
discrimination between normal and leukemic stem cells. Blood.

2007;110:2659–66.

8. Haubner S, Perna F, K€ohnke T, Schmidt C, Berman S, Augsberger C,

et al. Coexpression profile of leukemic stem cell markers for combinatorial

targeted therapy in AML. Leukemia. 2019;33:64–74.

9. Zhao X, Singh S, Pardoux C, Zhao J, Hsi ED, Abo A, et al. Targeting C-

type lectin-like molecule-1 for antibody-mediated immunotherapy in acute

myeloid leukemia. Haematologica. 2010;95:71–8.

10. Wang J, Chen S, Xiao W, Li W, Wang L, Yang S, et al. CAR-T cells target-

ing CLL-1 as an approach to treat acute myeloid leukemia. J Hematol

Oncol. 2018;11:7.

11. Laborda E, Mazagova M, Shao S, Wang X, Quirino H, Woods AK, et al.

Development of A Chimeric Antigen Receptor Targeting C-Type Lectin-

Like Molecule-1 for Human Acute Myeloid Leukemia. Int J Mol Sci.

2017;18:2259.

12. Kikushige Y, Shima T, Takayanagi S, Urata S, Miyamoto T, Iwasaki H,

et al. TIM-3 is a promising target to selectively kill acute myeloid leukemia

stem cells. Cell Stem Cell. 2010;7:708–17.

13. Hosen N, Park CY, Tatsumi N, Oji Y, Sugiyama H, Gramatzki M, et al.

CD96 is a leukemic stem cell-specific marker in human acute myeloid leu-

kemia. Proc Natl Acad Sci U S A. 2007;104:11008–13.

14. Terui K, Toki T, Taga T, Iwamoto S, Miyamura T, Hasegawa D, et al. Highly

sensitive detection of GATA1 mutations in patients with myeloid leukemia

associated with Down syndrome by combining Sanger and targeted next

generation sequencing. Genes Chromosomes Cancer. 2020;59:160–7.

15. Bill M, van Kooten Niekerk P, S Woll P, Laine Herborg L, Stidsholt Roug

A, Hokland P, et al. Mapping the CLEC12A expression on myeloid progen-

itors in normal bone marrow; implications for understanding CLEC12A-re-

lated cancer stem cell biology. J Cell Mol Med. 2018;22:2311–8.

16. Bonnet D, Dick JE. Human acute myeloid leukemia is organized as a hier-

archy that originates from a primitive hematopoietic cell. Nat Med.

1997;3:730–7.

17. Taussig DC, Miraki-Moud F, Anjos-Afononso F, Pearce DJ, Allen K,

Ridler C, et al. Anti-CD38 antibody mediated clearance of human repopu-

lating cells masks the heterogeneity of leukemiainitiating cells. Blood.

2008;112:568–75.

18. Taussig DC, Vargaftig J, Miraki-Moud F, Griessinger E, Sharrock K, Luke

T, et al. Leukemia initiating cells from some acute myeloid leukemia

patients with mutated nucleophosmin reside in the CD34(-) fraction.

Blood. 2010;115:1976–84.

19. Wang L, Peters JM, Fuda F, Li L, Karandikar NJ, Koduru P, et al. Acute

megakaryoblastic leukemia associated with trisomy 21 demonstrates a dis-

tinct immunophenotype. Cytometry B Clin Cytom. 2015;88:244–52.

20. Hama A, Yagasaki H, Takahashi Y, Nishio N, Muramatsu H, Yoshida N,

et al. Acute megakaryoblastic leukaemia (AMKL) in children:a comparison

of AMKL with and without Down syndrome. Br J Haematol.

2008;140:552–61.

21. Toft-Petersen M, Nederby L, Kjeldsen E, Kerndrup GB, Brown GD, Hok-

land P, et al. Unravelling the relevance of CLEC12A as a cancer stem cell

marker in myelodysplastic syndrome. Br J Haematol. 2016;175:393–401.

22. Bill M, Aggerholm A, Kjeldsen E, Roug AS, Hokland P, Nederby L. Revis-

iting CLEC12A as leukaemic stem cell marker in AML: highlighting the

necessity of precision diagnostics in patients eligible for targeted therapy.

Br J Haematol. 2019;184:769–81.

23. Simonsen AT, Bill M, Rosenberg CA, Hansen MH, Møller PL, Kjeldsen E,

et al. Unraveling clonal heterogeneity at the stem cell level in myelodys-

plastic syndrome: In pursuit of cell subsets driving disease progression.

Leuk Res. 2020;92:106350.

COVID-19 in haematology patients: a multicentre West
Midlands clinical outcomes analysis on behalf of the West
Midlands Research Consortium

Since COVID-19 first appeared it has been clear that whilst

many patients experience relatively minor symptoms, some

develop a more serious disease.1-2 Studies have suggested that

oncology patients, including those with haematological

malignancies, have a greater risk of severe COVID-19 disease

with increased morbidity and mortality.3-5

This retrospective study, conducted by clinicians and

researchers from nine West Midlands hospitals, included all

adult patients with both an underlying haematological disor-

der and confirmed COVID-19, diagnosed between 1st March

and 31st May 2020. Demographic, clinical, laboratory, radio-

logical and outcome data were collected using a standardised

form. COVID-19 was diagnosed by reverse transcription-

polymerase chain reaction. An ethical clearance waiver for

the audit was received from the nine hospitals involved.

Patients were categorised based on their underlying

haematological conditions. Those on active chemotherapy,

having relapsed and/or with refractory disease, acute myeloid

leukaemia with adverse cytogenetics, post- or auto-allogeneic

transplant, extranodal T-cell lymphoma, multiple myeloma,

post splenectomy and sickle cell disease, were classified high

risk. Intermediate risks included Hodgkin and non-Hodgkin

lymphoma patients not on any treatment, myeloproliferative

neoplasms and myelodysplastic syndrome. The low risk

cohort were patients with non-malignant haematological

conditions and patients in complete remission having com-

pleted treatment >6 months ago, adapted from the 2012 cat-

egorisation by Armand.6 Severe COVID-19 infection was

classified as the presence of any one of oxygen saturation

≤90% on room air, respiratory rate ≥24 breaths per minute,

and/or bilateral infiltrates on lung imaging, as defined in

World Health Organization guidelines.7

Statistical analysis used IBM SPSS, version 26 (IBM,

Armonk, NY, USA) and STATA SE 16 (StataCorp LP; Col-

lege Station, TX, USA). Kruskal–Wallis tests compared obser-

vations for the hazard event (i.e., survival and non-survival).

For testing of the three groups, the ANOVA one-way test,

and the Tukey post-test were utilised. The impact and the

survival estimates of the various factors was studied using

logistic regression and the Cox-proportional hazards model.
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The median age of the patients (57.5% male, 41.5%

female) was 70 years [IQR 61�78; range 18�95]. Regarding

ethnicity, 76% were Caucasian. There were 82% of patients

with a malignant haematological disorder, while 18% had

non-malignant conditions. The most common co-morbidities

in this study cohort were hypertension (41%), ischaemic

heart disease (22%), diabetes mellitus (21%), chronic lung

disease (20%) and obesity (10%); 30% had no documented

co-morbidity. The most common symptoms experienced on

admission were shortness of breath (58%), cough (43%) and

fever (33%). Only 4�4% of patients were asymptomatic and

63% of patients had severe COVID-19 symptoms at presen-

tation. The UK government COVID-19 data (coronavirus.-

data.gov.uk) on 19th June 2020 reported 300 469 confirmed

COVID-19 cases and 42 285 deaths, indicating 14% mortal-

ity for all infections and 30% for hospitalised patients. Our

mortality rate was 55% (relative risk 1�8).
Chest X-ray findings (P = 0�002), pulmonary infiltrates on

computerized tomography (CT) scan (P = 0�023), age

(P = 0�032) and obesity (odd’s ratio 2�34) were independent

variables and significant predictors of mortality. Risk factors

identified in other series such as diabetes, hypertension or ethnic-

ity, were not associated with an adverse outcome in this cohort.

Our study found that low oxygen saturation (P = 0 015),

increased respiratory rate (P = 0�001) and high C-reactive pro-

tein (P = 0�073) were statistically significant predictors of mor-

tality. Other factors that were statistically significant include

breathlessness (P = 0�011), confirmatory CT of pulmonary infil-

trates (P = 0�27) and patients showing abnormal findings on X-

ray (P = 0�003). The details are provided in the supporting infor-
mation. A multivariate analysis was used to examine the odds

ratio of the various significant factors (Table I).

Our model included several interaction variables that sig-

nificantly affected COVID-19 mortality. Among these,

COVID-19 severity and the haematology disease-based risk

profile had the greatest impact. Using logistic regression and

a predictive marginal model, factors affecting mortality were

examined. An odds ratio >1 indicated that the variable had a

positive impact on death. COVID-19 severity had the great-

est impact on mortality. While COVID-19 severity and older

age increased the chance of death, by 24% and 15%,

Table I. Predictive analysis on in-hospital mortality on a multivari-

ate model.

Variables

Odds

ratio Standard error

Breathlessness 2�28 0�735† (0�010)
Obesity 2�34 0�027‡ (0�058)
Heart rate 1�01 0�002† (0�014)
SpO2 1�01 0�002† (0�035)
Respiratory rate 1�03 0�010* (0�002)
COVID-19 severity 1�95 0�493* (0�008)
Pulmonary infiltrates (CT) 1�68 0�397† (0�026)
Chest imaging positive§ 1�04 0�027‡ (0�078)
APTT 1�02 0�012† (0�016)
Fibrinogen 1�12 0�076‡ (0�086)
Interaction variables

COVID-19 severity and malignancy 1�58 0�414‡ (0�079)
COVID-19 severity and high risk group 2�14 0�697† (0�019)
COVID-19 severity and age 2�00 0�778‡ (0�075)

Age and high risk group 2�13 0�915‡ (0�080)

P-values are provided in parenthesis.

*Indicates significant at 1% level.
†Indicates significant at 5% level.
‡Indicates significance at 10% level.
§Positive, i.e., abnormal finding on X-ray.

Fig 1. COVID-19 Severity and Malignancy. Figure shows the graph of the survival functions. The X-axis represents the Analysis Time, which is

the duration in days between the dates of onset of COVID-19 symptoms and death.
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respectively, non-malignancy reduced the mortality. Of inter-

est, obesity negatively impacted survival.

Using logistic regression and the Cox-proportional hazards

model, the impact and survival estimates were examined.

Figure 1 shows that the severity of COVID-19 significantly

impacted patients with malignant haematological conditions

(75% survival probability; the survival was 8 days for severe

compared with 19 days for non-severe patients). Addition-

ally, haematological disease-based risk status was significant

for COVID-19 mortality (mean survival 7 days in the low

risk group compared with 11 days among the high risk

groups) showing that haematology patients presenting as

’low risk’ according to the criteria in use at the time of

reporting, had worse prognosis.

This is the largest series of patients yet reported with

haematological conditions infected by SARS-Cov-2. These

patients may present with COVID-19 differently. Fever was

observed in 33% of our patient cohort as compared to 71%

in the Clinical Characterisation Protocol UK (CCP-UK)

study.8 As in previous reports in the general population and

specific blood cancers, older age was associated with higher

mortality in this cohort. However, other co-morbidities, such

as diabetes or hypertension, did not confer adverse out-

come.9 Overall mortality was 55%. This higher mortality

could be due to the underlying conditions of this cohort, or

that the West Midlands was the second most-affected region

in the country. Atypical presentation, particularly the lower

proportion with fever (33%), as highlighted in our series,

may have caused delay in patients seeking medical attention.

This underlines the importance of close attention to inflam-

matory markers and identifying signs of the developing coag-

ulopathy.10 Limitations of this study result from the fact that

at the height of the pandemic workload not all data parame-

ters were collected for every patient. Additionally, only hospi-

tal managed patients’ outcomes are reported.

The presence of lung infiltrates and other underlying lung

pathology denotes a particularly high-risk group. Contrary to

expectations, being on systemic chemotherapy did not

increase risk of mortality in this cohort. This suggests pri-

mary therapy for haematological conditions could be contin-

ued to avoid an adverse impact on the patients’ underlying

haematological status.
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COVID-19 and myeloma clinical research – experience from the
CARDAMON clinical trial

COVID-19 – caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) – has spread to over 213 coun-

tries and territories, with 24,021,218 cases, including 821,462

deaths, reported to WHO by 28 August 2020.1 In the UK

alone, there were 328,846 laboratory-confirmed cases and

41,465 COVID-19-associated deaths.2 Self-isolation and phys-

ical distancing measures were implemented in most jurisdic-

tions to limit the spread of the virus. Changes to clinical

practice saw the short-term reduction of routine and non-

emergency care to liberate much-needed capacity in medical

facilities, while minimising the risk to patients and healthcare

workers by eliminating avoidable face-to-face interactions.

Haematology patients were shown to be particularly vul-

nerable to SARS-CoV-2 infection3 and in need of shielding;

hence alternative management plans and new ways of deliv-

ering care were implemented wherever possible to reduce

individual patient susceptibility.4 Various clinical guidelines

were issued at unprecedented speed, including recommenda-

tions for multiple myeloma (MM) and patients needing stem

cell transplantation (SCT).5–8 Conducting clinical trials in

this environment poses unique challenges, having to strike a

balance between patient safety, maintaining trial integrity,

and ensuring adherence to good clinical practice (GCP) stan-

dards. The EMA, the EU Commission and the UK MHRA

all published guidance to help stakeholders better manage

clinical trials during the COVID-19 pandemic.9–11

We report the challenges and adaptations made to the

CARDAMON trial during the peak of the COVID-19

Fig 1. This flow diagram illustrates the progress through the various phases of the CARDAMON phase II clinical trial, including the impact of

COVID-19 on the 70 patients on maintenance K across the two treatment arms at the start of the lockdown period. The 15 patients who stopped

K maintenance joined the 170 patients who were already on long-term follow-up on 24 March 2020, bringing the number up to a total of 185.

SCT, stem cell transplantation; K, carfilzomib; C, cyclophosphamide; d, dexamethasone.
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