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Letter to the Editor

Prognostic value of carcinoembryonic antigen on outcome g

in patients with coronavirus disease 2019 (&
Dear Editor,

Coronavirus disease 2019(COVID-19) is an infectious disease
that has spread worldwide.! Carcinoembryonic antigen (CEA) is a
known tumor marker for many common cancers>> and reported
to be high expressed in the serum of patients with severe pneu-
monia.* In this study, we found that CEA was highly expressed
in the serum of COVID-19 patients without cancer. During the epi-
demic, the serum levels of CEA in 433 out of 1876 (23.08%) pa-
tients infected with COVID-19 were found to be higher than the
normal level (5ng/mL) at Jinyintan Hospital; however, no differ-
ence in alpha-fetoprotein levels was detected. Here, we aimed to
summarize the clinical significance of CEA in predicting the prog-
nosis of COVID-19 using Nomograms analysis.

We detected the serum levels of CEA in 161 patients with
confirmed COVID-19 who were admitted to Jinyintan Hospital in
Wuhan, China from January 24 to April 15, 2020. All patients were
confirmed to be positive for COVID-19 based on typical chest com-
puted tomography (CT) manifestations, evidence of etiology, and
epidemiological history® (excluding the presence of tumors). The
clinical characteristics of these patients are shown in Table 1.

The serum CEA levels and other inflammatory markers, includ-
ing C-reactive protein (CRP) levels, white blood cell (WBC) count,
and lymphocyte (L) count were assessed to estimate the pro-
gression of COVID-19.7-2 The independent prognostic factors were
performed by univariate analysis and multivariate Cox regression.
Nomograms for OS probability was analyzed by the R software
(Version 3.4.4). The receiver operating characteristic (ROC) curve
was used to evaluate the sensitivity and specificity of CEA serum
level, which used to predict the severity of pneumonia.

The ROC curves for CRP, WBC count, L%, and L count to as-
sess disease classification and for CEA to assess disease pro-
gression are shown in Fig. 1(A). The area under the curve
(AUC) values were evaluated for these markers, as follows (high
to low): L% [0.8186(0.728-0.910)]> WBC [0.768(0.676-0.861)]> L
[0.743(0.647-0.839)]> CRP [0.724(0.625-0.823)]. The AUC for CEA
was 0.741(0.644-0.839). The critical value for CEA to predict se-
vere disease type was over 7.75ng/mL, while that for WBC, L, L%,
and CRP (for disease classification) was 17.44 x 10%/L, 0.545 x 10°/L,
5.95%, and 156.8 mg/L, respectively. In the ROC curve analysis,
moderate type was regarded as negative, while severe and crit-
ically severe type as positive. The critical values were calculated
following the method of Jordan Index. In addition, when the initial
level of CEA was over 29.75 ng/mL, patients were prone to respira-
tory failure.

Next, we investigated the survival curves of patients with
COVID-19 with different CEA levels and WBC and L counts at

https://doi.org/10.1016/j.jinf.2020.06.018

the time of admission, which were shown in Fig. 1(B). We found
the patients with initial CEA levels of over 7.75 and 29.75ng/mL
had worse prognosis than patients with lower levels of CEA
(Fig. 1(B)). Similar prognosis was reported for patients with ini-
tial WBC counts of over 1744 x 10°/L and L counts less than
0.545 x 109/L (L%<5.95%) (Fig. 1(B)). However, patients with CRP
levels over 156.8 mg/L showed no significant difference in progno-
sis (Fig. 1(B)). The univariate and multivariate Cox regression anal-
ysis about above markers affecting Overall survival (OS) estimated
that CEA, WBC and L(L%) were independent prognostic risk factors
for COVID-19 patients.

The prognostic nomogram for overall survival of COVID-19 pa-
tients was depicted by independent indicators in the multivari-
ate analysis (Fig. 1(C)). The prognostic value of CEA on outcome
in patients with COVID-19 was more significant than other fac-
tors (P=0.001). The next important indicator was WBC(P=0.015),
while L(L%) and CRP had no significant differences on the nomo-
gram model (P>0.05). Each predictor in the nomogram was as-
signed a score (top scale). And the sum of these scores implied the
probability of 1-, 2-months OS (bottom scale). The c-index for the
nomogram of OS was 0.85(95%Cl, 0.79-0.91), indicating discrimi-
native ability of the models (Admission classification+ WBC+CEA,
Fig. 1(C)).

The levels of CEA, CRP, WBC, and L were found to be asso-
ciated with the severity of COVID-19. Thus, when treating pa-
tients, the changes in the levels of these indicators should be
monitored. Jean Pierre and his team identified serum CEA as a
prognostic marker for HIV-related pneumocystis carinii pneumo-
nia (PCP).* They showed that the CEA levels in patients with PCP
and acute respiratory distress were increased.* Moreover, in pa-
tients with PaO, lower than 50 mmHg, only high concentrations
of CEA (>20ng/mL) were associated with fatal outcomes.*> Simi-
larly, our results showed that the preliminary CEA levels were as-
sociated with patient outcome in COVID-19. Survival curve analy-
sis indicated that COVID-19 patients with CEA levels higher than
20ng/mL had worse outcomes. The predictive ability of developed
nomogram also increased when CEA was incorporated and more
important than other indicators. Hence, the prognostic value of ini-
tial CEA level should be under consideration as a specific marker
for COVID-19 severity. Once identified, patients with high CEA lev-
els and poor outcomes could benefit from effective treatment pro-
tocols.

In conclusion, the serum CEA levels were found to be in-
creased in patients with severe or critically severe SARS-CoV-2
infection. Besides, the initial levels of CEA were associated with
the prognosis of patients with COVID-19. Initial CEA levels of over
29.75ng/mL predicted fatal outcomes in patients. Hence, our find-
ings suggest that CEA may serve as a novel prognostic marker
of COVID-19. Due to the limited follow-up time, the relationship
between CEA levels and treatment effectiveness could not be ex-
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Fig. 1. (A) The ROC curves for CRP, WBC, and L to assess disease classification and for CEA to assess disease progression. The AUC values for CRP, WBC, L, and L%
were 0.724(0.625-0.823), 0.768(0.676-0.861), 0.743(0.647-0.839), and 0.8186(0.728-0.910), respectively, while the critical values were 156.8 mg/L, 17.44 x 10°/L, 0.545 x 10°/L,
and 5.95%, respectively. The ROC curves 1-2 for CEA were analyzed to predict the progression of COVID-19. “1” is the ROC curve for CEA for disease progression from
moderate to severe type, while “2” is the curve for disease progression from moderate to critically severe type. The AUC values of these curves were 0.578(0.442-0.715) and
0.741(0.644-0.839), respectively. (B) Survival curves of patients with different initial levels of CEA, WBC, L, and CRP. COVID-19 patients with initial CEA levels of over 7.75
or 29.75 ng/mL had worse outcomes than patients with lower CEA levels. Patients with L counts and L% less than 0.545 G/L and 5.95% had worse outcomes than the patients
with higher L counts and L%, respectively. There was no significant difference in outcome between patients with CRP levels of over 156.5 ng/mL and patients with lower CRP
levels. (C) Construction of nomogram with CEA and other significant indicators that predicted the probability of COVID-19 patients for overall survival. For using the
nomogram, the value of individual patients with COVID-19 is located on each variable axis, and a line is depicted upward to determine the number of points received for
each variable value. The sum of these numbers is located on the Total Point axis, and a line is drawn downward to the survival axes to predict the likelihood of 1-, 2-month
survival of OS.
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Table 1

The clinical characteristics of 161 patients infected with COVID-19.
Characteristic Number  CEA levels P value CRP WBC L P value
Sex
Male 91 13.55+1.22  0.481 78.62+7.59 9.71+0.70 0.79+0.06  0.221*;
Female 70 14.96+1.48 64.74+8.39 10.334+0.85 1.0240.10  0.572%;
Age (years) 0.052#
<65 71 11.99+1.13  0.033 63.35+8.01 8.80+0.74 0.93+0.07  0.184*;
>65 90 16.23+1.51 78.57+7.78 10.79+0.75 0.88+0.08  0.074%;
The admission classification 0.695%
Moderate 48 11.44+1.45  0.094° 43.4948.05 6.139+0.51 1.10+0.08  0.003*®;0.002%%;0.115%®
Severe 74 15.38+1.63  0.815% 79.46+8.05 10.399+0.76  0.87+0.09  0.0485;0.167%%;0.106%%
Critically severe 39 16.01+1.94  0.058% 111.2+12.1 12.58+1.50 0.60+£0.08  <0.001*%;<0.001%¢; <0.001%*¢
The final classification
Moderate 21 5.82+0.16 0.006° 41.16+10.35  6.57+0.81 1.0840.09  0.472*?;0.386%;0.697#®
Severe 51 10.2841.00 <0.001%  56.42+8.9 7.704+0.60 0.984+0.08  0.001*%;0.001%5;0.169*5
Critically severe 89 18.58+1.54  <0.001%  98.28+8.00 12.34+0.82 0.79+0.10  0.001*%;0.001%%;0.024%¢
Total 161 14.35+1.00 72.11+£5.64 9.92+0.54 0.90+0.06

Note: Symbol * presents comparative analysis of CRP levels; Symbol & presents comparative analysis of WBC counts; Symbol # presents comparative
analysis of L counts. Symbol @ presents moderate patients vs severe patients; Symbol ¥ presents severe patients vs critically severe patients; Symbol &
presents moderate patients vs critically severe patients. P<0.05 indicates that the difference was statistically significant.

plored. Therefore, studies with a higher follow-up duration are
needed in the future.
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