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Case report

N-acetylcysteine (NAC) supplementation improves dyspnea and may 
normalize von Willebrand plasma levels in gynecologic patients with 
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Objectives: A subset of COVID-infected cancer patients may develop post-acute sequelae of COVID-19 (PASC), also 
known as Long COVID (LC). While LC is considered multifactorial in its pathogenesis, growing evidence suggests 
that persistent microvascular inflammation (ie, spike-induced endotheliosis) causing chronically elevated levels 
of clotting factors including von Willebrand factor (vWF), clumping/clotting of red blood cells and platelets, and 
thrombotic complications may be at the root of PASC/LC symptoms. N-Acetylcysteine (NAC), a precursor of 
glutathione, is an inexpensive FDA-approved drug/supplement endowed with mucolytic, antioxidant, anti- 
inflammatory and thrombolytic properties. Multiple reports have recently demonstrated the potential clinical 
activity of NAC in COVID-19 patients. We retrospectively evaluated responses to NAC supplementation in a total 
of 9 PASC/LC patients, 3 of which reporting regular use of NAC, followed in our Gynecologic Oncology clinic.
Methods: Gynecologic patients using NAC supplement (3 patients) vs controls (6 patients) with persistent LC/ 
PASC symptoms and with elevated plasmatic vWF levels were identified in our Gynecologic Oncology clinic 
database and evaluated for improvement/normalization in LC/PASC symptoms and vWF levels.
Results: Subjective improvement in shortness of breath, brain fog and fatigue with normalization of vWF levels 
were noted in 3 out of 3 PASC/LC patients using oral NAC (600–1200 mg BID) vs none of the randomly selected 
cancer control patients with PASC/LC (Fisher’s exact P = 0.0119).
Conclusions: These preliminary results suggest that NAC may represent an inexpensive, safe and potentially 
effective supplement to improve many PASC/LC-related symptoms. Prospective randomized studies with NAC in 
PASC/LC patients are needed to confirm these findings.

1. Introduction

Up to one-third of healthy individuals and a large subset of cancer 
patients recovering from COVID-19 infection may develop prolonged 
debilitating symptoms consistent with Post-Acute Sequelae of COVID-19 
(PASC), also known as Long COVID syndrome (LC). The most common 
reported symptoms include, but are not limited to fatigue, decreased 
exercise tolerance, shortness of breath, brain fog, cognitive dysfunction, 
postural orthostatic tachycardia syndrome (POTS), chest pain, chronic 
pain, palpitations, and gastrointestinal symptoms (Soriano et al., 2022; 
Ceban et al., 2022; Dagher et al., 2023; Cortellini et al., 2023; Ford et al, 
2023). In many of these studies, a gender unbalance/predisposition was 
noted with female cancer patients more likely than male patients to 

report persistence of PASC/LC symptoms (Bai et al., 2022). With at least 
65 million individuals worldwide estimated to have LC/PASC (Davis 
et al., 2023), the syndrome has emerged as a central public health issue. 
Unfortunately, regardless the major NIH initiative/investment to iden
tify the causes and ultimately the means of prevention and treatment of 
individuals who have been sickened by COVID-19 (https://www.nih. 
gov/about-nih/who-we-are/nih-director/statements/nih-launches-new 
-initiative-study-long-covid), currently no broadly effective treatments 
exist for LC/PASC patients.

While multiple pathophysiological mechanisms behind PASC/LC 
have been hypothesized including persistent viral infection, dysregu
lated interferon (IFN) response, chronic inflammation, alterations in 
cellular metabolism, dysbiosis, neuroinflammation, autoimmune 
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processes and mast cell activation syndrome (MACS) (Davis et al., 
2023), recent growing evidence suggests that the core root component 
of PASC/LC is related to a persistent COVID-19-associated coagulopathy 
triggered by the ability of long-lasting viral Spike-1 protein to cause 
clumping and clotting of red blood cells and platelets (Scheim, 2022; 
Boschi et al., 2022; Scheim et al., 2023) and disruption of normal 
endothelial function leading to prolonged thrombotic and microvascular 
complications (Kruger et al., 2022; Pretorius et al., 2022; Turner et al., 
2023; Kell et al., 2022). In this regard, while acute COVID-19 infection 
typically initiates with penetration of the virus into the upper airway 
leading to lung inflammation, multiple studies have identified the 
vascular endothelium as the primary target of COVID-19 pathology, 
causing microvascular occlusion in lungs and other organ systems with 
accompanying morbidities such as intravascular clotting and peripheral 
ischemia (Ackermann et al., 2020; O’Sullivan et al., 2020). Autopsy 
studies have reported widespread microthrombi disseminated 
throughout the pulmonary vasculature, demonstrating that vasculop
athy is paramount in COVID-19 pathogenesis (Wichmann et al., 2020). 
Importantly, in a recent report, we identified persistent elevation of von 
Willebrand and Factor VIII but not d-dimer in a series of PASC/LC gy
necologic cancer patients followed in our cancer clinic (Bellone et al, 
2024), while other investigators have reported the identification and 
isolation of fibrin amyloid micro-clots able to block capillaries and 
inhibit the transport of O2 to tissue (Kruger et al., 2022; Pretorius et al., 
2022; Turner et al., 2023; Kell et al., 2022). Importantly, the combined 
treatment of fibrin amyloid micro-clots and platelet pathology with a 
combination of anticoagulation and antiplatelet therapy (ie, triple 
anticoagulation treatment) has been recently demonstrated to improve/ 
resolve most of PACS/LC persistent symptoms (Pretorius et al., 2021). 
Unfortunately, patients on this triple regime must be followed under 
strict and qualified medical guidance to obviate the risk of hemorrhagic 
bleeding (Pretorius et al., 2021). Taken together, these data suggest that 
endothelial cell damage and platelet inflammation/activation causing 
chronic release of clotting factors including von Willebrand and trig
gering intravascular formation of difficult-to-dissolve fibrin amyloid 
micro-clots may play a key role in orchestrating not only the unusual 
pulmonary intravascular coagulopathy associated with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection but also 
PASC/LC.

N-acetylcysteine (NAC) is a thiol-containing free-radical scavenger 
and precursor of glutathione which exerts potent antioxidant and anti- 
inflammatory effects (reviewed by Pedre et al, 2021; Ershad et al, 
2024). It was initially patented over 60 years ago as a mucolytic agent in 
respiratory infections and as an antidote for paracetamol toxicity. NAC is 
on the World Health Organization’s List of Essential Medicines and is 
available as an inexpensive generic drug over-the-counter supplement 
all over the world. Multiple preclinical and clinical studies have 
demonstrated its potent antioxidant and anti-inflammatory actions able 
to decrease immune activation and prevent cytokine release during in
fections by reducing oxygen species and oxidative stress, which are able 
to activate important redox-sensitive transcription factors (ie, nuclear 
factor-kappa B, NF-KB), leading to the expression of multiple proin
flammatory cytokines including but not limited IL-6, IL-8, and TNF-a 
(Pedre et al, 2021; Ershad et al, 2024). Importantly, these cytokines 
have been reported to play a major role during the hyper-inflammatory 
phase developed in a small subset of COVID-19-infected patients defined 
as “cytokine storm” (Fajgenbaum and June, 2020). Clinical reports in 
acutely infected COVID-19 patients have demonstrated NAC treatment 
not only to be safe even at high doses (ie, up to 150 mg/kg/day IV), but 
also able to improve systemic oxygenation and treatment outcome 
(reviewed in Shi and Puyo, 2020). Of interest, other studies have 
demonstrated a previously unrecognized thrombolytic effect of NAC in 
human and mouse plasma, in which it was able to reduce the size of vWF 
multimers, which polymerize in a manner similar to mucins, by reducing 
disulfide bonds connecting the monomers and eventually causing the 
lysing of von Willebrand factor-made micro-clots (Chen et al., 2011; 

Martinez de Lizarrondo et al., 2017). Since micro-clots enriched in von 
Willebrand factor are abundant in LC/PASC patients (Kruger et al., 
2022; Pretorius et al., 2022; Turner et al., 2023; Kell et al., 2022) and our 
group has recently reported that von Willebrand factor is significantly 
and persistently increased in the circulation of symptomatic LC/PASC 
gynecologic oncology patients, in this study we retrospectively evalu
ated the charts of 9 LC/PASC patients including a subset (ie, 3 patients) 
reporting regular supplementation of their diet with NAC. We investi
gated clinical signs of activity in LC/PASC symptoms including SOB, 
fatigue and brain fog as well as changes in biomarker (ie, Von Wille
brand Factor) levels and compared such findings to a control group of 
gynecologic LC/PASC patients not using NAC.

2. Methods

A retrospective chart review of the EMR identified nine patients 
followed in our Gynecologic Oncology clinic who fulfilled study inclu
sion criteria (ie, previous Covid-19 infection, persistent LC/PASC 
symptoms as well as availability of multiple von Willebrand lab evalu
ations/values over the 4-year study period). Information about the 
regular use of the NAC supplement or the lack of its use as well as the 
type and severity of reported symptoms were extracted from the Epic 
charts of the identified LC/PASC patients. No specific symptoms’ ques
tionnaire was available for this retrospective review study. Out of the 9 
LC/PASC patients identified 3 reported regular use of NAC during the 
study period. We evaluated and compared vWF levels before and after 
starting NAC treatment to those detected in a control group of 6 
randomly selected gynecologic patients with PASC/LC symptoms who 
did not use the supplement. Levels of vWF were tested for variance 
equality with the folded F-test, then compared accordingly for group 
differences with either Student’s equal-variance t-test or Welch’s 
unequal-variance t-test. We considered the vWF level to be elevated if it 
exceeded the Yale Laboratory’s reference range of 62–175 %. Groups 
were compared via Fisher’s exact test for differences in the elevated vWF 
rate at baseline vs follow-up visits. A p value < 0.05 was considered 
statistically significant. The study was conducted according to the tenets 
of the Declaration of Helsinki. The retrospective chart review was 
approved by the Yale Human Research Protection Program, Institutional 
Review Boards, IRB Protocol ID: 2000030512.

3. Results

We retrospectively evaluated changes in clinical symptoms including 
SOB, brain fog and fatigue and in plasmatic levels of vWF, in a total of 9 
patients affected by PASC/LC with a history of gynecologic tumors and/ 
or benign gynecologic conditions followed in our clinic. Three out of 
nine reported supplementation of their diet with over-the-counter NAC 
(600–1200 mg BID) at different time points after the diagnosis with 
PASC/LC. Patients using NAC supplementation experienced subjective 
improvement in SOB at rest and/or while walking with decreased brain 
fog and fatigue. Since plasmatic levels of vWF were collected during the 
COVID-19 pandemic in PASC/LC patients at the time of follow up visits 
as part of their blood-workup monitoring, we were also able to evaluate 
and compare vWF levels before and after starting NAC treatment to 
those detected in a control group of randomly selected gynecologic 
patients with PASC/LC symptoms who did not use the supplement. The 
characteristics of the study patients, date of COVID-19 infection and of 
the blood collections used for vWF evaluation are described in Table 1
and Table 2. We found elevated baseline vWF level in all 9 symptomatic 
PASC/LC patients evaluable for the study (range = 206 % to 462 %, 
Table 2). When divided by group, baseline vWF levels were significantly 
higher among controls than among NAC supplementers. Group means 
± SDs in baseline vWF for controls versus NAC supplementers respec
tively were 334 % ± 95 % versus 215 % ± 9 % (Welch’s t-test P =
0.0271; folded F-test P = 0.0181). The same pattern of differences in 
vWF was seen at the 1st follow-up visit. Group means ± SDs in 1st- 
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follow-up vWF for controls versus NAC supplementers respectively were 
277 % ± 82 % versus 160 % ± 12 % (Welch’s t-test P = 0.0165; folded F- 
test P = 0.0391). However, three out of 3 (100 %) of the PASC/LC pa
tients supplementing their diet with NAC decreased vWF values to 
normal levels at the time of subsequent evaluations, whereas none (0 %) 
of the 6 symptomatic PASC/LC control patients did so (Fisher’s exact P 
= 0.0119)(Table 2). Importantly, as representatively demonstrated in 
Fig. 1, NAC PASC/LC users regardless to the length of time they expe
rienced PASC/LC symptoms and/or elevation in vWF plasmatic levels 

reported subjective improvement in their long-lasting debilitating 
symptoms including SOB, brain fog and fatigue and normalization of 
vWF level (Fig. 1) versus none of the PASC/LC control patients.

4. Discussion

Cancer patients have been reported to be more susceptible to SARS- 
CoV-2 infection than otherwise similar age healthy patients and to be at 
a higher risk of severe COVID-19 complications than the general pop
ulation (Wang et al., 2020). Moreover, recent data have suggested that 
cancer patients may also be more susceptible to develop long-lasting 
debilitating symptoms after COVID-19 infection with up to 60 % re
ported to develop PASC/LC (Dagher et al., 2023; Cortellini et al., 2023).

The pathophysiologic mechanisms underlying the post-COVID pro
longed and disabling symptoms remain poorly understood and are likely 
multifactorial. However, several studies have demonstrated that SARS- 
CoV-2 may remain detectable for months in a subset of PASC/LC pa
tients after the acute infection, hiding in multiple organs and inflam
matory cells such as monocytes/macrophages (de Melo et al., 2021; 
Bussani et al., 2020; Craddock et al., 2023; Zollner et al., 2022; Cheung 
et al., 2022; Patterson et al., 2022; Schultheiß et al., 2023; Wang et al., 
2020). Chronic production of spike protein in the body of PASC/LC 
patients might therefore trigger a persistent state of inflammation in 
vessels/organs, in particular in the microcirculation, causing a status of 
chronic coagulopathy and systemic micro thrombosis (Kruger et al., 
2022; Pretorius et al., 2022; Turner et al., 2023; Kell et al., 2022). 
Consistent with this view, SARS-CoV-2 spike protein has been demon
strated to mediate not only direct lung injury but also vascular damage 
by inducing endothelial barrier dysfunction and inflammation (i.e., 
endotheliitis), platelet activation and formation of difficult to lyse 
“fibrinaloid” microclots after the recovery from the acute infection 
(Kruger et al., 2022; Pretorius et al., 2022; Turner et al., 2023; Kell et al., 
2022). In other studies, binding of spike proteins to mammalian cells has 
been reported to downregulate not only the surface expression of ACE2, 

Table 1 
Characteristics of PASC/LC patients.

Case Number Age Race Gyn Pathology Date of COVID infection Long COVID Symptoms NAC 
Supplement

1 66 White endometrial cancer 2/2020 Yes No
2 72 White complex ovarian cyst 12/2022 Yes No
3 66 White endometrial cancer 9/2023 Yes No
4 65 White ovarian cancer 10/2020 Yes No
5 58 Black ovarian cancer 11/2020 Yes No
6 81 White Endometrial cancer 12/2020 Yes No
7 71 White ovarian cancer 9/2020 Yes Yes
8 42 White cervical dysplasia 11/2021 Yes Yes
9 36 White bladder incontinence 10/2023 Yes Yes

Table 2 
Levels of vWF in PASC/LC patients treated with NAC vs controls.

Case 
Number

Level of 
vWF

Level of vWF 
at Follow-up

Level of 
vWF 
at 
Follow- 
up

Level of 
vWF 
at 
Follow- 
up

NAC 
Supplement

1 235 % 
(8/23)*

230 % (11/ 
23)

247 % 
(2/24)

233 % 
(6/24)

No

2 462 % 
(3/23)

222 % (8/23) n/a n/a No

3 405 % 
(11/23)

400 % (4/24) 359 % 
(4/24)

340 % 
(8/24)

No

4 300 % 
(12/20)

215 % (2/21) n/a n/a No

5 370 % 
(1/21)

363 % (3/21) n/a n/a No

6 229 % 
(1/21)

233 % (2/24) 221 % 
(9/24)

n/a No

7 214 % 
(6/23)

156 % (2/ 
24)

163 % 
(5/24)

n/a Yes

8 206 % 
(9/23)

173 % (5/ 
24)

n/a n/a Yes

9 224 % 
(11/23)

151 % (1/ 
24)

n/a n/a Yes

* Date of the blood collection (month/year). Values shown in bold are within 
normal reference range (Von Willebrand Factor normal range = 62 % − 175 %).

Fig. 1. Longitudinal von Willebrand Factor plasma values in two representative PASC/LC cancer patients follow for 4 years after the initial COVID-19 infection (ie, 
date in bold) with multiple vWF evaluations available. Upper panel: Patient #7 (NAC user) vs Lower panel: Patient #1 (Control). Values shown in bold are above vWF 
normal reference range.
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(ie, the main SARS-CoV-2 binding receptor), but also that of the α7 
nicotinic acetylcholine receptor (ie, α7nAChR), the core receptor under 
the control of the vagus nerve regulating the parasympathetic nervous 
system and the cholinergic anti-inflammatory pathway) (Lei et al, 2021; 
Pavlov et al, 2003). Importantly, spike-induced α7nAChR down
regulation has been shown to impair neuronal and immune function and 
dramatically increase platelet activation and aggregation status 
(Tillman et al, 2023; Kooijman et al., 2015). These findings combined 
with the recent demonstration that fibrin binds to spike S1 protein 
forming proinflammatory micro clots enriched in vWF driving thrombus 
inflammation and neuropathology in COVID-19 patients (Ryu et al, 
2024), further support the notion that persistent COVID-19-associated 
coagulopathy may represent the root component of PASC/LC symptoms.

In a recent report we found that similarly to acutely infected COVID- 
19 patients (Goshua et al., 2020), many highly symptomatic PASC/LC 
patients demonstrate persistently elevated levels of vWF and Factor VIII 
in their plasma (Bellone et al, 2024). These results obtained in both 
acutely infected and PASC/LC patients have provided biochemical evi
dence that endotheliopathy and platelet activation are ubiquitous in 
acute and chronically infected COVID-19 patients and, accordingly, may 
lead to the clinical prothrombotic manifestations of COVID-19- 
associated coagulopathy, which include microvascular thrombosis 
(Goshua et al., 2020). Since the production of vWF is exclusive to 
endothelial cells and megakaryocytes (Lenting et al., 2015), and since 
vWF is secreted by endothelial cells in response to high shear stress and 
other inflammatory mediators (Lenting et al., 2015), it is likely that 
resting endothelial cells and inflamed platelets may continue to release 
large amounts of long vWF multimers into circulation when activated/ 
damaged by the persistent production/presence of spike protein in 
PASC/LC patients. However, regardless to this emerging knowledge 
about PASC/LC pathogenesis, no safe, effective and inexpensive treat
ments are currently available to treat patients affected by PASC/LC.

NAC is an amino acid derivative available over the counter with 
decades of scientific validation as mucolytic, antioxidant, and anti- 
inflammatory agent. At therapeutic doses (ie, 1200 mg/day), due to 
its free thiol group, NAC has demonstrated the ability to restore the 
physiologic intracellular level of glutathione (GSH), a powerful cellular 
antioxidant, and be also able of decreasing mucin size and viscosity in 
patients with obstructive lung disease. Accordingly, NAC has been used 
for over 60 years in clinical practice to treat multiple medical conditions 
including paracetamol intoxication, acute respiratory distress, and a 
variety of chronic inflammatory diseases (reviewed by Pedre et al, 2021; 
Ershad et al, 2024). As antiviral agent against flu infection, prospective 
randomized double blind studies having as main objective the evalua
tion of the effect of long-term treatment with NAC (600 mg twice daily 
for 6 months) vs placebo on influenza and influenza-like episodes, 
demonstrated NAC treatment to be well tolerated and able to cause a 
significant decrease in the frequency of influenza-like episodes, severity, 
and length of time confined to bed (de Flora et al, 1997). When used in 
COVID-19 patients with pneumonia, NAC significantly reduced the risk 
for mechanical ventilation and mortality (Assimakopoulos et al, 2021) 
while a remarkable benefit of IV NAC has been reported in series of 
patients with severe COVID-19 infection (Ibrahim et al, 2020). Of in
terest, a recent study demonstrated in a series of twelve patients with 
“brain fogs” and LC/PASC symptoms treated with guanfacine and NAC 
significant improvement in memory, concentration, and executive 
functions including the resumption of normal workload (Khasnavis 
et al., 2024).

Accordingly, in this study we retrospectively evaluated the potential 
activity of NAC supplement in 9 LC/PASC patients followed in our Gy
necologic Oncology clinic. In agreement with the report of Khasnavis 
et al., 2024 in LC/PASC, we found patients reporting regular use of NAC 
to subjectively demonstrate improvement in SOB, brain fog and fatigue. 
Of interest, although we noticed the plasmatic concentration of vWF to 
decrease with time in both groups of patients, only NAC supplementers 
were able to normalize their vWF levels after treatment (ie, 3 out of 3), 

whereas 0 % of the control PASC/LC gynecologic patients did so (ie, 
0 out of 6) regardless to their baseline starting level of vWF or follow up 
time. Importantly, in our small series, subjective improvement in per
formance status and decrease/normalization in the levels of vWF were 
detected even in PASC/LC patient symptomatic for years.

In conclusion, we report that NAC supplementation may improve 
SOB and fatigue while decreasing/normalizing the levels of vWF in the 
plasma of symptomatic gynecologic PASC/LC patients. NAC may 
represent a safe and potentially effective alternative to the use of 
antithrombotic agents to restore micro vessel patency and improve tis
sue oxygenation in PASC/LC patients. Prospective clinical trials are 
warranted.

5. Consent

Written informed consent was obtained from the patients for publi
cation of this case series. A copy of the written consent is available for 
review by the Editor-in-Chief of this journal on request.
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