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Abstract

Background: The aim of this study is to assess the effectiveness of the Early Warning Score [ANDC (age
(A), neutrophil-to-lymphocyte ratio (NLR (N)), D-dimer (D), and CRP (C)] in predicting the treatment
response in patients receiving tocilizumab for Coronavirus Disease 2019 (COVID-19)-related cytokine
storm.

Methods: A retrospective review of medical records was conducted for patients treated with tocili-
zumab for a cytokine storm related to COVID-19 between April 1, 2020, and April 1, 2021. Patient
demographics, clinical characteristics, and laboratory parameters within 24 hours before tocilizumab
were recorded. 1.14 X (age — 20) (years)+1.63 X NLR+5.00 x D-dimer (mg/L)+0.14 x C-reactive
protein (CRP) (mg/L) was used as the formula for the ANDC score. The study population was divided
into 2 groups: those who died within 28 days of receiving tocilizumab and those who recovered. A
comparative analysis was conducted.

Results: Within 28 days of tocilizumab treatment, 59 (35.32%) patients died. In comparison with living
patients, deceased patients exhibited considerably higher levels of interleukin (IL)-6, lactate dehydro-
genase (LDH), ANDC score, and CRP (P < .05). Lactate dehydrogenase was an independent predictor
of response to tocilizumab treatment (P <.001) in a multivariate logistic regression analysis. In patients
who did not receive steroid therapy before tocilizumab treatment, the ANDC score had the highest
area under the curve (AUC). The optimal cut-off value was determined to be 92.56, with a sensitivity
of 91.67% and a specificity of 60.61% (P < .001). In patients receiving steroids before tocilizumab, LDH
had the highest AUC. The optimal cut-off value was 484.5 U/L (P < .001).

Conclusion: Lactate dehydrogenase was identified as an independent predictor of response to tocili-
zumab treatment. The ANDC score showed the highest AUC value in steroid-naive patients before
tocilizumab, whereas LDH showed the highest AUC value in patients receiving steroids before tocili-
zumab. Both the ANDC score and LDH levels show potential as valuable tools to guide treatment
decisions.
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Introduction

Coronavirus Disease 2019 (COVID-19) emerged in December 2019. It has spread globally and has become
a pandemic. It can cause acute respiratory distress syndrome and is fatal in approximately 1% of patients.
However, the disease is mostly asymptomatic or mild. Additionally, some patients develop macrophage
activation syndrome (MAS). A cytokine storm results from the overproduction of pro-inflammatory cyto-
kines, including interleukin (IL)-1 and IL-6. Macrophage activation syndrome is defined by a cytokine storm
resulting from a hyperinflammatory response. The presence of specific findings, including elevated tem-
peratures, elevated ferritin, C-reactive protein (CRP), D-dimer, triglycerides, thrombocytopenia, lymphope-
nia, hypofibrinogenemia, and impaired liver function tests, indicates the development of MAS." However,
the efficacy of these findings in predicting the development of MAS has been variable. It has been postu-
lated that a cytokine storm is the underlying cause of secondary hemophagocytic lymphohistiocytosis and
fatal lung injury observed in patients with severe COVID-19.7 In response, the therapeutic armamentarium
has been expanded to stop or reverse this detrimental process, including steroids, IL-1, and IL-6 blockers.
However, these agents are a double-edged sword, as they may leave patients susceptible to infections due
to the immunosuppression they induce. Consequently, the timing of treatment has emerged as a crucial
aspect in the management of patients with COVID-19.

Tocilizumab is a monoclonal antibody that antagonizes IL-6 and is used to treat autoimmune diseases
such as rheumatoid arthritis and giant cell arteritis® It has recently been shown to be beneficial in severe
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COVID-19 pneumonia. However, the appropri-
ate group of patients and the timing for the
best outcome of treatment with tocilizumab
are still not known. Identifying patient popula-
tions likely to benefit from tocilizumab is there-
fore important. The ANDC score, which stands
for age (A), neutrophil-to-lymphocyte ratio
(NLR (N)), D-dimer (D), and CRP (C), attracted
attention in COVID-19 patients and was first
proposed in the literature as an early warning
score to predict mortality.? In another study,
it was found to be associated with mortal-
ity despite lower performance.”® Hsu et al"
reported that ANDC predicts COVID-19 disease
severity and length of hospital stay. Al-Shami
et al'? reported that ANDC can be used as a
predictor of disease severity and nutritional
status in hospitalized COVID-19 patients. It was
reported that ANDC was a stronger score than
the systemic immune-inflammation index in
predicting in-hospital mortality in COVID-19
patients with malignancy.”* When the available
literature data are examined, it is noteworthy
that COVID-19 is also used to evaluate sys-
temic inflammation and outcomes, especially
in hospitalized patients. No studies have evalu-
ated the relationship between ANDC score
and tocilizumab response to our knowledge.
The objective of this study was to assess the
efficacy of ANDC in predicting the response to
tocilizumab treatment in patients with COVID-
19-related cytokine storms.

Material and Methods

The study was conducted at Gilhane Training
and Research Hospital. The initial protocol
was first recorded by the Scientific Research
Council of the Ministry of Health and later
approved by the Ethics Committee of Health
Sciences Gulhane University of Health Sciences
Scientific Research (date: March 2, 2022, num-
ber: 2022/20). A retrospective analysis was con-
ducted on the electronic medical records of
patients diagnosed with COVID-19 who were

+ Within 28 days of tocilizumab treatment,
35.32% of patients died. IL-6, LDH, ANDC
score, and CRP levels were higher in
patients who died (P < .05).

Lactate dehydrogenase was found to be
an independent predictor of response to
tocilizumab treatment (P < .001).

* The ANDC score had the highest AUC
value (0.816) in steroid-naive patients
before tocilizumab, while LDH had the
highest AUC value (0.710) in patients
receiving steroids before tocilizumab.

treated at our clinic between April 1, 2020, and
April 1, 2021, due to clinical deterioration. The
data collection period was planned as March 2,
2022 to May 2,2022.

The following were considered to be inclusion
criteria: positive SARS-CoV-2 RNA nasopharyn-
geal swab reverse transcriptase-polymerase
chain reaction, patients over 18 years of age,
and chest CT findings compatible with COVID-
19. Patients under 18 years of age and patients
with incomplete data were excluded.

The study included a total of 167 patients
meeting the criteria for tocilizumab treatment.
In addition to the demographic and clinical
characteristics, the medical treatments of the
patients were recorded. Additionally, serum
levels of alanine transaminase (ALT), aspartate
transaminase (AST), creatinine, urea, CRP, lac-
tate dehydrogenase (LDH), ferritin, albumin,
and IL-6 were measured and recorded for all
patientsin thelast 24 hours prior to tocilizumab
administration. The NLR is obtained by dividing
the absolute count of neutrophils by the abso-
lute count of lymphocytes. The formula for the
ANDC score was calculated as follows: [1.14 x
(age — 20) (years) +1.63 x NLR+5.00 x D-dimer
(mg/L)+0.14 x CRP (mg/L)].? The effectiveness
of tocilizumab treatment was assessed by cal-
culating the percentage of patients who died
within 28 days of the infusion. The study popu-
lation was split into 2 groups: patients who
died within 28 days of receiving tocilizumab
and those who recovered. The demographic,
clinical, and laboratory data of these groups
were then compared. Additionally, since ste-
roid administration affected laboratory param-
eters, patients were classified into 2 groups
based on whether they had received steroid
treatment before tocilizumab therapy.

Treatment Protocol

The Turkish Ministry of Health's recommen-
dations were followed for the entirety of the
patients' treatment regimens. The recommen-
dations included the administration of favipi-
ravir in conjunction with hydroxychloroquine
and azithromycin for a period of 5-10 days.
Venous thromboembolic prophylaxis was
recommended for all patients without con-
traindications. In the event that the laboratory
and clinical findings of the patients were com-
patible with a cytokine storm, tocilizumab at
a dose of 8 mg/kg (maximum dose: 800 mg)
was administered intravenously as a single
dose after bacterial and fungal co-infection
had been excluded. If no improvement was
observed following the initial dose, a second
dose was administered within 24 hours in
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accordance with national guidelines." Due to
the recent change in treatment guidelines in
Turkiye, tocilizumab was administered to some
patients following steroid treatment and to
others prior to this.

Statistical Analysis

SPSS version 26 (IBM SPSS Corp.; Armonk, NY,
USA) software was used for statistical analy-
ses. The distribution of variables was analyzed
by both visual and analytical methods. The
former included the use of histograms and
probability graphs, while the latter employed
the Kolmogorov-Smirnov test. In descrip-
tive analyses, data with a normal distribution
were summarized using the mean and SD,
whereas data without a normal distribution
were described using the median and inter-
quartile range. Categorical variables were
quantified in numeric and percentage form.
The Mann-Whitney U-test was used to com-
pare the medians of non-normally distributed
numerical variables between groups. The
Pearson chi-squared test and Fisher's exact test
were utilized to evaluate differences between
groups for categorical variables. Variables with
a P-value less than 250 were included in the
regression analysis to identify independent
predictors of mortality after tocilizumab treat-
ment. The univariate logistic regression analy-
sis identified statistically significant parameters,
and these were subsequently evaluated in a
multivariate logistic regression analysis in order
to ascertain the independent mortality risk fac-
tors. To assess the diagnostic decision-making
capabilities of LDH, CRP, IL-6, and ANDC scores
in predicting the response to tocilizumab
treatment, the receiver operating character-
istic (ROC) curve was employed. The specific-
ity, negative predictive value, sensitivity, and
positive predictive value were presented when
a significant cut-off value was found. In the
evaluation of the area under the curve (AUQ),
a type | error level below 5% was taken as a
criterion for the statistically significant inter-
pretation of the diagnostic value of the test. To
determine the optimal cut-off value for these
biomarkers, the Youden index was employed.
The P-value, which is considered to be statisti-
cally significant, is less than .05.

Results

A total of 167 patients with COVID-19 who
received tocilizumab due to clinical progres-
sion and cytokine storm despite standard
guideline therapy were included in the study.
The patients were predominantly male (72.4%),
and the mean % standard deviation (SD) age
was 62.05 £+ 13.11 years. A total of 59 patients
(35.32%) died following tocilizumab treatment.
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The majority of patients who died were male
(67.8%). The mean £ SD was 67.53 + 10.4 years.
A total of 139 patients (67.1%) had at least one
comorbidity. Hypertension was the most com-
mon (38.6%), followed by diabetes mellitus
(29.5%). Patients who recovered from tocili-
zumab were significantly younger than those
who died (P =.001), and their IL-6, CRP, ANDC
score, NLR and LDH levels were significantly
lower. A higher proportion of patients who
died were administered steroids before tocili-
zumab (P=.011). The clinical characteristics
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and laboratory findings of the study groups are
shown inTable 1.

A multivariate logistic regression analysis was
employed to identify independent predictors
of mortality following tocilizumab administra-
tion. Parameters that demonstrated a signifi-
cant association with mortality in univariate
analyses, including age, hypertension, inter-
mediate or advanced chronic kidney disease,
steroid treatment, NLR, D-dimer, congestive
heart failure, IL-6, LDH, and ANDC score, were

Table 1. Clinical Characteristics and Laboratory Parameters of the Study Groups

Patients Who Improved Patients Who Died
(n:108) (n:59) P
Age (years)’ 60.80 + 13.08 67.53 +10.46 .001
Female/male™ 27(25)/81 (75) 19(32.2)/40(67.8) 319
The interval between the initial onset 9.00(6.00-11.00) 9.50(5.00-12.5) .821
of symptoms and the administration
of tocilizumab (days)
Presence of comorbidities™
Hypertension 30(27.8) 30(50.8) .003
Diabetes mellitus 27 (25) 21(35.6) .148
Intermediate or advanced chronic 5(4.6) 9(15.3) .037
kidney disease
Coronary artery disease 20(18.5) 13(22) .586
Congestive heart failure 3(2.8) 9(15.3) .005
Hyperlipidemia 2(1.9) 2(3.4) .615
Treatment™*
Antibiotic treatment 83(76.9) 53(89.8) .039
Steroid before tocilizumab 42 (38.9) 35(59.4) .011
Laboratory parameters at tocilizumab
administration™
WBC (10°/L) 7.15(5.82-9.77) 9.7 (8-12) <.001
Lymphocyte (10°/L) 0.7 (0.425-1) 0.4(0.3-0.8) .001
Neutrophil (10°/L) 5.8(4.32-8.6) 8.6 (6.6-10.8) <.001
Platelet (10°/L) 236(191.5-292) 221(154-284) .081
LDH (U/L) 433.5(330.5-578.5) 609 (489-770) <.001
IL-6 (pg/mL) 75.99(47.41-132.23)  154.13(75.6-263.47)  <.001
CRP (mg/L) 154.18(108.1-226.1) 185.3(135.4-253) .039
Fibrinogen (mg/dL) 653 (540-802.25) 688 (550-867) 484
D-dimer (mg/L) 0.93(0.56-1.7) 1.82(1.03-4.12) <.001
Albumin (g/dL) 3(2.73-3.32) 2.83(2.57-3.13) .002
NLR 9(4.51-15.43) 20.5(9.56-28) <.001
ANDC score 101.28(80.27-122.39) 129.58(107.22-144.84) <.001

Bold values indicate statistical significance. CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-6, interleukin-6; NLR, neutrophils-

to-lymphocytes ratio; WBC, white blood cell.
*Mean + SD.

**Number (%).

***Median (IQR).

subjected to multivariate analysis. LDH was
identified as an independent predictor of mor-
tality in patients who had received tocilizumab
treatment (Table 2).

The results of the ROC analysis in patients
with COVID-19 who did not receive steroid
treatment prior to tocilizumab treatment indi-
cated that the ANDC score exhibited the high-
est diagnostic value in predicting mortality.
The ANDC score exhibited the greatest AUC
(AUC: 0.816, 95% Cl: 0.721-0.912), followed by
ILl-6, LDH, and CRP. In patients with COVID-
19 who had received steroid therapy before
tocilizumab therapy, the LDH exhibited the
highest AUC (AUC: 0.710, 95% Cl: 0.596-0.826,
P < .001), followed by ANDC, IL-6, and CRP
(Figures 1 and 2). The optimal cut-off value for
the ANDC score was 92.56, with a sensitivity of
91.67% and a specificity of 60.61% (P < .001) in
patients with COVID-19 who had not received
steroid therapy prior to tocilizumab treatment.
In patients with COVID-19 who had received
steroid therapy before tocilizumab therapy, the
optimal cut-off value for LDH was 484.5, with a
sensitivity of 85.71% and a specificity of 52.38%
(P <.001). The predictive performance of these
markers in relation to mortality following tocili-
zumab is presented in Table 3.

Discussion

Tocilizumab, an IL-6 receptor-targeting mono-
clonal antibody, has been proposed as a
potential treatment for cytokine storms, a
hyperinflammatory response seen in COVID-
19 patients.*® The results of this study high-
light the association between inflammatory
markers and therapeutic response in patients
experiencing cytokine storms due to COVID-19
and treated with tocilizumab. The results of our
study indicate that the ANDC score exhibited
the highest AUC value (0.816) in steroid-naive
patients before tocilizumab administration,
while LDH demonstrated the highest AUC value
(0.710) in patients receiving steroids before
tocilizumab. However, in the group that received
steroid treatment before tocilizumab treatment,
the predictive power of the ANDC score was
compromised, and its sensitivity and specificity
for predicting treatment response decreased. A
multivariate regression analysis demonstrated
that serum LDH was an independent predictor
of response to tocilizumab treatment.

In studies evaluating the reliability of IL-6 as a
biomarker, Li et al*' found that pretreatment
serum IL-6 levels 2100 pg/mL were predic-
tive of worse outcomes in patients receiving
tocilizumab. Flisiak et al?? reported that tocili-
zumab administration decreased mortality and
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Table 2. Independent Predictors of Mortality After Tocilizumab Therapy in Multivariate

Logistic Regression Analysis

Univariate Analysis

Multivariate Analysis

OR 95% Cl P OR 95% Cl P
Age 1.048 1.018-1.078 .001 1.053 0.992-1.117 .09
Hypertension 2.69 1.388-5.213 .003 2.190 0.897-5.348 .085
Diabetes mellitus 1.658 0.833-3.3 15
Intermediate or 3.708 1.181-11.643 .025 3.631 0.791-16.661 .097
advanced chronic
kidney disease
Congestive heart 6.300 1.634-24.286 .008 3.507 0.71-17.319 124
failure
Steroid before 2.292 1.199-4.38 .012 1.753 0.666-4.615 .256
tocilizumab
LDH (U/L) 1.005 1.003-1.007 <.001  1.006 1.003-1.01 <.001
IL-6 (pg/mL) 1.004 1.001-1.006 .006 1.003 1.000-1.005 .05
NLR 1.049 1.022-1.077 <001 1.026 0.955-1.103 .48
D-dimer (mg/L) 1.123 1.012-1.248 .029 1.076 0.852-1.358 .54
CRP (mg/L) 1.004 0.999-1.008 .089
ANDC 1.023 1.012-1.034 <.001  1.002 0.963-1.043 .928

Bold values indicate statistical significance. CRP, C-reactive protein; LDH, lactate dehydrogenase; IL-6, interleukin-6; NLR,

neutrophils-to-lymphocytes ratio.

accelerated clinical recovery in patients with
pretreatment serum IL-6 levels >100 pg/mL
who required oxygen support. The IL-6-related
findings of our study support the literature.
However, steroid treatment prior to tocili-
zumab lowered the cut-off. This difference is
probably due to the fact that steroids decrease
IL-6 synthesis and release.
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In older individuals, the disease is more likely
to be severe and fatal.” In our study, 72.4% of
patients who received tocilizumab due to non-
response to standard treatment were male.
In addition, patients who did not respond
to tocilizumab were significantly older. As in
previous studies on COVID-19, we can define
advanced age and male gender as indicators
of poor prognosis in our study.

Decreased oxygenation, multiple organ dam-
age, and hypercoagulopathy may contribute
to elevated LDH levels in COVID-19 patients. In
COVID-19 patients, high LDH levels have been
associated with an increased risk of serious ill-
ness and death.”% Similar to our findings, Li
et al’! observed that a comparison of baseline
LDH levels in patients who died after treatment
with tocilizumab and those who recovered
showed a statistically significant difference
between the 2 groups. They also showed that
while no significant improvement in LDH levels
was observed in patients who died after treat-
ment, LDH levels decreased significantly in
those who recovered. In our study, the higher
AUC of LDH in steroid non-responders serves to
reinforce its role as a robust marker in this con-
text. The optimal cut-off value for LDH identi-
fied in the study (484.5 U/L) may help clinicians
stratify patients according to their likelihood of
responding to tocilizumab, thereby facilitating
more personalized treatment approaches.

Weng et al° developed a quantitative tool, the
ANDC score, using 4 variables—CRP, age, NLR,
and D-dimer—to predict the risk of prema-
ture death in COVID-19 patients. To divide the
patients into 3 groups, they suggested cut-off
values of 59 and 101: low-risk (ANDC <59) with
a probability of death below 5%, intermedi-
ate-risk (59 < ANDC < 101) with a probability
of death between 5% and 50%, and high-
risk (ANDC >101) with a probability of death
above 50%. This nomogram, based on these
risk factors, showed good calibration in pre-
dicting the prognosis of COVID-19 patients.
A correlation between the presence of short-
ness of breath in the absence of hypoxemia
and elevated laboratory values for D-dimer,
leukocyte, and CRP and the development of
severe COVID-19 pneumonia was observed in
a study by Hamidi and Ulu et al.”» The ANDC
score was derived by combining these param-
eters with age. Recent studies in the literature
have confirmed that COVID-19 can also be
used to assess systemic inflammation and out-
comes, particularly in hospitalized patients.’2
Due to changes in local treatment protocols
regarding the timing of steroid treatment dur-
ing the study period, analyses were performed
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according to whether patients received ste-
roid treatment prior to tocilizumab. The results
of our study highlight the role of the ANDC
score as a potential tool to assess systemic
inflammation and predict mortality outcomes,
particularly in COVID-19 patients who are
hospitalized and receiving tocilizumab treat-
ment. This is consistent with recent studies
suggesting that the ANDC score may pro-
vide insight into disease severity and patient
prognosis in COVID-19. Steroid administration
appears to affect the sensitivity and specific-
ity of the ANDC score for predicting mortality.
As steroids have known immunomodulatory
effects, their use prior to tocilizumab likely

altered inflammatory markers and potentially
reduced the ability of the score to predict
mortality with the same accuracy. This reduc-
tion in sensitivity and specificity highlights
a potential limitation of the ANDC score in
steroid-treated patients prior to tocilizumab.
Thus, our results suggest that the predictive
ability of the ANDC score may need to be
interpreted with caution or adjusted for this
confounding effect in contexts where steroids
are administered. Given these findings, future
research could explore the standardization of
ANDC score cut-offs for different therapeutic
scenarios or develop adjusted scoring met-
rics that account for pretreatment effects. In

Table 3. Predictive Performance of Inflammatory Biomarkers in the Prediction of Mortality

after Tocilizumab Treatment

Sensitivity Specificity Cut-off  PLR  NLR PPV NPV
Steroid
non-received
patients
ANDC 91.67% 60.61% 92.56 233 014  45.83%  95.24%
IL-6 83.33% 66.67% 104.74 250 0.25 47.62% 91.67%
LDH 70.83% 71.21% 480.5 246 0.4 47.22%  87.04%
CRP 62.50% 69.70% 187.75 2.06 0.54 42.86% 83.64%
Steroid received
patients
ANDC 62.86% 52.38% 125.37 1.32 0.7 52.38%  62.86%
IL-6 62.86% 66.67% 99.25 1.89 056 61.11%  68.29%
LDH 85.71% 52.38% 484.5 1.80 0.27 60.00% 81.48%
CRP 80.00% 35.71% 127.05 1.24 056 5091% 68.18%

CRP, C-reactive protein; IL-6, interleukin-6; LDH, lactate dehydrogenase; NLR, negative likelihood ratio; NPV, negative predictive

value; PLR, positive likelihood ratio; PPV, positive predictive value.

conclusion, the ANDC score remains a promis-
ing indicator for the assessment of mortality
risk in COVID-19.

The majority of COVID-19 patients only have
mild-to-moderate symptoms, according to
medical literature, and do not need anti-
cytokine medication.” However, a subset
of patients may progress to severe disease
requiring anti-cytokine therapy due to the
risk of death. Delayed efforts to suppress the
inflammatory cascade do not reduce mortality.
In addition, early use of anti-cytokine therapy
may result in increased treatment costs and
various risks and side effects, including iatro-
genic immunosuppression. The use of various
biomarkers, including those proposed in this
study, may help determine the optimal timing
and identify patients who would benefit from
anti-cytokine therapy. In conclusion, determin-
ing the optimal timing of tocilizumab treat-
ment in COVID-19 patients is important but
remains uncertain.

This study had several limitations. First, the fact
that it was a retrospective and single-center
study caused selection bias. Second, there was
heterogeneity between groups due to changes
in local treatment protocols during the study
period. This limitation was mitigated by cal-
culating the predictive performance of these
markers separately according to whether or not
steroid treatment was received prior to tocili-
zumab. The fact that this is the first study con-
ducted for the stated purpose is a strength of
the study. Prospective comprehensive studies
are needed to overcome the current limitations.

This study provides valuable information on
predictive markers of tocilizumab efficacy in
patients with COVID-19 and cytokine storm.
In particular, ANDC score and LDH predicted
mortality prior to tocilizumab and appear to be
promising tools to guide treatment decisions.
However, the impact of prior steroid treat-
ment on these markers highlights the urgent
need for a more sophisticated approach to
patient management that takes into account
the sequence of therapeutic interventions and
the timeframe in which they are administered.
Future research should focus on prospec-
tive validation and investigation of combined
biomarker models to improve the accuracy of
therapeutic predictions in the management of
cytokine storms.

Data Availability Statement: The data that support the
findings of this study are available on request from
the corresponding author.
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