
Fig S2. Patients without CVD at time of treatment initia-

tion developing a CVD 1–5 years after therapy initiation.

Separated on type of therapy. A. Total numbers and B. CI

for each type of therapy.

Table S1. ICD diagnoses according to ICD-10.

Table S2. History of CVD at time of CLL diagnosis and

start of first-line therapy

Table S3. Number of patients without previous history of

CVD, who were diagnosed with a new CVD within 5 years

after start of first-line therapy for CLL. Each year and in total

after 5 years.

Table S4. Number of patients with previous history of

CVD who were diagnosed with a new CVD within 5 years

after start of first-line therapy for CLL. Each year and in total

after 5 years.

Table S5. Type of first-line therapy and baseline character-

istics of patients each group.

Table S6. Patients without CVD at treatment initiation

developing a CVD. Separated on type of therapy.

Table S7. CVD as cause of death within 5 years after CLL

diagnosis.

Table S8. CVD as cause of death within 5 years after initi-

ating CLL therapy.

References

1. Mattsson M, Sandin F, Kimby E, Hoglund M, Glimelius I. Increasing

prevalence of chronic lymphocytic leukemia with an estimated future rise:

a nationwide population-based study. Am J Hematol. 2020;95:E36–E38.

2. Brown JR, Hillmen P, O’Brien S, Barrientos JC, Reddy NM, Coutre SE,

et al. Extended follow-up and impact of high-risk prognostic factors from

the phase 3 RESONATE study in patients with previously treated CLL/

SLL. Leukemia. 2018;32:83–91.

3. O’Brien S, Jones JA, Coutre SE, Mato AR, Hillmen P, Tam C, et al. Ibruti-

nib for patients with relapsed or refractory chronic lymphocytic leukaemia

with 17p deletion (RESONATE-17): a phase 2, open-label, multicentre

study. Lancet Oncol. 2016;17:1409–18.

4. Woyach JA, Ruppert AS, Heerema NA, Zhao W, Booth AM, Ding W,

et al. Ibrutinib regimens versus chemoimmunotherapy in older patients

with untreated CLL. N Engl J Med. 2018;379:2517–28.

5. Burger JA, Cramer P, Barr PM, Dilhuydy MS, Mato A, Byrd JC, et al.

Ibrutinib provides favourable survival outcomes in patients with comor-

bidities versus established therapies. Br J Haematol. 2019;186:175–80.

6. Caldeira D, Alves D, Costa J, Ferreira JJ, Pinto FJ. Ibrutinib increases the

risk of hypertension and atrial fibrillation: systematic review and meta-

analysis. PLoS One. 2019;14:e0211228.

7. Brown JR, Moslehi J, O’Brien S, Ghia P, Hillmen P, Cymbalista F, et al.

Characterization of atrial fibrillation adverse events reported in ibrutinib

randomized controlled registration trials. Haematologica. 2017;102:1796–

805.

8. Dickerson T, Wiczer T, Waller A, Philippon J, Porter K, Haddad D, et al.

Hypertension and incident cardiovascular events following ibrutinib initia-

tion. Blood. 2019;134:1919–28.

9. Reda G, Fattizzo B, Cassin R, Mattiello V, Tonella T, Giannarelli D, et al.

Predictors of atrial fibrillation in ibrutinib-treated CLL patients: a prospec-

tive study. J Hematol Oncol. 2018;11:79.

10. Shanafelt TD, Parikh SA, Noseworthy PA, Goede V, Chaffee KG, Bahlo J,

et al. Atrial fibrillation in patients with chronic lymphocytic leukemia

(CLL). Leuk Lymphoma. 2017;58:1630–9.

11. Barlow L, Westergren K, Holmberg L, Talback M. The completeness of

the Swedish Cancer Register: a sample survey for year 1998. Acta Oncol.

2009;48:27–33.

12. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall

C, et al. External review and validation of the Swedish national inpatient

register. BMC Public Health. 2011;11:450.

13. Da Cunha-Bang C, Simonsen J, Rostgaard K, Geisler C, Hjalgrim H,

Niemann CU. Improved survival for patients diagnosed with chronic

lymphocytic leukemia in the era of chemo-immunotherapy: a Danish

population-based study of 10455 patients. Blood Cancer J. 2016;6:

e499.

Acute promyelocytic leukaemia lying under the mask of
COVID-19-a diagnostic and therapeutic conundrum

The diagnosis and management of acute promyelocytic leu-

kaemia (APML) in the context COVID-19 poses a challenge

for clinicians. We present a case illustrating this due to the

masking of the typical laboratory pattern of APML coagu-

lopathy and the potential heightened risks of thrombosis and

differentiation syndrome (DS) when the two conditions are

combined.

A 36-year-old man was admitted in April 2020 with fever,

cough and sweats. Examination revealed a fever of 38�4°C,
heart rate of 116 bpm, normal blood pressure, respiratory

rate of 19, saturations of 95% on air and bilateral crepita-

tions up to the mid-zone. There was no bruising, petechiae,

hepatosplenomegaly or lymphadenopathy.

The blood count showed haemoglobin 95 g/l, total white

cell count 1�0 9 109/l, neutrophil count 0�5 9 109/l, lympho-

cyte count 0�4 9 109/l, platelet count 69 9 109/l. Blood film

revealed teardrop poikilocytes, left-shifted neutrophils with

vacuolation and plasmacytoid lymphocytes. Prothrombin time

(PT) was 18.5 s [normal range (NR) 9�1–12.5], activated par-

tial thromboplastin time (APTT) 31 s (NR 26–40), D-dimer

43 246 ng/ml (NR 0–230), Clauss fibrinogen >5�00 g/l (NR

1�8–3�6) and ferritin 4073 µg/l (NR 30–400). His creatinine

was 193 µmol/l (NR 62–106), lactate dehydrogenase 452 iu/l

(NR 135–225) and C-reactive protein 382 mg/l (NR 0–5).
A nasopharyngeal swab detected SARS-CoV-2 RNA. His

computed-tomography pulmonary angiogram was negative
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for pulmonary embolus but showed extensive, predominantly

peripheral, consolidative changes consistent with moderate/

severe COVID-19 (Fig 1). His clinical status including coagu-

lopathy improved rapidly with antibiotics but neutrophils

remained low, prompting an urgent bone marrow examina-

tion. Bone marrow aspirate was a dry tap but the trephine

roll had bilobed, hypergranular mononuclear cells highly sug-

gestive of APML. Peripheral blood fluorescence in situ

hybridisation detected the presence of a low level PML-RARA

rearrangement. The bone marrow trephine biopsy became

available two days later and showed 75% infiltration by

promyelocytes (Fig 2).

He was commenced on all-trans retinoic acid (ATRA) and

arsenic trioxide (ATO) at 50% doses due to the risk of DS

sequelae in the context of COVID-19 lung disease. Interme-

diate dose enoxaparin was initiated to minimise thrombotic

complications.

Our case remains clinically well following initial dose-re-

duced ATRA/ATO treatment with slow titration to near full

doses. He had sustained resolution of coagulopathy with no

bleeding or thrombotic complications.

Coagulopathy is the leading cause of fatality in APML.

Typically, due to a combination of disseminated intravascular

coagulopathy, hyperfibrinolysis and thrombocytopenia,

patients usually present with low platelet count, prolonged

PT and APTT, elevated D-dimers and low fibrinogen

levels.1,2 Survival rates have markedly improved with prompt

initiation of ATRA/ATO and supportive measures addressing

the coagulopathy.

COVID-19 is also associated with coagulopathy, denoted the

coagulopathy of COVID (CAC).3,4 CAC is due to the inflam-

matory response to SARS-CoV-2 which results in thrombo-in-

flammation and drives thrombosis.3 Abnormal coagulation

parameters in COVID-19 include prolonged PT and APTT,

raised D-dimers (associated with increased mortality) and high

fibrinogen, with thrombocytopenia uncommonly reported.3–5

Although our case had features of APML, the concomitant

diagnosis of COVID-19 raised diagnostic and therapeutic

challenges. Firstly he had no bleeding manifestations,

reported in up to 76% of APML patients.1 Furthermore, his

fibrinogen was consistently raised and thrombocytopenia

mild, discordant with the usual pattern in APML. His abnor-

mal coagulation parameters largely corrected with supportive

management for COVID-19 prior to the initiation of ATRA,

suggesting his coagulopathy was more consistent with CAC.

Whilst viral infection-associated haemophagocytic lympho-

histiocytosis can lead to pancytopenia, this is uncommon in

COVID-19. The main full blood count abnormality reported

in COVID-19 is lymphopenia, associated with worse progno-

sis.6 The significant neutropenia in our case prompted us to

conduct an urgent bone marrow examination. Although we

were unable to attain an aspirate, the trephine roll was helpful

and raised the suspicion of APML. Suspicion of APML would

lead to prompt initiation of ATRA and help reduce mortality.

DS, a complication of ATRA, which presents with fever,

weight gain, dyspnoea, pulmonary infiltrates and pleuro-peri-

cardial effusions has a mortality rate of up to 30% due to

hypoxic respiratory failure if untreated.7,8 As our patient had

respiratory compromise due to COVID-19, we were reluctant

to commence ATRA based on suspicion of APML diagnosis

due to the risk of further respiratory compromise from DS.

Furthermore, the atypical pattern of coagulation derangement

and the improving trend of both platelet count and coagula-

tion studies raised diagnostic uncertainty.

Once the diagnosis was confirmed with the presence of

PML/RARA translocation in peripheral blood, the choice of

appropriate treatment was the next dilemma. Given the low

white cell count at presentation our case fell into the low–in-
termediate risk group and thus was a candidate for ATRA/

ATO combination with associated survival rates of >90%.9

Due to the perceived risk of DS on our patients’ COVID-19-

compromised lung, we cautiously initiated treatment with

Fig 1. CT chest axial slice demonstrating extensive bilateral patchy,

peripheral consolidative changes throughout the lungs.

Fig 2. Bone marrow trephine biopsy: Bone marrow biopsy showing

numerous blasts, many with bilobate/reniform nuclei and cytoplas-

mic granules. The background shows dysplastic erythropoiesis and

scattered plasma cells. Haematoxylin and eosin staining, 920.
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ATRA and ATO at 50% doses. Whilst the benefit of prophy-

lactic corticosteroids in prevention of DS is uncertain and

mainly reserved for patients presenting with a white cell count

>5 9 109/l, we used prophylactic low dose dexamethasone.9

Although haemorrhagic complications of APML predomi-

nate and are reduced by ATRA, thrombosis is not uncom-

mon; however, this risk is not reduced by ATRA.1,2 The

acute inflammatory state in COVID-19, in addition to the

known thrombotic risk of hospitalisation, results in a highly

pro-thrombotic state. This, when combined with APML

thrombotic complications were felt to warrant intermediate

dose enoxaparin prophylaxis in our case.

This case presented challenges due to atypical coagula-

tion studies in the context of COVID-19. Laboratory find-

ings of APML can be disguised in the context of COVID-

19, thus stressing the need to suspect a potential acute

leukaemia in COVID-19 presenting with neutropenia. The

complexities of balancing risk of DS on the background of

already severely inflamed lungs and the risk/benefit of pro-

phylaxis with steroids made it necessary to consider treat-

ment alterations.
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Rapid diagnosis of hereditary haemolytic anaemias using auto-
mated rheoscopy and supervised machine learning

Haemolytic anaemias arise when red blood cell (RBC) integrity

is compromised, eventually resulting in premature clearance or

lysis and leading to anaemia when these effects cannot be suffi-

ciently compensated by the capacity of the bone marrow to

produce new cells.1 Hereditary anaemia occurs as a conse-

quence of genetic mutation2 (e.g. affecting membrane complex

or cytoskeletal proteins, haemoglobin or metabolic enzymes),

and diagnosing affected patients is a complex process since,

given the wide variety of possible genetic causes, multiple

examinations must be performed and an unambiguous result

is usually reached only after DNA sequencing.3 Furthermore,

phenotypic severity can vary widely not just among individuals

with different mutations but also among individuals suffering

from the same mutation, thereby complicating diagnosis.4

While molecular diagnoses have become increasingly

easier, cheaper and faster to perform in recent years, con-

straints on their use still exist,5 and phenotype-based diag-

nostic methods still constitute an important proposition.
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