
Cancer Medicine. 2022;11:3771–3785.	 		 		 |	 3771wileyonlinelibrary.com/journal/cam4

Received:	17	May	2021	 |	 Revised:	6	January	2022	 |	 Accepted:	4	April	2022

DOI:	10.1002/cam4.4753		

R E S E A R C H  A R T I C L E

Characterization of coagulopathy and outcomes in cancer 
patients with severe COVID - 19 illness: Longitudinal 
changes in hospitalized cancer patients

Mahsa Madani1  |   Drew Goldstein2 |   Roxana Stefanescu2 |   Scott E. Woodman3 |   
Cristhiam M. Rojas- Hernandez4

This	is	an	open	access	article	under	the	terms	of	the	Creative	Commons	Attribution	License,	which	permits	use,	distribution	and	reproduction	in	any	medium,	provided	
the	original	work	is	properly	cited.
©	2022	The	Authors.	Cancer Medicine	published	by	John	Wiley	&	Sons	Ltd.

1The	University	of	Texas,	McGovern	
Medical	School	of	Medicine,	Houston,	
Texas,	USA
2Syntropy	Technologies	LLC,	
Cambridge,	Massachusetts,	USA
3Department	of	Genomic	Medicine,	
Division	of	Cancer	Medicine,	The	
University	of	Texas	MD	Anderson	
Cancer	Center,	Houston,	Texas,	USA
4Section	of	Benign	Hematology,	The	
University	of	Texas	MD	Anderson	
Cancer	Center,	Houston,	Texas,	USA

Correspondence
Cristhiam	M.	Rojas-	Hernandez,	Section	
of	Benign	Hematology,	The	University	
of	Texas	MD	Anderson	Cancer	Center,	
Houston,	TX,	USA.
Email:	cmrojas@mdanderson.org

Funding information
No	funding	was	provided	for	this	study.

Abstract
There	 is	 a	 lack	 of	 data	 focused	 on	 the	 specific	 coagulopathic	 derangements	 in	
COVID-	19	versus	non-	COVID-	19	acutely	 ill	cancer	patients.	Our	objective	was	
to	characterize	features	of	coagulopathy	in	cancer	patients	with	active	COVID-	19	
illness	 who	 required	 hospitalization	 at	 MD	 Anderson	 in	 the	 Texas	 Medical	
Center	and	to	correlate	those	features	with	thrombotic	complications,	critical	ill-
ness,	and	mortality	within	the	first	30	days	after	hospital	admission	for	COVID-	19	
illness.	COVID-	19	and	non-	COVID-	19	hospitalized	cancer	patients,	with	at	least	
five	 consecutive	 measures	 of	 PT,	 PTT,	 d-	dimer,	 and	 CBC	 during	 the	 same	 pe-
riod,	were	matched	1:1	to	perform	a	retrospective	analysis.	We	reviewed	complete	
blood	cell	counts	with	differential,	PT,	PTT,	fibrinogen,	D-	Dimer,	serum	ferritin,	
IL-	6,	CRP,	and	peripheral	blood	smears.	Clinical	outcomes	were	thrombosis,	me-
chanical	ventilation,	critical	illness,	and	death.	Compared	with	matched	hospital-
ized	cancer	patients	without	COVID-	19,	we	found	elevated	neutrophil	and	lower	
lymphocyte	counts	in	those	with	critical	illness	(	p =	 0.00)	or	death	(	p =	 0.00);	
only	neutrophils	correlated	with	thrombosis.	COVID-	19	cancer	patients	with	a	
platelet	count	decline	during	the	hospital	stay	had	more	frequent	critical	illness	
(	p =	 0.00)	and	fatal	outcomes	(	p =	 0.00).	Of	the	inflammatory	markers,	inter-
leukin-	6	showed	consistently	higher	levels	in	the	COVID-	19	patients	with	poor	
outcomes.	The	findings	of	unique	platelet	changes	and	coagulopathy	during	se-
vere	COVID-	19	illness	in	the	cancer	population	are	of	interest	to	explore	disease	
mechanisms	and	future	risk	stratification	strategies	to	help	with	the	management	
of	cancer	patients	with	COVID-	19.

K E Y W O R D S

clinical	observations,	hematological	cancer,	prognostic	factor,	risk	assessment,	survival,	viral	
infection

https://orcid.org/0000-0003-0091-6898
mailto:
mailto:
http://creativecommons.org/licenses/by/4.0/
mailto:cmrojas@mdanderson.org


3772 |   MADANI et al.

1 	 | 	 INTRODUCTION

The	COVID-	19	clinical	syndrome	resulted	in	remarkable	mor-
bidity	and	deaths	worldwide.1	Reports	show	COVID-	19	patients	
present	with	several	coagulopathic	abnormalities:	elevated	D-	
dimer,	prothrombin	time	(PT),	and	activated	thromboplastin	
time	(PTT),	with	associated	intraalveolar	fibrin	deposition	and	
venous	thromboembolism.2,3	Multi-	institutional	patient	data	
of	 hospitalized	 COVID-	19	 adults	 showed	 that	 increased	 D-	
dimer,	fibrinogen,	platelet	counts,	and	inflammatory	markers	
at	presentation	were	predictive	of	thrombosis	and	some	with	
critical	illness	and	death.4	Tissue	and	autopsy	of	COVID-	19	pa-
tients	showed	different	mechanisms	pertinent	to	hematologic	
and	 vascular	 systems,	 that	 is,	 endotheliopathy,	 neutrophil-	
TRAPS,	and	excessive	platelet	activation.5–	8

Cancer	 patients	 are	 at	 high	 risk	 for	 thrombosis	 and	
bleeding	complications.9,10	Cancer	patients	experience	dif-
ferent	coagulation	parameters	and	pro-	inflammatory	cy-
tokine	levels	during	the	course	of	malignant	disease.11–	13

Our	study	objectives	were	to	characterize	coagulopathic	
features	in	cancer	patients	with	active	COVID-	19	illness	re-
quiring	hospital	admission	at	MD	Anderson	 in	 the	Texas	
Medical	Center	and	to	correlate	those	features	with	throm-
botic	 complications,	 critical	 illness,	 and	 mortality	 within	
the	first	30	days	after	hospital	admission	for	COVID-	19.

2 	 | 	 METHODS

As	 part	 of	 the	 institutional	 Data-	Driven	 Determinants	
for	 COVID-	19	 Oncology	 Discovery	 Effort	 (D3CODE),	
IRB-	approved	 protocol	 2020-	0348,	 COVID-	19	 relevant	
data	were	analyzed	using	the	Syntropy	platform,	Palantir	
Foundry	 (“Foundry”).	 All	 cancer	 patients	 consecutively	
admitted	to	MD	Anderson	Hospital	in	the	Texas	Medical	
Center	 with	 COVID-	19	 between	 March	 19,	 2020	 and	
December	22,	2020	were	evaluated	for	study	inclusion.

Complete	blood	cell	counts	with	differential,	PT,	PTT,	fi-
brinogen,	 D-	dimer,	 serum	 ferritin,	 interleukin-	6	 (IL-	6),	 and	
C-	reactive	protein	(CRP)	data	were	collected	and	peripheral	
blood	smears	(for	the	presence	of	microangiopathic	anemia)	
identified	 for	 each	 COVID-	19	 patient.	 We	 extracted	 patient	
demographics	and	clinical	characteristics,	in	addition	to	data	
regarding	mechanical	ventilation	requirements,	unit	location,	
and	mortality	events.	Thrombotic	outcomes	(venous	and	ar-
terial)	 were	 derived	 from	 disease	 ICD-	10	 CM	 codes	 during	
30-	day	hospitalization.	Initial	results	looked	at	whether	labo-
ratory	parameters	were	significantly	associated	with	our	four	
clinical	outcomes	(thrombosis,	mechanical	ventilation,	critical	
illness,	and	death)	in	COVID-	19	cancer	patients	at	initial	pre-
sentation	and	its	rate	of	change	over	a	30-	day	hospital	course.

Second,	 we	 assessed	 the	 association	 between	 labora-
tory	 markers	 and	 each	 clinical	 outcome	 in	 hospitalized	

cancer	patients	with	COVID-	19	versus	without	COVID-	19	
illness.	 A	 1:1	 propensity	 score	 matching	 was	 performed	
for	 age,	 sex,	 race,	 BMI,	 type	 of	 malignancy,	 and	 history	
of	 diabetes	 with	 non-	COVID-	19	 hospitalized	 cancer	 pa-
tients,	with	a	minimum	of	 five	consecutive	measures	of	
PT,	PTT,	D-	dimer,	and	CBC	for	the	same	period.

We	summarized	and	compared	the	distribution	of	demo-
graphic	continuous	variables	using	the	mean	and	standard	
deviation	values,	laboratory	parameters	were	compared	by	
the	median	and	interquartile	range,	and	the	distribution	of	
categorical	variables	using	frequencies	of	each	value.	Chi-	
squared	or	Wilcoxon	test	was	used	to	examine	associations	
between	laboratory	markers	and	clinical	outcomes	of	inter-
est.	Pearson	correlation	coefficient	was	used	to	assess	rela-
tionships	between	individual	laboratory	markers.

3 	 | 	 RESULTS

3.1	 |	 Patient Characteristics

Our	cohort	of	hospitalized	COVID-	19	cancer	patients	had	
300	 cases.	 After	 1:1	 matching,	 analysis	 was	 restricted	 to	
164	 COVID-	19	 cancer	 patients	 and	 164	 control	 cancer	
cases	without	COVID-	19.

Baseline	 characteristics:	 middle-	aged	 to	 elderly,	 pre-
dominantly	 solid	 malignancies,	 and	 frequent	 cardiovas-
cular	and	metabolic	comorbidities	(Table 1).	Thrombotic	
complications	presented	in	29	(17.7%)	patients,	20	(12.2%)	
required	 mechanical	 ventilation,	 and	 43	 (26.2%)	 died	
during	30-	day	hospital	admission.

3.2	 |	 Laboratory parameters and clinical 
outcomes among COVID - 19 patients

Among	coagulation	parameters,	we	 identified	higher	D-	
dimer	 and	 lower	 fibrinogen	 levels	 in	 patients	 with	 out-
comes	 of	 interest	 (mechanical	 ventilation	 and	 critical	
illness),	 while	 they	 were	 not	 significantly	 different	 for	
thrombosis	 and	 death.	 We	 observed	 significantly	 more	
prolonged	PT	 in	 those	with	poor	clinical	outcomes	(me-
chanical	ventilation	and	death),	but	PT	prolongation	was	
mild	and	<3	s	in	the	majority	of	patients	(Table 2).

Blood	 counts	 showed	 consistently	 an	 elevated	 neutro-
phil	among	patients	with	critical	illness	or	death,	while	the	
lymphocyte	count	was	significantly	lower	in	those	who	died.	
Across	 the	 subgroups	 of	 clinical	 outcomes,	 lymphopenia	
was	common	in	cancer	patients	with	COVID-	19.	However,	
there	 was	 no	 correlation	 between	 those	 same	 leukocyte	
count	trends	with	thrombosis	(Table 2).	Platelet	count	was	
normal	in	most	patients	and	lower	platelet	counts	were	seen	
with	critical	illness	and	fatal	outcomes	(Appendix A).
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Among	 the	 serum	 inflammatory	 markers,	 elevated	
IL-	6	were	consistently	elevated	in	patients	with	mechani-
cal	ventilation	and	critical	illness	outcomes	(Table 2).	The	
sedimentation	 rate	 was	 consistently	 elevated	 among	 pa-
tients	with	cancer	and	COVID-	19	while	less	pronounced	
in	those	with	thrombosis	and	critical	illness	outcomes.

3.3	 |	 Peripheral blood smear findings

We	evaluated	the	first	175	admitted	COVID-	19	cancer	pa-
tients'	 peripheral	 blood	 smears	 for	 microangiopathy	 and	
found	24/175	with	schistocytes.	All	were	mild	(<5	per	hpf).

3.4	 |	 Comparison with non- COVID 
hospitalized cancer patients

Coagulopathic	 abnormalities	 were	 observed	 in	 both	
COVID-	19	and	other	ill	cancer	patients.	Both	populations	
had	 elevated	 D-	dimer;	 however,	 levels	 were	 higher	 in	
other	cancer-	related	complications.	Notably,	 the	PT	was	
mildly	prolonged	in	both	groups	(<3	s)	and	at	a	lower	de-
gree	in	COVID-	19	patients,	except	for	those	who	experi-
enced	death	during	the	hospitalization	(Table 3).

Blood	counts	showed	the	most	remarkable	differences.	
Platelet	and	neutrophil	counts	were	consistently	higher	in	
COVID-	19	cancer	patients,	which	contrasted	with	 lower	

T A B L E  1 	 Baseline	characteristics	of	matched	164	cancer	patients	with	COVID-	19	versus	164	cancer	control	patients	without	COVID-	19

Characteristic Categories/summary statistic COVID- 19 N (%) Control N (%) p

Age	(years) Mean	(standard	deviation) 59.2	(15.4) 60.4	(16.8) 0.510
Sex Female 73	(44.5) 73	(44.5) 1.000
Race White	or	Caucasian 102	(62.2) 102	(62.2) 1.000

Black	or	African	American 28	(17.1) 28	(17.1)
Asian 7	(4.3) 7	(4.3)
Other 26	(15.9) 26	(15.9)
Unknown 1	(0.6) 1	(0.6)

Body	mass	index Mean	(standard	deviation) 30.4	(5.9) 28.2	(5.7) 0.001
Diabetes Yes 94	(57.3) 94	(57.3) 1.000
Hypertension Yes 42	(25.6) 42	(25.6) 1.000
Cardiovascular	disease Yes 102	(62.2) 99	(60.4) 0.821
Lung	disease Yes 120	(73.2) 112	(68.3) 0.396
Cancer	type Hematologic 129	(78.7) 129	(78.7)

Solid 35 35
Solid	tumor	types Bone 3	(1.8) 8	(4.9) 0.157

Breast 7	(4.3) 0
CNS 3	(1.8) 0
CRC 1	(0.6) 5	(3.0)
Endocrine 1	(0.6) 3	(1.8)
GI 2	(1.2) 2	(1.2)
GU 4	(2.4) 3	(1.8)
GU,	CRC 0 1	(0.6)
Gyn 3	(1.8) 2	(1.2)
Heme,	Breast 1	(0.6)
Heme,	THN 1	(0.6)
HPB 3	(1.8) 3	(1.8)
HPB,	CRC 1	(0.6) 0
SKIN 2	(1.2) 2	(1.2)

History	of	bone	
marrow—	HSCT-	transplant

Yes 4	(100.0) 2	(100.0) 1.000

Recent	chemotherapy Yes 108	(65.9) 113	(68.9) 0.638
Recent	immunosuppressant Yes 158	(96.3) 159	(97.0) 1.000
Anticoagulation Yes 20	(12.2) 112	(68.3) <0.001
Antiplatelet	therapy Yes 110	(67.1) 143	(87.2) <0.001

Abbreviations:	CRC,	colorectal	cancer;	GI,	gastrointestinal;	Gyn,	gynecological;	GU,	genitourinary;	HPB,	hepato-	pancreo-	biliary;	THN,	thoracic	head	and	neck.
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lymphocyte	 counts	 across	 groups,	 predominantly	 in	 pa-
tients	with	COVID-	19	who	died	(Table 3)	(Appendix A).

Similar	 to	 the	 PT	 and	 D-	dimer	 levels,	 inflammatory	
markers	were	nonspecifically	elevated	in	both	groups;	al-
though	serum	ferritin	levels	in	COVID-	19	cases	were	high,	
the	 increment	 was	 of	 lower	 magnitude	 than	 in	 other	 ill	
cancer	patients.

4 	 | 	 DISCUSSION

Common	 coagulopathic	 findings	 in	 patients	 with	
COVID-	19	may	be	altered	in	the	cancer	population	who	
have	 elevated	 inflammatory	 markers	 and	 derangements	
in	coagulopathic	parameters	at	baseline.

One	 study	 by	 Patell	 et	 al.	 looked	 at	 the	 incidence	 of	
thrombotic	and	hemorrhagic	events	in	those	with	cancer	
and	COVID-	19	versus	those	without	cancer.	They	found	a	
similarly	high	incidence	of	thrombosis	and	bleeding	events	
among	cancer	and	noncancer	patients	with	COVID-	19.14	
Platelet	counts	in	COVID-	19	cancer	patients	were	found	
to	 have	 similar	 median	 parameters	 to	 COVID-	19	 cancer	
patients	 in	 our	 study.	 Additionally,	 unlike	 Patell	 et	 al.,	
our	 study	 examined	 cancer	 patients	 without	 COVID-	19,	

and	we	observed	that	at	baseline,	these	patients	presented	
with	more	severe	thrombocytopenia	compared	to	cancer	
patients	with	acute	COVID-	19	illness.

Al-	Samkari	et	al.	study	looked	at	bleeding	and	throm-
botic	 manifestations	 of	 COVID-	19	 in	 patients	 without	
cancer.	 They	 found	 thrombocytopenia	 predictive	 of	
bleeding	and	thrombotic	complications.4	Our	cohort	had	
a	unique	coagulopathic	characterization.	Although	plate-
let	levels	were	commonly	within	the	normal	range	(com-
pared	 with	 non-	COVID	 hospitalized	 cancer	 controls),	
those	 COVID-	19	 patients	 who	 experienced	 profound	
platelet	 count	 decline	 during	 hospital	 stay	 (Table  1)	
had	 more	 thrombotic	 events,	 critical	 illness,	 and	 fatal	
outcomes.

Several	 hypotheses	 may	 explain	 our	 observations.	
One	study	reported	that	during	acute	COVID-	19	illness,	
there	are	platelet	changes	related	to	P-	selectin,	an	adhe-
sion	 receptor	on	activated	platelets	 for	 leukocytes,	 that	
has	 been	 shown	 as	 a	 player	 in	 tumor	 metastasis,8	 but	
also	hyperactivated	in	noncancer	COVID	patients.	This	
has	been	studied	as	a	possible	factor	in	the	hypercoagu-
lability	seen	in	COVID-	19	infection.8	Thrombocytopenia	
secondary	to	platelet	consumption	during	disseminated	
intravascular	coagulation	(DIC)	is	observed	in	critically	

T A B L E  2 	 Comparative	description	of	laboratory	parameters	in	COVID-	19	cancer	patients	by	clinical	outcomes:	thrombosis,	critical		
illness,	and	death

Laboratory 
parametersMedian (IQR)

Normal  
range Thrombosis No thrombosis p Intensive care No intensive care p

Mechanical 
ventilation

No mechanical 
ventilation p Death Survive p

D-	Dimer 0.1–	0.5
μg/ml

2.2
[1.6–	2.4]

1.7
[1.6–	2.2]

0.24 2.2
[1.9–	2.5]

1.0
[0.9–	1.4]

0.00 2.9
[2.7–	4.4]

1.4
[1.3–	1.6]

0.00 1.9
[1.7–	2.1]

1.7
[1.6–	2.3]

0.44

Fibrinogen 214–	503
mg/dl

368
[323–	422]

402
[288–	453]

0.71 320
[287–	351]

438
[417–	465]

0.00 284
[238–	345]

428
[393–	449]

0.00 351
[166–	400]

391
[338–	427]

0.08

PT 12–	14.3
s

14.6
[14.3–	14.8]

14.5
[14.2–	15.0]

0.71 14.5
[14.4–	14.9]

14.5
[14.1–	15.0]

1.00 14.1
[13.9–	14.5]

14.7
[14.4–	14.9]

0.00 16.1
[15.2–	16.7]

14.4
[14.1–	14.5]

0.00

PTT 24.2–	36
s

32.7
[29.5–	39.0]

34.2
[27.2–	35.6]

0.69 35.8
[32.5–	40.1]

29.7	[28.1–	30.9] 0.00 35.3
[28.5–	44.4]

33.7
[29.7–	35.0]

0.71 35.7
[32.8–	43.3]

33.1
[28.6–	35.6]

0.03

ANC 1.7–	7.3
×103/μl

7.3
[4.7–	10.1]

8.6
[4.8–	14.5]

0.21 10.7
[6.2–	13.5]

4.6
[3.7–	5.5]

0.00 11.4
[9.7–	15.4]

5.7
[4.3–	7.2]

0.00 9.9
[7.0–	13.9]

6.4
[4.4–	8.9]

0.00

ALC 1.0–	4.8
×103/μl

0.8
[0.7–	0.9]

0.5
[0.3–	0.7]

0.00 0.6
[0.4–	0.8]

0.7
[0.5–	0.8]

0.28 1.0
[0.5–	1.3]

0.6
[0.3–	0.8]

0.00 0.4
[0.3–	0.6]

0.7
[0.5–	0.8]

0.01

Platelet	count 140–	440
×103/μl

163
[142–	174]

164
[102–	180]

0.86 153
[102–	171]

183
[159–	196]

0.01 145
[99–	182]

176
[161–	191]

0.08 143
[88–	170]

178
[147–	196]

0.03

IL-	6 0–	5
pg/ml

162.0
[27.5–	896.0]

48.0
[24.8–	70.5]

0.10 70.0
[37.0–	307.0]

14.5
[10.0–	29.0]

0.00 67.5
[44.0–	391.0]

20.5
[12.0–	132.5]

0.01 47.0
[36.0–	84.5]

141.5
[20.0–	482.0]

0.34

Ferritin 30–	400
ng/ml

878.2
[746.0–	1094.0]

849.0	[762.0–	1383.0] 0.58 933.0
[785.5–	1015.0]

866.5	[799.0–	980] 0.47 1071.0
[933.0–	1186.0]

823.0
[743.0–	950.0]

0.00 934.0
[773.0–	1494.0]

967.0
[738.0–	1089.0]

0.38

CRP <10.0
mg/L

30.3
[10.1–	42.9]

5.2
[2.2–	38.2]

0.05 16.0
[9.0–	46.0]

16.8
[10.1–	45.5]

0.94 11.2
[3.0–	46.6]

15.8
[7.5–	52.8]

0.51 16.2
[2.2–	47.8]

28.0
[11.9–	41.7]

0.25

ESR 0–	9
mm/h

44.5
[37.5–	51.0]

55.0
[50.0–	66.0]

0.02 42.0
[34.0–	49.0]

62.5
[56.0–	76.5]

0.00 39.5
[30.0–	48.0]

57.5
[52.5–	60.7]

0.00 49.0
[37.0–	59.0]

50.0
[41.0–	55.0]

0.98

Abbreviation:	IQR,	interquartile	range.
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ill	cancer	patients,	however,	the	classic	changes	of	DIC—	
fibrinogen	 consumption	 and	 several	 fold-	prolongation	
of	 prothrombin	 time—	were	 not	 seen	 in	 our	 cohort.	
Moreover,	we	did	not	observe	microangiopathic	changes	
in	most	peripheral	blood	smears	obtained	from	the	ma-
jority	of	our	patients.

As	 described	 in	 noncancer	 patients,	 elevated	 neutro-
phil	 counts,	 depleted	 lymphocyte	 counts,	 elevated	 D-	
dimer	levels,	and	serum	inflammatory	markers	(e.g.,	IL-	6)	
were	associated	with	poor	clinical	outcomes	in	our	cancer	
population.	The	platelet	 count	changes	 seen	 in	our	hos-
pitalized	cases	of	COVID-	19	with	a	cancer	diagnosis	and	
their	correlation	with	clinical	outcomes	are	unique	com-
pared	with	other	COVID-	19	hospitalized	populations.

Interactions	between	endothelium	and	platelets	during	
severe	COVID-	19	illness	may	explain	some	changes	seen	
in	 the	 platelet	 and	 coagulation	 parameters.15	 Additional	
studies	may	elucidate	the	unique	pathophysiology	effects	
of	COVID-	19	on	the	vascular	and	hematologic	systems.

The	 strengths	 of	 our	 study	 include	 the	 longitudi-
nal	 and	 rich	 sample	 of	 coagulation	 and	 inflammatory	
biomarkers	 in	 a	 cohort	 of	 consecutively	 admitted	 can-
cer	 patients	 with	 COVID-	19.	 We	 evaluated	 for	 associa-
tions	 between	 thrombotic	 complications,	 hard	 clinical	

outcomes	(mortality	and	mechanical	ventilation)	and	the	
laboratory	parameters; then	compared	those	with	a	con-
trol	cohort	of	hospital-	admitted	cancer	patients	without	
COVID-	19.	Although	we	incorporated	the	type	of	malig-
nancy	 and	 administration	 of	 recent	 chemotherapy,	 our	
analyses	 did	 not	 explore	 associations	 between	 specific	
types	 of	 chemotherapy,	 particularly	 lymphodepleting	
therapies	 (i.e.,	 cyclophosphamide,	 fludarabine,	 benda-
mustine,	and	others)	which	may	have	had	a	 significant	
impact	in	the	outcomes	described	in	our	manuscript.	This	
represents	 an	 important	 limitation	 to	 our	 conclusions.	
We	attempted	to	mitigate	the	heterogeneity	between	the	
COVID-	19	 and	 the	 non-	COVID-	19	 cohorts	 during	 the	
analyses	by	performing	a	1:1	propensity	score	matching	
for	age,	 sex,	 race,	BMI,	 type	of	malignancy,	and	history	
of	diabetes.	Additionally,	we	could	not	perform	subgroup	
analyses	 by	 different	 tumor	 primary	 sites,	 which	 could	
have	also	impacted	the	outcomes	and	limited	the	extrap-
olation	of	our	observations.

In	 conclusion,	 our	 observations	 on	 the	 coagulopa-
thy	 and	 unique	 platelet	 count	 changes	 during	 severe	
COVID-	19	illness	in	the	cancer	population	are	of	interest	
to	explore	mechanisms	of	disease	and	may	help	develop	
future	disease	severity	risk	stratification	strategies.

T A B L E  2 	 Comparative	description	of	laboratory	parameters	in	COVID-	19	cancer	patients	by	clinical	outcomes:	thrombosis,	critical		
illness,	and	death

Laboratory 
parametersMedian (IQR)

Normal  
range Thrombosis No thrombosis p Intensive care No intensive care p

Mechanical 
ventilation

No mechanical 
ventilation p Death Survive p

D-	Dimer 0.1–	0.5
μg/ml

2.2
[1.6–	2.4]

1.7
[1.6–	2.2]

0.24 2.2
[1.9–	2.5]

1.0
[0.9–	1.4]

0.00 2.9
[2.7–	4.4]

1.4
[1.3–	1.6]

0.00 1.9
[1.7–	2.1]

1.7
[1.6–	2.3]

0.44

Fibrinogen 214–	503
mg/dl

368
[323–	422]

402
[288–	453]

0.71 320
[287–	351]

438
[417–	465]

0.00 284
[238–	345]

428
[393–	449]

0.00 351
[166–	400]

391
[338–	427]

0.08

PT 12–	14.3
s

14.6
[14.3–	14.8]

14.5
[14.2–	15.0]

0.71 14.5
[14.4–	14.9]

14.5
[14.1–	15.0]

1.00 14.1
[13.9–	14.5]

14.7
[14.4–	14.9]

0.00 16.1
[15.2–	16.7]

14.4
[14.1–	14.5]

0.00

PTT 24.2–	36
s

32.7
[29.5–	39.0]

34.2
[27.2–	35.6]

0.69 35.8
[32.5–	40.1]

29.7	[28.1–	30.9] 0.00 35.3
[28.5–	44.4]

33.7
[29.7–	35.0]

0.71 35.7
[32.8–	43.3]

33.1
[28.6–	35.6]

0.03

ANC 1.7–	7.3
×103/μl

7.3
[4.7–	10.1]

8.6
[4.8–	14.5]

0.21 10.7
[6.2–	13.5]

4.6
[3.7–	5.5]

0.00 11.4
[9.7–	15.4]

5.7
[4.3–	7.2]

0.00 9.9
[7.0–	13.9]

6.4
[4.4–	8.9]

0.00

ALC 1.0–	4.8
×103/μl

0.8
[0.7–	0.9]

0.5
[0.3–	0.7]

0.00 0.6
[0.4–	0.8]

0.7
[0.5–	0.8]

0.28 1.0
[0.5–	1.3]

0.6
[0.3–	0.8]

0.00 0.4
[0.3–	0.6]

0.7
[0.5–	0.8]

0.01

Platelet	count 140–	440
×103/μl

163
[142–	174]

164
[102–	180]

0.86 153
[102–	171]

183
[159–	196]

0.01 145
[99–	182]

176
[161–	191]

0.08 143
[88–	170]

178
[147–	196]

0.03

IL-	6 0–	5
pg/ml

162.0
[27.5–	896.0]

48.0
[24.8–	70.5]

0.10 70.0
[37.0–	307.0]

14.5
[10.0–	29.0]

0.00 67.5
[44.0–	391.0]

20.5
[12.0–	132.5]

0.01 47.0
[36.0–	84.5]

141.5
[20.0–	482.0]

0.34

Ferritin 30–	400
ng/ml

878.2
[746.0–	1094.0]

849.0	[762.0–	1383.0] 0.58 933.0
[785.5–	1015.0]

866.5	[799.0–	980] 0.47 1071.0
[933.0–	1186.0]

823.0
[743.0–	950.0]

0.00 934.0
[773.0–	1494.0]

967.0
[738.0–	1089.0]

0.38

CRP <10.0
mg/L

30.3
[10.1–	42.9]

5.2
[2.2–	38.2]

0.05 16.0
[9.0–	46.0]

16.8
[10.1–	45.5]

0.94 11.2
[3.0–	46.6]

15.8
[7.5–	52.8]

0.51 16.2
[2.2–	47.8]

28.0
[11.9–	41.7]

0.25

ESR 0–	9
mm/h

44.5
[37.5–	51.0]

55.0
[50.0–	66.0]

0.02 42.0
[34.0–	49.0]

62.5
[56.0–	76.5]

0.00 39.5
[30.0–	48.0]

57.5
[52.5–	60.7]

0.00 49.0
[37.0–	59.0]

50.0
[41.0–	55.0]

0.98

Abbreviation:	IQR,	interquartile	range.
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APPENDIX A
Longitudinal	 trends	 of	 coagulation,	 platelet	 counts,	 serum	 inflammatory	 biomarkers,	 and	 leukocyte	 counts	 during	
30	days	 following	 hospitalization	 for	 COVID-	19	 in	 164	 cancer	 patients	 and	 comparison	 with	 164	 hospitalized	 cancer	
patients	without	COVID-	19

1A.	Comparison	by	thrombosis	outcome	
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1B.	Comparison	by	intensive	care	outcome	
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1C.	Comparison	by	mechanical	ventilation	outcome	
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1D.	Comparison	by	the	fatal	outcome	
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