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Background: The ChAdOx1 nCoV-19 vaccine is associated with vaccine-induced thrombosis and thrombocytopenia (VITT). Patients
with end-stage renal disease (ESRD) under hemodialysis are at elevated risk of heparin-induced thrombocytopenia, which shares
similar mechanisms with VITT. We aimed to examine the risk of VITT after the first dose of ChAdOx1 nCoV-19 vaccine using a self-
controlled case series analysis (SCCS) in the hemodialyzed ESRD population.

Methods: Drawing from the largest multi-center electronic medical records database in Taiwan, we identified adult patients, with or
without hemodialysis, between 1st December, 2020, and 31st December, 2021, who received a first dose of ChAdOx1 nCoV-19
vaccine and had an outcome of thrombocytopenia, venous thrombosis, or arterial thrombosis. We calculated the incident rate ratios
(IRRs) of outcomes in different periods at risk, compared to periods not at risk.

Results: We identified 59 hemodialysis patients and 41 non-dialysis patients with an outcome. The SCCS analyses showed, for the
hemodialysis group, a significantly increased risk of outcomes during the period 31 to 60 days post-exposure to ChAdOx1 nCoV-19
vaccine (IRR: 2.823; 95% CI: 1.423-5.600). However, in non-dialysis patients there was no increase in risks during any of the post-
exposure risk periods.

Conclusion: For ESRD patients under hemodialysis, the first dose of ChAdOx1 nCoV-19 vaccine was associated with a 2.8-fold
increase in risk of thrombosis.
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Introduction

Due to their advanced age and multiple medical comorbidities, patients with end-stage renal disease (ESRD) are at
a higher risk of death when they contract coronavirus disease 2019 (COVID-19).! The prevalence of ESRD necessitating
dialysis in Taiwan is the highest of any country in the world.> While hemodialysis is the predominant modality for renal
replacement therapy, patients receiving periodic in-hospital hemodialysis are particularly susceptible to infection with
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).* Therefore, ESRD patients were given top priority in
Taiwan’s nationwide COVID-19 vaccination program.* As of 1st July 2021, more than 80% of Taiwanese patients with
ESRD had received their first dose of ChAdOx1 nCoV-19 (Oxford-AstraZeneca) vaccine, which was largely the only

COVID-19 vaccine available to the nationwide vaccination program before 30th June 2021.>°
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The ChAdOx1 nCoV-19 vaccine is a non-replicating adenoviral vector vaccine.” Its use is correlated with an
infrequent yet serious adverse reaction of vaccine-induced thrombosis with thrombocytopenia (VITT).® The possible
mechanism involves the triggering of immune responses to platelet factor-4 (PF4), the production of anti-PF4 auto-
antibodies and the subsequent activation of platelet-derived coagulation cascades.® VITT shares many of the same
characteristics as heparin-induced thrombocytopenia (HIT), which is thought to be brought on by the immune system’s
response to heparin and the presence of anti-PF4 antibody.”

The prevalence of positive anti-PF4 antibody in the general population is between 1.0% and 6.6%'®'" During their
maintenance hemodialysis sessions, ESRD patients are exposed to heparin on a regular basis. As a result, one in three

1011 and approximately 12% of dialysis patients may develop HIT resulting from

tests positive for anti-PF4 antibody,
prolonged exposure to heparin.'* Previous investigations have revealed that anti-PF4 antibody is related to arterial
stiffness'? and thrombotic occurrences like myocardial infarction or ischemic stroke in the hemodialysis population.'
Given such a high prevalence rate of anti-PF4 antibody, as well as the pre-existing higher risks of venous or arterial

15:16 it was uncertain whether there would be any further increase in thrombosis risk for hemodialyzed

thrombosis events,
ESRD patients after receiving the ChAdOx1 nCoV-19 vaccine. Therefore, we performed this self-controlled case series
study using a large hospital-based database to examine the relationship between exposure to the first dose of ChAdOx1

nCoV-19 vaccine and thrombosis events in hemodialyzed ESRD patients in Taiwan.

Methods

Data Sources

The Chang Gung Research Database (CGRD) was used as the data source for this study. A comprehensive description of
the CGRD’s data structure can be found in prior literature.'”'® Briefly, the CGRD consists of the collective digital
medical records of nine Chang Gung Medical Foundation (CGMF) hospital branches throughout Taiwan, covering an
estimated 1.3 million people (or 6% of the total Taiwanese population). The CGRD encompasses information on
demographic data, visits to the emergency department, outpatient services, hospitalizations, laboratory tests and medica-
tions, making it a valuable source for clinical and pharmacoepidemiologic research.'**

Study Design

A self-controlled case series approach was used in this study. This method was originally designed to assess the risk of
adverse reactions related to vaccinations.>'*** Using this approach, we calculated the risk of outcomes of interest during
the post-vaccination exposure period, relative to that during the unexposed baseline period (Figure 1). Statistical
inference was made at the level of study subjects, so that factors that stayed the same throughout the study duration
(eg, gender, genetics, socioeconomic status, individual frailty, the severity of existing conditions) were held constant. The
Institutional Review Board of CGMF approved the protocol of the present study (ID: 202101087B0) and waived the
requirement for informed consent.

Inclusion and Exclusion Criteria

Adult patients >18 years old with ESRD and receiving chronic maintenance hemodialysis, who received a first dose of
the ChAdOx1 nCoV-19 vaccine and subsequently suffered a thrombosis event within the study period (from 1st
December 2020, to 31st December 2021), were identified from the CGRD. Patients who had received hemodialysis
for at least three consecutive months were considered to be under chronic maintenance hemodialysis. The National
Health Insurance codes for dialysis procedures in Taiwan are detailed in Supplementary Table 1. We confirmed the

vaccination status for COVID-19 using prescription data. We excluded patients receiving the mRNA-1273 (Moderna) or
BNT162b2 vaccines, because very few patients with ESRD had received either of these as their first-dose vaccination
against COVID-19 during the study period. We excluded prevalent cases with thrombosis events if the same event
occurred in the year prior to the beginning of the study period (ie, from 1st December 2019, to 30th November 2020).
Patients who had received a second dose of ChAdOx1 nCoV-19 vaccine before the occurrence of a thrombosis event
were also excluded, as the focus of the study was on the effects of the first dose. Finally, we excluded patients diagnosed
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Figure | Schematic illustration of the study design.

with SARS-CoV-2 infections before the occurrence of a thrombosis event, since SARS-CoV-2 itself could be a cause of
thrombosis.>>** Throughout the study period, the Taiwanese government maintained a strict infection control strategy.
Nasal swab polymerase chain reaction (PCR) tests performed by qualified healthcare workers were required to confirm
all COVID-19 positive results. It was mandatory for physicians to immediately report the relevant ICD-10 code (i.e.,
U071) for patients with positive PCR results to the National Health Insurance and Center for Disease Control.

Exposure Risk Period

We defined the periods at risk using the following pre-specified time periods: 05, 630, 31-60 and 61-120 days after the
vaccination date (Figure 1). Using these multiple risk intervals, a distinction could be made between acute and non-acute
phases, in terms of thrombosis risk after vaccination. The period not at risk was defined as the time between 1st
December 2020, and 31 days prior to the ChAdOx1 nCoV-19 vaccination date, and from 121 days after ChAdOx1 nCoV-
19 vaccination until 31st December 2021. We also defined the 30-day interval before the date of ChAdOx1 nCoV-19
vaccination as the baseline period. This was to address the potential bias which could arise if the outcome event
momentarily changed the probability of ChAdOx1 nCoV-19 vaccination. Supplementary Figure 1 presents the data

distribution for the day intervals between vaccination and event occurrence.

Study Outcome

Our primary outcome was a composite of thrombocytopenia, venous thromboembolism or arterial thromboembolism,
which we identified using inpatient discharge diagnosis codes. Hospitalizations were identified from the CGRD between
1st December 2020, and 31st December 2021, based on International Classification of Diseases, 10th version, Clinical
Modification (ICD-10-CM) codes in the first 5 columns of diagnostics that indicated the primary outcome. We present the
details of these ICD-10-CM codes for study outcomes in Supplementary Table 2. We defined the admission date of

hospitalization for the primary outcome as the event date. The sensitivity and positive predictive value of ICD-10-CM

codes for venous or arterial thromboembolism in Taiwan have been validated previously.?> 2

Statistical Analysis

We used descriptive statistics to present the characteristics of the study cohort (ESRD patients under maintenance
hemodialysis who received a first dose of ChAdOx1 nCoV-19 vaccine and subsequently recorded the study outcome of
interest) in terms of age, sex, comorbidities and laboratory data during the baseline period. A self-controlled case series
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model was fitted using conditional Poisson regression. We calculated the incident rates, incident rate ratios and 95%
confidence intervals of the study outcome for different risk periods, compared to periods not at risk. To confirm the
validity of this study, the following additional analyses were conducted. First, we selected bone fracture as a negative
control event, and applied the same self-controlled case series model to test the robustness of our study. Since bone
fracture should be unrelated to vaccination, there should be no correlation between vaccination and bone fracture
outcomes. The ICD-10-CM codes for bone fracture are also listed in Supplementary Table 2. Second, given the critical

nature of thrombosis in hemodialysis patients, we performed the same analysis for thrombosis events in the general
population not receiving any form of dialysis. We expected the correlation between vaccination and thrombosis outcome
to be either non- or barely significant in the general population. All statistics were conducted using SAS 9.4 for Windows
(SAS Institute, Inc., Cary, NC). Two-tailed p-values < 0.05 were regarded as statistically significant.

Results
Between 1st December 2020, and 31st December 2021, 242 adult patients received their first dose of vaccine for
COVID-19 and subsequently experienced a thrombosis event. Following our inclusion and exclusion criteria, a total of
59 patients were eligible for the main analysis (Figure 2).

Table 1 outlines the baseline demographics and characteristics of the 59 patients. The patients’ mean age was 65 years
old, 39% were female, 75% were living in northern locations and their mean platelet count was 198 x10°/uL during the
baseline period. Supplementary Figure 1 illustrates the distribution of day intervals between vaccination and event

occurrence in these patients. At around 30 days post-vaccination, there was a surge in thrombosis events. Table 2 shows
the results of the self-controlled case series analysis. The incident rate ratio (IRR) significantly increased during the 31-
to 60-days post-vaccination risk period, compared to periods not at risk. There were 33 bone fracture events for the
negative control analysis; however, as shown in Table 3, the first dose of ChAdOx1 nCoV-19 vaccine was not associated
with this outcome during any of the risk intervals. Finally, a first dose of the ChAdOx1 nCoV-19 vaccine was not
associated with thrombosis events in any of the risk intervals in the non-dialysis population (Table 4).

Discussion
We found that for ESRD patients under chronic maintenance hemodialysis, the first dose of ChAdOx1 nCoV-19 vaccine
was significantly associated with a 2.8-fold increase in risk of thrombosis events during the period 31 to 60 days after

Adult patients who received 1st dose of vaccine for COVID-19
and experienced a thrombotic event from 1t December, 2020,
to 31t December, 2021; N = 242

Exclusions:

» No hemodialysis for at least 3
consecutive months, N = 136

» Received mRNA-1273 (Moderna)
or BNT162b2 vaccine, N=4

» Prevalent thrombotic cases, N =39

» Received 2nd dose of vaccine or
confirmed COVID-19 diagnosis
before a thromboticevent, N=4

A\ 4
I Eligible cases for the main analysis, N = 59 I

Figure 2 Flow chart for selection of cases for the main analysis.
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Table | Baseline Demographics of Cases Selected for the Self-Controlled Case Series Analysis

Characteristics

Hemodialysis Patients
(N =59)

Non-Dialysis Patients
(N =41)

Age in years, mean (SD) 64.7 (11.6) 67.4 (17.1)
Female sex, N (%) 23 (39.0) 19 (46.3)
Northern location, N (%) 44 (74.6) 34 (82.9)
Body mass index in kg/m?, mean (SD) 26.6 (5.9) 25.1 (3.7)
Systolic blood pressure in mmHg, mean (SD) 137.3 (25.0) 144.7 (27.7)
Diastolic blood pressure in mmHg, mean (SD) 739 (13.2) 85.3 (16.6)
Hypertension, N (%) 28 (47.5) 23 (56.1)
Hyperlipidemia, N (%) 29 (49.2) 18 (43.9)
Atrial fibrillation, N (%) 4 (6.8) 4 (9.76)
Ischemic heart disease, N (%) 25 (42.4) 6 (14.6)
Oral antiplatelets, N (%) 44 (74.6) 17 (41.5)
Statins, N (%) 31 (52.5) 17 (41.5)
Phosphorous in mg/dL, mean (SD) 4.9 (1.6) 3.3(0.7)
Calcium in mg/dL, mean (SD) 9.5 (0.9) 8.8 (0.6)
Albumin in gm/dL, mean (SD) 3.9 (0.3) 3.7 (0.6)
Triglyceride in mg/dL, mean (SD) 165.7 (145.6) 150.6 (149.3)
Total cholesterol in mg/dL, mean (SD) 158.6 (42.6) 191.2 (33.2)
Platelets in 10%/uL, mean (SD) 198.3 (67.0) 253.1 (82.1)
Intact parathyroid hormone in pg/mL, mean (SD) | 377.0 (355.3) *
Events in study period
Thrombocytopenia, N (%) 1(1.7) 8 (19.5)
Venous thromboembolism, N (%) 4 (6.8) 3(7.3)
Arterial thrombosis, N (%) 3 (5.1 0 (0)
Cerebral venous sinus thrombosis, N (%) 0 (0) 0 (0)
Ischemic stroke, N (%) 24 (40.6) 23 (56.1)
Myocardial infarction, N (%) 27 (45.8) 7 (17.1)

Note: *Insufficient data to be presented.
Abbreviation: SD, standard deviation.

vaccination, compared to periods not at risk. The ChAdOx1 nCoV-19 vaccine was not associated with an increased risk

of bone fracture during any of the post-exposure periods in hemodialysis patients, and it was not associated with

thrombosis events in the non-dialysis population either.

Although there is extensive literature addressing the occurrence of VITT after exposure to the ChAdOx1 nCoV-19

vaccine, very little of it specifically focuses on the ESRD population. In a small single-center study,” the incident rate of

vascular access thrombosis was 0.011 per person-month within 30 days after receiving the first dose of ChA-dOx1 nCoV-

19 vaccine. This was numerically higher than the rate during the 3 months (0.006 per person-month) before vaccine
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Table 2 Incident Rate and IRR of Thrombosis Events in Each Risk Period Compared to Periods Not at Risk
for ESRD Patients Receiving Chronic Maintenance Hemodialysis (Total N = 59)

Period Number of | Observed Incident Rate, 1000 IRR (95% CI)
Events Person-Days Person-Days (95% CI)

Periods not at risk 32 14,534 2.20 (1.56-3.11) Reference

Baseline (—30 to —I| days) 2 1770 1.13 (0.28-4.52) 0.513 (0.123-2.141)
Risk period (0 to 5 days) | 354 2.82 (0.40-20.05) 1.283 (0.175-9.389)
Risk period (6 to 30 days) 3 1416 2.12 (0.68-6.57) 0.962 (0.295-3.142)
Risk period (31 to 60 days) I 1770 6.21 (3.44-11.22) 2.823 (1.423-5.600)
Risk period (61 to 120 days) 10 3520 2.84 (1.53-5.28) 1.290 (0.634-2.625)

Abbreviations: ESRD, end-stage renal disease; IRR, incident rate ratio.

Table 3 Incident Rate and IRR of Bone Fracture Events in Each Risk Period, Compared to Periods Not at Risk
for ESRD Patients Receiving Chronic Maintenance Hemodialysis (Total N = 83)

Period Number of Observed Incident Rate, 1000 IRR (95% CI)
Events Person-Days Person-Days (95% CI)

Periods not at risk 25 8118 3.08 (2.08-4.56) Reference

Baseline (30 to —I| days) | 990 1.01 (0.14-7.17) 0.328 (0.044-2.421)

Risk period (0 to 5 days) 0 198 n/a n/a

Risk period (6 to 30 days) 2 792 2.53 (0.63-10.10) 0.820 (0.194-3.462)

Risk period (31 to 60 days) 2 990 2.02 (0.51-8.08) 0.656 (0.155-2.770)

Risk period (61 to 120 days) 3 1980 1.52 (0.49-4.70) 0.492 (0.149-1.630)

Abbreviations: ESRD, end-stage renal disease; IRR, incident rate ratio; n/a, not applicable.

Table 4 Incident Rate and IRR of Thrombosis Events in Each Risk Period, Compared to Periods Not at Risk for
the Non-Dialysis Population (Total N = 41)

Period Number of Observed Incident Rate, 1000 IRR (95% CI)
Events Person-Days Person-Days (95% CI)

Periods not at risk 26 10,099 2.57 (1.75-3.78) Reference

Baseline (=30 to —| days) 2 1230 1.63 (0.41-0.65) 0.632 (0.150-2.661)

Risk period (0 to 5 days) | 246 4.07 (0.57-28.86) 1.579 (0.214-11.640)

Risk period (6 to 30 days) 2 984 2.03 (0.51-8.13) 0.789 (0.187-3.326)

Risk period (31 to 60 days) 3 1230 2.44 (0.79-7.56) 0.947 (0.287-3.130)

Risk period (61 to 120 days) 7 2447 2.86 (1.36-6.00) 1.111 (0.482-2.560)

Abbreviation: IRR, incident rate ratio.

exposure, though a self-controlled case series analysis failed to show a significant difference, probably due to small event
numbers (5 and 3 events before and after the exposure, respectively) leading to insufficient statistical power. By contrast,
our multi-center study covered a much larger number of events and detected a higher risk of thrombosis at 31 to 60 days
after ChAdOx1 nCoV-19 vaccination, using self-controlled case series analysis.
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Typically, a VITT is characterized by thrombocytopenia, thrombosis event, elevated D-dimer level and the presence
of high-avidity IgG anti-PF4 antibodies, within 6-30 days following exposure to an adenoviral vector vaccine like
ChAdOx1 nCoV-19.%° PF4, a positively charged chemokine, is emitted from the a-granules of activated platelets as an
immune defense mechanism. It can opsonize the negatively charged surfaces of bacteria, thereby promoting the binding
of anti-PF4 antibodies.® In HIT, heparin, acting as a polyanion, causes a transformation of PF4 tetramers and leads to the
induction of anti-PF4/heparin antibody, which, in turn, activates platelets via the FcyRIla receptor for the Fc domain of
IgG antibodies.” The ensuing release of platelet-derived procoagulant microvesicles leads to severe thrombocytopenia,
disseminated intravascular coagulation and thrombosis events at atypical sites.® It has been hypothesized that, as in the
case of HIT, the binding of PF4 and capsid proteins from the adenoviral vectors of the ChAdOx1 nCoV-19 vaccine
induces the formation of anti-PF4 antibodies and subsequent thrombocytopenia and thrombosis responses in VITT.®?

Because of their regular exposure to heparin during each regular hemodialysis session, 33.8% to 35.7% of ESRD patients
receiving chronic maintenance hemodialysis have tested positive for anti-PF4 antibodies.'*'* The pre-existing B-cell clones
for the production of anti-PF4 antibodies may partly explain the increased risk of thrombosis events observed in the present
study, owing to the shared pathophysiological mechanisms between VITT and HIT. However, the increased risk occurred
during the period 31 to 60 days post-exposure, not the period 6 to 30 days post-exposure, as seen in a typical VITT.'*!* It
would seem more logical to observe a faster response in the ESRD population, since they are already “primed” by having
anti-PF4 antibodies. Furthermore, thrombocytopenia is under-represented in our patients as an event of interest. A delayed
mechanism other than anti-PF4 antibodies might be responsible for our findings and this warrants further investigation.

We used bone fracture events as a negative control, and as expected, the ChAdOx1 nCoV-19 vaccine was not
associated with risks of bone fracture. Finally, we found that, in the non-dialysis population, the ChAdOx1 nCoV-19
vaccine was not associated with thrombosis risks during any of the post-exposure risk periods. Such a non-significant
finding may be explained by so-called notoriety bias.”® That is, the launch and implementation of the nationwide
vaccination program in Taiwan were delayed as late as May 2021 (coinciding with the second wave of community
outbreak of COVID-19). At that time, the risk of thrombosis had been fully publicized in the media. We speculated that

patients who were at higher risk of VITT (eg, the younger age group [19 to 39 years]***°

may have turned down
adenoviral vector vaccine and preferred to wait for the mRNA vaccines, which were to become available just a few
months later in Taiwan at that time. Notably, our non-dialysis patients with thrombosis events were much older (mean
age: 67.4 years) (Table 1), compared to those reported in the literature (mean age: 50.1 years).”

Our study had several limitations. First, we may not have been able to confirm that subsequent exposures were not
affected by previous events, which may have influenced the estimation by self-controlled case series. However, such an
influence would have applied equally to the analysis of the dialysis and non-dialysis population. Second, although the
codes we used to define thrombosis and thrombocytopenia were in accordance with prior literature,”® we did not follow
the stricter definition of VITT (eg, as described by Pavord et al).>' We were unable to adopt those definitions because
diagnostic items for VITT, such as anti-PF4 antibody or D-dimer, were not routinely checked in our patients. Third, due
to small event numbers, we could not perform additional analysis of thrombosis risks among ESRD patients receiving
peritoneal dialysis, or the effect of mRNA vaccines on thrombosis risks. Finally, IRRs in different risk periods (Table 2)
had wide and overlapping 95% confidence intervals. These could be due to the ethnicity or specific underlying risk
factors that are more prevalent in the Taiwanese ESRD population. Our results should be interpreted with caution and
verified by future studies targeting a wider geographical range.

Conclusions

For ESRD patients under chronic maintenance hemodialysis, the administration of the first dose of ChAdOx1 nCoV-19
vaccine was associated with a 2.8-fold increase in the risk of thrombosis events during the period 31 to 60 days after
exposure. Our results indicate that adequate monitoring and prevention of adverse reactions are especially needed among
vulnerable populations like ESRD patients, when administering adenoviral vector type vaccines.
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