-Erkrankung-2019 bei schwer erkrankten, zumeist invasiv beatmeten 

Patienten. In der vorliegenden Arbeit wurden die Daten von 137 mit Coronavirus-2019 

diagnostizierten erwachsenen Patienten (Altersdurschnitt 64 Jahre, Standardabweichung 

11,5, 70 % männlich) retrospektiv analysiert. Die Kohorte wurde zwischen Februar 2020 

und März 2021 auf Intensivstationen des Klinikums Kassel behandelt. Patienten ohne, 

beziehungsweise unter „low-flow“ Sauerstofftherapie wurden exkludiert. Die Kohorte 

wurden in zwei Gruppen aufgeteilt. Die Behandlungsgruppe (n = 67) wurde mit der 

Standard-Therapie, sowie mit Ruxolitinib für mindestens drei Tage behandelt, die 

Kontrollgruppe (n = 70) erhielt lediglich die Standard-Therapie. Als primäre Outcomes 

wurden Mortalität und Überlebensraten erhoben. Die Ergebnisse wurden zwischen den 

Gruppen kontrastiert. Die sekundären Outcomes umfassen unter anderem die Länge des 

Intensiv-/Krankenhausaufenthaltes, den Einfluss der Ruxolitinib Behandlung auf die 

invasive Beatmung, sowie die Progression pro-inflammatorischer Marker während der 

Ruxolitinib Behandlung. 

 

Die Krankenhausmortalitätsrate der Behandlungsgruppe betrug 47,76 % (32/67), 

wohingegen sich in der Kontrollgruppe eine Mortalität von 41,43 % (29/70) zeigte. In der 

Subgruppenanalyse von Patienten die Ruxolitinib, sowie eine Behandlung mit einer veno-

venösen extrakorporalen Membranoxygenierung (vv ECMO) (n = 42) erhielten betrug 
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die Mortalitätsrate 69,05%, ohne diese lag die Mortalitätsrate lediglich bei 12 %. Der 

Log-Rank-Test zeigte einen statistisch signifikanten Überlebensunterschied zwischen 

den beiden Gruppen (χ² = 12,7 p <0,001). Die mediane Überlebenszeit in der 

Behandlungsgruppe betrug 27 Tage, in der Kontrollgruppe hingegen nur 15 Tage. Das 

hazard ratio zu versterben war erhöht in invasiv beatmeten Patienten (hazard ratio 3,7; 

95 % Konfidenzintervall 1,54-8,88, p=0,003). Keiner der nicht-invasiv beatmeten 

Patienten starb unter Ruxolitinib Therapie. Ruxolitinib konnte weder die mediane Dauer 

des Intensivaufenthaltes im Vergleich zur Standardtherapie verkürzen 

(Behandlungsgruppe 18 Tage (Interquartilsabstand 13), vs. Kontrollgruppe 8 

(Interquartilsabstand 7,75); p<0,001), noch die mediane Dauer der Hospitalisierung. Die 

mediane Dauer der invasiven Beatmung war in der Behandlungsgruppe länger als in der 

Kontrollgruppe (Behandlungsgruppe 20,5 Tage (Interquartilsabstand 18) vs. 

Kontrollgruppe 6,5 Tage (Interquartilsabstand 8,25); p<0,001). Ein Abwärtstrend konnte 

für C-reaktives Protein und Interleukin-6 nachgewiesen werden. Anzeichen von Toxizität 

unter der Behandlung mit Ruxolitinib lagen nicht vor. 

 

Die Ergebnisse demonstrieren das Ruxolitinib keine Reduktion der Mortalität in einer 

Patientenkohorte mit schwerer Organdysfunktion und unter zusätzlicher veno-venöser 

extrakorporaler Membranoxygenierung erzielte. Allerdings weisen sie auf die 

Notwendigkeit der weiteren Investigation des Medikamentes in schwer erkrankten 

Patienten ohne extrakorporale Membranoxygenierung hin. Die Ergebnisse untermauern 

bestehende Forschungsergebnisse bezüglich der Auswirkung der Beatmung auf die 

Mortalität. Die Überlebensrate von Patienten, die Ruxolitinib und eine nicht-invasive 

Beatmung erhielten, stimmt mit früheren Untersuchungen überein und unterstreicht das 

Konzept eines begrenzten Zeitrahmens für die Verabreichung von Ruxolitinib. 

Vorausgegangene Untersuchungen hatten auf eine Reduktion der Sterblichkeit bei 

invasiv beatmeten Patienten unter Ruxolitinib Therapie hingewiesen; dies konnte in der 

vorliegenden Studie nicht bestätigt werden. Die oben beschriebene Reduktion der pro-

inflammatorischen Marker ist jedoch im Einklang mit vorhandener Literatur. Trotz des 

retrospektiven Studiendesigns, analysiert die Studie eine vergleichsweise große 

Behandlungsgruppe, sowie Subgruppen. Die Analyse der vorliegenden Daten suggeriert, 

dass Ruxolitinib in dem beschriebenen Setting kritisch diskutiert werden muss. Dennoch 

ist eine endgültige Empfehlung erst nach weiterer, bestenfalls prospektiver Investigation 

möglich.  
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