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Abstract

Background: Inflammatory responses from benign conditions can cause non-
cancer-related elevations in tumor markers. The severe acute respiratory corona-
virus 2 (SARS-CoV-2) induces a distinct viral inflammatory response, resulting
in coronavirus disease 2019 (COVID-19). Clinical data suggest carcinoembry-
onic antigen (CEA), carbohydrate antigen 19-9 (CA 19-9), and cancer antigen
125 (CA 125) levels might rise in patients with COVID-19. However, available
data excludes cancer patients, so little is known about the effect of COVID-19 on
tumor markers among cancer patients.

Methods: We conducted a case series and identified patients with a positive
SARS-CoV-2 PCR test, diagnosis of a solid tumor malignancy, and a CEA, CA
19-9, CA 125, or CA 27-29 laboratory test. Cancer patients with documented
COVID-19 infection and at least one pre- and two post-infection tumor marker
measurements were included. We abstracted the electronic health record for de-
mographics, cancer diagnosis, treatment, evidence of cancer progression, date
and severity of COVID-19 infection, and tumor marker values.

Results: Seven patients were identified with a temporary elevation of tumor
marker values during the post-COVID-19 period. Elevation in tumor marker oc-
curred within 56 days of COVID-19 infection for all patients. Tumor markers sub-
sequently decreased at the second time point in the post-infectious period among
all patients.

Conclusion: We report temporary elevations of cancer tumor markers in the pe-
riod surrounding COVID-19 infection. To our knowledge this is the first report
of this phenomenon in cancer patients and has implications for clinical manage-
ment and future research.
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1 | INTRODUCTION
Serial measurement of serum tumor markers—including
carcinoembryonic antigen (CEA) for gastrointestinal can-
cers, carbohydrate antigen 19-9 (CA 19-9) for pancreatic
cancer, cancer antigen 125 (CA 125) for ovarian cancer,
and cancer antigen 27-29 (CA 27-29) for breast cancer—
can demonstrate response to cancer treatment or signal
recurrent disease. As such, the National Comprehensive
Cancer Network Clinical Practice Guidelines in Oncology
recommend the use of CEA for surveillance with monitor-
ing levels every 3-6 months for the first 2 years following
treatment' as well as the routine use of CA 19-9, CA 125,
and CA 27-29 testing.>™* Elevations in tumor markers are
typically interpreted as signals of non-response to therapy
or as evidence of recurrent disease, both of which can lead
to alterations in clinical management and increases in pa-
tient anxiety.”™®

Inflammatory responses from benign conditions can
cause non-cancer-related elevations in tumor markers.’
Prior research has demonstrated that benign elevations
in markers are common™'° and caused by diverse pathol-
ogies,”'*" including pulmonary diseases such as pneu-
monia, chronic obstructive pulmonary disease,'® and
pulmonary fibrosis.'"* The severe acute respiratory coro-
navirus 2 (SARS-CoV-2) induces a distinct viral inflam-
matory response, resulting in coronavirus disease 2019
(COVID-19). Clinical data suggest that CEA, CA 19-9,
and CA 125 levels might rise in patients with COVID-
19.17Y7 In patients without malignancy, preliminary data
show that CEA is elevated above 5.0 ng/ml in approxi-
mately one-fifth (18.7%) to one-quarter (23.1%) of patients
with COVID-19."%'° Moreover, the magnitude of increase
in CEA, CA 19-9, and CA 125 is associated with severity
of COVID-19 infection.'>'”?° However, available data ex-
cludes cancer patients, so little is known about the effect
of COVID-19 on tumor markers among cancer patients.

Since a rise in markers could be misleadingly associ-
ated with cancer progression or recurrence, understand-
ing the effect of COVID-19 on tumor markers in patients
with malignancy is needed to prevent unnecessary treat-
ment changes, diagnostic testing, and increases in patient
anxiety. To fill this gap, we present a case series to describe
the relationship between COVID-19 and cancer tumor
markers in patients with cancer. Additionally, we briefly
synthesize possible mechanisms connecting COVID-19
infection to serum tumor markers.

11,12

2 | METHODS

After approval from the Duke University Health System
institutional review board, we identified patients with a

positive SARS-CoV-2 PCR test, diagnosis of a solid tumor
malignancy, and a CEA, CA 19-9, CA 125, or CA 27-29
laboratory test. Patients were identified using the Duke
COVID-19 registry, which includes clinical information
from the electronic health record, as well as through re-
ferral from oncology teams at the Duke Cancer Institute.
We included cancer patients with at least one pre- and
two post-infection tumor marker measurements between
January 1, 2020 and August 26, 2021. Patients were ex-
cluded if they presented with a sustained elevation of
tumor markers in the post-COVID-19 period, if a transient
increase was present, but not outside the normal reference
range, or if no elevation of tumor markers was present in
the post-COVID-19 period. Additionally, patients were ex-
cluded if documented evidence of cancer progression was
present. Normal ranges for tumor markers were defined
by institutional values, which are CEA <2.5 ng/ml, CA
125 <35 U/ml, CA 19-9 <40 U/ml, and CA 27-29 <38 U/
ml.

We abstracted the electronic health record for demo-
graphics, cancer diagnosis, treatment, evidence of cancer
progression, date and severity of COVID-19 infection, and
tumor marker values. The date of COVID-19 infection was
defined as the date that the patient had documented symp-
toms of infection. COVID-19 severity assessed using the
World Health Organization (WHO) Clinical Progression
Scale.”! Radiographic and clinical data in the period be-
tween the first and last tumor marker tests was reviewed
for evidence of cancer progression and change in cancer
treatment.

3 | RESULTS

A total of 27,316 patients were identified on the Duke
COVID-19 registry and two patients were identified by
clinicians (Figure 1). Of these, 189 patients had tumor
markers recorded during the study period, includ-
ing 58 patients with CEA values, 47 patients with CA
19-9 values, 39 patients with CA 125 values, and 45 pa-
tients with CA 27-29 values. Six patients had at least
three CEA values and four were included in the study.
Reasons for exclusion were the absence of CEA lev-
els in the post-COVID-19 period (n = 1), the observed
transient increase did not rise above normal range
(n = 1), and radiographic evidence of cancer progres-
sion (n = 1). Regarding CA 19-9, five patients had the
sufficient number of tumor marker values and three
met the inclusion criteria. The excluded patients either
displayed a sustained post-COVID-19 increase (n = 1)
or did not have a diagnosis of malignancy (n = 1). One
of the three patients with at least three CA 125 values
were included; reasons for exclusions were insufficient
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Recorded Since 01/01/2020
(n=33)
— *CEA (n=6) Reasons for exclusion CEA CA199 CA125 CA27-29 Total
* CA 19-9 (n=5) (n=3) (n=2) m=2) =19) (n=26)
+CA 125 (n3) Transient increase present, but not in the 1 0 1 1 3
\CA 27-29 (n=19) v range of abnormal
e » | Post-COVID-19 increase present, but 0 1 0 3 4
sustained increase
Included in study (n=7) No Post-COVID-19 increase present 0 0 0 5 5
*CEA (n=3) No diagnosis of cancer 0 1 0 0 1
*CA 19-9 (n=3) No documented COVID-19 test 0 0 0 4 4
— | *CA 125 (n=1) No biomarker values after COVID-19 1 0 0 3 4
*CA 27-29 (n=0) No biomarker values before COVID-19 0 0 1 2 3
Evidence of cancer progression 1 0 0 1 2

J

FIGURE 1

magnitude of transient increase tumor marker (n = 1)
and the absence of tumor marker measurements from
prior to the COVID-19 infection (n = 1). Finally, none
out of the 19 patients with at least three CA 27-29 values
were included. The most common reasons for exclusion
were the absence of a post-COVID-19 increase in values
(n = 5), no documented COVID-19 test (n = 4), sus-
tained post-COVID-19 increase (n = 3), and the absence
of measurements in the post-COVID-19 period (n = 3).

In total, we identified seven patients with solid tumors
and temporary elevation of tumor marker values during
the post-COVID-19 period. Patient characteristics and
cancer tumor marker information are found in Table 1.
The diagnoses of included patients were colon cancer
(n = 1), pancreatic cancer (n = 2), gastric cancer (n = 2),
rectal cancer (n = 1), and serous ovarian carcinoma
(n = 1).With regards to the severity of COVID-19, four
patients were hospitalized with moderate disease (WHO
Clinical Progression Scale score of 4 or 5) and the remain-
ing five patients were symptomatic with mild disease
(WHO Clinical Progression Scale score of 2). Regarding
cancer progression, six patients displayed no evidence of
disease progression, while one patient (ID4) did not have
any available imaging or other clinical data that evaluated
disease progression.

Identification of cancer patients with COIVD-19 with reasons for exclusion

Elevation in tumor marker occurred at a median of
20 days after COVID-19 infection, ranging from 2 days
prior to and 56 days following documentation of infection
(Figure 2). The magnitude of elevation in tumor marker
values was 94.2 for CA 125 and ranged from 0.9 to 19.3
for CEA and 66 to 177 for CA 19-9. Among all patients,
tumor markers subsequently decreased at the second time
point in the post-infectious period at a median of 79 days,
ranging from 40 to 179 days. Among the included patients,
three patients were on follow-up surveillance, while the
remaining six were on active treatment. Two patients had
anticancer therapy held during the post-COVID-19 infec-
tion period.

4 | DISCUSSION

In this case series, we describe temporary elevations
of cancer tumor markers in the period surrounding
COVID-19 infection. To our knowledge this is the first
report of this phenomenon in cancer patients and has im-
plications for ongoing cancer surveillance and treatment
decisions as well as generating hypotheses for future re-
search. Awareness of falsely elevated tumor markers is
important to preventing unnecessary diagnostic testing,
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FIGURE 2 Tumor marker values with relation to COVID-19 infection. *, refers to date of the positive SARS-CoV-2 PCR test
with relation to the date of documented COVID-19 symptoms. CA 19-9, cancer antigen 19-9; CA 125, cancer antigen 125; CEA,

carcinoembryonic antigen

alterations in treatment, and patient anxiety. Finally, this
work supplements prior research, which identifies a sig-
nificant increase in tumor markers among non-cancer
patients infected with COVID-19.">% Despite these clini-
cal observations, the mechanism of benign elevations in
tumor markers, like those following COVID-19 infection,
is not known and are hypothesized to stem from the mo-
lecular roles of the markers within the pulmonary inflam-
matory response.u’l“’”’22

41 | CEA
This case series includes three patients (ID1-3) with a
temporary rise in CEA after contracting COVID-19 infec-
tion. In two of the patients, the pre-COVID-19 CEA value
was abnormal, likely due to their underlying malignancy.
While all three patients displayed the temporary rise in
CEA, the timing and intensity differed. For example, in
ID3, the observed rise in CEA resolved after 40 days follow-
ing COVID-19, while ID1’s first measurement, which dem-
onstrated an elevation, occurred 56 days after infection.
The reasons for this are unknown and may be related to
disease severity and variability of inflammatory response.
In cohort studies of patients without cancer, clinical data
shows that up to a quarter of patients with COVID-19 have
elevated CEA values and that the intensity of increase is
correlated with severity of COVID-19.">"7"%?® Among pa-
tients hospitalized with COVID-19, the average CEA value
was 8.23 ng/ml, which increased to 14.8 ng/ml among
those who died and decreased to 3.8 ng/ml among those
who were discharged.!” Moreover, Chen et al. report serial
measurement of CEA in 13 patients while they were hospi-
talized with COVID-19 and found that levels began to de-
crease at a median interval of 24 days following infection."’
CEA is a cell surface adhesion molecule and primarily
expressed in the gastrointestinal tract, but also noted to

occur in the respiratory tract.”® Proposed mechanisms for
the temporary rise in CEA following COVID-19 infection
include (1) viral immune response,zo (2) acute infection-
induced alveolar damage,"” and (3) direct gastrointestinal
damage." Prior work has shown that CEA is located in the
alveolar epithelial cells and responds to interferon gamma,
akey cytokine in the viral immune response.** Additionally,
CEA expression occurs in type II pneumocytes,” which
may be atypically activated due to COVID-19-induced alve-
olar damage.*® Finally, gastrointestinal epithelial cells may
be directly affected by the SARS-CoV-2 virus, leading to in-
creased CEA levels as the tissue regenerates.”’

42 | CA19-9
Three patients (ID5-ID7) demonstrated a rise in CA 19-9
following COVID-19 infection. The magnitude of rise dif-
fered among the three patients: ID5 increased from 81 U/
ml to 147 U/ml, ID6 23 U/ml to 113 U/ml, and ID7 186 U/
ml to 281 U/ml. These findings corroborate reports of in-
creased CA 19-9 in patients without cancer who are in-
fected with COVID-19."” While our findings did not display
arelationship between the magnitude of change among CA
19-9 values and the severity of COVID-19, Wei et al. report
that greater increases in CA 19-9 occurred in critical or se-
vere cases compared with mild cases of COVID-19."
Elevations in CA 19-9 levels from benign pulmonary
disease may be common, including in nearly 40% of pa-
tients with chronic lung diseases.”® CA 19-9 is located in
epithelial cells in the gastric and respiratory tracts in ad-
dition to the pancreatic parenchyma and biliary tract.”*™*
Prior work suggests that CA 19-9 is elevated in benign
lung disease due to the extravasation of mucus hyperse-
cretion from bronchiolar epithelial cells during inflamma-
tion.'"***! Additionally, CA 19-9 levels may be elevated
in pulmonary pathologies that block its excretion, such
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as with bronchitis.!* While the precise mechanism for the
observed rise during COVID-19 is unknown, it is likely re-
lated to inflammatory processes in the lung.

43 | CA125
One patient (ID4) was identified with a temporary rise in
CA 125 following COVID-19 infection. This observation
supplements reports of CA 125 elevation among patients
without cancer who were infected with COVID-19. Wei
et al. reported that patients with mild cases of COVID-19
had a mean CA 125 of 18.1 U/ml, which was signifi-
cantly higher than healthy controls (CA 125 10.5 U/ml)."”
Additionally, Smith et al. reported a case of transient in-
crease in CA 125 in a woman with ovarian serous carci-
noma during the COVID-19 pandemic.** While the patient
was not tested with a PCR test at the time of infection, she
later had a positive COVID-19 antibody test, suggesting
the rise in CA 125 may be related to the infection.*>

CA 125 is a glycoprotein synthesized in serous epithe-
lial cells, such as those found in the respiratory tract, ocu-
lar surface, and female reproductive tract.>* The proposed
physiological role of CA 125 is to protect epithelial lumen
surfaces from physical stress as the molecule is activated
in response to mechanical and oxidative stress as well as
inflammatory cytokines.”****> Prior work has shown that
CA 125 is elevated in patients with benign lung pathol-
ogies, such as pneumonia, and are associated with pleu-
ral effusions.?>*® CA 125’ role in responding to stress is a
potential mechanism for the COVID-19 infection to cause
transient elevations in the tumor marker.

44 | CA27-29

Of the 19 patients with at least three recorded CA 27-29
values, none met the inclusion criteria for this study. This
absence supports prior clinical studies in non-cancer pa-
tients, which either did not examine CA 27-29 or did not
report a transient elevation.'”*°Although an association
of COVID-19 and CA 27-29 levels has not been observed,
there are prior published reports of elevated CA 27-29 in
benign pulmonary disease. Kurian et al. report a series of
patients with chronic lung diseases and persistently ele-
vated CA 27-29." However, no data have supported a link
between CA 27-29 and COVID-19.

4.5 | Limitations

The primary limitations of this study are the result of a
small sample size. We were limited in our identification

of cancer patients for multiple reasons, including pa-
tients' decline in healthcare utilization while isolating
with COVID-19 and the high mortality of COVID-19
among cancer patients. Additionally, we cannot rule
out that the observed temporary elevations are the re-
sult of laboratory errors or due to dynamics of underly-
ing carcinogenesis. Despite these limitations, this case
series has key strengths, including the presentation of
novel observations regarding the transient rise in serum
tumor markers in patients with cancer after contracting
COVID-19. Future work should examine this process in
larger, prospective samples to confirm the results from
this study and to assess the effect of COVID-19 severity
on the relative change in value and length of sustained
response.

5 | CONCLUSION

In conclusion, we found temporary elevations of cancer
tumor markers in the period surrounding COVID-19
infection in seven patients. Our work suggests that con-
firmation of tumor marker elevation prior to altering treat-
ment strategies or pursuing radiographic testing may be
appropriate in cancer patients with COVID-19. Moreover,
this work can be used as the basis of future research in
this area to better understand the effect of COVID-19 on
serum tumor markers.
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