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1 | INTRODUCTION

| Hui Wang’

Abstract

In this retrospective study, we evaluated the levels of a series of serum biomarkers in
coronavirus disease 2019 (COVID-19) patients (mild: 131; severe: 98; critical: 23). We
found that there were significant increases in levels of human epididymis protein 4 (HE4)
(73.6+38.3 vs 46.5+14.7 pmol/L; P<.001), cytokeratin-19 fragment (CYFRA21-1)
(22+0.9 vs 1.9+08 pg/L; P<.001), carcinoembryonic antigen (CEA) (3422 vs
2.1+ 1.2 ug/L; P<.001), carbohydrate antigens (CA) 125 (18.1+ 13.5 vs 10.5 + 4.6 ug/L;
P<.001), and 153 (14.4+8.9 vs 10.1+4.4 ug/L; P<.001) in COVID-19 mild cases as
compared to normal control subjects; their levels showed continuous and significant
increases in severe and critical cases (HE4, CYFRA21-1, and CA125: P <.001; CEA and
CA153: P<.01). Squamous cell carcinoma antigen (SCC) and CA199 increased sig-
nificantly only in critical cases of COVID-19 as compared with mild and severe cases and
normal controls (P < .01). There were positive associations between levels of C-reactive
protein and levels of HE4 (R=.631; P<.001), CYFRA21-1 (R=.431; P<.001), CEA
(R=.316; P<.001), SCC (R=.351; P<.001), CA153 (R=.359; P<.001) and CA125
(R=.223; P =.031). We concluded that elevations of serum cancer biomarkers positively
correlated with the pathological progressions of COVID-19, demonstrating diffuse and
acute pathophysiological injuries in COVID-19.
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COVID-19.° SARS-COV-2 is a single-strand RNA virus and belongs
to the genus Betacoronavirus, which is based on the most conserved

The coronavirus disease 2019 (COVID-19) pandemic has become a
global threat to public health." The disease is believed to be of
zoonotic origin.”® Snakes, pangolins, and turtles are speculated to
be an intermediate host(s).” Severe acute respiratory syndrome

coronavirus 2 (SARS-COV-2) is the causative organism for
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sequence of coronavirus genome, that is, the open reading frame
1a/1b (ORF1a/1b) responsible for replicases encoding. The RNA
genome has 29 891 nucleotides and shares 79% sequence identity
with SARS-COV and 50% sequence identity with Middle East

6,7

respiratory syndrome coronavirus. The phylogeny of this
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coronavirus shows that it is most close to the bat coronavirus
RaTG13, with 96.3% sequence identity.” The SARS-COV2 Spike (S)
protein is thought to mediate the virus entering host cells via sur-
face angiotensin-converting enzyme 2.7

COVID-19 patients can be asymptomatic or symptomatic. The
incubation period for symptomatic development in COVID-19 is
approximately 4 to 7 days.” Based on the severity of symptoms,
COVID-19 can be classified into three categories.”*° Mild cases
are marked by the onset of symptoms such as fever, cough, fatigue,
headache, diarrhea, and so forth, with or without mild pneumonia.
Severe cases demonstrate dyspnea, acute respiratory stress,
decrease in blood oxygen saturation, lung infiltrates, multiple
peripheral ground-glass opacities on both lungs, and so forth.
Critical cases present symptoms such as respiratory or multiple
organ failure and septic shock. The mortality rate of COVID-19 is
estimated to be about 2.3%, with a range from 6 to 41 days from
the onset of symptoms to death.'®'’ COVID-19 patients also
develop dyslipidemia which is associated with the disease
severity.'>®

Many cancer biomarkers such as carcinoembryonic antigen
(CEA) and carbohydrate antigens (CA) have shown an elevation in
various inflammatory conditions in the lungs."**® We posit that
SARS-CoV-2-induced acute lung injuries may be associated with
elevations of some cancer biomarkers. In this study, we performed a
thorough investigation of the pathological profiles of COVID-19 from
a series of laboratory serum tests; these profiles may reflect the
progression of the disease. We found that the levels of a panel of
serum cancer biomarkers were positively associated with the
severity of COVID-19, demonstrating the diffuse and acute lung

injuries in patients.

2 | METHODS
2.1 | Study design and patients

This study was approved by the Institutional Review Board (IRB) at
the Union Hospital of Tongji Medical College, Wuhan, Hubei,
China. The requirement for informed consent was waved by the
IRB committee. The study was carried out at the Cancer Center,
Union Hospital of Tongji Medical College, Wuhan. A total of
252 patients who were admitted to the hospital from 13 February
and 3 March 2020 were included in this study. Electronic data
regarding epidemiological, demographic, clinical symptoms and
diagnosis, laboratory tests, treatments, and outcomes were ex-
tracted. All patients were confirmed with an infection of
SARS-COV-2 on nasal and pharyngeal swab specimens or induced
sputum using a real-time reverse transcription-polymerase chain
reaction (RT-PCR) assay before or on admission into our center for
treatments. The primers and probe for real-time RT-PCR were
reported previously.’® Pneumonia was diagnosed according to the

guidelines from Chinese Thoracic Society, Chinese Medicine
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Association, and the Infectious Diseases Society of America/
American Thoracic Society guidelines. Patients were classified into
three categories mild (n=131), severe (n=98), and critical (n=23)
cases, according to the Chinese Center for Disease Control (CDC)
guidelines and previous literature.® Patients were discharged if
they met all of the following three criteria from the national CDC's
guidelines: (a) with normal temperatures for more than 3 con-
secutive days; (b) remission of clinical symptoms, including cough,
fever, and dyspnea; and (c) continuous twice negative RT-PCR
results performed in every other day. All patients had an in-
hospital lung computerized tomography or magnetic resonance
imaging scan to exclude a lung cancer. Patients with a medical
history of cancer were also excluded from this study.

Normal subjects who had laboratory tests of one or
more cancer biomarkers in our hospital between 1 October and
1 November 2019 were included. Deidentified electronic data in-
cluding only age, gender, and values of specific cancer biomarkers
were extracted. Depending on the available data, we totally in-
cluded the following age and gender-matched normal subjects in
each cancer biomarker category: CEA (n=190), CA125 (n=245),
CA153 (n=197), squamous cell carcinoma antigen (SCC; n = 64),
cytokeratin-19 fragment (CYFRA21-1; n =88), and neuron-specific
enolase (NSE; n=78). Human epididymis protein 4 (HE4; n=30)
was only tested on female subjects in our hospital as a biomarker
for ovarian cancer. The detailed demographic features for normal
subjects in each cancer biomarker test category were listed in
Table S1.

2.2 | Clinical laboratory tests

All tests were carried out at our certified clinical laboratory under
standard procedures and practices that fully complied with reg-
ulations and guidelines of the Chinese Food and Drug Administra-
tion and CDC. The following clinical laboratory tests were
performed on patient serum: a cancer biomarker profile, including
NSE, CA724, CA242, CA199, CA125, CA153, free prostate-specific
antigen (f-PSA), total PSA (t-PSA), alpha-fetoprotein (AFP), CEA,
SCC, CYFRA21-1, and HE4; and an inflammatory and immunological
profile including C-reactive protein (CRP), white blood cells (WBC),
lymphocyte (LY), monocyte (MQO), interleukin-2 (IL-2), IL-4, IL-6,
IL-10, tumor necrosis factor-alpha (TNF-«), and interferon-gamma
(IFN-y). Other general laboratory tests were listed in Table S2.
WBC, LY, and MO counts were performed on the Beckman LH750
analyzer using the manufacture's reagents (Beckman Coulter, Brea,
CA). The general metabolic profiles were tested on the Beckman
AU5800 chemistry analyzer using the manufacture's reagents
(Beckman Coulter, Brea, CA). Cytokines and cancer biomarkers
were tested on Abbott i2000 using manufacture's chemilumines-
cent immunoassay reagents (Abbott, Chicago, IL). CRP was per-
formed using the BC-5390 reagent (MINDRAY, Shenzhen,
Guangzhou, China).
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2.3 | Statistical analysis

Statistical analyses were performed with the SPSS software (IBM,
Armonk, NY). Differences among groups were analyzed by y2. A
Mann-Whitney U test was used to compare the differences between
the two groups. A Pearson correlation analysis was used to calculate
the correlation coefficiency. The data was presented as “Mean +
standard deviation (SD)” or “Mean = 95% confident interval (ClI)".

P < .05 was considered as statistical significance.

3 | RESULTS

3.1 | Demographic, basic health conditions, and
general metabolic profiles

A total of 252 confirmed COVID-19 cases were included in this
study: 131 mild, 98 severe, and 23 critical cases. The average age for
all patients was 64.8 + 13.3 years. The average age for the critical
and severe cases were 70.4+15.7 and 69.7 £ 11.6, respectively; the
patients in these groups were significantly older than those mild
cases (60.1+12.4) (P<.05) (Table 1). Male cases represented 52%
(n=130) and female cases 48% (n=122) of the patients; this ratio
was consistent for the critical and severe groups. However, there
were more female patients than male patients in the mild group (52%
vs 45%). About half of the patients with severe and critical
conditions had other chronic morbidities such as diabetes, hy-
pertension, and cardiovascular disorders; such conditions were pre-
sent in only 35% of patients with mild symptoms (Table 1).

CRP increased in 95% of all cases; the increases were significant
for all groups (mild: 13.5+13.1; severe: 35.0+39.2; critical:
66.1+ 67.3; in mg/L; P=.002) (Table 2). Patients showed a significant
lymphopenia with a degree associated with the disease severity
(mild: 1.6 +0.6; severe: 1.4 +0.7; critical: 0.9 +0.5; x10%/L; P <.001)
(Table 2). IL-6 levels dramatically increased in all categories of cases

(Table 2). IL-4 and IFN-y levels increased in critical cases. Changes in

TABLE 1 Demographic and clinical features for COVID-19 patients

WBC, IL-2, IL-10, TNF-a, and many other metabolic profiles in pa-

tients were not in evidence (Table 2 and Table S2).

3.2 | Elevations of serum cancer biomarkers in
COVID-19 patients

There were significant increases in levels of HE4 (73.6 +38.3 vs
46.5+14.7; pmol/L, P<.001), CYFRA21-1 (2.2 +0.9 vs 1.9 + 0.8; ug/L,
P<.001), CEA (34+22 vs 21+12; ug/L, P<.001), CA125
(18.1+13.5 vs 10.5+4.6; pg/L, P<.001) and 153 (14.4+8.9 vs
10.1+4.4; pg/L, P<.001) in COVID-19 mild cases as compared with
levels in the normal subjects (Figure 1). The levels of all these bio-
markers exhibited significantly gradual increases in patients across
cases in all categories (Figure 1 and Table 2; P <.02). NSE, SCC, and
CA199 levels increased significantly only in critical cases as com-
pared with levels in normal subjects, mild, and critical cases
(Figure 1F and Table 2; P <.05). We had all female subjects in the
normal control group of HE4, which data had a gender bias. To de-
termine whether the gender was a potential factor contributing to
the elevation of HE4 in patients, we divided the cohort based on
genders in each category. Both female and male patients with mild
COVID-19 showed significantly higher levels of HE4 as compared
with the normal subjects (Figure 1A; P < .05); they also showed gra-
dual increases in HE4 levels in correlation with the disease

severity, regardless of genders (Figure 1A; P <.05).

3.3 | Relationship of LY or CRP with biomarkers

The number of LYs inversely correlated with levels of HE4 (R = -.375;
pmol/L; P<.001) in COVID-19 patients (Figure 2A), but was not asso-
ciated with other cancer biomarkers we examined in this study (data not
shown). CRP levels positively correlated with HE4 (R=.631; P<.001;
Figure 2B), CYFRA21-1 (R=.431; P<.001; Figure 2C), CEA (R=.316;
P<.001; Figure 2D), CA125 (R=.223; P=.031; Figure 2E), CA153

Characteristics All patients (n =252) Mild (n=131) Severe (n=98) Critical (n=23) P
Age, y 64.8 (13.3) 60.1 (12.4) 69.7 (11.6) 70.4 (15.7) <.01
Sex ns
Male 130 (52%) 59 (45%) 59 (60%) 12 (52%)
Female 122 (48%) 72 (55%) 39 (40%) 11 (48%)
Comorbidities
Any 106 (42%) 46 (35%) 49 (50%) 11 (48%) ns
2-DM 31 (12%) 16 (12%) 11 (11%) 4 (17%) ns
Hypertension 81 (32%) 32 (24%) 42 (43%) 7 (30%) <.02
Cardiovascular disease 20 (8%) 5 (4%) 11 (11%) 4 (17%) <.05
HIV 1(0.4%) 0 (0%) 0 (0%) 1 (4%) na
Hyperlipidemia 6 (2%) 3 (2%) 2 (2%) 1 (4%) ns

Note: Data were mean (SD) or n (%). The x2 was used to compare differences among groups.
Abbreviations: HIV, human immunodeficiency viruses; na, no available; ns, no significance; SD, standard deviation.
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TABLE 2 Serum cancer biomarkers, inflammatory, and immunological profiles from COVID-19 patients

Category Reference All patients Mild Severe Critical P
f-PSA <0.93 ug/L 0.3 (0.6) 0.3 (0.6) 0.2 (0.4) 0.4 (0.9) ns
t-PSA <4ug/L 1.1 (3.3) 1.2 (4.4) 0.8 (1.1) 1.3 (2.4) ns
HE4 #46.5 (14.7) pmol/L 121 (117) 73.6 (38.3) 145.7 (118.4) 284.0 (201.6) <.001
CYFRA21-1 “1.9 (0.8) pg/L 2.8 (2.1) 2.2 (0.9) 3.3 (2.9) 3.9 (2.4) <.05
CEA 2.1 (1.2) ug/L 5.1 (8.9) 34 (2.2) 5.3 (6.3) 12.8 (24.7) <.02
CA125 “10.5 (4.6) ug/L 28.9 (35.3) 18.1 (13.6) 33.1 (40.4) 72.3 (56.1) <01
CA153 ?10.1(4.4) ug/L 16.6 (12.5) 14.4 (8.9) 17.7 (13.9) 24.6 (18.9) <.05
NSE #12.5(6.1) pg/L 14.4 (7.2) 13.6 (3.9) 13.8 (5.7) 21.1 (17.5) <.05
sCcC 0.8 (0.3) pg/L 0.8 (0.8) 0.7 (0.5) 0.7 (0.5) 1.6 (2.0) <.05
AFP 0.9-8.8 ug/L 3.5 (5) 3.2 (1.5) 4.1 (7.8) 2.6 (1.3) <.05
CA242 <20U/ML 3.5 (3.0) 3.3(3.2) 3.6 (2.9) 4.1 (2.6) ns
CA724 <7U/ML 4.9 (9.9) 4.2 (6.8) 5.4 (12.8) 7.0 (10.9) ns
CA199 <37 ug/L 10.4 (12.6) 8.9 (11.9) 11.2 (13.8) 14.2 (9.1) <.01
CRP <4 mg/L 16.2 (34.8) 4.29 (8.33) 18.8 (32.7) 66.1 (67.3) <01
IL-2 0.1-4 pg/ML 6 (37.9) 9 (53.4) 2.8 (0.7) 2.9 (0.9) ns
IL-4 0.1-3.2 pg/ML 3(5.7) 2.6 (1) 2.3 (0.8) 8.4 (20) ns
IL-6 0.1-2.9 pg/ML 99.6 (307.9) 64.6 (137.7) 150.7(449.2) 57.4 (105.6) ns
IL-10 0.1-5 pg/ML 4.2 (2) 3.9 (1.8) 43 (17) 5.6 (3.6) ns
TNF-a 0.1-23 pg/ML 5.4 (6.1) 5.6 (6.6) 5.5 (6.1) 3.2 (2) ns
IFNy 0.1-18 pg/ML 3.2 (7.6) 2.5 (1) 2.9 (4.5) 9.5 (24.7) ns
WBC 3.5-9.5 (x 10°/L) 6.4 (2.7) 6.2 (2.0) 6.2 (2.4) 8.6 (5.7) ns
LY 1.1-3.2 (x 10%/L) 1.5 (0.7) 1.6 (0.6) 1.4 (0.7) 0.9 (0.5) <.01
MO 0.1-0.6 (x 10%/L) 0.6 (0.5) 0.51 (0.25) 0.6 (0.7) 0.6 (0.3) ns

Note: Data are presented as mean (SD). The )(2 was used for comparisons.

Abbreviations: AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CRP, C-reactive protein; CYFRA21-1, cytokeratin-19 fragment; f-PSA, free
prostate-specific antigen; HE4, Human epididymis protein 4; IFN-y, interferon-gamma; IL, interleukin; LY, lymphocyte; MO, monocyte; ns, no significance;
NSE, neuron-specific enolase; SSC, squamous cell carcinoma antigen; TNF-a, tumor necrosis factor-alpha; t-PSA, total PSA; WBC, white blood cells.
“Data were measured from the normal subjects in each control group in Table S1.

(R=.359; P<.001; Figure 2F), SCC (R=.351; P<.001; Figure 2G), and
NSE (R =.316; P <.001; Figure 2H), respectively.

4 | DISCUSSION

In this study, we retrospectively summarized a series of clinical
laboratory tests on serum from COVID-19 patients, including meta-
bolic panels and a set of 13 cancer biomarkers. This is the first report
with such a substantial evaluation of cancer biomarkers on a large
patient population of COVID-19. Our data demonstrate that levels of
serum HE4, CYFRA21-1, CEA, CA125, CA153, SCC, and NSE are
positively associated with CRP, a crucial factor in correlation with the
severity of the disease. Our findings provide insights into the detailed
pathological evolution of COVID-19 in patients; this will not only aid in
understanding the disease's molecular pathology, and facilitate early

diagnosis, but will also help in assessing long-term outcomes.

In this study, we did not include any patients with cancer diag-
noses; therefore, the elevation of these cancer biomarkers was not
associated to preexisting conditions of tumorigenesis. Many studies
have shown that cancer biomarkers such as CEA, CA and HE4 are also
elevated in various inflammatory conditions in the lungs. For example,
CEA is increased in smoking subjects;** CYFRA21-1 is increased in
pulmonary alveolar proteinosis;*®> and CA125 is increased in chronic
obstructive pulmonary disease.’® HE4 levels are correlated with the
severity of cystic fibrosis."” More interestingly, a recent study has
shown that CA such as CA199 can cause rapid and severe pancreatitis
with hyperactivation of epidermal growth factor receptor signaling

and promote pancreatic cancer in an animal model.*®

A potential
mechanism underlying our data is that upregulation of HE4, CEA, and
CYFRA21-1 can reflect an acute alveolar injury. CRP is an in-
flammatory marker. The positive correlations between CRP and CEA
or CA biomarkers have been found in other diseases such as gastric

and colon cancer, and Parkinson's disease.'”?° CRP is a crucial factor
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associated with the severity of COVID-19."%*° The positive correla-

tions between CRP and a series of cancer biomarkers we showed in

this study demonstrate that these cancer biomarkers can present the

diffuse and acute pathophsysiological injuries in COVID-19.

There are several limitations to this study. First, a long-term

follow-up is needed to determine whether elevated cancer bio-

markers in patients are transient or long-term as a risk of tumor-

igenesis. Second, surveillance of these serum markers during

treatment is very important to provide a molecular basis for how this

disease responds to various treatments. Third, the normal control

subjects for HE4 were all female, which data had a gender bias.
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