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Abstract

Severe acute respiratory syndrome coronavirus (SARS-CoV?2) and associated COVID-19 infection continue to impact patients
globally. Patients with underlying health conditions are at heightened risk of adverse outcomes from COVID-19; however,
research involving patients with rare health conditions remains scarce. The amyloidoses are a rare grouping of protein depo-
sition diseases. Light-chain and transthyretin amyloidosis are the most common disease forms, often present with systemic
involvement of vital organs including the heart, nerves, kidneys, and GI tracts of affected individuals. The Amyloidosis
Program of Calgary examined 152 ATTR patients and 103 AL patients analyzing rates of vaccination, COVID-19 testing,
infection outcomes, influence referrals, and excess deaths. Results showed 15 total PCR-confirmed COVID-19 infections
in the tested population of amyloid patients, with a higher frequency of infections among patient with AL compared to the
ATTR cohort (26.2% vs 5.1%). Four patients (26.6%) required hospital admission for COVID-19 infection, 2 ATTR, and
2 AL patients. Of the confirmed cases, 1 (0.07%) unvaccinated ATTR patient died of a COVID-19 infection. An excess of
deaths was found in both the ATTR and AL cohorts when comparing pre-pandemic years 2018 and 2019 to the pandemic
years of 2020 and 2021. The finding suggests that amyloidosis patients are likely at a high risk for severe COVID-19 infection
and mortality, especially those of advanced age, those on an active treatment with chemotherapy, and those with concomi-
tant B-cell or plasma cell disorder. The impact of virtual healthcare visits and pandemic measures on the excess of deaths
observed requires further research.
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Severe acute respiratory syndrome coronavirus (SARS-
CoV2) is a highly contagious microorganism causing coro-
navirus disease 2019 (COVID-19) [1]. On March 11, 2020,
the World Health Organization (WHO) declared COVID-
19 a pandemic [1]. Globally, there have been 500,186,525
confirmed cases of COVID-19, including 6,190,349 deaths,
reported to the WHO in 223 countries around the world (as
of April 14, 2022) [2]. In Alberta, Canada, 552,403 patients
have had confirmed COVID-19 positive tests and 222,273 of
which reside in Calgary (as of April 11, 2022) [3].

A correlation between the severity of COVID-19 and
preexisting comorbidities, including malignancy and car-
diovascular disease, has been largely described [4, 5]. Amy-
loidosis represents a group of diseases that are characterized
by extracellular deposition of amyloid fibrils in organs and
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tissues [6]. These amyloid fibrils are composed of misfolded
protein aggregates [6]. To date, nearly 40 amyloid precur-
sor proteins have been identified and transthyretin (ATTR)
and light-chain (AL) remain the most common [7]. Patients
with amyloidosis are suspected to be at a higher risk for
COVID-19 complications and mortality due to age, organ
dysfunction, and immunosuppression secondary to plasma
cell clone proliferation or the effects of immunosuppres-
sive therapies [8]. Since December 2019, when COVID-
19 emerged in Wuhan City and rapidly spread throughout
China and around the world, data has been needed to better
understand its impact on patients with chronic conditions
and cancer patients, in particular, those with plasma cell
disorders [9, 10].

Recently, the Amyloidosis Program of Calgary (APC)
was established. This program provides specialized and
comprehensive multidisciplinary care for patients with
ATTR and AL amyloidosis and is predominantly organized
out of the Tom Baker Cancer Centre (TBCC) hematology
clinics and cardiac amyloidosis clinics at the South Health
Campus in Calgary. Based on the above mentioned, we
aimed to assess the impacts of COVID-19 in the manage-
ment and outcomes of patients with AL and ATTR treated
or seen via the APC.

Methods

Patients included in the ATTR and AL amyloidosis data-
bases of the APC were evaluated. Briefly, this project
included a cohort of patients over the age of 18 with a diag-
nosis AL or ATTR amyloidosis from January 2004 to the
present day. This cohort was analyzed for frequency of vac-
cinations, COVID-19 testing, outcomes of COVID-19 infec-
tions, and methods of assessment.

A separate cohort of consecutive symptomatic newly
diagnosed ATTR and AL patients from January 2019 to
December 2021 was evaluated aiming to assess patterns of
referrals and diagnosis. Approval for the review of these
records was obtained from the Tom Baker Cancer Centre
(TBCC) Institutional Review Board and Informed consent
was obtained.

Statistics

Patient demographic variables have been summarized by
appropriate central measures of tendency and dispersion.
Two-sided Fisher exact test was used to test for differences
between categorical variables. A P value of <0.05 was con-
sidered significant. Excess deaths were estimated by com-
paring the raw number of patients who died in pre-pandemic
years 2018 and 2019 compared to the pandemic years of
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2020 and 2021. A measure that is more comparable across
countries is the P-score, which calculates excess mortality
as the percentage difference between the number of deaths in
2020 and 2021 and the average number of deaths in the same
period in 2018 and 2019. Survival curves were constructed
according to the Kaplan—Meier method and compared using
the log-rank test. All statistical analyses were performed by
using the SPSS 24.0 software.

Results

A total of 152 ATTR and 103 AL amyloid patients were
evaluated. Clinical characteristics are summarized in
Table 1. Patients in the ATTR group were generally older
age males with a trend towards higher levels of troponin T,
calcium, albumin, and creatinine. Most patients in the ATTR
group were wild-type and had a higher prevalence of car-
diac and nerve involvement when compared to AL amyloi-
dosis patients (cardiac involvement 96.1% vs 59.2%; nerve
involvement 34.9% vs 13.5; p <0.001). In contrast, patients
with AL amyloidosis were generally younger (median age of
66) and the majority had evidence of systemic AL involve-
ment (84.4%). The AL patients exhibited a higher degree of
kidney and GI involvement when compared to the ATTR
group (kidney involvement 61.1% vs 0.0%; and GI involve-
ment 17.4% vs 2.6%; p <0.001).

A total of 17 newly diagnosed cases of AL amyloidosis
were seen in 2019, compared to 11 in 2020, and 15 in 2021.
This equated to a 36% decrease of new AL cases seen in
2020 via the APC when compared to 2019 (representing
new cases in Calgary not the province of Alberta). Within
the ATTR cohort, similar numbers of new diagnoses were
seen pre-pandemic and during the pandemic. A total of 33
ATTR patients were diagnosed in 2019, compared to 38 in
2020, and 27 in 2021 (representing new cases in Calgary not
the province of Alberta).

COVID-19 vaccination

Of the 118 ATTR patients evaluable since the pandemic
declaration, 11 (10%) were not vaccinated at the time of
analysis. Of the 107 (90.6%) vaccinated ATTR patients, 103
(96.3%) received Cominarty (Pfizer) and 4 (3.7%) Spikevax
(Moderna). Of the 60 AL patients evaluable since the pan-
demic declaration, 11 (18.3%) were not vaccinated. Of those
49 (81.6%) vaccinated AL patients, 40 (81.6%) received
Cominarty (Pfizer) and 9 (18.4%) Spikevax (Moderna). At
the time of analysis, 8 AL amyloid patients had received 2
vaccine doses; 37 patients had received 3 doses; 4 patients
received 4 doses.
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Table 1 Clinical characteristics of ATTR patients seen at the Amyloid Program of Calgary from 2014 to 2021
Characteristic ALL patients n =255 ATTR patients AL amyloidosis patients  Pvalue

n=152 n=103
Median age (years, range) 77 (40-97) 82 (57-97) 66 (40-82) <0.001
Gender, n (%) <0.001
Female 64 (25.1%) 19 (12.5%) 45 (43.6%)
Male 191 (74.9%) 133 (87.5%) 58 (56.3%)

142 (93.4%) Localized AL

16 (15.5%)
10 (6.6%) Systemic AL
87 (84.4%)
Median hemoglobin, range (g/L) 133 (76-173) 137 (76-172) 126 (85-173) 0.3
Median calcium, mmol/L 2.34 (1.9-3.5) 2.35(1.9-3) 2.32 (1.96-3.5) 0.03
Median creatinine, pmol/L. Median 99 (48-671) 100 (48-364) 81 (48-671) 0.04
Median eGFR (mL/min/1.73m2) 59.5 (6-117) 58 (12-100) 64 (6-117) 0.2
Median albumin, g/L. 33 (7-46) 35 (7-46) 29 (8-45) <0.001
Median LDH (U/L) 221 (48-770) 223 (60-549) 205 (48-770) 0.2
Median NTproBNP (ng/L) (0-300) 2462 (40-62,951) 2960 (40-40,650) 1185 (50-62,951) 0.3
Median hsTroponin T (0-13 ng/L) 44 (13-357) 49 (9-357) 43 (13-337) 0.04
Organ Involvement
Heart 207 (81.1%) 146 (96.1%) 61/103 (59.2%) <0.001
Kidney 63 (24.7%) 0 61/87 (70.1%) <0.001
for Systemic AL
only

Nerve 67 (26.2%) 53 (34.9%) 63/103 (61.1%) <0.001
Bladder 4 (1.5%) 2 (1.3%) 0.3
Gastrointestinal 22 (8.6%) 4 (2.6%) 14/103 (13.5%) <0.001

2 (1.9%)
18/103 (17.4%)

Abbreviations: eGFR, estimated glomerular filtration rate =hemoglobin; BMPC, bone marrow plasma cells; NTproBNP, N-terminal pro-b type

natriuretic peptide

COVID-19 testing in ATTR and AL amyloidosis
patients seen at APC

COVID-109 testing was performed for amyloidosis patients
according to the Alberta Health Services (AHS) guide-
lines. The province of Alberta has one of the highest test-
ing rates in the world. There have been 6, 825,883 PCR
tests completed for 2,723,069 people of a total population
of approximately 4.37 million [3]. Our analysis was based
on PCR confirmed tests and did not include rapid antigen
tests.

Of the 60 patients with active AL amyloid assessed since
the time of pandemic declaration, 42 patients were tested
for COVID-19 with a median of 2 COVID-19 swabs (range
1-8). Of the AL patients tested, 11 of 42 (26.2%) cases were
positive for SARS CoV2. Of the 131 ATTR patients assessed
during the pandemic, 78 patients were tested for SARS
CoV2, and of those, 4 patients tested positive (5.1%). Of the
15 total amyloid patients who tested positive for COVID-19,
6 were unvaccinated; 1 patient had only one vaccine dose;

3 patients had 2 vaccine doses; 5 patients had received 3
doses of mRNA vaccine at the time of COVID-19 infection.

COVID-19 infections in ATTR and AL amyloidosis
patients seen at APC

Clinical characteristics and outcomes of positive COVID-
19 cases are presented in Table 2. Briefly, 1 of the 4 cases
(25%) with ATTR died as a direct result of a COVID-19
infection. The patient was unvaccinated, had cardiac involve-
ment, and was of advanced age. Two additional deaths were
noted among patients in our analysis who tested positive for
COVID-19; both deaths occurred 3 and 6 months after their
COVID-19 infections, and the cause of death was second-
ary to decompensated heart failure. One male ATTR patient
of advanced age who was partially vaccinated with 1 dose
of vaccine. The second patient was a young woman with
advanced-stage cardiac AL amyloid who was fully vacci-
nated. Of the 15 amyloid patients with confirmed COVID-
19 infections, 6 patients did not receive any supportive
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Table2 COVID-19 and amyloidosis

sis, Stage IITA

low) ALC=2.3

Patient Age/Gender AL Current treatment ~ Amyloid status Time from Prior lines Immunopa resis Summary Status
type at COVID- 19 diagnosis of thera py and ALC* at (alive/dead) Infection
infection (Months) COVID-19 severity (Inf) Treat-
ment (Trx) Vaccine
status (Vax)
65/MAL amyloido- CyBorD PR 6 0 Yes (IgG and IgM  Status: Alive
sis, Stage IITA low) ALC=1.3  [nf: Mild
Trx: Sotrovimab
Vax:Postvaccinex3
46/FAL amyloido- CyBorD NR 5 0 Yes (IgG and IgA  Status: Alive
sis, Stage 11 low) ALC=2.6  [nf: Moderate
Trx: No treatment
Vax: Unvaccinated
86/MAL amyloido- Lenalidomide and VGPR 96 1 Yes (IgG and IgM  Status: Alive
sis, Stage 11 dexamethasone low) ALC=0.9  [nf: Mild-Moderate
Trx: Sotrovimab
Vax: Postvaccinex3
64/FAL amyloido- Daratumumab VGPR 36 1 Yes (IgG and IgM  Status: Alive
sis, Stage 11 low) ALC=2.3  nf: Mild
Trx: No treatment
Vax: Unvaccinated
61/FAL amyloido- None VGPR 36 1 No ALC=1.6 Status: Alive
sis, Stage 11 Inf: Mild
Trx: No treatment
Vax: Post vaccinex3
56/MAL amyloido- Lenalidomide and VGPR 40 1 No ALC=1.6 Status: Alive
sis, Stage 11 dexamethasone Inf: Mild
Trx: No treatment
Vax: Unvaccinated
76/MAL amyloido- CyBorMe VGPR 12 0 No ALC=11 Status: Alive
sis, Stage Il and Inf: Severe. Pneu-
co-diagnosis of monia required
CLL hospital admission
Trx: Dexamethaso-
neand Remdesivir
Vax: Postvaccinex2
52/MAL amyloido- CyBorD NA 1 0 Yes (IgG low) Status: Alive
sis, Stage 11 ALC=1.9 Inf: Moderate.
Pneumonia. No
hospitalization
Trx: Dexamethasone
Vax: Unvaccinated
67/MAL amyloido- None Untreated <1 0 Yes (IgA and IgM  Status: Alive

Inf: Moderate. Pneu-
monia required
hospital admission

Trx: Sotrovimab
Vax: Postvaccinex2
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Table 2 (continued)

Patient Age/Gender AL Current treatment ~ Amyloid status Time from Prior lines Immunopa resis Summary Status
type at COVID- 19 diagnosis of thera py and ALC* at (alive/dead) Infection
infection (Months) COVID-19 severity (Inf) Treat-
ment (Trx) Vaccine
status (Vax)
10 62/FAL amyloido- None Untreated <1 0 Yes (IgA and IgM  Status: Died
sis, Stage I1IB low) ALC=1.3 3 months post
Covid-19 infection
Inf: Mild
Trx: Untreated
Vax: Postvaccinex2
11 79/F Localized AL None Untreated 0 0 No ALC=2.0 Status: Alive
amyloid (Lung) Inf: Mild-Moderate
Trx: Dexamethasone
Vax: Postvaccinex3
12 80/MATTR with Tafamidis NA 36 0 Unknown ALC=1 Status: Alive
cardiac and nerve Inf: Moderate. Pneu-
involvement monia required
hospital admission
Trx: Dexamethasone
and Remdesivir
Vax: Unvaccinated
13 76/MATTR with Supportive Care NA 12 0 Unknown Status: Died
cardiac involve- ALC=0.3 Inf: Severe. Pneu-
ment monia required
hospital admission
Trx: Dexamethasose
and Remdesivir
Vax: Unvaccinated
14 87/MATTR with  Tafamidis NA 24 0 No ALC=1.4 Status: Alive
cardiac involve- Inf: Mild
ment Trx: No treatment
Vax: Postvaccinex3
15 89/MATTR with  Supportive Care NA 12 0 Unknown Status: Died
cardiac involve- ALC=2.3 6 months after
ment Covid-19 infection

Inf: Moderate.
Pneumonia. No
hospitalization

Trx: Prednisone

Vax: Postvaccinex1

* Absolute lymphocyte count (ALC) measured in 10E9/L

treatment, 3 received Sotrovimab, 2 Dexamethasone, 1 Pred-
nisone, and 3 patients were treated with combined Dexa-
methasone and Remdesivir therapy.

Of the 15 total patients who tested positive, 4 required
hospital admission for COVID-19 infection; 2 patients with
AL amyloid and 2 with ATTR. The AL amyloid patients
who required hospital admission had both received 2 doses
of a COVID-19 mRNA vaccine and both the ATTR patients
who required admission were unvaccinated. Of the hospi-
talized AL patients, 1 was not on active treatment and the

second was receiving chemotherapy with CyBorMe and had
a concomitant diagnosis of chronic lymphocytic leukemia.
Of the hospitalized ATTR patients, both had cardiac involve-
ment and 1 was actively being treated with Tafamidis.

Survival outcomes
At the time of analysis, 57 out of 87 systemic and 16 out

of 16 localized AL amyloidosis patients were alive (57.5%
and 100%). Of the ATTR cohort, 106 of the 152 (69.7%)
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patients were alive. Out of the 15 patients with COVID-19
infection, 1 died of COVID-19-related complications and
2 succumbed a few months after the diagnosis of COVID-
19 due to cardiovascular complications related to cardiac
amyloidosis.

With regard to excess of deaths (Fig. 1), 6 ATTR patients
died in 2018, 7 in 2019, 16 in 2020, and 16 in 2021. None of
the 16 patients that died in 2020 were vaccinated, whereas
11 of the 16 that died in 2021 had received a mRNA vaccine.
Of those that died in 2021, 5 received only 1 vaccine dose,
3 received 2 doses, and 3 received 3 doses of an mRNA
COVID-19 vaccine.

This represents an excess of deaths of 128% (P-score)
among the ATTR cohort when comparing pre-pandemic
years 2018 and 2019 to the pandemic years of 2020 and
2021. In the AL cohort, 6 patients died in 2018, 4 in 2019,
7 in 2020, and 7 in 2021. None of the patients that died on
2020 were vaccinated, whereas 5 of the 7 that died in 2021
had received a mRNA vaccine. Of those that died in 2021,
3 received 1 dose of mRNA vaccine, 1 received 2 doses,
and 1 received 3 doses before they died. This represents an
excess of deaths of 75% in 2020 and 2021 when compared
t0 2019, and a 16% excess of deaths when compared to 2018
(P-score).

Method of patient assessment and evaluation

After March 11, 2020, when WHO declared the pandemic
[1], the TBCC initiated a telemedicine program. All AL
patients seen via the hematology clinics at TBCC from
January to February of 2020 were assessed as an in-person
clinic visit. In March 2020, 24% of multiple myeloma and

Fig. 1 Excess mortality for
patients with AL and ATTR
amyloidosis

25

AL patients were assessed virtually (92 out of 382 visits),
increasing to 70% in April of 2020 (377 out of 536 visits).
All virtually assessed patients were contacted by phone and
laboratory testing was restricted to local laboratory facili-
ties where the immunocompromised patients were offered
reserved spots by the Alberta Health Services. As the first
wave improved, in-person appointments increased; however,
with the advent of the second COVID-19 wave in Alberta,
up to 60% of cases were again assessed virtually (380 out of
626 visits in December of 2020). All patients not on active
treatment were evaluated with phone consults and laboratory
testing was delayed at the peak of the outbreak.

Discussion

SARS-CoV?2 is known to put individuals with chronic con-
ditions at higher risk of adverse health outcomes [4, 5, 12];
although minimal data currently exists on the risks and
impacts SARS-CoV2 has had on patients with rarer condi-
tions, such as amyloidosis [8]. Disease manifestations and
impacts on immune function can vary widely between dif-
ferent types of amyloid, adding to the challenge of man-
aging these complex patients within the constraints of the
pandemic. Additionally, with attempts to mitigate risks of
exposure, many health agencies around the globe have uti-
lized telemedicine and virtual approaches to care, of which,
the long-term influences have not been fully understood [8,
11]. Our analysis of AL and ATTR amyloid patients seen
via the APC provides much-needed data and insight on the
impact that COVID-19 vaccination, testing, and infections

Excess of deaths in patients with ATTR and AL

amyloidosis

2018
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have had on amyloidosis patients and the delivery of care
throughout the pandemic.

Given patients with underlying chronic health conditions
are at high risk of adverse outcomes from SARS-CoV2
infection [4, 5, 12], the COVID-19 vaccination was recom-
mended for all of our amyloid patients [13]. Vaccine uptake
in the analyzed cohort of amyloid patients was similar to that
of the vaccinated population in Alberta, of which 86% of the
population above 12 years of age has had 2 or more vaccine
doses [3]. On subgroup analysis, the AL amyloid cohort had
a higher percentage of unvaccinated patients when compared
to the ATTR cohort and the general Alberta population
(Al=18.3%; ATTR=10%; AB pop=13.3%). Consequently,
patients in the AL cohort had a higher incidence of positive
COVID-19 infections when compared to the ATTR cohort
(26.2% versus 5.1%). Given the difference in pathogenesis
and formation of amyloid fibrils between AL and ATTR
amyloid [6, 14], vaccination rates alone likely do not reflect
the difference in infection rates seen between these groups.
On further analysis, only 4 of the 11 AL amyloid patients
with confirmed COVID-19 infections were unvaccinated.
As AL amyloidosis is precipitated by the proliferation of
monoclonal immunoglobulin light-chain fibrils arising in the
bone marrow [14], likely, plasma cell dysfunction could also
increase AL amyloid patients’ risk of infection and damp-
ened vaccine responses [13, 15].

Sixty-four percent of the AL amyloid patients in our
cohort who tested positive for COVID-19 were on active
treatment with chemotherapy. Mixed vaccine immune
responses have been noted in patients receiving cancer
treatments with chemo-immunotherapy, and patients with
a hematologic malignancy in particular may not mount a
protective vaccine response [13, 15, 16]. Although there are
currently no published data looking at vaccine response in
larger cohorts of amyloid patients, Salton and colleagues
analyzed a cohort of myeloma (n=178) and AL amyloid
patients (n=38) concerning vaccine responses [15]. Salton
et al. noted dampened humoral immune responses after
2" dose of mRNA vaccine from patients who were older,
on active therapy (especially an anti-CD38 agent), or were
heavily pre-treated [15]. Given the increased frequency of
AL amyloid patients being treated with chemo-immunother-
apy, it remains likely that despite vaccination, AL amyloid
patients may not mount a protective immune response pre-
disposing them to a higher risk of adverse outcomes from
COVID-19 infection [8, 15].

With attention to the severity of infection, equal num-
bers of ATTR and AL amyloid patients required hospital
admission. All of the patients who required hospital admis-
sion had cardiac amyloid involvement. One older patient
with ATTR amyloid, a suppressed lymphocyte count, and
unvaccinated status, died as a direct result of COVID-19
infection. The two other patients in our analysis died months

after COVID-19 infections from decompensated heart fail-
ure, both having had preexisting cardiovascular amyloid
involvement. Although COVID-19 infection was not the
direct cause of death in these cases, it could have been a
precipitating factor. Notably, SARS-CoV2 has a high affinity
for angiotensin converting enzyme 2 (ACE2) and is thought
to affect patients’ microvascular function by damaging
endothelial cells [17]. Lasting cardiovascular complications
including dysrhythmias, ischemia, and heart failure, have
been described up to 12 months post COVID-19 infection
[18]. Our data on the severity of infection adds to current
evidence that patients with cardiovascular disease, including
cardiac amyloidosis, are at higher risk for adverse outcomes
and more severe COVID-19 infections [5, 17, 18].

During the initial phase of the pandemic, recommenda-
tions were made by Alberta Health Services to adopt a vir-
tual approach to health care where appropriate. Within the
province of Alberta, similarly to other countries, there was a
widespread shift to telemedicine. During the infection peaks,
the majority of patients at the cancer center were assessed
virtually. The main goal of switching to virtual visits was
to decrease infection spread in hopes of protecting both the
compromised patients and the front-line healthcare staff dur-
ing the height of the pandemic. Additionally, during the peak
of infections in Calgary, the province of Alberta had initiated
measures to reduce the spread including suspending non-
urgent surgeries, limiting socialization to a person’s imme-
diate household, recommendations to avoid non-essential
travel, limiting support person and visitors to hospitals and
long-term care facilities, and triaging access to diagnostics
for a narrower cohort. The full impact of this shift to virtual
healthcare is still being uncovered; however, these pandemic
measures have undoubtedly played a role in access to health-
care services, as noted in multiple other cancer care studies
[8, 19, 20].

Diagnosis of amyloidosis, especially AL amyloid, is often
delayed given the wide range of clinical presentations and
rarity of the condition [8, 21]. The incidence of AL amyloid
has been described as 8—12 new cases per million person-
years [22, 23] and when a diagnosis is established, patients
often have systemic involvement or advanced disease, high-
lighting the importance of early diagnosis and prompt man-
agement [21]. Our analysis noted a 36% decrease in newly
diagnosed AL amyloid patients in the year 2020 when
compared to 2019. While there was no significant change
in diagnosis of ATTR, this is in the context of increasing
prevalence rates worldwide and therefore may represent a
relative decrease [24]. It is challenging to pinpoint the cause
of this decrease; however, it could be explained, in part, by
the broad shift to telemedicine and the impact virtual visits
could have on the delayed diagnosis of rarer conditions that
require more detailed physical exams [8]. Additionally, a
diagnosis of amyloid typically requires an extensive workup
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including advanced imaging, biopsies, and multiple organ
function tests which could have been delayed or postponed
during the height of the pandemic [6, 8, 11].

An excess of deaths was noted in both the ATTR cohort
and the AL cohort when comparing pre-pandemic years to
the pandemic years of 2020 and 2021. Excess of deaths was
higher among the ATTR cohort, which, could be partially
explained by the advanced age of the patients in this group.
Vaccine status did not have an obvious impact on the excess
of deaths observed. All patients who died in 2020 were
unvaccinated; however, the majority of deceased AL and
ATTR patients in 2021 received 1 or more vaccine doses.
Overall, the excess of deaths observed is likely multifactorial
and contributing factors could include virtual heath visits
and pandemic measures to “flatten the curve.” It could be
argued that virtual visits played a protective role, preventing
further COVID-19 exposures, possible subsequent mortality,
and further inflation of excess deaths noted. Alternatively,
virtual visits and pandemic measures could have delayed
amyloid patients from seeking healthcare services for fears
of exposure, leading to either delayed diagnosis or disease
progression [8] possibly contributing to the excess deaths
noted. Additionally, the pandemic measures likely affected
vulnerable elderly patients, of which our ATTR cohort
mostly comprised, by limiting their access to support per-
sons to help care for their health needs and from which to
obtain collateral information. It is challenging to charac-
terize completely the excess of deaths we noted during the
pandemic and long-term research of pandemic measures on
patient outcomes and mortality will be necessary.

Our study did have limitations. This analysis included
patients seen via the APC, which is the first amyloid pro-
gram in Canada. Given this, referral patterns and excess
deaths may be under-representative of the true amyloid
population in more rural settings and areas without a dedi-
cated amyloid program. Additionally, vaccination rates, test-
ing access, and pandemic measures differ widely between
counties [2]. As such, the vaccination rates and COVID-19
outcomes we described may not be generalizable to other
areas of the world due to lack of access. Future research
will be necessary to analyze the long-term impacts of virtual
healthcare and pandemic measures on patients, especially
those with rarer conditions. Future data will be needed to
assess vaccine efficacy and outcomes of infection in the
advent of COVID-19 variants.

Conclusion
The pandemic has dramatically changed the landscape of
healthcare and, 2 years post its declaration, the impacts of

the SARS CoV?2 virus are still being uncovered. COVID-
19 data on patients with rare underlying conditions, such
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as amyloidosis, is limited. Given this, the APC sought to
increase knowledge and understanding of the impacts
COVID-19 has had on ATTR and AL amyloid patients. Our
analysis notes that the majority of AL and ATTR patients
have risk factors, which contribute to the increased sever-
ity of COVID-19 infection and mortality. AL and ATTR
patients are often of advanced age, have underlying cardio-
vascular compromise, and have higher rates of concomitant
plasma cell disorders. Additionally, virtual healthcare and
pandemic measures to “flatten the curve” may have played
a role in the decreased referrals for AL patients and the
excess of deaths we observed. Future research analyzing
the long-term influences of the pandemic and the outcome
of COVID-19 infections in amyloidosis patients is neces-
sary to fully appreciate the impact for individuals with this
rare disorder.
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