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ARTICLE INFO ABSTRACT

Keywords: Purpose: Cancer patients with COVID-19 likely express biomarker changes in circulation. However, the bio-

SARS-CoV-2 markers used in SARS-CoV-2 infected cancer patients for COVID-19 severity and prognosis are largely unclear.

EOVID'lg Therefore, this systematic review aims to determine what biomarkers were measured in cancer patients with
ancer

COVID-19 and their prognostic utility.

Methods: A systematic literature review in PubMed, Embase, and Scopus was performed on June 16th, 2021. The
search keywords coronavirus, neoplasm, biomarkers, and disease progression were used to filter out 17 eligible
studies, which were then carefully evaluated.

Results: A total of 4,168 patients, 16 types of cancer, and 60 biomarkers were included. Seven up-regulated
markers, including CRP, p-dimer, ferritin, IL-2R, IL-6, LDH, and PCT, were identified in eligible studies. Albu-
min and hemoglobin were significantly down-regulated in cancer patients with COVID-19. Moreover, we
observed that the SARS-CoV-2 infected cancer patients with lower CRP, ferritin, and LDH levels successfully
survived from COVID-19 treatments.

Conclusion: Several important clinical biomarkers, such as CRP, ferritin, and LDH, may serve as the prognostic
markers to predict the outcomes following COVID-19 treatment and monitor the deterioration of COVID-19 in
cancer patients.

Prognostic biomarkers
Immunotherapy

Introduction

Biomarkers refer to a subgroup of medical signs that can be tested
and observed objectively from patients [1]. Monitoring biomarkers from
relevant biological media (blood, stool, urine, or other body fluid)
provides important information on medical conditions, effectiveness of
interventions, disease progression, or recovery [2]. For example, cardiac
troponin is a specific and sensitive biomarker for myocardial injury. It is
the preferred serologic test to evaluate patients with suspected acute
myocardial infarction [3]. Additionally, some biomarkers are used in
cancer diagnosis or progression, such as carcinoembryonic antigen
(CEA) that is commonly used for colorectal [4] and breast cancer [5]
diagnosis, and alpha-fetoprotein (AFP), which is associated with the
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progression of hepatocellular carcinomas [6].

Coronavirus is an enveloped positive-sense single-strand RNA
(+ssRNA) virus family transmitted in mammals and avians [7]. Seven
coronaviruses are known to infect humans, and three of them led to
outbreaks in recent years [8]. The severe acute respiratory syndrome
coronavirus (SARS-CoV) gave rise to a SARS epidemic in 2003 [8].
Subsequently, the Middle East respiratory syndrome coronavirus
(MERS-CoV) outbroke in South Korea in 2012 [8]. At present, corona-
virus disease 2019 (COVID-19), caused by SARS-CoV-2, has been a
global pandemic since its first declaration in 2019 by WHO [9].
Compared with MERS-CoV and SARS-CoV, SARS-CoV-2 quickly spread
worldwide, imposing a tremendous burden on the healthcare system and
the global economy. Pneumonia, acute respiratory distress syndrome
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(ARDS), and cytokine release syndrome (CRS) are severe symptoms
found in COVID-19. In addition, several up-regulated biomarkers in
severe COVID-19 patients have been reported, including (i) inflamma-
tory markers: C-reactive protein (CRP), ferritin, interleukin (IL)—2, IL-6,
IL-10, lactate dehydrogenase (LDH), or procalcitonin (PCT); (ii)
biomedical markers: aspartate aminotransferase (AST), alanine amino-
transferase (ALT), creatine kinase, and (iii) coagulant marker: p-dimer
[10,11]. These identified biomarkers may serve as predictors of
COVID-19 severity. Moreover, monitoring COVID-19 severity through
these biomarkers may be imperative to reduce mortality.

Cancer is a disease caused by uncontrolled cell proliferation, which
may metastasize to other tissues and organs through epithelial-
mesenchymal transition (EMT) [12]. According to the National Cancer
Institute, around 1,806,590 new cancer patients were diagnosed, and
606,520 people died from cancer in the United States in 2020 [13]. One
of the hallmarks of cancers is inflammation, characterized by the release
in the extracellular environment of several pro-inflammatory cytokines
and chemokines, which facilitate communication between various cell
types and regulate immune response, as well as cell migration [14]. For
instance, overexpressed IL-6 within the tumor microenvironment pro-
motes tumorigenesis by regulating multiple signaling pathways such as
proliferation, invasiveness, metastasis, or metabolism [15].
Up-regulated levels of transforming growth factor (TGF)-, IL-6, IL-20,
and IL-23 could also act as predictors of poor survival in breast cancer
[16].

Cancer patients who undergo chemotherapy have compromised
immunity which may increase susceptibility to SARS-CoV-2 infection. In
particular, cancer patients with COVID-19 have a higher mortality rate
than COVID-19 patients without active cancer [17]. Moreover, our
recent study found that SARS-CoV-2 may trigger breast cancer metas-
tasis through Snail up-regulation [18]. Thus far, specific biomarkers in
cancer patients infected with SARS-CoV-2 are unclear. This article aims
to identify prognostic biomarkers in cancer patients at the early stage of
COVID-19, which may help predict cancer or COVID-19 outcomes and
assist in developing therapeutic strategies.

Methods
Search strategy

PubMed, Embase, and Scopus databases were used to identify studies
related to cancer patients infected with the coronavirus. The hierarchi-
cal search strategies and keywords were (1) biomarker, (2) coronavirus,
and (3) cancer progression (Table S1). Duplications were removed. Ti-
tles and abstracts of articles were reviewed for eligibility. All relevant
articles from reference lists were identified. After screening the ab-
stracts, final eligibility was determined based on the full content. The
last search was conducted on June 16th, 2021.

Eligibility criteria

Inclusion criteria were: (1) primary source of quantitative research in
a peer-reviewed journal published in English, including research arti-
cles, case reports, and correspondences; (2) adult cancer patients (all
types of cancers) infected by a coronavirus; and (3) biomarkers data
were reported. To maintain consistency, the severity of COVID-19 was
defined by the National Institutes of Health (NIH) guidelines for COVID-
19 treatment [19]. Articles that did not meet all the criteria were
excluded. Unpublished theses, dissertations, review articles, conference
proceedings, and studies using pediatric cancer patients or animal
models were also excluded.

Data extraction

According to the inclusion and exclusion criteria, data extraction was
completed by one author (T.A.L.) and verified by the other author (Y.J.
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L.). The following headlines were extracted from the articles: authors,
type of study, study location, the total number of patients, patients’ age
(median), type of cancer, comparison groups, biomarker data, and ter-
minal outcomes (Table S2).

Quality assessment

The quality of the studies was assessed using the modified REporting
recommendations for tumor MARKers prognostic studies (REMARK)
(Table S3) [20]. Two independent reviewers (T.A.L. and C.T.K.) verified
the total scores (Table S4).

Results
Characteristics of the studies

Through the database search, 1545 studies were identified from
PubMed, Embase, and Scopus. Two more studies were found on Google
Scholar. The search procedure followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow diagram [21] as
depicted in Fig. 1. After screening each article’s title and abstract, 60
full-text studies were assessed for eligibility. Seventeen studies met the
eligibility criteria and were included in the systematic review (Fig. 1). As
shown in Table S2, the eligible articles included research articles (8,
47.1%) and case reports (9, 52.9%). The studies were conducted in
China (4, 23.5%), Spain (3, 17.6%), Australia (2, 11.8%), Italy (2,
11.8%), and 1 (5.9%) each in Brazil, Egypt, France, Turkey, United
Kingdom, and, United States. Among the 4168 subjects, there were 971
(23.2%) COVID-19 patients with cancer, 3162 (75.9%) COVID-19 pa-
tients without cancer, and 35 (0.8%) Non-COVID-19 patients with
cancer. Sixteen types of cancers, including solid tumors and hemato-
logical malignancies, were found among the cancer patients. (Tables S2
and S5).

Methodological assessment

All the eligible studies were further evaluated by the modified
REMARK questionnaire (Table S3). The majority of studies defined pa-
tients’ enrollment period (70.6%) and were unbiased in selecting the
patients (52.9%); 41.6% described the outcomes at the onset of the study
and provided a list of candidate variables; 29.4% provided information
on the measurement of biomarkers. Few articles were prospective re-
ports (17.6%) and provided a rationale for the sample sizes (5.9%).
Importantly, no studies blinded the measurements of biomarkers to
patient outcomes (Table S4 and Fig.S1).

Biomarker findings

Of the 60 biomarkers assessed in the 17 studies, 29 (48.3%) bio-
markers showed statistically significant changes (p-value < 0.05) be-
tween different groups in the original cohort study, and 14 (23.3%)
biomarkers without statistical analysis from case reports were deter-
mined based on the reference intervals [22]. The biomarkers were
divided into four categories based on their biological functions:
biochemical, inflammatory, hematological, and coagulant markers
(Table 1). Additionally, according to patients’ cancer and COVID-19
conditions from the eligible articles, we classified them into the four
main groups (COVID-19 (+) & cancer (+); COVID-19 (-) & cancer (-);
COVID-19 (+) & cancer (-); and COVID-19 severity & cancer (+). The
following comparisons were made between groups: (1) COVID-19 (-) &
cancer (-) vs. COVID-19 (+) & cancer (+): patients’ clinical data were
compared with reference intervals from case studies; (2) COVID-19 (+)
& cancer (-) vs. COVID-19 (+) & cancer (+); and (3) non-severe
COVID-19 & cancer (+) vs. severe COVID-19 & cancer (+) (Tables 1
and 2).
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Fig. 1. Flow diagram of the literature search. Adapted from Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi:10.1136/bmj.n71.

Biomarkers for cancer-related COVID-19 patients

Compared with reference intervals, cancer patients with COVID-19
exhibited higher levels of indirect bilirubin, CRP, p-dimer, ferritin,
fibrinogen, glucose, IL-2R, IL-6, LDH, PCT, and urea, and lower levels of
albumin, total bilirubin, hemoglobin (Hb), and total protein (Table 2).
Notably, 35.7% (5 of 14) are biochemical biomarkers, and 42.9% (6 of
14) are inflammatory biomarkers (Table 1, Group 1). Next, we identified
25 cancer-related biomarkers in COVID-19 patients from the eligible
cohort studies. As shown in Table 2, up-regulated ALT, activated partial
thromboplastin time (aPTT), AST, creatinine, CRP, erythrocyte sedi-
mentation rate (ESR), ferritin, high-sensitivity cardiac troponin I (hs-
cTnl), IL-10, IL-1f, IL-2R, IL-6, IL-8, international normalized ratio
(INR), LDH, PCT, prothrombin time (PT), and tumor necrosis factor
(TNF)-a, and down-regulated albumin, albumin-globulin ratio, anti-
thrombin activity, globulin, Hb, prothrombin time activity, and total
protein were associated with COVID-19 patients with cancer. Similar to
Group 1, 28% (7 of 25) are biochemical biomarkers, and 40% (10 of 25)
are inflammatory biomarkers. Interestingly, 24% (6 of 25) are coagu-
lation biomarkers, including PT, aPTT, and p-dimer (Table 1, Group 2).
As a result, these significantly changed markers may serve as the bio-
markers for monitoring the risk for cancer progression related to COVID-
19 infection.

Biomarkers associated with COVID-19 severity in cancer patients

Among 20 biomarkers that were significantly associated with
COVID-19 severity (Table 2), increased levels of aPTT, AST, creatinine,
CRP, bp-dimer, ferritin, hs-cTnl, IL-10, IL-2R, IL-6, lactate, LDH,
myoglobin, NT-proBNP, PCT, PT, and TNF-a, and decreased levels of
albumin, albumin-globulin ratio, and Hb were related to cancer patients
with severe COVID-19. Biochemical and inflammatory biomarkers each
account for 40% (8 of 20) in this group (Table 1, Group 3). Additionally,
through the Venn diagram comparative analysis of these biomarkers,
nine biomarkers were identified in the overlapping portion of these
three groups (Fig. 2). 66.7% (6 of 9) are elevated inflammatory markers,
suggesting that inflammation in SARS-CoV-2 infected cancer patients is
closely related to the severity of COVID-19. With the identification of
these COVID-19 severity and cancer-related biomarkers, we may be able
to better manage COVID-19 progression in cancer patients by moni-
toring the changes of these biomarkers.

Biomarkers related to different treatment outcomes in cancer patients with
COVID-19

Based on the therapies utilized to treat SARS-CoV-2 infection, the
case reports were divided into two groups: (1) immunotherapy
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Table 1.
The categorized biomarkers from different comparison groups of patients.
Category Biomarkers Group 1 Group 2 Group 3
COVID-19 COVID-19 Non-
)& +) & severe
Cancer ()} Cancer (-) COVID-19
vs. vs. & Cancer
COVID-19 COVID-19 +)
)& +) & vSs.
Cancer (+) Cancer (+) Severe
COVID-19
& Cancer
+)
Clinical A/G ratio +
Biochemical ALT +
AST + +
Bilirubin +
(Indirect)
Bilirubin +
(Total)
Creatinine + +
Globulin +
hs-cTnl + +
Lactate +
Myoglobin +
NT-proBNP +
Total protein + +
Urea +
Albumin + + +
Subtotal (%) 35.7 28 40
Inflammatory CRP + + +
Ferritin + + +
IL-10 + +
IL-1B +
IL-2R + + +
IL-6 + + +
IL-8 +
LDH + + +
PCT + + +
TNF-a + +
Subtotal (%) 42.9 40 40
Hematological ESR +
Hb + + +
Subtotal (%) 7.1 8 5
Coagulant Antithrombin +
activity
aPTT + +
D-dimer + + +
Fibrinogen +
INR +
Prothrombin +
time activity
PT + +
Subtotal (%) 14.3 24 15
References Villegas Abdul- Albiges
et al. Jawad etal.  etal.
Baumann Cai et al. Smith et al.
et al. Martinez- Tian et al.
Pasin et al. Lopez et al.
Bellmann- Meng et al.
Weiler et al. Smith et al.
da Costa Tian et al.
et al. Zahran
Yekediiz et al.
et al. Gallo et al.
Zhang et al.

 The biomarkers were identified from case reports, compromising the sta-
tistical power. +, with the data reported from the eligible studies. ALT, Alanine
aminotransferase; aPTT, Activated partial thromboplastin time; AST, Aspartate
aminotransferase; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate;
Hb, Hemoglobin; hs-cTnl, High-sensitivity cardiac troponin I; IL-1p, Interleukin-
1p; IL-2R, Interleukin-2 receptor; IL-6, Interleukin-6; IL-10, Interleukin-10; LDH,
Lactate dehydrogenase; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
PCT, Procalcitonin; PT, Prothrombin time; TNF-a, Tumor necrosis factor a.
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Table 2.
The up- and down-regulated biomarkers from different comparison groups of
patients.

Groups Up-regulated Down-regulated Refs.
biomarkers biomarkers
1 COVID-19 Bilirubin (Indirect); Albumin; Bilirubin Villegas
()& CRP; p-dimer; (Total); Hb; Total et al.
Cancer (-)' Ferritin; Fibrinogen; protein Baumann
VS. IL-2R; IL-6; LDH; et al.
COVID-19 PCT; Urea Pasin et al.
+) & Bellmann-
Cancer Weiler
+) et al.
da Costa
et al.
Yekediiz
et al.
Zhang et al.
2 COVID-19 ALT; aPTT; AST; Albumin; Albumin- Abdul-
(+) & Creatinine; CRP; globulin ratio; Jawad
Cancer (-) ESR; Ferritin; hs- Antithrombin activity; etal.
VS. cTnl; IL-10; IL-1p; IL- Globulin; Hb; Cai et al.
COVID-19 2R; IL-6; IL-8; INR; Prothrombin time Martinez-
(+) & LDH; PCT; PT; TNF-a activity; Total protein Lopez et al.
Cancer Meng et al.
+) Smith et al.
Tian et al.
Zahran
et al.
Gallo et al.
3 Non- aPTT; AST; Albumin; Albumin- Albiges
severe Creatinine; CRP; p- globulin ratio; Hb et al.
COVID-19 dimer; Ferritin; hs- Smith et al.
& Cancer cTnl; IL-10; IL-2R; IL- Tian et al.
+) 6; Lactate; LDH;
vs. Myoglobin; NT-
Severe proBNP; PCT; PT;
COVID-19 TNF-a
& Cancer
+)

f The biomarkers were identified from case reports, compromising the sta-
tistical power. ALT, Alanine aminotransferase; aPTT, Activated partial throm-
boplastin time; AST, Aspartate aminotransferase; CRP, C-reactive protein; ESR,
Erythrocyte sedimentation rate; Hb, Hemoglobin; hs-cTnl, High-sensitivity
cardiac troponin I; IL-1p, Interleukin-1p; IL-2R, Interleukin-2 receptor; IL-6,
Interleukin-6; IL-10, Interleukin-10; INR, International normalized ratio; LDH,
Lactate dehydrogenase; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
PCT, Procalcitonin; PT, Prothrombin time; TNF-a, Tumor necrosis factor a.

combined with antiviral drugs and (2) antivirals/antibiotics only
(Table 3). First, patients who received IL-6R blockade (tocilizumab) for
COVID-19 [23] or PD-1 blockade (nivolumab & pembrolizumab) prior
to the SARS-CoV-2 infection [24,25] had lower levels of CRP, LDH, or
PCT eventually recovered from COVID-19. However, patients who

had consistently higher ferritin and LDH after administering IL-1R
blocker (anakinra) all died from severe respiratory failure. The results
found that, in cancer patients with COVID-19, the effectiveness of
immunotherapy treatment varies, with some drugs are more effective
than others, which may indicate that biomarker-based precision medi-
cine may be the better therapy for cancer patients with COVID-19.
Second, patients treated with antivirals/antibiotics exhibited lower
CRP and LDH levels, together with a successful virus clearance [24-26].
In addition, patients with a normal PCT level at the early stage of
COVID-19 had a better prognosis after giving the antiviral drug [27] or
immunotherapy [23]. This result reflects that cancer patients with low
levels of CRP, LDH, or PCT may indicate a good prognosis of COVID-19
after antiviral/antibiotic drug delivery.

Discussion

Since 29 biomarkers were identified as significantly changed in
cohort studies, we focused on the molecules in the overlapping portion
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Group 2
ALT IL-1B
ESR IL-8
Globulin* INR

Antithrombin activity*
Prothrombin time activity*

aPTT  TNF-a
hs-cTnl AST Total protein*
IL-10 PT
Creatinine Albumin* IL-2R
CRP IL-6
D-dimer LDH
Ferritin  PCT
Lactate Hb Bilirubin (Indirect)
Myoglobin Bilirubin (Total)
NT-proBNP Fibrinogen
Albumin-globulin ratio* Urea
Group 3 Group 1

Fig. 2. The biomarkers from three clinical comparison groups. There are 25
cancer-related biomarkers in the blue circle, 20 biomarkers correlated to
COVID-19 in the red circle, and 14 biomarkers in the green circle were iden-
tified outside the reference internal from case reports. Different overlapped
colors indicate distinct categories of the biomarkers in different groups of pa-
tients. The central overlapped area demonstrates the molecules identified in the
cancer patients with severe COVID-19. *The biomarkers were significantly
down-regulated. Those without a star were significantly up-regulated. ALT,
Alanine aminotransferase; aPTT, Activated partial thromboplastin time; AST,
Aspartate aminotransferase; CRP, C-reactive protein; ESR, Erythrocyte sedi-
mentation rate; Hb, Hemoglobin; hs-cTnl, High-sensitivity cardiac troponin I;
IL-1pB, Interleukin-1f; IL-2R, Interleukin-2 receptor; IL-6, Interleukin-6; IL-10,
Interleukin-10; INR, International normalized ratio; LDH, Lactate dehydroge-
nase; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCT, Procalcito-
nin; PT, Prothrombin time; TNF-a, Tumor necrosis factor o.

of the three groups (Fig. 2). The levels of CRP, p-dimer, ferritin, IL-2R, IL-
6, LDH, and PCT were found elevated in cancer patients with severe
COVID-19. Also, the albumin and Hb levels were down-regulated in
SARS-CoV-2 infected cancer patients. Of note, most of the molecules are
known to be inflammatory markers, suggesting that the interaction of
cancer and COVID-19 biology may promote highly inflammatory con-
ditions and lead to the progression of both cancer and COVID-19.
Previous studies showed that SARS-CoV-2 infection might induce
metastasis in breast cancer [18] and EMT in lung cancer [28], which
could be one of the COVID-19 pathophysiologies in cancer patients with
COVID-19. During pandemics, 20% of cancer patients might develop
severe respiratory illness, and 12% die within 30 days because of
COVID-19 [29]. Collectively, there was a large proportion of poor
prognosis in cancer patients with COVID-19. Since the interaction be-
tween cancer and COVID-19 is not well understood, the implications for
the care of cancer patients require more clinical focus and attention. Our
findings of distinct panels of biomarkers of disease progression in cancer
patients with COVID-19 provide an opportunity to monitor patient
conditions and tailor treatments to avoid progression to severe illness.

Immunotherapy used in cancer patients with COVID-19

Immuno-checkpoint blockade (ICB) and cytokine immunotherapy
have been considered effective therapies for multiple cancers, such as
lung cancer [30], breast cancer [31], and renal cell cancer [32]. During
the COVID-19 outbreak, many researchers investigated whether these
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therapies also benefit the infected patients. As shown in Table 3, the
SARS-CoV-2 was eliminated in multiple myeloma (MM) patients un-
dergoing treatment with tocilizumab [23]. IL-6R blockades (tocilizumab
and sarilumab) could be one of the potential immunotherapies for severe
COVID-19 patients [33]. Since IL-6 plays a critical role in the cytokine
release syndrome, blocking IL-6 signal transduction may reduce
COVID-19 severity [34]. Indeed, tocilizumab reduced serum CRP to a
normal level in most COVID-19 patients [35].

In addition, PD-1 blockade could serve as supportive therapy for
severe COVID-19 patients (Table 3) [24,25]. CD8" T cells can be acti-
vated and exhausted by expressing PD-1 during chronic viral infection
[36]. A higher percentage of PD-1" CD8" and CD4™ T cells was found in
severe COVID-19 patients [37]. As a result, targeting PD-1 may expedite
the viral clearance by eliciting the PD-17 CD8" and CD4" T cells in
COVID-19 patients. In animal models, blocking PD-1/PD-L1 during
chronic lymphocytic choriomeningitis virus infection reactivated the
antiviral T cell and reduced viral load [38]. These findings suggest that
ICB may be a potential supportive therapy combined with antiviral
drugs to reinforce patients’ immunity and reduce viral load.

Cancer and COVID-19

SARS-CoV-2 has high infectivity and mortality rate in immune-
deficient patients, such as cancer patients [17]. A previous study
showed that hematological malignancies, lung cancer, or metastatic
cancer (stage IV) patients had the highest frequency of severe compli-
cations due to COVID-19 [39]. In addition, the angiotensin-converting
enzyme 2 (ACE2), a receptor that mediates SARS-CoV-2 entering into
the host cells, is overexpressed in some specific cancers such as
pancreatic, cervical, and renal cancer [40,41]. ACE2 also positively
correlated with the epithelial-mesenchymal transition (EMT) regulators,
Zeb1 and AXL [28], which could be a risk factor of metastasis for cancer
patients. Moreover, TMPRSS2, a critical protease of SARS-CoV-2 inter-
nalization, was also found significantly increased at the mRNA level in
prostate adenocarcinomas [42]. In this regard, cancer patients may have
a higher risk of SARS-CoV-2 infection due to elevated levels of ACE2 and
TMPRSS2.

During the COVID-19 pandemic, delayed diagnosis and treatment
also pose challenges to cancer patients. Shortage of medical supplies,
scheduling issues, and reduced patient mobility have indirectly
impacted patients’ treatment and management of cancers. The over-
whelmed healthcare system, staff shortages, and restricted medication
access were the most frequent barriers for cancer patients [43]. In the
United States, the pandemic has reduced outpatient visits by 60-70% for
either new or established patients [44]. Additionally, cancer-related
hospitalizations declined by 30-41% in five months. These findings
indicate that patients were reluctant to visit the hospital due to
COVID-19, which may delay the diagnosis and treatment, as well as
increase the risk in patients with potential cancers.

It remains unclear whether acute infection by SARS-CoV-2 may
enhance cancer progression, relapse, drug resistance, or metastasis.
Future research should focus on longitudinal analysis to investigate the
impact of COVID-19 on cancer patients. In addition, a specific study
should be designed to examine outcomes in different cancer types as the
divergent characteristics of different types of neoplasms likely respond
to viral infection differently. Our study found that CRP, ferritin, and LDH
positively relate to COVID-19 prognosis and severity in cancer patients.
Therapies that reduce the expression of CRP, ferritin, and LDH will be of
interest to explore as these three markers may be the appropriate serum
biomarkers connecting acute infection and chronic inflammation in
cancer.

Strengths and weaknesses of the research

Our study highlights the first systematic analysis to determine po-
tential prognostic biomarkers for cancer patients with COVID-19. The
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Table 3.
Biomarkers associated with different treatments in cancer patients with COVID-19 from case report studies.
Cancer types Treatment types Biomarkers Outcomes Refs.
Hematological IL-1R blockade (Anakinra) CCL2, CRP, CXCL10, p-dimer, Ferritin, IL-1, IL-6, The research team observed elevated pro-inflammatory  Villegas
cancer IL-6R blockade 1L-7, IL-10, LDH and anti-inflammatory cytokines despite the use of et al.
(N =5) (Tocilizumab) anakinra. All patients died from severe respiratory
Hydroxychloroquine failure a median of six days (range 1~29 days) after
Lopinavir/Ritonavir anakinra was started.
Melanoma PD-1 blockade Albumin, ALP, ALT, AST, Bilirubin (Total), The patient had been gone through 27 cycles of Yekeduz
N=1) (Nivolumab) Bilirubin (Direct), Creatinine, CRP, GGT, LDH, nivolumab before the COVID-19 diagnosis, and the last et al.
Piperacillin-Tazobactam PCT, Total protein, Urea nitrogen, Uric acid dose was administered six days before the SARS-CoV-2
Oseltamivir infection. The favipiravir and hydroxychloroquine
Clarithromycin were used for five days, and the patient was discharged.
Metronidazole
Hydroxychloroquine
Azithromycin
Merkel cell PD-1 blockade Creatinine, CRP, p-dimer, LDH, Urea Hydroxychloroquine was administered for five days da Costa
caricinoma (Pembrolizumab) but stopped after supraventricular extrasystoles. et al.
N=1) Hydroxychloroquine However, the clinical improvement of the patient
Azithromycin allowed him to discharge after 81 days.
Multiple myeloma IL-6R blockade Albumin, ALT, AST, aPTT, Bilirubin (Total), CK, The first case of COVID-19 in a patient with MM was Zhang et al.
N=1) (Tocilizumab) CK-MB, Creatinine, CRP, p-dimer, FDP, Fibrinogen, successfully treated with the humanized anti-IL-6
Moxifloxacin Hypersensitivity Tn I, IgA, IgG, IgM, IL-2, IL-4, IL- receptor antibody tocilizumab.
Umifenovir 6, IL-10, LDH, PT, TNF-a, f2-microglobulin, « light
Thalidomide chain, A light chain
Hematological Rituximab CRP, IL-6 Hyperinflammation-associated organ failure may be Bellmann-
cancer Hydroxychloroquine less pronounced in hematological malignancies due to ~ Weiler et al.
(N=3) Favipiravir pre-existing or treatment-related immunosuppression
Prednisone (disease-associated in the patient 1 and 3;
Azithromycin Bendamustin/rituximab-induced in the patient 2).
Betalactam antibiotic
NK/T-cell Rituximab CRP, Bilirubin (Indirect), LDH The COVID-19 pneumonia signs and symptoms became  Pasin et al.
lymphoma Pembrolizumab stable after the transfusion, and steroid therapy was
N=1) SMILE stopped. The hemoglobin level reached its peak on day
DDGP 20. No antiviral or chloroquine drugs were used.
CHOP
Levofloxacin
Supportive therapy
Chronic Rituximab CRP, p-dimer, LDH, Ferritin, PCT, Troponin I The disease course was mild, and no patient required Baumann
lymphocytic Lopinavir/Ritonavir admission to an ICU; three patients quickly recovered et al.
leukemia (CLL) Hydroxychloroquine after 4-8 days and one after 24 days of experimental
N=4) Azithromycin therapy for COVID-19.
Ceftriaxone
Teicoplanin

ALT, Alanine aminotransferase; aPTT, Activated partial thromboplastin time; AST, Aspartate aminotransferase; CCL2, Chemokine C—C motif ligand 2; CHOP,
Cyclophosphamide, doxorubicin, vincristine, and prednisone; CK, Creatine kinase; CK-MB, Creatine kinase myocardial band; COVID-19, Coronavirus disease 2019;
CRP, C-reactive protein; CXCL10, C-X-C motif chemokine ligand 10; DDGP, Dexamethasone, cisplatin, gemcitabine, and PEG-asparaginase; FDP, Fin degradation
product; GGT, Gamma-glutamyl transferase; ICU, Intensive care unit; IgA, Immunoglobulin A; IgG, Immunoglobulin G; IgM, Immunoglobulin M; IL-2, Interleukin-2; IL-
4, Interleukin-4; IL-6, Interleukin-6; IL-10, Interleukin-10; LDH, Lactate dehydrogenase; MM, Multiple myeloma; PCT, Procalcitonin; PD-1, Programmed cell death
protein 1; PT, Prothrombin time; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; SMILE, Dexamethasone, methotrexate, ifosfamide, L-asparaginase,

and etoposide; TNF-a, Tumor necrosis factor a.

findings may guide clinicians and help predict either deterioration in
COVID-19-related health condition or aid in the prognosis in cancer
patients infected with SARS-CoV-2 after specific treatment for COVID-19
symptoms. This study focuses on the linkage of acute viral infection and
chronic cancer inflammation and identifying potential serum bio-
markers in cancer patients with virally mediated inflammation. The
identified list of biomarkers can serve as candidates for long-term
follow-up of COVID-19 convalescent cancer patients. Nevertheless,
there are several limitations to our approach. There is a lack of eligible
articles on cancer-type specific COVID-19 research in this review.
COVID-19 patients with various types of cancer may contribute to
distinct serum biomarkers. Additionally, some eligible studies are case
reports, compromising the statistical power of the relationship between
biomarkers and disease progression.

Summary

Cancer patients with high levels of CRP, p-dimer, ferritin, IL-2R, IL-6,
LDH, and PCT may suffer from more severe COVID-19 than those with
mild/moderate symptoms. Additionally, this panel of biomarkers may
be used to monitor potential cancer risk in COVID-19 patients.

Furthermore, immunotherapies targeting IL-6R or PD-1 and antiviral
drug treatment may benefit cancer patients with COVID-19 who exhibit
lower levels of CRP, ferritin, and LDH. Therefore, CRP, ferritin, and LDH
could be potential biomarkers to track COVID-19 prognosis or drug ef-
ficacy in cancer patients with COVID-19.
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