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A B S T R A C T   

Vaccines to combat SARS-CoV-2 infection and the COVID-19 pandemic were quickly developed due to significant 
and combined efforts by the scientific community, government agencies, and private sector pharmaceutical and 
biotechnology companies. Following vaccine development, which took less than a year to accomplish, ran-
domized placebo controlled clinical trials enrolled almost 100,000 people, demonstrating efficacy and no major 
safety signals. Vaccination programs were started, but shortly thereafter a small number of patients with a 
constellation of findings including thrombosis in unusual locations, thrombocytopenia, elevated D-dimer and 
often low fibrinogen led another intense and concentrated scientific effort to understand this syndrome. It was 
recognized that this occurred within a short time following administration of adenoviral vector SARS-CoV-2 
vaccines. Critical to the rapid understanding of this syndrome was prompt communication among clinicians 
and scientists and exchange of knowledge. Now known as vaccine-induced immune thrombotic thrombocyto-
penia syndrome (VITT), progress has been made in understanding the pathophysiology of the syndrome, with the 
development of diagnostic criteria, and most importantly therapeutic strategies needed to effectively treat this 
rare complication of adenoviral vector vaccination. This review will focus on the current understanding of the 
pathophysiology of VITT, the findings that affected patients present with, and the rational for therapies, 
including for patients with cancer, as prompt recognition, diagnosis, and treatment of this syndrome has resulted 
in a dramatic decrease in associated mortality.   

1. Introduction 

Although it has been two years since SARS-CoV-2 was first identified 
as a new virus capable of infecting humans and resulting in a disorder 
known as COVID-19, the world is still grappling with controlling this 
virus, with over 388 million reported cases and over 5.7 million deaths 
attributable to COVID-19 [1]. With emerging variants, initially the Delta 
variant and now the Omicron variant that are more readily spread [2,3], 
containing the virus has proved to be more difficult than expected. In a 
tremendous cooperative effort between government agencies and pri-
vate pharmaceutical and biotechnology companies, vaccines against 
SARS-CoV-2 were rapidly developed, tested, and under emergency use 

authorization administered to citizens in many countries around the 
world to combat the spread of COVID-19. 

The vaccines used different strategies to deliver the antigenic sub-
stance. All used genetic material that code for the SARS-CoV-2 spike 
protein but differ in mode of delivery. Of the four vaccines that were the 
first to be available, two are mRNA containing vaccines that package 
mRNA coding for the spike protein in a lipid solution (BNT162b2 and 
mRNA-1273 SARS-CoV-2 vaccines), while two other vaccines use DNA 
that codes for the spike protein packaged in an adenoviral vector 
(ChAdOx1 nCov-19, and Ad26.COV2⋅S vaccines). Randomized blinded 
placebo-controlled vaccine trials were launched quickly and enrolled 
over 97,805 participants. Excellent efficacy was demonstrated with all 
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four vaccines, with all achieving high levels of anti-spike protein anti-
bodies in those receiving active vaccine compared to placebo, with no 
major safety signals [4–7]. 

These vaccines demonstrated the ability to protect from infection 
with SARS-CoV-2 as well as decreased the severity of COVID-19 if 
infection occurred [8,9]. However, shortly after the roll out of the 
ChAdOx1 nCoV-19 adenoviral vector vaccine in Europe, and subse-
quently the Ad26.COV2⋅S in the US, cases of patients presenting with 
unusual sites of thrombosis in the cerebral venous sinuses (CVST) or 
splanchnic vessels, accompanied by surprising clinical and lab findings, 
emerged. The most important observation was the short duration of time 
from vaccination, but findings also included thrombocytopenia, 
elevated D-dimer and low fibrinogen. Some patients had marked wors-
ening of clinical status with increased thrombosis with the use of UFH 
leading observant clinicians to note the similarity with heparin induced 
thrombocytopenia (HIT). Identification of these early findings and close 
and rapid communications between clinicians caring for these patients 
and basic scientists routinely working on HIT led to the identification of 
a new syndrome now known as “vaccine-induced immune thrombotic 
thrombocytopenia” or VITT; sometimes referred to as thrombotic 
thrombocytopenia syndrome (TTS), the term VITT more accurately re-
flects the underlying pathophysiology of this syndrome that is distinct 
from other syndromes associated with thrombosis and 
thrombocytopenia. 

COVID-19 has presented even more challenges for patients with 
cancer. Initial anxiety about increased susceptibility to SARS-CoV-2 
infection, as well as increased morbidity and mortality, led to changes 
in the delivery of cancer care including alteration of schedule and type of 
anti-cancer treatments to try to avoid immunosuppression [10]. With 
the availability of vaccines, similar concerns about efficacy in the often 
immunocompromised cancer patients arose, as patients with cancer 
were mostly excluded from vaccine trials. Real world data [11,12] have 
found that cancer patients have a lower response to vaccination. 
Although the suppressed immune activity in cancer patients may be 
protective against developing VITT, we do know that patients with 
cancer can develop HIT [13]. Cancer patients were in the first group of 
patients to be vaccinated in the US; as mRNA vaccines were the first 
available fewer patients with cancer likely received an adenoviral vector 
vaccine. This manuscript will review what is known today about the 
pathophysiology of VITT in general, the use of clinical findings and 
appropriate lab tests to make the diagnosis of VITT, and treatment of 
patients with suspected or confirmed VITT. Application of existing 
knowledge to patients with cancer will also be discussed. 

2. Pathophysiology 

The similarity of findings of thrombocytopenia, thrombosis, and 
apparent worsening of thrombosis with the use of unfractionated hep-
arin (UFH) as with cases of HIT led to the use of platelet factor 4 (PF4) 
tests in the first few reported cases. Results of the PF4 ELISA tests were 
surprisingly positive in these patients despite lack of prior exposure to 
heparin, with higher results than typically seen with HIT. Similarity to 
auto-immune HIT, a rare occurrence, was made as none of these patients 
had had prior heparin exposure [9]. Excellent reviews on HIT and 
autoimmune HIT have been published but reviewing the pathophysi-
ology of HIT will aid understanding what is known about the mecha-
nisms of developing VITT [14,15]. 

HIT occurs when a patient makes an IgG antibody to a neoantigen on 
PF4 that is exposed when highly positively charged PF4 tetramers bind 
to highly negatively charged heparin. PF4, released from platelet alpha 
granules following platelet activation and belonging to the chemokine 
CXC family of small molecules with roles in inflammation and wound 
repair, functions to neutralize heparins at the vascular endothelial sur-
face allowing coagulation to proceed [16]. The longer the UFH mole-
cule, the more PF4 molecules it can bind which then bind anti-PF4 
antibodies in close proximity along the UFH polymer. These bound IgG 

antibodies can then bind to FCyRIIa receptors on platelets; clustering of 
IgG-FCyRIIa leads to platelet activation, release of platelet PF4, and 
ultimately results in thrombosis and the clinical manifestations of HIT. 
These antibodies can also bind to FCy receptors on granulocytes that 
participate in thrombosis formation. HIT is associated with 50% mor-
tality if not appropriately treated. In auto-immune HIT, an endogenous 
polyanion takes the place of UFH, providing the same backbone of a 
negatively charged long polymer chain for PF4 to bind to, resulting in 
the exposure of the same neoantigen [9]. It is on the basis of this 
knowledge that a similar process was suspected in patients with this 
syndrome who were found to have high positive PF4 ELISA tests 
[17–20]. 

Detailed investigations into the appropriate lab tests to diagnose 
VITT using patient plasma or serum found that standard plate based PF4 
ELISA assays identified positive samples whereas rapid immunoassays 
did not [21]. Platelet activation studies using VITT patient plasma to 
activate platelets resulting in aggregation were often at first negative, 
until exogenous PF4 was added to the test. Detailed testing demon-
strated that platelet activation by serum from patients with VITT did not 
require heparin to activate platelets but activity could be blocked by 
high heparin concentrations. Platelet activation was also inhibited with 
an anti-FCyRIIa antibody, and could be augmented with PF4 [17,19]. 
Although very sensitive, these types of tests are primarily available at 
research or reference labs, as with the serotonin release assay used to 
diagnose HIT. Variations in the reagents, particularly the addition and 
type of exogenous PF4, can be critical to the assay function; the gold 
standard SRA test for HIT performs variably to diagnose VITT based on 
whether exogenous PF4 is added [17,19]. IgG antibodies were isolated 
from VITT patient samples and demonstrated binding to PF4 and acti-
vation of platelets in the presence of PF4. ELISA assays can be performed 
even in the setting of treatment. A small number of patients with VITT 
have been followed with serial PF4 ELISA and platelet activation studies 
over 11–12 weeks. Findings demonstrate that functional assays become 
negative in about 90% of patients by this time and although the ELISA 
titers decreased, results were still positive in the majority of patients 
[22]. 

Work from Norway by Holm and colleagues and by others demon-
strate that excessive activation of neutrophils occurs in VITT, in addition 
to platelet activation, and plays a significant a role in thrombus devel-
opment [23,24]. The crosstalk between innate inflammatory responses 
and activation of coagulation, known as thromboinflammation, appears 
to play a key role in the development of VITT. The participation of 
neutrophils and the formation of neutrophil extracellular traps (NETs) 
has been noted previously in HIT as well as in COVID-19 [25,26]. VITT is 
first an immune response and not a hypercoagulable state. Specific 
recipient factors such as ability to control inflammatory or coagulation 
response may also play a role in the development of VITT. The vaccine 
components associated with the development of the anti-PF4 antibodies 
in cases of VITT were first thought to be any one of the constituents of 
the vaccine itself, including the adenoviral vector, or EDTA, however 
recent data suggests that the probable polyanion that binds PF4 appears 
to be an adenovirus viral capsid protein, the hexon protein [24]. 
Although three cases of VITT have been suspected following mRNA 
vaccine administration, to date none have had positive lab test results or 
been otherwise confirmed. Fig. 1 depicts the current proposed patho-
physiology of VITT. Other detailed figures and descriptions depicting 
the pathophysiologic mechanisms involved in auto-immune HIT, HIT, 
and VITT by Greinacher, Warkentin, Holm, and others are available for 
review for greater understanding of the similarities and differences be-
tween these disorders [14,15,23,27]. 

3. Clinical assessment and diagnosis 

Recognition of VITT is based on clinical findings, radiographic im-
aging, and laboratory tests. VITT is defined as a syndrome following 
either of the two COVID-19 adenoviral vector vaccines, with thrombosis, 
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thrombocytopenia, elevated D-dimer, and often low fibrinogen, and 
positive PF4 ELISA. One of the most important clinical factors is timing 
of symptom onset after vaccination. The symptoms are not the typical flu 
like symptoms that occur within 24–48 h after receiving many types of 
vaccines, such as headache, myalgia, low grade fevers or chills. Symp-
toms of VITT do not appear until 4 to 5 days after vaccination and are 
usually due to the presence of thrombosis leading to headache and 
neurologic symptoms if the patient develops a cerebral venous sinus 
thrombosis (CVST), or abdominal or back pain if splanchnic vein 
thrombosis, or symptoms associated with pulmonary embolism (PE) or 
deep vein thrombosis (DVT) [17,18,19,28]. Some patients may develop 
headache without CVST, or other VTE manifestations, early in the 
course of development of VITT; these patients have appropriate labo-
ratory findings of elevated D-dimer and positive PF4 ELISA with the 

headaches attributed to possible microvascular thrombosis [29]. It is the 
cases of thrombosis in unusual locations that initially called attention to 
this syndrome as the index case had CVST. In rapid succession new cases 
of CVST following the ChAdOx1 nCov-19 and Ad26.COV2⋅S vaccines 
were identified. The location of thrombosis in unusual sites is credited 
with likely early identification of this syndrome, but typical sites of 
thrombosis such as PE or DVT, or thrombosis in multiple sites also occur. 
While earliest onset is approximately 5 days, the median has been re-
ported to be 14 days (IQR10,16) [28] in the largest series, with cases 
identified out to at least 28 days, although some outliers have been 
diagnosed past 28 days. One case report notes presentation of a woman 
with bruising and petechiae who was diagnosed with VITT despite the 
lack of thrombosis on imaging; the use of aspirin to control post vaccine 
symptoms is likely what prompted early medical attention and early 

Fig. 1. Proposed mechanism of VITT: Adenoviral vector-based SARS-CoV-2 vaccination results in the release of adenovirus hexon capsid protein in the circulation 
which binds PF4 present in the blood from platelets that have been activated. The hexon protein/PF4 complex exposes a neoepitope on PF4, as in heparin induced 
thrombocytopenia (HIT) or autoimmune HIT in which heparin or large endogenous polyanion bind PF4. Antibody directed against this neoepitope is produced which 
binds the hexon protein/PF4 complex. The hexon protein, like heparin or other polyanions, can bind multiple PF4/antibody complexes which can engage and cluster 
platelet FCyRIIa receptors, resulting in platelet activation and release of PF4, perpetuating the thrombotic milieu and activating other inflammatory pathways such as 
formation neutrophil extracellular traps. 
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recognition of VITT by alert clinicians [30]. 
While the first reported cases from European countries noted that age 

less than 50 and female sex appeared to be risks factors for developing 
VITT, in a larger data set only younger age has held up as a risk, with a 
median age of 48 years albeit with a wide a range from 18 to 79 years. 
Demographic factors at the time of administration of the ChAdOx1 
nCov-19 vaccine were likely responsible for this impression of sex as a 
predisposition, with young female healthcare workers making up the 
majority of recipients in the first round of vaccination. In the large UK 
experience 45% of patients diagnosed with VITT were men [28]. 

Evaluation of patients with suspected VITT should include symptom 
directed imaging and laboratory tests including a CBC to check platelet 
count, D-dimer level, fibrinogen, and if available a PF4 ELISA. Assess-
ment for other causes of thrombotic thrombocytopenia syndromes 
including thrombotic microangiopathies such as thrombotic thrombo-
cytopenic purpura is critical. Contrast must be used with CT or MR 
imaging of the head to assess for CVST and the abdomen for splanchnic 
vein thrombosis. PE, DVT, arterial events, and thrombosis in multiple 
vascular beds have also been reported and can be assessed based on 
symptoms. (Table 1) Platelet count should be low, D-dimer level should 
be significantly elevated even in the absence of thrombosis, and fibrin-
ogen can be normal, low normal or significantly low as in some reported 
cases in which fibrinogen was less than 100 mg/dl [17,18,19,28]. 

The UK has developed a set of criteria for diagnosing VITT as defi-
nite, probable, possible, and unlikely [28]. The World Health Organi-
zation has also established criteria, with major and minor criteria, and 
classification as Level 1 confirmed, Level 2 probable, and Level 3 
possible VITT (see Table 1). A risk prediction score for risk of mortality 
has also been developed [31]. Based on 49 early cases, 5 variables were 
found to be associated with mortality including age less than 60 years, 
platelet count less than 25,000/ul, fibrinogen less than 150 mg/dl, 
intracranial hemorrhage, and CVST, with the risks additive. The more 
severely abnormal the lab tests, the higher the risk of death. Further 
validation of this score is required. 

Making a diagnosis of VITT in patients with cancer can be chal-
lenging, as many of the criteria can be affected by cancer treatments or 
the underlying cancer itself. Specifically, platelet count and D-dimer can 
be affected by chemotherapy, radiotherapy, and even immunotherapy, 
to mimic VITT with thrombocytopenia and an increased D-dimer—both 
of which can also be seen in advanced stages of cancer with metastases 
to the bones. The rates of thrombosis are increased in patients with 
cancer at baseline, and many types of cancer, particularly GI tract can-
cers can be associated with splanchnic vein thrombosis. Thrombotic 
microangiopathies including DIC can also have similar findings as VITT. 
There is one case report of development of VITT in a patient who was 
diagnosed with pancreatic cancer following presentation with an 

Table 1 
Comparison of World Health Organization criteria and United Kingdom case definitions for diagnosis of Vaccine-induced immune thrombotic thrombocytopenia.   

Thrombosis Thrombocytopenia PF4 ELISA D-dimer Timing 

WHO 
Major criteria Unusual location   

• Cerebral vein  
• Splanchnic vein  
• Multiple veins 

< 50 × 109/L 
Smear: no clumping 

+

OR 
+ functional 
assay  

na 

Minor criteria Common location—imaging 
confirmed 
OR 
Suggestive imaging or clinical 
findings   

• Pulmonary v  
• Limb vein  
• Coronary a  
• Cerebral a  
• Other arteries/veins 

>50 × 109/L – < 150 ×
109/L 
OR 
>50% decrease from 
baseline  

>4000 FEU na 

Level 1 
confirmed 

Major or minor Major or minor Major Major na 

Level 1 
confirmed 

Major Major Minor Minor na 

Level 2 
probable 

Minor Major Minor Minor na 

Level 2 
probable 

Major Minor Minor Minor na 

Level 3 
possible 

Minor Minor Minor 
OR 
No values 

Minor 
OR 
no values 

na  

UK Case Definition 
Definite Presence of thrombosis <150 × x 109/L + >4000 FEU Symptom onset 5–30 days post 

vaccination 
Probable D-dimer significantly elevated but one of the other 4 criteria not met >4000 FEU  
Probable Presence of thrombosis <150 × x 109/L + Unknown 

OR 
2000–4000 
FEU 

Symptom onset 5–30 days post 
vaccination 

Possible One or two criteria not met Unknown 
OR 
2000–4000 
FEU  

Unlikely No thrombosis <150 × x 109/L +/− <2000 FEU  
Unlikely (alternative diagnosis 

more likely) 
Thrombosis >150 × x 109/L +/− <2000 FEU  

Abbreviations: PF4, platelet factor 4; ELISA, enzyme linked immunosorbent assay; FEU, fibrinogen equivalent units. 
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ischemic stroke. Review of the peripheral smear showing absence of 
schistocytes and a positive PF4 ELISA lead to a diagnosis of VITT [32] in 
this case 12 days following administration of mRNA-1273 (Moderna) 
vaccination. It is unclear whether this patient who died after aggressive 
support did in fact have VITT as pancreatic cancer itself could have 
resulted in the ischemic stroke, the PF4 ELISA was low titer compared to 
that found in other reports [17,18,19,20], and suspected cases of VITT 
following mRNA vaccines have not been confirmed by platelet activa-
tion assays. 

4. Management 

Heightened suspicion for the diagnosis with onset of symptoms at an 
appropriate time following adenoviral vector vaccination is important, 
as early recognition of the VITT syndrome and early institution of 
appropriate treatment appears to be responsible for decreasing the 
mortality rate. Mortality with the first reported cases in April 2021 was 
over 40%; this decreased to approximately 20% by the end of the 
summer 2021, with the rate of fatal cases at 5% (8/158) to date in 
Australia after an extensive education campaign on recognition, diag-
nosis, and treatment [33]. 

Management of VITT is modeled after management of HIT, in which 
the important first steps are to avoid heparin anticoagulants and platelet 
transfusions. Heparin perpetuates the pathophysiology of HIT and 
platelet transfusions just add more PF4 and thrombotic substrate. 
Whether avoidance of heparin is mandatory is unclear as it has been 
found that the antibody that triggers VITT binds to the same site on PF4 
as heparin, ostensibly making simultaneous binding of both unlikely. 
However some patients with VITT do have antibodies that can cross 
react with heparin/PF4 complexes and the sophisticated testing 
required to determine this is not widely available [33]. Given the high 
morbidity and mortality of VITT and the uncertainty with the use of 
heparin, non-heparin anticoagulants should be used if available [33]. 
Non-heparin anticoagulants such as parenteral direct thrombin in-
hibitors (argatroban, bivalirudin), fondaparinux a recombinant mole-
cule which is the short 5 pentasaccharide sequence of heparin that binds 
antithrombin but has been shown to be relatively safe in HIT [34], or 
direct oral anticoagulants including the direct thrombin inhibitor 
dabigatran or the Xa inhibitors (apixaban, rivaroxaban, edoxaban), can 
be used depending on the severity of illness of the patient, renal func-
tion, and other factors. As with HIT, anticoagulation should be given 
despite thrombocytopenia, although with careful supervision in cases of 
significant bleeding such as intracranial hemorrhage (ICH). 

In many countries, non-heparin anticoagulants such as parenteral 
direct thrombin inhibitors or oral Xa inhibitors are not available. As 
above, the VITT antibody binds within the same area on PF4 that hep-
arin binds, making simultaneous binding of both mutually exclusive, 
and thus heparin should not contribute to the pathophysiology of HIT. 
Expert consensus panels suggest that heparin be given if no alternative 
anticoagulants are available to shut off the intense thrombin generation 
in VITT, as this is safer than no anticoagulation [33]. 

High dose intravenous immunoglobulin G (IV IgG) of 1 g per kilo-
gram per day for two days has been used with success as treatment for 
both auto-immune HIT and HIT, and so is recommend for the treatment 
of VITT although data for efficacy of IgG use alone in VITT are lacking 
[35–37]. IgG interferes with the activation of platelets by the VITT 
antibody/PF4 complexes and will down regulate immune activity and 
subsequent antibody production. Similarly, the use of steroids to inter-
fere with immunologic response has been suggested, especially if IV IgG 
is not available, and in severe cases plasmapheresis to remove the VITT 
antibody has been reported [33,38]. A summary of management stra-
tegies appears in Table 2. Many guidelines have been developed with 
treatment algorithms for the management of VITT. (see Appendix) 
Management of VITT in patients with cancer should not differ from the 
management in patients without cancer. VITT is an aberrant immuno-
logic response to vaccination. The recommended VITT treatment 

strategies will not harm patients with cancer but a correct diagnosis 
must be made. 

Once the acute treatment of VITT has been established, with increase 
in platelet count, stabilization of other coagulation parameters, and 
continued anticoagulation, current consensus is to treat the thromboses 
as a provoked event with a minimum of three months of therapeutic 
dose anticoagulation. In 14 of 15 patients followed for more than 12 
weeks, the median time for PF4 dependent platelet activation assays to 
become negative was 12 weeks, although PF4 ELISA positivity persisted 
longer, as is often the case with HIT [39,40]. What this means for 
treatment is unclear, but a conservative approach is warranted, with 
continued anticoagulation determined by individual patient thrombosis 
risk factors. Whether these patients are at increased risk for HIT and 
avoid heparin in the future is currently unknown. Long term follow-up 
data are needed to identify best practice. 

Vaccination is the best defense against SARS-CoV-2 infection. Even if 
breakthrough infection occurs, vaccinated patients experience less 
associated morbidity and mortality [41]. Patients with a history of VITT 
are still at risk for COVID-19. Although data are limited, reports of 
subsequent vaccination with mRNA vaccine in five patients following a 
diagnosis of VITT did not lead to recurrence [22]. A more recent pub-
lication from the UK that evaluated 40 patients with VITT reported that 
none developed recurrent VITT or other adverse reactions, following 
subsequent vaccination with mRNA vaccines [42]. Primary vaccination 
in the USA, like Canada and the UK, for the majority of people will now 
be with the mRNA type vaccines given that the CDC recommends the 
mRNA vaccine in preference to the Ad26.COV2⋅S vaccine due to the risk 
of VITT [43]. As boosters are now recommended, for those who received 
the Ad26.COV2⋅S and the ChAdOx1 nCov-19, subsequent immunization 
against SARS-CoV-2 should be with an mRNA type vaccine. For those 
that are immunosuppressed including patients with cancer or receiving 
cancer treatments, a series of three mRNA vaccine doses are recom-
mended at the full dose and not the lower booster dose given after the 
first two doses due to the decreased efficacy of vaccination in this 
population. If the first vaccination was with an adenovirus vaccine 
subsequent use of mRNA vaccines will provide a good response and 
effective levels of anti-Spike protein antibodies, with no safety signals to 
date [44]. With data to support an mRNA booster showing improved 
efficacy against the omicron variant, those with a history of VITT or with 
cancer should strongly consider mRNA vaccination and boosters in 
consultation with their medical care team [45]. 

Table 2 
Vaccine-induced immune thrombotic thrombocytopenia syndrome: treatment   

1. Confirmed or probable diagnosis: WHO Level 1 or 2; UK definite, probable, 
possible   

• Non-heparin anticoagulant  
▪ Argatroban  
▪ Bivalirudin  
▪ Apixaban  
▪ Rivaroxaban  
▪ Edoxaban  

• IV IgG: 1 g/kg/day x 2 doses  
• Avoid platelet transfusions  
• Severe cases  

▪ Steroids  
▪ Plasma exchange   

2. Possible Diagnosis: WHO Level 3 or UK unlikely   

• No thrombosis BUT appropriate timing, thrombocytopenia AND very high or rising 
D-dimer OR positive PF4 ELISA: may be early presentation of VITT, monitor closely 
or use IV IgG and consider empiric anticoagulation  

• Thrombosis but no other findings; unlikely to be VITT but advise avoidance of 
heparin  

• Thrombocytopenia but no other findings: unlikely to be VITT more likely to be 
immune mediated thrombocytopenia (ITP)  
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5. Conclusion 

The rapid development and roll-out of vaccines against SARS-CoV-2 
is a remarkable feat that has relied on science, technology, and medi-
cine. These vaccines have proven efficacy, have decreased morbidity, 
and have saved lives. VITT is a rare complication of adenoviral vector 
vaccines, with variable reported incidences from country to country 
based on population vaccination strategy, timing of halting use of 
adenoviral vector vaccines, and ascertainment limitations including 
recognition of the syndrome with retrospective diagnosis. Recent data 
from the US noted 54 cases out of 14.1 million administered doses of the 
Ad26.COV2⋅S, representing a case rate of 3.8 cases per million doses 
[43]. The UK reports based on age, found an incidence of 1:100,000 in 
patients over age 50 years after almost 8 million doses of the ChAdOx1 
nCov-19 vaccine, and at least 1:50,0000 after 16 million doses in those 
age less than 50 years [27]. While some countries have halted use of the 
adenoviral vector vaccines, for many countries in which vaccine options 
are limited, strategies for administration based on age with heighted 
surveillance for complications and rapid treatment at the first signs or 
symptoms of VITT may be necessary to help curtail the SARS-CoV-2 
pandemic. 

Although VITT is a serious complication of adenoviral vector vac-
cines with varying incidence from country to country, it is rare; whether 
patients with cancer can develop VITT is unknown. The complications 
associated with SARS-CoV-2 infection are more frequent and often even 
more severe and concerning for patients with cancer. Many countries 
have issued guidance for differential use of the mRNA and adenoviral 
vector vaccines based on specific patient characteristics; readers should 
refer to local guidance from their country to inform practice; represen-
tative guidance documents can be found in the see Appendix. Early 
recognition and diagnosis of VITT with prompt initiation of appropriate 
treatment including non-heparin anticoagulants, IV IgG, with consid-
eration for use of steroids or plasma exchange, have significantly 
decreased the mortality associated with this syndrome and are expected 
to be just as effective in patients with cancer. Over 7 billion doses of 
vaccine have been administered to date [1]. The continued rapid pace of 
development of scientific knowledge about COVID-19 and the vaccines 
against SARS-CoV-2 is needed to ultimately control this devastating 
pandemic. 

Funding 

No sources of funding were used for this manuscript. 

Declaration of competing interest 

JMC reports personal fees for scientific advisory boards and 
consulting from Abbott, Anthos, Alnylam, Bristol Myers Squibb, Five 
Prime Therapeutics, Pfizer, Takeda and research funding from CSL 
Behring. TI has received a research grant from Japan Blood Products 
Organization and JIMRO. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.thromres.2022.02.009. 

References 

[1] https://coronavirus.jhu.edu/map.html. 
[2] S.M. Kissler, J.R. Fauver, C. Mack, C.G. Tai, M.I. Breban, A.E. Watkins, R. 

M. Samant, D.J. Anderson, J. Metti, G. Khullar, R. Baits, D. Salgado, T. Baker, J. 
T. Dudley, C.E. Mason, D.D. Ho, N.D. Grubaugh, Y.H. Grad, M. MacKay, Viral 
dynamics of SARS-CoV-2 variants in vaccinated and unvaccinated persons, N. Engl. 
J. Med. 385 (26) (2021) 2489–2491, https://doi.org/10.1056/NEJMc2102507. 
Epub 2021 Dec 1. 

[3] V. Kumar, J. Singh, S.E. Hasnain, D. Sundar, Possible link between higher 
transmissibility of alpha, kappa and delta variants of SARS-CoV-2 and increased 

structural stability of its spike protein and hACE2 affinity, Int J Mol Sci. 22 (17) 
(2021) 9131, https://doi.org/10.3390/ijms22179131. 

[4] P.M. Folegatti, K.J. Ewer, P.K. Aley, B. Angus, S. Becker, S. Belij-Rammerstorfer, 
D. Bellamy, S. Bibi, M. Bittaye, E.A. Clutterbuck, C. Dold, S.N. Faust, A. Finn, A. 
L. Flaxman, B. Hallis, P. Heath, D. Jenkin, R. Lazarus, R. Makinson, A. 
M. Minassian, K.M. Pollock, M. Ramasamy, H. Robinson, M. Snape, R. Tarrant, 
M. Voysey, C. Green, A.D. Douglas, Hill AVS, T. Lambe, S.C. Gilbert, A.J. Pollard, 
Oxford COVID Vaccine Trial Group, Safety and immunogenicity of the ChAdOx1 
nCoV-19 vaccine against SARS-CoV-2: a preliminary report of a phase 1/2, single- 
blind, randomised controlled trial, Lancet 396 (10249) (2020) 467–478, https:// 
doi.org/10.1016/S0140-6736(20)31604-4. Epub 2020 Jul 20. Erratum in: Lancet. 
2020 Aug 15;396(10249):466. Erratum in: Lancet. 2020 Dec 12;396(10266):1884. 
PMID: 32702298; PMCID: PMC7445431. 

[5] F.P. Polack, S.J. Thomas, N. Kitchin, J. Absalon, A. Gurtman, S. Lockhart, J. 
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L. Schönborn, M. Beer, K. Franzke, A. Büttner, B. Fehse, E.X. Stavrou, 
C. Rangaswamy, R.K. Mailer, H. Englert, M. Frye, T. Thiele, S. Kochanek, 
L. Krutzke, F. Siegerist, N. Endlich, T.E. Warkentin, T. Renné, Insights in ChAdOx1 
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C. Pille, J.A. Graw, A. Alonso, J. Pelz, H. Schneider, A. Bayas, M. Christ, J. 
B. Kuramatsu, T. Thiele, A. Greinacher, M. Endres, Vaccine-induced 
thrombocytopenia with severe headache, N. Engl. J. Med. 385 (22) (2021) 
2103–2105, https://doi.org/10.1056/NEJMc2112974. Epub 2021 Sep 15. 

[30] J. Thaler, C. Ay, K.V. Gleixner, A.W. Hauswirth, F. Cacioppo, J. Grafeneder, 
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