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Post-acute sequelae of COVID (PASC), or long COVID, is a multisystem complication of SARS-CoV-2 infection that continues to debilitate millions worldwide thus highlighting the public health importance of identifying effective therapeutics to alleviate this illness. One explanation behind PASC may be attributed to the recent discovery of persistent S1 protein subunit of SARS-CoV-2 in CD16+ monocytes up to 15 months after infection. CD16+ monocytes, which express both CCR5 and fractalkine receptors (CX3CR1), play a role in vascular homeostasis and endothelial immune surveillance. We propose targeting these receptors using the CCR5 antagonist, maraviroc, along with pravastatin, a fractalkine inhibitor, could disrupt the monocytic-endothelial-platelet axis that may be central to the etiology of PASC. Using five validated clinical scales (NYHA, MRC Dyspnea, COMPASS-31, modified Rankin, and Fatigue Severity Score) to measure 18 participants’ response to treatment, we observed significant clinical improvement in 6 to 12 weeks on a combination of maraviroc 300 mg per oral twice a day and pravastatin 10 mg per oral daily. Subjective neurological, autonomic, respiratory, cardiac and fatigue symptoms scores all decreased which correlated with statistically significant decreases in vascular markers sCD40L and VEGF. These findings suggest that by interrupting the monocytic-endothelial-platelet axis, maraviroc and pravastatin may restore the immune dysregulation observed in PASC and could be potential therapeutic options. This sets the framework for a future double-blinded, placebo-controlled randomized trial to further investigate the drug efficacy of maraviroc and pravastatin in treating PASC.
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Introduction

Post-acute sequelae of COVID (PASC), commonly referred to as long COVID, is an emerging public health syndrome that continues to devastate and debilitate adult and pediatric survivors of acute SARS-CoV-2 infection. The World Health Organization (WHO)-led Delphi consensus defined PASC as a syndrome starting 3 months from onset of probable infection with symptoms lasting over 2 months and could not be explained by an alternative diagnosis (1). Over 200 symptoms have been attributed to PASC (2) thus posing an enormous challenge clinically. The multi-organ involvement causes cognitive impairment, debilitating neuropathy, chronic migraines, autonomic dysfunction, cardiac dysrhythmias, dyspnea at rest, severe fatigue, and myalgias (3). Presently, minimal therapeutic options are available to treat PASC which can be attributed to the pathology not yet being fully described. However, we recently reported that the S1 protein subunit of SARS-CoV2 is retained in both non-classical (CD14− CD16+) and intermediate (CD14+ CD16+) monocytes several months after acute infection. Typically, these monocytes persist only for a few days, but in PASC patients, the S1 containing monocytes can persist for months and years (4), which we propose contributes to the pathophysiology behind PASC. Non-classical monocytes are involved in phagocytosis and vascular adhesion by patrolling the endothelium under homeostatic and inflammatory conditions through B2 integrin, lymphocyte function-associated antigen-1 (LFA-1) and high levels of fractalkine receptors (CX3CR1) (5, 6). On the other hand, CD14+ CD16+ monocytes express high levels of C-C chemokine receptor type 5 (CCR5) and fractalkine receptors and are involved in antigen presentation, cytokine secretion and apoptosis regulation (6, 7). Since CCR5 and fractalkine receptors have been studied for various chronic inflammatory pathologies, we hypothesized that both these receptors may also be therapeutic targets for PASC. CD16+ monocytes also produce high levels of various pro-inflammatory cytokines which could be an explanation for the heterogenous symptomatology in PASC. Specifically, elevations in C-C chemokine ligand 5 (CCL5)/RANTES (Regulated on Normal T-cell Expression and Secretion), IL-2, IL-6, IFN-gamma and Vascular Endothelial Growth Factor (VEGF), along with decrease in CCL4 have been observed in patients and are hypothesized to be contributing to the pathophysiology of PASC (8).

Here, we describe an 18 participant case series investigating the combination of the CCR5 receptor antagonist maraviroc, and pravastatin, which targets fractalkine, as a potential therapeutic approach in addressing and treating the potential pathology of PASC. The CCR5 receptor is a seven-transmembrane G protein-coupled receptor (GPCR) that is found on macrophages and T-lymphocytes and functions to regulate trafficking and effector functions of these cells (9). The role of CCR5 as a co-receptor for human immunodeficiency virus (HIV) entry was discovered in 1996. Maraviroc is the first and only US Food and Drug Administration (FDA) and European Medical Agency (EMA) approved CCR5 receptor antagonist available to date. Maraviroc is a negative allosteric modulator of the CCR5 receptor, and by binding to the CCR5 receptor, it induces receptor conformational changes that prevent the chemokine binding of RANTES (CCL5) and CCR5-mediated signaling (10). While this mechanism has been researched and studied extensively in HIV infection, there is increasingly greater recognition and appreciation of the CCR5-CCL5 axis in many other conditions and pathologies such as cancer, autoimmune disorders and endothelial dysfunction. This signaling is central to the pathophysiology of inflammation by directing immune cells through a process called chemotaxis. These actions are mediated through RANTES, which is produced by platelets, macrophages, eosinophils, fibroblasts, endothelial, epithelial and endometrial cells (11). The effects of RANTES have been implicated in respiratory tract infections, especially viruses possessing RNA genome (including coronavirus, influenza, RSV, and adenovirus), asthma, neuroinflammation, and atherosclerosis (12, 13). Maraviroc has also been documented to restore the homeostasis of regulatory T-cells (Treg), increase CD4 and CD8 positive counts, and inhibit HIV-associated chronic inflammation and activation (14, 15). Interestingly, CD4 and CD8 positive T-cells expressing PD-1 and T-regs have been observed to be significantly lower in PASC patients compared to healthy controls (8), thus suggesting maraviroc could restore the immune dysregulation seen in PASC. The commonly known mechanism of action of statins is inhibition of hydroxymethylglutaryl-CoA (HMG-CoA) reductase enzyme in lowering cholesterol. However, statins have also been implicated in reducing inflammation, suppressing fractalkine, and lowering VEGF and IL-6 (16), and as such, may play a role in the pathophysiology of PASC. We targeted fractalkine using pravastatin since CD16+ monocytes express high levels of the fractalkine receptor believing this may address the elevations in vascular markers seen in PASC.



Materials and methods

The medical records and immunological lab reports from 18 adult PASC patients treated with maraviroc 300 mg per oral twice daily and pravastatin 10 mg per oral daily by independent private practice physicians and clinics were collected and analyzed. The CCTC is a virtual consultation group that works in collaboration with these physicians to collect and analyze immunological data. The 18 patients selected for this case series were from a pool of patients who reported symptom improvement while on maraviroc and pravastatin and who fit the inclusion and exclusion criteria we set below:

5 patients were previously treated with ivermectin, 2 with fluvoxamine, and 1 with prednisone.


Inclusion criteria

All the participants in the case series were COVID-19 survivors with documented FDA EUA approved RT-PCR SARS-CoV2 positive test and/or were positive for anti-SARS-CoV2 antibodies using FDA EUA approved tests. All participants had one or more new onset symptoms that persisted greater than 3 months after the diagnosis of acute COVID-19 infection. These symptoms included cognitive impairment (brain fog), migraines, post exertional malaise (PEM), myalgias, arthralgias, severe fatigue, tachyarrhythmias, postural orthostatic tachycardia syndrome (POTS), and shortness of breath. All participants displayed either isolated or combinations of elevated pro-inflammatory markers: RANTES, TNF-alpha, IFN-gamma, sCD40L, VEGF, IL-6, IL-2, and IL-8 on the IncellKINE panel. The IncellKINE cytokine panel is a set of 14 cytokines that was constructed from a previous machine-based learning algorithm that identified potential markers of PASC (8).



Exclusion criteria

We excluded participants with a pre-COVID history of migraines, neuropathy, inflammatory bowel disease, depression and anxiety disorders, chronic fatigue syndrome, Epstein-Barr infection, Lyme disease, fibromyalgia, arthritis, COPD, asthma, chronic kidney disease, chronic heart failure (CHF), arrhythmias, bleeding disorders, and anticoagulation therapy.



Treatment endpoints

When patients reported that their post-COVID symptoms improved by 80% of greater, we initiated discontinuation of both maraviroc and pravastatin. Bi-monthly follow-ups were conducted for 12 weeks post-treatment to monitor if symptoms reappeared or worsened.



Validated scoring system for patient assessment before and after treatment

A challenge in studying and defining PASC is the heterogenous clinical presentation and multisystem involvement. Thus, we categorized the main participant symptoms into 5 groups: neurological/autonomic function, cardiac, respiratory, overall functionality, and fatigue. Since there are no validated scales for PASC, we used five validated scales for other organ systems [New York Heart Association (NYHA), Modified Rankin Scale for Neurologic Disability, Fatigue Severity Scale (FSS), COMPASS-31 and Medical Research Council (MRC) Dyspnea Scale, respectively] to measure subjective participant responses to treatment (Tables 1–5). Participants were administered validated self-questionnaires about their PASC symptoms before and after treatment with maraviroc and pravastatin treatment. The length of duration of treatment varied based on repeat immune markers and participant-reported symptom improvement. Since many of these participants were on other medications and anti-inflammatories prior to starting maraviroc and pravastatin, the biomarkers and subjective data presented are from the onset of this combination. Phone interviews were conducted with each participant before and after subjective responses to the medications.


TABLE 1    Patient information and demographics.
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TABLE 2    New York Heart Association (NYHA) functional classification.
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TABLE 3    Medical Research Council (MRC) dyspnea scale.
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TABLE 4    Modified Rankin scale.
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TABLE 5    Fatigue Severity scale.
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The New York Heart Association (NYHA) functional classification was used to classify severity of PASC associated cardiac symptoms.

The Composite Autonomic Symptom Scale 31 (COMPASS 31), a self-rating questionnaire consisting of 31 items and evaluating orthostatic intolerance, vasomotor, secretomotor, gastrointestinal, bladder, and pupillomotor function, was used to measure autonomic dysfunction and the subsequent therapeutic effects of maraviroc and pravastatin. A sub raw score for each of the six domains was calculated and converted into a weighted sub-score. The sum of this weighted sub-score gave a total score which ranged from 0 to 100, with 0 meaning no autonomic symptoms and 100 reflecting the most severe autonomic symptoms.

Medical Research Council (MRC) Dyspnea scale is a validated method comprised of five statements that aims to measure perceived feeling of breathlessness.

The Modified Rankin scale for neurologic disability is a validated scale to measure degree of disability after suffering a stroke or neurological insult.

The Fatigue Severity Scale (FSS) questionnaire is a nine-statement validated scale that rates the severity of fatigue symptoms. Participants were asked how accurately each statement reflected their condition before and after treatment with maraviroc and pravastatin and the extent to which they agreed or disagreed based on a scale of 1 (strongly disagree) to 7 (strongly agree).



Serum cytokine measurements from participants: Multiplex cytokine quantification

Fresh plasma was used for cytokine quantification using a customized 14-plex bead based flow cytometric assay (IncellKINE, IncellDx, Inc., San Carlos, CA, United States) on a CytoFlex flow cytometer as previously described (8) using the following analytes: “TNF-α,” “IL-4,” “IL-13,” “IL-2,” “GM-CSF,” “sCD40L,” “CCL5 (RANTES),” “CCL3 (MIP-1α),” “IL-6,” “IL-10,” “IFN-γ,” “VEGF,” “IL-8,” and “CCL4 (MIP-1β)”. For each participant sample, 25 μL of plasma was used in each well of a 96-well plate.

End points for the study were when the patients reported improvement in post-COVID symptoms that led to increases in daily functionality and quality of life. We checked in with the patients every 2 weeks to monitor progress.



Data acquisition and preprocessing

In total there were 18 unique individuals, with each individual being represented in duplicate for before and after treatment. The presence of a pre and post treatment for each individual categorized as PASC allowed us the possibility to separate the data set into a before and after data sets for the required statistical comparisons. To separate the before and after groups, we used the python programming language (version 3.9) and the pandas library (17, 18), which allowed us to group the samples according to before and after treatment. Once we separated the data in the two data sets, we then conducted the necessary comparative statistical analysis, including the statistical test to determine if there were significant differences between the two groups.



Wilcoxon’s paired test to compare the before and after treatment groups

To determine if there were differences between the biomarker’s levels of the two groups (before and after) we compared the datasets by implementing the non-parametric Wilcoxon’s paired test. The implementation of this test was done using the python library scipy (19). The selection of the Wilcoxon test was based on the assumption that this non-parametric test does not assume normal distribution of the variables. Additionally, in contrast to parametric tests like ANOVA, Wilcoxon’s paired test does not base its comparison on the mean but median values. For our data we compared group before and group after with two alternative hypotheses. The first was a two-sided test, which resulted in a p-value less than 0.05. Subsequently, we tested for an alternative hypothesis “greater,” resulting in a p-value of less than 0.05.



Correlation analysis between biomarker levels and subjective scores

In order to identify potential statistically significant relationships between the biomarkers present in the dataset and the subjective scores, we imported the full dataset into the R programming language (version 4.1.1) (20) and conducted a correlation analysis. The correlation analysis was calculated using the Pearson correlation coefficient, which allows the measurement of both strength and direction of the linear relationship between two variables.

The Pearson correlation coefficient has the advantage that its values are highly interpretable, always ranging from −1 (strong negative correlation) to +1 (strong positive correlation). Correlation coefficients were calculated for both the before and after data points, and to validate their statistical significance, their p-value was calculated. We defined that correlation coefficients were statistically significant if their p-value was equal or less than 0.05. In order to properly interpret and convey the correlation relationships and their statistical significances, we constructed a modified correlation matrix using a dot plot with the python programming language. We implemented additional functions and arguments that allowed us create a diagram only showing statistically significant correlations. Additionally, because correlation plot is constructed using a matrix, there is a mirror-image effect between the left and right side of the diagonal. We used the arguments of the plot to avoid this effect, in order to improve plot interpretability.

The dot plot implemented a color and size code. In this system, positive correlation coefficient were associated with shades of blue, whereas negative correlation values where associated with red correlation values. Regarding the size of the dot, it represented statistical significance, with greater sizes being indicative of greater statistical significance, smaller dots representing lesser values of significance, and no dots indicating no significance.



Validation of long hauler status using a machine learning classifier

To determine the state of individuals in the dataset as Post-acute sequelae SARS-CoV-2 (PASC) we classified them using a machine learning model. This model, which consisted of a random forest classifier, developed in a previous report (8) and used to determine if samples belonged to disease state (Normal/Control, Mild-Moderate, Severe or PASC), was given the dataset as a prediction set. The implementation of this model was to confirm the disease status of individuals in the dataset as PASC. The random forest classifier was trained using a dataset consisting of 224 instances representing Normal/Control, Mild-Moderate, Severe or PASC. The classes in the dataset were imbalanced, and to address this, we implementing synthetic oversampling of the minority class (SMOTE) (21), which creates minority class instances by interpolation. The model using a balanced trainings set, was subsequently implemented in the unseen the dataset. The predictions of before and after individuals were outputted as an array, with a number indicating the predicted class.




Results


Comparison between “before” and “after” treatment demonstrates statistical differences between groups

The Wilcoxon paired test to contrast the before and after treatment groups using a two-sided hypothesis revealed the existence of statistically significant differences (p-value = 2.20e-17) between the cytokine profiles of the two treatment groups (before and after). Group 1 was defined as the before treatment and group 2 was after treatment. These results support that the medians of both groups are different and that a one-sided test was required to define the difference between group 1 and group 2. For the one-sided test, we focused on determining if the medians values for the biomarkers in treatment group 1 (before) were greater than those of group 2 (after). The results indicated that before treatment had statistically significant greater (p-value = 1.10e-17) magnitudes for the cytokines than the after-treatment group. The statistical analysis using a two-tailed and a one-tailed Wilcoxon test of the individuals from the maraviroc and pravastatin group indicated that there were statistically significant differences between the before and after treatment. The two-tailed test indicated that there were differences in the medians of these two groups (p-value = 2.20e-17). The one-sided test (p-value = 1.10e-17) indicated that before treatment had greater magnitudes for the cytokines (biomarkers) than the after treatment.



Correlation analysis indicates the presence of positive correlations between cytokine biomarkers and subjective scores

The correlation dot plot indicates the presence of significant correlations based on color and size of the dot (circle) on the right of the diagonal. The correlation value is indicative of the joint correlation for both the before and after treatment groups when compared to each variable. The diagonal correlation values are the values of each marker or subjective score compared against itself, and thus the coefficient will be equal to 1 (dark blue) and have the largest size possible dot. For the observed correlation coefficients, the intensity of the color was indicative of values of r (correlation coefficients) including various negligible positive and negative correlations, and instances ranging from low positive to moderate positive correlation, however we also identified the presence of negative correlation. Identification of correlation values was done by comparing with color scale in Figure 1, where dark blue indicated highly positive correlation (+1), and dark red indicated highly negative correlation (−1). The dot plot omitted non-significant correlations, which are represented as blank spaces. This permitted us to focus on the statistically significant relationships, and more specifically those between cytokines and subjective scores.


[image: image]

FIGURE 1
Correlation dot plot.


Additionally, it is possible to see that for the subjective scores (NYHA, MRC Dyspnea, Rankin, COMPASS 31 and Fatigue) there were multiple significant correlations with biomarkers. These significant correlations followed the trend of being mostly low positive or moderate positive, as indicated by the color of the dot (Figure 1). The presence of these cytokines and their significance values can be referenced in Figure 2 and Table 6, where positive significant correlations are reported. As indicated, we identified low negative correlation values, which were found for between CCL5 and both the subjective scores NYHA and MRC Dyspnea.


[image: image]

FIGURE 2
Before and after treatment individual cytokine measurement comparisons. The box plot represent the statistical comparison using the Wilcoxon paired test between the two treatment groups (before and after).



TABLE 6    Statistically significant positive Pearsons correlation coefficients between subjective scores and cytokines.
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We analyzed the linear relationship between the cytokine biomarkers and the modified Rankin score (22). In brief, this is a 6-point disability scale that ranges from 0 (individual has no residual symptoms) to 5 (the individual is bedridden, incontinent and requires continuous care). According to the documentation an additional value of 6 is included for deceased or “expired” individuals. For the Rankin subjective score, we identified a low positive correlation with statistical significance for two biomarkers, VEGF and sCD40L (Table 6). Finally, we did the correlation analysis for the COMPASS 31 score (23). This scale was developed as a robust statistical instrument to determine autonomic symptoms, thus providing relevant severity scores for clinical assessment. For this scale, we identified that several cytokines had statistically significant relationships to the subjective score (Figure 1). TNF-alpha and GM CSF had low positive correlations, while VEGF and sCD40L showed moderate positive correlation (Table 6).

Applying the New York Heart Association (NYHA) Functional Classification, which labels individuals in one of four categories, we were able to identify two statistically significant biomarkers in the joint correlation (Figure 3 and Table 6). The cytokines IL-8 and GM-CSF showed a low positive correlation to the NYHA score, with both having r values between 0.30 and 0.50. The linear association between IL-8 and GM-CSF indicates that there appears to be a weak linear association between both treatment groups (before and after) where the levels of both cytokines appear to be positively associated with the NYHA score. When subsequently analyzed the correlation values for the Medical Research Council (MRC) Dyspnea scale score (Figure 3), which is a simple scale allowing participants to indicate the effects of breathlessness on mobility, we were able to identify that for both treatment groups (joint correlation), the biomarkers GM-CSF, TNF-alpha and sCD40L presented statistically correlations. In the case of GM-CSF, the linear association between the cytokine and the subjective score was 0.593, which makes it a moderate positive correlation. For TNF-alpha and sCD40L there correlation values were in ranges between 0.30 and 0.50, indicating their association with the MRC Dyspnea score were low positive.
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FIGURE 3
Before and after treatment individual subjective score comparisons. The box plot represents the statistical comparison using the Wilcoxon paired test between the two treatment groups (before and after). Statistical significance intervals are represented with asterisks (*), where ns indicates non-significant. *1.00e–02 < p ≤ 5.00e–02, **1.00e–03 < p ≤ 1.00e–02, ***1.00e–04 < p ≤ 1.00e–03, and ****p ≤ 1.00e–04.


In addition, the correlation analysis of the Fatigue score from the Shirley Ryan Ability Lab at the Rehabilitation Institute of Chicago1 provides a 9-item scale allowing the measurement of the effects of fatigue on an individual. The scores range from a value of 9 (lowest possible score) to 63 (highest fatigue effects). Our analysis identified that various biomarkers showed statistically significant correlations (Figure 3). These linear associations were present in both the before and after treatment groups (joint correlation). The cytokines IL-2, sCD40L, TNF alpha and VEGF presented a positive correlation, with r values ranging between 0.50 and 0.70, as shown in Figure 1. In addition to these biomarkers, IL-8, IL-10, and GM CSF presented low positive correlations, with r values ranging between 0.30 and 0.50.

Our results suggest that there are a number of biomarkers that appear to be positively associated in varying degrees with the various subjective scores. The most common cytokine was sCD40L, positively associated to all scores except for the NYHA Functional Classification score. Another interesting finding is the relationship of GM-CSF to a wide variety of subjective scores. This cytokine had significant positive association to all scales except for the modified Rankin score. Finally, both VEGF and TNF-alpha were correlated with 3 of the 5 subjective scores, with VEGF not having a significant relation to NHYA and MRC Dyspnea, while TNF-alpha not correlating to NYHA and Rankin. These results suggest that many cytokine biomarkers possess for both the before and after treatment groups positive levels of statistically significant relationship.



Machine learning classifier validates the labeling of individuals in the dataset group as PASC using cytokine profiles

The individuals in the dataset (data points for the before and after treatment condition) were classified as belonging to the PASC class. This labeling or classification was achieved using the random forest classifier previously published (8) and described in brief in the corresponding methods section. The 36 datapoints of the dataset (18 individuals for each treatment) were labeled with the numeric value of 3, which corresponded to PASC (0 = Normal, 1 = Mild-Moderate, 2 = Severe, and 3 = PASC). Classification off individuals using the random forest model is based on their cytokine profiles. The subjective scores were dropped as the model did not account for these. In addition, because the model was constructed using the 4 states (Normal/Unaffected, Mild-Moderate, Severe and PASC), datapoints can only be classified within one of these states.

Although we observed differences between the before and after treatment conditions (as indicated by the significance of our statistical analysis), with the one tailed-test indicating that the magnitudes in the before condition are greater than after, these changes are not sufficient to lead to a difference in classification using the machine learning model. Although the before and after groups are different when undertaking a statistical comparison, the magnitude in the shift between the groups could not be large enough to be captured as change in state, reflected by the statistical comparison and the subjective scores. Additionally, it is possible that individuals in the after group presented cytokines patterns similar top PASC at the time of sample collection, but if we were to analyze the progression of these samples in a defined time period, we could potentially observe a change in classification, as cytokine profiles continue to change.




Discussion

The discovery of CD16+ monocytes containing persistent S1 proteins from PASC patients may help further understand its pathophysiology and identify targets for therapy (4). Both CD16+ monocytes subsets, intermediate (CD14+ CD16+) and non-classical (CD14− CD16+), respectively, are known to interact significantly with the endothelium and platelets via the fractalkine pathway (24). This suggests that the pathophysiology of PASC may lie with the monocytic-endothelial-platelet axis. Fractalkine, which mediates cell adhesion and leucocyte recruitment, is a transmembrane protein expressed in the brain, colon, heart, and lung, along with endothelial cells and astrocytes. Intermediate monocytes express high levels of both CCR5 and fractalkine receptors, whereas non-classical monocytes express high levels of fractalkine receptors (6, 7). This interaction between fractalkine and fractalkine receptors have been involved in the pathogenesis of atherosclerosis, vasculitis, vasculopathies, and inflammatory brain disorders (5) and could also be contributing to vascular endothelialitis in PASC. Vascular endothelialitis leads to collagen exposure along with platelet activation and adherence via glycoprotein 1b-IX-V-receptor (GPIb-IX-V) with collagen-bound von Willebrand factor (vWF) (25). Activated platelets release soluble CD40 ligand (sCD40L) to recruit both neutrophils and monocytes to the vascular lesions (26), thus activating the coagulation cascade. Stimulated platelets also release RANTES which binds to endothelial cells and encourages monocyte adhesion to inflamed endothelial tissues (27) and acts as a chemotactic agent for inflammatory cells. Activated platelets and endothelial cells can also secrete VEGF which induces angiogenesis and microvascular hyperpermeability. VEGF is a diagnostic marker for vasculitic neuropathy and also contributes to a pro-inflammatory-prothrombotic environment (28). While the vascular effects of statins have been well-documented (29), the protective role of maraviroc on the endothelium has also been similarly published (30). Hence, we targeted CCR5 and fractalkine receptors using maraviroc and pravastatin, respectively, hypothesizing that this combination could be therapeutically effective in treating vascular endothelialitis and resolving symptoms associated with PASC.

Neurological symptoms associated with PASC include severe headaches and cognitive impairment (brain fog), along with neuropathy and weakness, necessitating the need for assistance in performing daily tasks. CD14+ CD16+ monocytes are known to transmigrate across the blood brain barrier and play an important role in central nervous system (CNS) immune surveillance. These monocytes were implicated as HIV reservoirs in the CNS causing neuroinflammation, neuronal damage, and cognitive defects (31). We hypothesize that the S1 protein containing CD14+ CD16+ monocytes in PASC patients are also crossing the blood brain barrier and triggering neuroinflammation and inducing neurological symptoms. Both maraviroc and statins are known to cross the blood-brain-barrier, and more specifically, maraviroc has been suggested as treatment for Parkinson’s, neurocognitive impairment, and strokes (32). Interestingly, after the introduction of maraviroc and pravastatin, participants showed a decrease in modified Rankin scale scores (Figure 3) and reported improvement in neurological function and ability. These findings were correlated with a statistically significant decrease in VEGF (r = 0.4, p = 0.02) and sCD40L (r = 0.42, p = 0.01) (Table 6), suggesting treatment targeting cytokines associated with vascular endothelialitis correlated with improvement in neurological symptoms.

Autonomic dysfunction such as postural orthostatic tachycardia syndrome (POTS) and light sensitivity has also been associated with PASC. POTS is a syndrome consisting of unexplained tachycardia, dizziness, light-headedness, fainting, and abdominal pain. While the true etiology of POTS has yet to be defined, endothelial dysfunction has been suggested as the pathophysiology (33). There is also evidence that POTS maybe be associated with G-protein-coupled receptor autoantibodies (34). Interestingly, since CCR5 and fractalkine receptor are also G-protein-coupled receptors (9, 35), it is possible that antagonism of these receptors could also inhibit the autonomic effects of these autoantibodies. We observed a statistically significant decrease in COMPASS-31 (Figure 3) scores correlating with statistically significant decreases in VEGF (r = 0.6, p = 0.0005), sCD40L (r = 0.6, p = 0.0001), and TNF-alpha (r = 0.5, p = 0.0026), suggesting that pro-inflammatory macrophage activation may be triggering vascular endothelialitis. Interestingly, elevations in sCD40L have also been associated with sympathoadrenal activation and targeting these vascular markers may address PASC associated dysautonomia (36).

Cardiorespiratory complaints leading to exertional intolerance and limitation of physical activity are very commonly reported by PASC patients. Many PASC patients with cardiac and pulmonary symptoms have undergone extensive workup (EKG, echocardiogram, stress test, pulmonary function testing, etc.) which has not detected any abnormalities or pathologies. Subsequently, current clinical approaches have only been used to treat symptoms with antiarrhythmics, bronchodilators or alpha-adrenergics, instead of addressing the underlying pathophysiology. We observed an improvement in exertional tolerance and physical activity as evidenced by a decrease in NYHA functional classification (Figure 3). This improvement was associated with statistically significant decreases in IL-8 (r = 0.4, p = 0.03) and GM-CSF (r = 0.4, p = 0.01). Interestingly, endothelial cells are main producers of IL-8 (37) and statins are known to decrease IL-8 (38). Additionally, maraviroc has been suggested as reducing the cardiovascular risk for acute coronary disease by protecting the endothelium from pro-inflammatory macrophage infiltration (39). These mechanisms potentially support their use in addressing PASC associated cardiac symptoms. We also observed improvement in respiratory symptoms after initiating maraviroc and pravastatin therapy. Participants reported improvements as reflected by a statistically significant decrease in the MRC Dyspnea scale (Figure 3). These responses and improvements correlated with statistically significant decreases in IL-2 (r = 0.4, p = 0.05), GM-CSF (r = 0.6, p = 0.0002), sCD40L (r = 0.4, p = 0.04), and TNF-alpha (r = 0.4, p = 0.01). Intriguingly, CD16+ monocytes are known to produce large quantities of TNF-alpha and could be activated by the retained S1 proteins (40), causing vascular endothelialitis via the fractalkine-fractalkine receptor interaction in pulmonary vasculature. Elevations in sCD40L have been associated with pulmonary arterial hypertension (PAH) (41), while IL-2 can induce pulmonary microvasculature injury and generate an asthma-like bronchoconstriction (42). We previously published a multi-class model score that described an increase IL-2 as a characteristic specific to PASC (8), thus confirming the clinical significance of IL-2 in PASC. Both maraviroc and statins can decrease IL-2 and TNF-alpha (38, 43), which may explain the observed improvements in PASC associated respiratory symptoms. The patient Fatigue Severity Score (FSS) also significantly decreased (Figure 3) after maraviroc and pravastatin which correlated with decrease in sCD40L (r = 0.5, p = 0.001), VEGF (r = 0.5, p = 0.001), TNF-alpha (r = 0.7, p = 4e-5), IL-2 (r = 0.6, p = 0.0005), and GM-CSF (r = 0.5, p = 0.004), again suggesting that targeting the monocytic-platelet-endothelial axis can alleviate PASC associated fatigue.

Despite a black box warning for hepatoxicity, maraviroc has demonstrated a strong safety profile in adult, pediatric, and neonatal populations (44, 45). Analysis of the MOTIVATE study demonstrated a low incidence of hepatoxicity with maraviroc even after 96 weeks of treatment at the FDA approved dose of 300 mg B.I.D (46). This influenced our decision to treat with this dose. Hepatic safety was monitored in all the participants by measuring and evaluating AST, ALT, and total bilirubin (LFTs) prior to commencing treatment with maraviroc and every 2 weeks while on treatment. None of participants presented here experienced any clinical signs of hepatotoxicity or elevated liver function serologies while on, or after, treatment. Maraviroc is metabolized by CYP3A4, and we chose to avoid any CYP3A4 metabolizing statins to mitigate any potential drug interactions. This approach guided our decision to treat with pravastatin 10 mg PO daily over the other statins since it is metabolized via glucuronidation. However, the therapeutic benefits with other statins have also been observed and should be considered.

Due to rising numbers of post-COVID symptoms and lack of studies and approved therapeutics, many patients have been on different therapeutics. This was reflected in the participants of this case series where some were previously on other therapeutics including ivermectin, fluvoxamine, and prednisone. This presents a significant limitation in this case series because what is unknown is whether these patients were already getting better from these medications before commencing maraviroc and pravastatin. After starting maraviroc and pravastatin, some participants saw symptom relief after 6 weeks, while others needed treatment up to 12 weeks before discontinuing medications. We recognize that studies will need to be conducted to understand this variation in length of treatment between participants. We followed up bi-monthly with these 18 patients for up to 12 weeks post-treatment and no one reported that their symptoms worsened or returned during this period.

Other limitations and weakness of the study were no in-person, objective assessments due to the virtual nature of our clinic, the lack of the control arm and the open label nature of the study. Since immune subset assays were not available for this study, in the future, we would also like to study CD4/CD8 ratios and the amount of S1 proteins in CD16+ monocytes before and after treatment. The results we present in this case series do not replace the need for a double-blinded placebo controlled randomized trial to understand drug efficacy. However, we do believe this study sets the framework for our future clinical trial designs to further investigate the efficacy and usefulness of maraviroc and pravastatin to treat PASC.



Data availability statement

The original contributions presented in this study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the CCTC IRB committee. The CCTC IRB is financially and operationally independent of the CCTC. No one from this IRB has any financial or research stake in IncellDX or CCTC. This IRB was chosen for cost reasons as this study was self-funded with limited resources. The study protocol was approved by this IRB because it was only designed to collect and analyze patient data from independent physician practices who were responsible for prescribing and monitoring the medications. The CCTC did not and does not prescribe or monitor any medications and has been set up only as a data analytics practice.



Author contributions

RY, EO, and MZ conceptualized the study. RY organized the study. JG-C and RM-R performed the bioinformatics. RY, JG-C, and RM-R wrote the draft of the manuscript. All authors contributed to revising the manuscript and approved the submitted version.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors would like to acknowledge the work of Brittany McKenney RN, Amy White RN, Surlin Chadha RN, Amanda Robinson, and Christine Meda in assisting in the study and interacting with the patients.



Conflict of interest

IncellDX holds the patent for the use of CCR5 antagonists (maraviroc) in COVID and long COVID. BP and the founder and CEO of IncellDX and a physician partner of the Chronic COVID Treatment Center (CCTC). The CCTC is a data analytics consulting physician practice that is financially independent from IncellDX. Except for BP, no one from the CCTC has received nor holds any financial or equity compensation from IncellDX. The CCTC IRB is financially independent of IncellDX and CCTC and no one from the IRB has received any financial or equity compensation from IncellDX or CCTC.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Footnotes

1  https://www.sralab.org/rehabilitation-measures/fatigue-severity-scale


References

1. Soriano J, Murthy S, Marshall J, Relan P, Diaz J, Who Clinical Case Definition Working Group on Post-Covid-19 Condition. A clinical case definition of Post-COVID-19 condition by a Delphi consensus. Lancet Infect Dis. (2021) S1473-3099:703–9.

2. Davis H, Assaf G, McCorkell L, Wei H, Low R, Re’em Y, et al. Characterizing long COVID in an international cohort: 7 months of symptoms and their impact. EClinicalMedicine. (2021) 38:101019. doi: 10.1016/j.eclinm.2021.101019

3. Novak P, Mukerji S, Alabsi H, Systrom D, Marciano S, Felsenstein D, et al. multisystem involvement in post-acute sequelae of coronavirus disease 19. Ann Neurol. (2021) 91:367–79.

4. Patterson B, Francisco E, Yogendra R, Long E, Pise A, Rodrigues H, et al. Persistence of SARS-CoV2-2 S1 protein in CD16+ monocytes in post-acute sequelae of covid-19 (PASC) up to 15 months post-infection. Front Immunol. (2023) 12:746021. doi: 10.3389/fimmu.2021.746021

5. Thomas G, Tacke R, Hedrick C, Hanna R. Nonclassical patrolling monocyte function in the vasculature. Arterioscler Thromb Vasc Biol. (2015) 35:1306–16.

6. Kapellos T, Bonaguro L, Gemünd I, Reusch N, Saglam A, Hinkley E, et al. Human monocyte subsets and phenotypes in major chronic inflammatory diseases. Front Immunol. (2019) 10:2035. doi: 10.3389/fimmu.2019.02035

7. Weber C, Belge KU, Hundelshausen P v, Draude G, Steppich B, Mack M, et al. Differential chemokine receptor expression and function in human monocyte subpopulations. J Leukoc Biol. (2000) 67:699–704.

8. Patterson BK, Guevara-Coto J, Yogendra R, Francisco EB, Long E, Pise A, et al. Immune-based prediction of COVID-19 severity and chronicity decoded using machine learning. Front Immunol. (2021) 12:700782. doi: 10.3389/fimmu.2021.700782

9. Oppermann M. Chemokine receptor CCR5: insights into structure, function, and regulation. Cell Signal. (2004) 16:1201–10.

10. Vangelista L, Vento S. The expanding therapeutic perspective of CCR5 blockade. Front Immunol. (2018) 8:1981. doi: 10.3389/fimmu.2017.01981

11. Marques R, Guabiraba R, Russo R, Teixeira M. Targeting CCL5 in inflammation. Expert Opin Ther Targets. (2013) 17:1439–60.

12. Patterson BK, Seethamraju H, Dhody K, Corley MJ, Kazempour K, Lalezari J, et al. CCR5 inhibition in critical COVID-19 patients decreases inflammatory cytokines, increases CD8 T-cells, and decreases SARS-CoV2 RNA in plasma by day 14. Int J Infect Dis. (2021) 103:25–32. doi: 10.1016/j.ijid.2020.10.101

13. Bowen G, Borgland S, Lam M, Libermann T, Wong N, Muruve D. Adenovirus vector-induced inflammation: capsid-dependent induction of the C-C chemokine RANTES requires NF-kappa B. Hum Gene Ther. (2002) 13:367–79. doi: 10.1089/10430340252792503

14. Arberas H, Guardo AC, Bargalló ME, Maleno MJ, Calvo M, Blanco JL, et al. In vitro effects of the CCR5 inhibitor maraviroc on human T cell function. J Antimicrob Chemother. (2013) 68:577–86. doi: 10.1093/jac/dks432

15. Pozo-Balado MM, Rosado-Sánchez I, Méndez-Lagares G, Rodríguez-Méndez MM, Ruiz-Mateos E, Benhnia MR, et al. Maraviroc contributes to the restoration of the homeostasis of regulatory T-cell subsets in antiretroviral-naive HIV-infected subjects. Clin Microbiol Infect. (2016) 22:e1–5. doi: 10.1016/j.cmi.2015.12.025

16. Cimato T, Palka B. Fractalkine (CX3CL1), GM-CSF and VEGF-A levels are reduced by statins in adult patients. Clin Transl Med. (2014) 3:14. doi: 10.1186/2001-1326-3-14

17. Sanner MF. Python: a programming language for software integration and development. J Mol Graph Model. (1999) 17:57–61.

18. Mckinney W. pandas: a foundational python library for data analysis and statistics. (2021). Available online at: http://pandas.sf.net (accessed April 17, 2021)

19. Virtanen P, Gommers R, Oliphant T, Haberland M, Reddy T, Cournapeau D, et al. SciPy 1.0: fundamental algorithms for scientific computing in Python. Nat Methods. (2020) 17:261–72. doi: 10.1038/s41592-019-0686-2

20. Ihaka R, Gentleman RR. A language for data analysis and graphics. J Comput Graph Stat. (1996) 5:299–314. doi: 10.1080/10618600.1996.10474713

21. Chawla NV, Bowyer K, Hall L, Kegelmeyer WP. SMOTE: synthetic minority over-sampling technique. J Artif Intell Res (2002) 16:321–57. doi: 10.1613/jair.953

22. Modified Rankin Score (MRS). Specifications manual for joint commission national quality measures (v2018A). (2022). Available online at: https://manual.jointcommission.org/releases/TJC2018A/DataElem0569.html (accessed February 3, 2022).

23. Sletten D, Suarez G, Low P, Mandrekar J, Singer W. COMPASS 31: a refined and abbreviated composite autonomic symptom score. Mayo Clin Proc. (2012) 87:1196–201. doi: 10.1016/J.MAYOCP.2012.10.013

24. Kasama T, Wakabayashi K, Sato M, Takahashi R, Isozaki T. Relevance of the CX3CL1/Fractalkine-CX3CR1 pathway in vasculitis and vasculopathy. Transl Res. (2010) 155:20–6. doi: 10.1016/j.trsl.2009.08.009

25. Varga-Szabo D, Pleines I, Nieswandt B. Cell adhesion mechanisms in platelets. Arterioscler Thromb Vasc Biol. (2008) 28:403–12.

26. Flierl U, Bauersachs J, Schäfer A. Modulation of platelet and monocyte function by the chemokine fractalkine (CX3CL1) in cardiovascular disease. Eur J Clin Invest. (2015) 45:624–33. doi: 10.1111/eci.12443

27. Hundelshausen P v, Weber KS, Huo Y, Proudfoot AE, Nelson PJ, Ley K, et al. RANTES deposition by platelets triggers monocyte arrest on inflamed and atherosclerotic endothelium. Circulation. (2001) 103:1772–7.

28. Cuadrado MJ, Buendía P, Velasco F, Aguirre MA, Barbarroja N, Torres LA, et al. Vascular endothelial growth factor expression in monocytes from patients with primary antiphospholipid syndrome. J Thromb Haemost. (2006) 4:2461–9.

29. Liberale L, Carbone F, Montecucco F, Sahebkar A. Statins reduce vascular inflammation in atherogenesis: a review of underlying molecular mechanisms. Int J Biochem Cell Biol. (2020) 122:105735. doi: 10.1016/j.biocel.2020.105735

30. Francisci D, Pirro M, Schiaroli E, Mannarino MR, Cipriani S, Bianconi V, et al. Maraviroc intensification modulates atherosclerotic progression in HIV-suppressed patients at high cardiovascular risk. A randomized, crossover pilot study. Open Forum Infect Dis. (2019) 6:ofz112. doi: 10.1093/ofid/ofz112

31. Veenstra M, León-Rivera R, Li M, Gama L, Clements J, Berman J. Mechanisms of CNS viral seeding by HIV+ CD14+ CD16+ monocytes: establishment and reseeding of viral reservoirs contributing to HIV-associated neurocognitive disorders. mBio. (2017) 8:e1280–1217. doi: 10.1128/mBio.01280-17

32. Mondal S, Rangasamy S, Roy A, Dasarathy S, Kordower J, Pahan K. Low-dose maraviroc, an antiretroviral drug, attenuates the infiltration of T-cells into the central nervous system and protects the nigrostriatum in hemiparkinsonian monkeys. J Immunol. (2019) 202:3412–22. doi: 10.4049/jimmunol.1800587

33. Liao Y, Chen S, Liu X, Zhang Q, Ai Y, Wang Y, et al. Flow-mediated vasodilation and endothelium function in children with postural orthostatic tachycardia syndrome. Am J Cardiol. (2010) 106:378–82. doi: 10.1016/j.amjcard.2010.03.034

34. Gunning W, Stepkowski S, Kramer P, Karabin B, Grubb B. Inflammatory biomarkers in postural orthostatic tachycardia syndrome with elevated G-Protein-coupled receptor autoantibodies. J Clin Med. (2021) 10:623. doi: 10.3390/jcm10040623

35. Poniatowski ŁA, Wojdasiewicz P, Krawczyk M, Szukiewicz D, Gasik R, Kubaszewski Ł, et al. Analysis of the role of CX3CL2(Fractalkine) and its receptor CX3CR1 in traumatic brain and spinal cord injury: insight into recent advances in actions of neurochemokine agents. Mol Neurobiol. (2017) 54:2167–88. doi: 10.1007/s12035-016-9787-4

36. Johansson PI, Sørensen AM, Perner A, Welling K, Wanscher M, Larsen CF, et al. High sCD40L levels early after trauma are associated with enhanced shock, sympathoadrenal activation, tissue and endothelial damage, coagulopathy and mortality. J Thromb Haemost. (2012) 10:207–16. doi: 10.1111/j.1538-7836.2011.04589.x

37. Oude Nijhuis C, Vellenga E, Daenen S, Kamps W, De Bont E. Endothelial cells are main producers of interleukin 8 through toll-like receptor 2 and 4 signaling during bacterial infection in leukopenic cancer patients. Clin Diagn Lab Immunol. (2003) 10:558–63. doi: 10.1128/cdli.10.4.558-563.2003

38. Sakoda K, Yamamoto M, Negishi Y, Liao J, Node K, Izumi Y. Simvastatin decreases IL-6 and IL-8 production in epithelial cells. J Dent Res. (2006) 85:520–3.

39. Cipriani S, Francisci D, Mencarelli A, Renga B, Schiaroli E, D&#x27;Amore C, et al. Efficacy of the CCR5 antagonist maraviroc in reducing early, ritonavir-induced atherogenesis and advanced plaque progression in mice. Circulation. (2013) 127:2114–24. doi: 10.1161/CIRCULATIONAHA.113.001278

40. Belge K, Dayyani F, Horelt A, Siedlar M, Frankenberger M, Frankenberger B, et al. The proinflammatory CD14+CD16+DR++ monocytes are a major source of TNF. J Immunol. (2002) 168:3536–42. doi: 10.4049/jimmunol.168.7.3536

41. Damås JK, Otterdal K, Yndestad A, Aass H, Solum NO, Frøland SS, et al. Soluble CD40 ligand in pulmonary arterial hypertension. Circulation. (2004) 110:999–1005.

42. Rabinovici R, Sofronski MD, Borboroglu P, Spirig AM, Hillegas LM, Levine J, et al. Interleukin-2-induced lung injury. The role of complement. Circ Res. (1994) 74:329–35. doi: 10.1161/01.res.74.2.329

43. Kim S, Kang H, Jhon M, Kim J, Lee J, Walker A, et al. Statins and inflammation: new therapeutic opportunities in psychiatry. Front Psychiatry. (2019) 10:103. doi: 10.3389/fpsyt.2019.00103

44. Giaquinto C, Mawela MP, Chokephaibulkit K, Negra MD, Mitha IH, Fourie J, et al. Pharmacokinetics, safety and efficacy of maraviroc in treatment-experienced pediatric patients infected with CCR5-tropic HIV-1. Pediatr Infect Dis J. (2018) 37:459–65. doi: 10.1097/INF.0000000000001808

45. Gulick RM, Fatkenheuer G, Burnside R, Hardy WD, Nelson MR, Goodrich J, et al. Five-year safety evaluation of maraviroc in HIV-1–infected treatment-experienced patients. J Acquir Immune Defic Syndr. (2014) 65:78–81. doi: 10.1097/QAI.0b013e3182a7a97a

46. Ayoub A, Alston S, Goodrich J, Heera J, Hoepelman A, Lalezari J, et al. Hepatic safety and tolerability in the maraviroc clinical development program. AIDS. (2010) 24:2743–50. doi: 10.1097/QAD.0b013e32833f9ce2



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case series: Maraviroc and pravastatin as a therapeutic option to treat long COVID/Post-acute sequelae of COVID (PASC)



		Introduction



		Materials and methods



		Inclusion criteria



		Exclusion criteria



		Treatment endpoints



		Validated scoring system for patient assessment before and after treatment



		Serum cytokine measurements from participants: Multiplex cytokine quantification



		Data acquisition and preprocessing



		Wilcoxon’s paired test to compare the before and after treatment groups



		Correlation analysis between biomarker levels and subjective scores



		Validation of long hauler status using a machine learning classifier







		Results



		Comparison between “before” and “after” treatment demonstrates statistical differences between groups



		Correlation analysis indicates the presence of positive correlations between cytokine biomarkers and subjective scores



		Machine learning classifier validates the labeling of individuals in the dataset group as PASC using cytokine profiles







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Medicine

Case series: Maraviroc
and pravastatin as
a therapeutic option to treat
long COVID/Post-acute
sequelae of COVID (PASC)












OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







OPS/images/fmed-10-1122529-t003.jpg
Grade 1

Are you ever
troubled by
breathlessness except
on strenuous
exertion?

Grade 2 | Are you short of breath
when hurrying on the
level or walking up a
slight hill?

Grade 3

Do you have to walk
slower than most people
on the level? Do you have
to stop after a mile or so
(or after 15 min) on the

level at your own pace?

Grade 4 | Do you have to stop
for breath after
walking about
100 yds. (or after a
few minutes) on the

level?

Grade 5

Are you too
breathless to leave
the house, or
breathless after
undressing?






OPS/images/fmed-10-1122529-t002.jpg
Class 1

No limitation of physical
activity. Ordinary physical
activity does not cause undue
fatigue, palpitation, dyspnea
(shortness of breath).

Class 2

Slight limitation of physical
activity. Comfortable at rest.
Ordinary physical activity
results in fatigue, palpitation,

dyspnea (shortness of breath).

Class 3

Marked limitation of physical
activity. Comfortable at rest.
Less than ordinary activity
causes fatigue, palpitation, or
dyspnea.

Class 4

Unable to carry on any
physical activity without
discomfort. Symptoms of
heart failure at rest. If any
physical activity is
undertaken, discomfort

increases.






OPS/images/fmed-10-1122529-t001.jpg
Months Weeks on | Hospitalized

from maraviroc Y/N
positive and
COVID test | pravastatin
to testing
Pl F 50 9 10 N
P2 M 59 10 8 N
P3 F 43 8 6 N
P4 F 27 7 8 N
P5 F 33 5 8 N
P6 M 30 14 6 N
P7 F 46 14 8 N
P8 M 50 10 6 N
P9 F 53 4 6 N
PI0 | F 53 14 12 N
PIl | M 57 17 6 N
P12 | M 47 9 10 Y
P13 | F 46 6 8 N
P14 | F 40 8 8 N
PI5| M 45 17 8 N
Pl6 | M 63 10 7 N
P17 | M 18 8 6 N
PI8 | F 43 16 12 N






OPS/images/cross.jpg
@ Check for updates.





OPS/images/fmed-10-1122529-t006.jpg
Score Biomarker correlation

Rankin sCD40L CC:0.42 p=001
VEGF CC:0.40 p=0.02
COMPASS-31 sCD40L CC: 0.6 p=0.0001
VEGF CC: 0.6 p =0.0005
GM = CSF CC:0.5 p=0.002
TNF-alpha CC: 0.5 p=0.0026
NYHA 1L-8 CC: 0.4 p=0.03
GM-CSF CC: 0.4 p=001
MRC Dyspnea sCD40L CC: 0.4 p=0.04
IL-2 CC: 0.4 p=0.05
TNF-alpha CC:0.4 p=0.01
GM-CSF CC:0.6 p =0.0002
Fatigue Severity | sCD40L CC: 0.5 p=0.001
1L-2 CC: 0.6 p =0.0005
TNF-alpha CC:0.7 p=4x107°
VEGF CC:0.5 p=0.001
GM-CSF CC: 0.5 p=0.004






OPS/images/fmed-10-1122529-t005.jpg
My motivation is

lower when I am
fatigued.

Exercise brings on

excessive fatigue.

Tam easily fatigued.

Fatigue interferes
with my physical
functioning.

Fatigue causes
frequent problems
for me.

My fatigue prevents
sustained physical
functioning.

Fatigue interferes
with carrying out
certain duties and

responsibilities.

Fatigue is among my
three most disabling
symptoms.

Fatigue interferes
with my work,
family, or social life.






OPS/images/fmed-10-1122529-t004.jpg
No

symptoms

No significant
disability despite
symptoms; able to
carry out all usual
duties and activities

Slight disability; unable
to carry out all previous
activities, but able to look
after own affairs without
assistance

Moderate disability;
requiring some help,
but able to walk

without assistance

Moderately severe

disability; unable to walk
without assistance and
unable to attend to own
bodily needs without

assistance

Severe disability;
bedridden, incontinent
and requiring constant
nursing care and
attention






OPS/images/fmed-10-1122529-g002.jpg
pg/mi

pg/mi

pg/ml

IL-2: Absolute Difference Before vs After Treatment

IL-4: Absolute Difference Before vs After Treatment

IL-6: Absolute Difference Before vs After Treatment

ns
30 1 Treatment ©
Bl After
254 EEE Before
20 -
E
~ 15 -
2
o o
10 -
o
5 - o
T —
0 -
IL-6
Cytokine
IL-13: Absolute Difference Before vs After Treatment
*
20.01 Treatment ©
El After
17.5 1 Il Before
15.0 -
12.5 4
€
< 10.0 A
g
7.5 o
5.0 -
2.5 8
(<)
0.0 - 0
IL-13
Cytokine
CCL3: Absolute Difference Before vs After Treatment
*
Treatment ©
120 { EEm After o
I Before
100 -
o
_ 80
E
g 60
o ————
o
20 -
o
0 4 O (o]
ccL3
Cytokine
TNF-alpha: Absolute Difference Before vs After Treatment
>
404 Treatment ©
B After
351 mmm Before
30 -
25 -
£
20+
15 - ©
10 -
5 -
o -

TNF-alpha
Cytokine

VEGF: Absolute Difference Before vs After Treatment

ns s
12 { Treatment © - Treatment o
Il After Il After
10 {1 EEE Before - Il Before
8 4 40 -
€
6 o é 30 4
4 20 -
o
2] 10 -
0 - 04
IL-2 IL-4
Cytokine Cytokine
IL-8: Absolute Difference Before vs After Treatment IL-10: Absolute Difference Before vs After Treatment
oo ns
Treatment Treatment v
300 | mmm After 10 | N After
Il Before Il Before
250 4
8 .
200
E o
150 - g
4
100 - o
w | 2 < ;
0 4 0
IL-8 IL-10
Cytokine Cytokine
GM-CSF: Absolute Difference Before vs After Treatment sCD40L: Absolute Difference Before vs After Treatment
J ns 70000 ¥
35 Treatment b4 Treatment k4
Bl After El After
| 60000
30 mmm Before 5 @ Before
25 4 50000 -
20 - — 40000
E
4 g i
15 " 30000 &
10 20000 -
o | T 0 A T
GM-CSF sCD40L
Cytokine Cytokine
CCL4: Absolute Difference Before vs After Treatment CCL5: Absolute Difference Before vs After Treatment
s ¥
120 - Treatment fnacd Treatment 4
Bl After 15000 { EEE After o
100 @ Before @l Before o
12500 -
00 10000 - o
E
w0 g 7500 -
7 5000 -
20 - 2500 -
0 1 0
ccLa ccLs
Cytokine Cytokine
IFN-gamma: Absolute Difference Before vs After Treatment
DS
Treatment ! 140 {4 Treatment
250 4
Il After Il After
Il Before 120 { [ Before
200
100 -
E 150 = E 80 d
g g
100 - 60 1
40 -
50 -
" 20 - 8
A o a
0 ' o
IFN-gamma
Cytokine

VEGF
Cytokine






OPS/images/fmed-10-1122529-g001.jpg
IFN.gamma

IL.13
‘ ‘ CCL3
VEGF
) sCD40L
CCL5
IL.6

IL.13 ‘

CCL3

IFN.gamma .‘ . ‘
VEGF . ‘ O

sCD40L ‘ $

CCL5 ‘

L6 ‘

........

IL.8

CCL4

=)
L
=

IL.2

MRC.Dyspnea
COMPASS.31

w
n
-
=
O

IL.4
NYHA
Rankin
TNF.alpha
Fatigue

MRC.Dyspnea ‘ ‘ ’ ‘
Rankin ‘ ‘ ‘

COMPASS. 31 ‘ "N .

GM.CSF ‘ ‘ O

TNF.alpha ‘ ‘
Fatigue ‘

0.8

0.6

04

0.2

-1





OPS/images/fmed-10-1122529-g003.jpg
Subjective Score Values

Comparison of Subjective Score: Before vs After

e Treatment
B After
I Before

70 1

e

60 -

10 1

Subjective Score





