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Abstract

Background: Fifteen percent of patients with cancer experience symptomatic sequelae, which impair post-COVID-19
outcomes. In this study, we investigated whether a proinflammatory status is associated with the development of COVID-19
sequelae. Methods: OnCovid recruited 2795 consecutive patients who were diagnosed with Severe Acute Respiratory
Syndrome Coronavirus 2 infection between February 27, 2020, and February 14, 2021. This analysis focused on COVID-19 sur-
vivors who underwent a clinical reassessment after the exclusion of patients with hematological malignancies. We evaluated
the association of inflammatory markers collected at COVID-19 diagnosis with sequelae, considering the impact of previous
systemic anticancer therapy. All statistical tests were 2-sided. Results: Of 1339 eligible patients, 203 experienced at least 1
sequela (15.2%). Median baseline C-reactive protein (CRP; 77.5 mg/L vs 22.2mg/L, P <.001), lactate dehydrogenase (310 UI/L vs
274 UI/L, P=.03), and the neutrophil to lymphocyte ratio (NLR; 6.0 vs 4.3, P=.001) were statistically significantly higher among
patients who experienced sequelae, whereas no association was reported for the platelet to lymphocyte ratio and the
OnCovid Inflammatory Score, which includes albumin and lymphocytes. The widest area under the ROC curve (AUC) was
reported for baseline CRP (AUC = 0.66, 95% confidence interval [CI]: 0.63 to 0.69), followed by the NLR (AUC = 0.58, 95% CI: 0.55
to 0.61) and lactate dehydrogenase (AUC=0.57, 95% CI: 0.52 to 0.61). Using a fixed categorical multivariable analysis, high CRP
(odds ratio [OR] = 2.56, 95% CI: 1.67 to 3.91) and NLR (OR = 1.45, 95% CI: 1.01 to 2.10) were confirmed to be statistically
significantly associated with an increased risk of sequelae. Exposure to chemotherapy was associated with a decreased risk
of sequelae (OR = 0.57, 95% CI: 0.36 to 0.91), whereas no associations with immune checkpoint inhibitors, endocrine therapy,
and other types of systemic anticancer therapy were found. Conclusions: Although the association between inflammatory

status, recent chemotherapy and sequelae warrants further investigation, our findings suggest that a deranged
proinflammatory reaction at COVID-19 diagnosis may predict for sequelae development.

Increasing evidence highlights that an important proportion of
COVID-19 survivors are at risk of protracted symptomatic con-
sequences after the acute Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) infection (1). This condition, termed
“long COVID-19,” is a clinically recognized syndrome of likely
immune-inflammatory pathogenesis (2) with broad health-care
and societal implications (3). A wide variety of COVID-19 se-
quelae have been described so far, including respiratory symp-
toms and functional impairment, persisting fatigue, and neuro-
cognitive changes, with a duration of symptoms that can ex-
tend beyond 6 months postinfection (4).

In the general population, between 13% and 60% of COVID-
19 survivors are at risk of developing post-COVID-19 symptoms
(4-7). Considering the intrinsic vulnerability of patients with
cancer, these figures are concerning for their potential impact
on the resumption of active anticancer therapy and surveillance
after COVID-19 recovery.

The OnCovid study, the largest European COVID-19 and can-
cer registry (8-13), has highlighted that at least 15% of COVID-19
survivors with cancer experience medium- or long-term symp-
toms, including most frequently respiratory sequelae (49.6%)
and fatigue (41.0%) (14). Most importantly, we showed that the
emergence of COVID-19 sequelae was associated with a statisti-
cally significant worsening of patient survival and with a lower
likelihood of resuming systemic anticancer therapy (SACT) (14).

Against this background, the lack of biomarkers that can pre-
dict for the future emergence of COVID-19 sequelae in patients
who survive the acute phase is a point of the utmost interest. The
discovery of reproducible clinical and biologic predictors is an area
of high unmet need, because it would allow clinicians to identify
patient subgroups who should be prioritized for enhanced follow-
up, preventative strategies, and therapeutic interventions.

Inflammation is a recognized driver of severe COVID-19 also
in patients with cancer (15); we previously showed that the sys-
temic proinflammatory response identifies patients experienc-
ing adverse outcomes in the OnCovid study population (13).
However, the relationship between the systemic proinflamma-
tory response and the onset of COVID-19 sequelae is unknown.

The purpose of this study is to verify whether noninvasive
biomarkers of the systemic inflammatory response measured
at SARS-CoV-2 infection diagnosis are associated with the
emergence of sequelae in patients who survive COVID-19.

Methods

Study Population, Setting, and Data Collection

OnCovid (NCT04393974) is an active European registry study en-
rolling consecutive patients fulfilling the following inclusion cri-
teria: 1) aged 18years and older; 2) diagnosis of SARS-CoV-2
infection confirmed by reverse transcription-polymerase chain
reaction (RT-PCR) of a nasopharyngeal swab (16); and 3) history
of solid or hematologic malignancy at any time during patients’
past medical history, either active or in remission at the time of
COVID-19 diagnosis.

For the purpose of this analysis, we focused on patients who
survived COVID-19 and underwent a formal clinical post-
COVID-19 assessment at participating institutions (14).

Methodology of data collection for the OnCovid registry was
described elsewhere (8,10,11), and sequelae definition, preva-
lence, assessment, and distribution were already detailed (14).
In brief, COVID-19 sequelae were defined as any residual symp-
toms and/or measurable organ dysfunction attributable to
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COVID-19, following the criteria published by the World Health
Organization (Supplementary Methods, available online) (17).

The study population was accrued from 35 institutions
across 6 countries (UK, Italy, Spain, France, Belgium, and
Germany) and diagnosed with COVID-19 between February 27,
2020, and February 14, 2021. The data lock for the present analy-
sis was March 1, 2021.

Study Endpoints and Definitions

The primary objective of this study was to evaluate a panel of
proinflammatory biomarkers of consolidated prognostic role in
patients with cancer (18) measured at the time of COVID-19 di-
agnosis and evaluate them for their association with the devel-
opment of COVID-19-related sequelae during routine
oncological follow-up after COVID-19 recovery. Patients with
hematological malignancies were excluded, in view of the po-
tential confounding effect of the underlying oncological disease
in the computation of bone marrow-derived inflammatory
parameters.

Inflammatory indices were evaluated at COVID-19 diagnosis
according to the clinical practice of participating centers and in-
cluded C-reactive protein (CRP; mg/L), lactate dehydrogenase
(LDH; UI/L), the neutrophil to lymphocyte ratio (NLR), the plate-
let to lymphocyte ratio (PLR), and the OnCovid Inflammatory
Score (0IS), which combines lymphopenia and hypoalbumine-
mia only (albumin concentration [g/L] + 5 x total lymphocyte
count [10%/L] as a derivation of the prognostic nutritional index,
already renamed in the context of COVID-19) (13).

Before any clinicopathologic correlation, we first reported
the distribution of each biomarker and then evaluated their in-
dividual predictive ability for the association with COVID-19 se-
quelae as continuous variables through receiver operating
characteristic (ROC) analyses. Acknowledging that the effect of
inflammatory indices in the post-COVID-19 setting had not
been investigated before, we also computed optimal cutoffs to
test them as categorical variables in fixed multivariable models
for COVID-19 sequelae overall, respiratory sequalae, and post-
COVID-19 fatigue. Considering missing data for laboratory val-
ues and their scattered distribution, each inflammatory bio-
marker was evaluated independently. An exploratory ROC
curves comparison was also performed. We also evaluated the
impact on post-COVID-19 survival of inflammatory biomarkers
assessed at the time of first oncologic reassessment, which in-
cluded the laboratory testing with remote clinical consultations
or face-to-face visits.

Accounting for the unbalanced distribution of patient- and
disease-related features across the subgroups, we used fixed
multivariable regression models, adjusting all estimates for
clinical characteristics already known to influence outcomes in
patients with COVID-19 and cancer and as already performed in
previously published analyses from the OnCovid study (8,10-12).
Key factors used as adjusting covariates are detailed in the
Supplementary Methods (available online). Considering our pre-
vious results, the time from cancer diagnosis to post-COVID-19
reassessment was not included as a covariate (9). Moreover, al-
though OnCovid was not powered to report on individual
country-level estimates, country was also used as adjusting fac-
tor (United Kingdom; Spain; Italy; and France, Belgium, or
Germany) (10).

In addition, we evaluated the relationship between COVID-
19 sequelae and exposure to different types of SACT at COVID-
19 diagnosis. Patients who were not on SACT were elected as
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the reference group. Exposure to SACT was defined as the re-
ceipt of any SACT regimen within 4 weeks before SARS-CoV-2
infection diagnosis and was categorized as follows: chemother-
apy (including chemotherapy alone and as combinations with
other agents and/or immune checkpoint inhibitors [ICIs]); ICI-
based regimens (without chemotherapy); endocrine therapy; ty-
rosine kinase inhibitors (TKIs) and monoclonal antibodies
(MABs); and poly adenosine diphosphate-ribose polymerase
inhibitors (PARPi) and cyclin dependent kinase 4/6 inhibitors
(CDK4/6i).

In consideration of the complex interrelationships between
SACT and the underlying tumor in influencing clinical out-
comes in cancer patients diagnosed with COVID-19, the interac-
tion terms between SACT regimens and primary tumor, tumor
stage, and tumour status were also tested in independent mod-
els, and separate additional analyses among patients with ad-
vanced and nonadvanced disease were presented. Lastly, we
tested the distribution of median baseline inflammatory
markers or indices statistically significantly associated with
COVID-19 sequelae according to different SACT regimens.
Detailed study methodology is summarized in Supplementary
Methods (available online).

OnCovid was granted central approval by the United
Kingdom Health Research Authority (20/HRA/1608) and by the
corresponding research ethics committees at each participating
institution. A full waiver of consent because of the retrospective
nature of the study was granted by the UK Health Research
Authority in accordance with UK law because of the anony-
mized nature of the patient data and retrospective design of the
study.

Statistical Analysis

Baseline characteristics were summarized as categorical varia-
bles and reported using descriptive statistics. Associations be-
tween categorical variables were tested using the Pearson y?
test. Inflammatory markers were reported as median with inter-
quartile ranges (IQRs). The Kruskal-Wallis test was used to com-
pare the median values of continuous data. A ROC curve
analysis with the computation of the area under the curve
(AUC) was performed for each inflammatory marker with re-
spect of COVID-19 sequelae, then the optimal cutoffs were de-
termined using the Youden’s ] statistic. Fixed multivariable
logistic regression models were used to assess the impact of an-
alyzed factors on the risk of COVID-19 sequelae and presented
as odds ratios (ORs) with 95% confidence intervals (CIs).
Through the fixed models, each inflammatory index was evalu-
ated separately but adjusting for all the same preselected cova-
riates. Post-COVID-19 survival was defined as the length of time
from the date of the first post-COVID-19 assessment to the date
of a patient’s death (for any cause) or last follow-up and was es-
timated with the Kaplan-Meier method, with comparisons com-
puted with the log-rank test. The median post-COVID-19
follow-up was estimated with the reverse Kaplan-Meier
method. Multivariable Cox proportional hazards models were
used to assess the impact on the risk of death after COVID-19 re-
covery and were presented as hazard ratios (HRs) with 95% con-
fidence intervals. To verify hazards distribution proportionality,
the interaction with time of each inflammatory marker at the
post-COVID-19 reassessment was tested. P less than .05 was
considered statistically significant, and all statistical tests were
2-sided. Analyses were performed using the MedCalc Statistical
Software version 20 (MedCalc Software Ltd, Ostend, Belgium,;
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https://www.medcalc.org; 2021) and the IBM SPSS Statistics
software, Version: 28.0.1.0 (142). Figures were created in Prism
V.8 (GraphPad, San Diego, CA, USA).

Results

As previously reported (14), 2795 consecutive patients were en-
tered into the registry by the data lock. Of 2634 eligible patients,
1557 (59.1%) COVID-19 survivors were reassessed at participat-
ing institutions, and after the exclusion of 218 patients with he-
matological malignancies (14.1%), the final study population for
this analysis consisted of 1339 patients evaluated after a me-
dian of 44 days (IQR = 27-63 days) post-COVID-19. Figure 1 pro-
vides a detailed study flow diagram with patients’ disposition
across the planned analyses according to data availability, and
patient distribution across participating centres is reported in
Supplementary Table 1 (available online).

Overall, at least 1 sequela was reported for 203 patients
(15.2%), including respiratory symptoms (97/203, 47.8%), resid-
ual fatigue (89/234, 43.8%), weight loss (13/203, 6.4%), neuro-
cognitive symptoms (14/203, 6.9%), and others (47/203, 23.1%).
The median times from COVID-19 to the post-COVID-19 reas-
sessment according to the experience of sequelae were 42 days
(IQR = 27-63.7 days) and 44days (IQR = 27-64 days) (P=.78).
Baseline patient, tumor, and COVID-19 characteristics of the in-
cluded population overall and according to the experience of
COVID-19 sequelae are reported in Supplementary Table 2
(available online).

Median baseline values of inflammatory markers (at COVID-
19 diagnosis) among the overall population and according to
COVID-19 sequelae are reported in Table 1. Median baseline CRP
(77.5mg/L vs 22.2mg/L, P<.001), LDH (310 UI/L vs 274 UIL,
P=.03), and NLR (6.0 vs 4.3, P=.001) were statistically signifi-
cantly higher among patients who experienced sequelae,
whereas no association were reported regarding median base-
line PLR and OIS. ROC curve analyses are summarized in
Supplementary Figure 1 (available online); the widest AUC was
reported for baseline CRP both when analyzed independently
(AUC = 0.66, 95% CI = 0.63 to 0.69) and compared with other
baseline markers (AUC = 0.66, 95% CI = 0.61 to 0.71), followed by
the NLR (AUC = 0.58, 95% CI = 0.55 to 0.61) and LDH (AUC = 0.57,
95% CI = 0.52 to 0.61). Optimal cutoffs for baseline inflammatory
markers or indices and their relevant categorical distribution
according to sequelae are reported in Table 1. When analyzed
as dichotomous variables, all the parameters were statistically
significantly associated with the emergence of COVID-19 se-
quelae on univariate analysis.

Figure 2 reports the fixed multivariable analysis according to
categorized inflammatory markers or indices at COVID-19 diag-
nosis for overall COVID-19 sequelae (Figure 2, A), respiratory se-
quelae (Figure 2, B), and post-COVID-19 fatigue (Figure 2, C).
Increased CRP (OR = 2.56, 95% CI = 1.67 to 3.91) and NLR (OR =
1.45, 95% CI = 1.01 to 2.10) were confirmed to be statistically sig-
nificantly associated with an increased risk of developing se-
quelae overall and respiratory sequelae (OR = 3.03, 95% CI =
1.71 to 5.36 and OR = 2.01, 95% CI = 1.21 to 3.31, respectively),
whereas no association with post-COVID-19 fatigue was
confirmed.

A further post-COVID-19 survival follow-up was available
for 780 patients, with a median value of 123 days (95% CI = 103
to 147 days) and a median post COVID-19 survival, which was
not reached (126 events) in the overall population.

Median values of post-COVID-19 inflammatory markers or
indices were assessed at the same time as the clinical reassess-
ment (median of 44 days from COVID-19), and their categorical
distribution is summarized in Supplementary Table 3 (available
online); Supplementary Figure 2 (available online) reports the
Kaplan-Maier survival curves for post-COVID-19 survival
according to CRP, LDH, NLR, PLR, and OIS. All post-COVID-19
markers were statistically significantly associated with post-
COVID-19 survival on univariable analysis. Using fixed multi-
variable analysis reported in Supplementary Figure 3 (available
online), increased post-COVID-19 CRP (HR = 3.18, 95% CI = 1.61
to 9.01), LDH (HR = 5.94, 95% CI = 2.19 to 16.07), NLR (HR = 3.29,
95% CI = 1.95 to 5.54), and a decreased OIS (HR = 3.27, 95% CI =
1.71 to 6.23) were statistically significantly associated with an
increased risk of death, whereas no association was confirmed
for post-COVID-19 PLR.

The proportions of patients receiving SACT within 4 weeks
of COVID-19 diagnosis are reported in Supplementary Table 2
(available online). Overall, most patients were not receiving any
SACT (870, 67.5%), followed by patients receiving chemotherapy
(262, 20.3%), ICI-based regimens (53, 4.1%), endocrine therapy
(32, 2.5%), TKIs or MABs (50, 3.9%), and PARPi or CDK4/6 inhibi-
tors (22, 1.7%). Distribution of different types of SACT did not
statistically significantly differ between patients who experi-
enced COVID-19 sequelae and those who did not (P=.33).
Figure 3 reports the fixed multivariable analysis for sequelae,
including different types of SACT as covariate (1237 patients).
The receipt of recent chemotherapy was associated with a de-
creased risk of sequelae overall (OR = 0.57, 95% CI = 0.36 to
0.91), whereas the receipt of COVID-19 therapy (OR = 1.46, 95%
CI = 1.02 to 2.08), COVID-19 complications (OR = 3.69, 95% CI =
2.54 to 5.34), and hospitalization due to COVID-19 (OR = 2.77,
95% CI = 1.65 to 4.64) were confirmed to be associated with an
increased risk (Figure 3, A). Regarding respiratory sequelae
(Figure 3, B), and post-COVID-19 fatigue (Figure 3, B), none of the
different SACT modalities was associated with risk of sequelae.

The median baseline CRP was statistically significantly dif-
ferent across different SACT categories (P=.012; Figure 4, A),
with 18.8 mg/L for the chemotherapy group and 33.0mg/L for
the SACT group. Similarly, the median baseline NLR was also
statistically significantly different across SACT categories
(P=.04; Figure 4, B), with the highest value reported for the no
SACT group (4.8) and the lowest value reported for the chemo-
therapy group (3.5).

Supplementary Table 4 (available online) reports the multi-
variable analyses, including the interaction terms between
SACT regimens at COVID-19 and primary tumors (P =.06), tumor
stage (P=.41), and tumor status (P =.82). The receipt of chemo-
therapy was confirmed to be associated with a decreased risk of
sequelae among patients with nonadvanced disease on the
multivariable analysis (OR = 0.37, 95% CI = 0.16 to 0.86)
(Supplementary Figure 4, A, available online), whereas no asso-
ciation was reported among patients with advanced disease (OR
=0.77, 95% CI = 0.43 to 1.40) (Supplementary Figure 4, B, avail-
able online).

Discussion

In the general population, persistent symptoms during the early
postinfection phase are reported in over 36% of COVID-19 survi-
vors (19), and up to 25% of patients may report sequelae beyond
the 6-month landmark (6).
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Figure 1. Study flow diagram. CRP = C-reactive protein; LDH = lactate dehydrogenase; NLR = neutrophil to lymphocyte ratio; OIS = OnCovid Inflammatory Score; PLR =
platelet to lymphocyte ratio; ROC = receiver operating characteristics; SACT = systemic anticancer therapy.

Table 1. Median baseline values of inflammatory markers or indices at COVID-19 diagnosis among the overall population and according to

COVID-19 sequelae?®

Overall study population

Without COVID-19

With COVID-19 Sequelae

(N= 1339) Sequelae (n=1136) (n=203)

Inflammatory markers No. (%) No. (%) No. (%) P

Baseline CRP
No. of patients 878 722 156
Median (IQR), mg/L 28.9 (7.2-100.0) 22.2 (6.0-86.0) 77.5 (19.9-155.6) <.001°
<36.7mg/L 470 (53.5) 422 (58.4) 48 (30.8) <.001¢
>36.7mg/L 408 (46.5) 300 (41.4) 108 (69.2)

Baseline LDH
No. of patients 540 430 110
Median (IQR), UI/L 281 (209-404) 274 (103-396) 310 (225-465) .03°
<463 UI/L 449 (83.1) 368 (85.6) 81(73.6) .001¢
>463 UI/L 91 (16.9) 62 (14.4) 29 (26.4)

Baseline NLR '
No. of patients 1017 837 180 g
Median (IQR) 4.6(2.5-9.1) 4.3(2.4-8.7) 6.0 (3.0-11.7) .001° 5
<5.7 589 (57.9) 506 (60.5) 83 (46.1) .001° §
>5.7 428 (42.1) 331(39.5) 97 (53.9) °

Baseline PLR 2
No. of patients 995 820 175 ©
Median (IQR) 242 (151-392) 240 (153-302) 258 (145-396) 69° -1
<455 815 (81.9) 681 (83.0) 134 (76.6) .04° %
>455 180 (18.1) 139 (17.0) 41 (23.4) S

Baseline OIS @
No. of patients 690 569 121
Median (IQR) 36 (31-40) 36 (31-40) 35 (31.7-40) 35°
>42 104 (15.1) 93 (16.3) 11 (9.1) .04°
<42 586 (84.9) 476 (83.7) 110 (90.9)

“Categorical distribution is computed according to the individuated optimal cutoffs. CRP = C-reactive protein; IQR = interquartile range; LDH = lactate dehydrogenase;
NLR = neutrophil to lymphocyte ratio; OIS = OnCovid Inflammatory Score; PLR = platelet to lymphocyte ratio.

bTwo-sided P values calculated with the Kruskal-Wallis test.

“Two-sided P values calculated with the Pearson 4 test.
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Figure 2. Fixed multivariable analysis according to categorized baseline inflammatory markers or indices for COVID-19 sequelae. A) COVID-19 sequelae overall, B) respi-
ratory sequelae, and C) post-COVID-19 fatigue. Adjusting covariates for each analysis were sex (male vs female), age (>65 vs <65 years), number of comorbidities (0-1
vs >2), primary tumor (clustered as breast, gastrointestinal, gynecological or genitourinary, thoracic, and others), receipt of systemic anticancer therapy within 4 weeks
of COVID-19 diagnosis (yes vs no), tumor stage (defined as advanced vs nonadvanced), tumor status (presence of active vs nonactive disease), experience of at least 1
COVID-19 complication (yes vs no), receipt of any COVID-19-specific therapy (yes vs no), hospitalization (preexisting for whatever cause, including cancer vs due to
COVID-19 vs not required), and country (United Kingdom; Spain; Italy; and France, Belgium, or Germany). CI = confidence interval; CRP = C-reactive protein; LDH = lac-
tate dehydrogenase; NLR = neutrophil to lymphocyte ratio; OIS = OnCovid Inflammatory Score; OR = odds ratio; PLR = platelet to lymphocyte ratio.
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Figure 3. Fixed multivariable analysis including different type of systemic anticancer therapy (SACT) as covariate (1237 patients) for COVID-19 sequelae. A) COVID-19
sequelae overall, B) respiratory sequelae, and C) post-COVID-19 fatigue. CDKi = cyclin dependent kinase inhibitors; CI = confidence interval; GI = gastrointestinal; GU
= genitourinary; GY = gynecological; ICIs = immune checkpoint inhibitors; MABs = monoclonal antibodies; OR = odds ratio; PARPi = poly adenosine diphosphate-ri-
bose polymerase inhibitors; TKIs = tyrosine kinase inhibitors; UK = United Kingdom.
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Figure 4. Median baseline inflammatory markers or indices according to different types of systemic anticancer therapy (SACT) regimens at COVID-19 diagnosis. A) C-re-
active protein (CRP); no SACT: 33.0mg/L (interquartile range [IQR] = 8.5-101.7 mg/L), chemotherapy = 18.8 mg/L (IQR = 6.1-68.8 mg/L), immune checkpoint inhibitors
(ICIs) = 42.0mg/L (IQR = 0.8-101.1 mg/L), endocrine therapy = 23.5mg/L (IQR = 3.9-90 mg/L), tyrosine kinase inhibitors (TKIs) or monoclonal antibodies (MABs) =
12.0mg/L (IQR = 4.6-53.5 mg/L), poly adenosine diphosphate-ribose polymerase inhibitors (PARPi) or cyclin dependent kinase inhibitors (CDKi) = 6.8 mg/L (IQR = 2.9-
29.1 mg/L). B) Neutrophil to lymphocyte ratio (NLR); no SACT = 4.8 (IQR = 2.6-9.2), chemotherapy = 3.5 (IQR = 2.0-8.8), ICIs = 3.6 (IQR = 1.9-7.1), endocrine therapy = 5.4
(IQR = 1.8-11.3), TKIs or MABs = 4.2 (IQR = 2.2-6.9), PARPi or CDKi = 4.0 (IQR = 1.0-8.4). Median values are presented as Log;o. Two-sided P values calculated with the

Kruskal-Wallis test.

With countrywide immunization campaigns, enhanced hos-
pital and testing capacity, and the availability of anti-SARS-
CoV-2-specific therapies (12,20), an increasing proportion of
patients with cancer now survive COVID-19, and investigating
predictors of sequelae in this population is a clinical priority to
facilitate proactive support strategies.

This study shows that routinely available inflammatory bio-
markers measured at COVID-19 diagnosis, including CRP and
NLR, are independently correlated with the emergence of se-
quelae, lending themselves as easily available tools to identify
in advanced patients who is at higher risk of developing long
COVID-19.

Although we recognize that certain COVID-19 sequelae—in-
cluding, for instance, fatigue—may overlap with symptoms
stemming from the underlying malignancy, previous studies
have shown CRP to be reproducibly associated with respiratory
impairment (21) and with COVID-19 severity in non-intensive
care unit hospitalized patients (22), highlighting a mechanistic
link following SARS-CoV-2 infection. CRP is in fact produced in
response to interleukin-6 (IL-6) (23), one of the core mediators
implicated in the cytokine release syndrome secondary to se-
vere COVID-19 (24,25)

Regarding the NLR, neutrophilia and lymphopenia are al-
ready established markers of worse COVID-19 in the general
population (26), and lymphopenia specifically seems to be an-
other crucial step in the immunopathology of severe COVID-19.
Excess systemic cytokine alters lymphopoiesis, producing lym-
phocytopenia in the peripheral blood alongside abnormal com-
pensatory granulopoiesis (27). Immunocytometry analyses from
severely ill patients with COVID-19 show an inversely propor-
tional relationship between rising IL-6 serum levels and reduc-
tion of CD4 and CD8 peripheral T-cell counts, with evidence of
an exhausted phenotype driven by the expression of PD-1 and
Tim-3 (28).

In a previous study, we discovered that the presence of a
sustained proinflammatory response at COVID-19 diagnosis, as
evidenced by a combination of hypoalbuminemia and lympho-
cytopenia—termed the OIS—is the strongest determinant of

mortality from COVID-19 (13), providing further evidence in
support of the proinflammatory response as a mediator of ad-
verse outcome in patients with COVID-19 and cancer.

In evaluating clinical factors associated with the develop-
ment of COVID-19 sequelae, we concentrated on exposure to
previous SACT in view of the differential influence of each indi-
vidual therapeutic modality regarding the patient’s immune
status (29). Interestingly, we report a statistically significantly
lower proportion of COVID-19 sequelae in patients who had
been exposed to chemotherapy within 4 weeks from COVID-19,
a finding that is independent of major oncological features (pri-
mary tumor site, stage, and presence of active disease).
Chemotherapy recipients were also those patients character-
ized by a statistically significantly lower median CRP and NLR,
leading us to postulate whether the protective effect of chemo-
therapy on COVID-19 sequelae might be related to a therapy-
dependent modulation of the proinflammatory response.

Although association cannot prove a causative link between
chemotherapy and sequelae, emerging biologic plausibility be-
tween immune imbalances and post-COVID-19 syndrome is be-
ginning to be appreciated. Increasing evidence supports that
SARS-CoV-2-induced autoimmunity plays a role in the patho-
genesis of the post-COVID-19 syndrome through eliciting auto-
antigen cross-reactivity, highlighted by the high prevalence of
autoantibodies in SARS-CoV-2 convalescent serum (30). In addi-
tion, phenotypic alterations in B cells and T cells have been de-
scribed in patients with COVID-19. Whereas B-cell changes,
such as the reduction of transitional CD24"8*CD38Me" cells, are
largely restored in convalescent patients, T cells from recovered
patients continue to show persistence of cytotoxic program-
ming of CD8+ and elevated production of type 1 cytokines and
IL-17 (31), which is known to be a driver of inflammatory reac-
tions and autoimmunity (32).

Considering the rationale for the well-established use of im-
mune suppressive agents such as IL-6 inhibitors (33) and corti-
costeroids (34) in specific phases of COVID-19, it is fascinating
to speculate about a possible beneficial role of recent chemo-
therapy in reducing unopposed proinflammatory signalling
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through its broad immune-modulating effects (29). Our previous
finding linking older age with reduced risk of COVID-19 se-
quelae in cancer patients poses immune-senescence and
chemotherapy-induced immune suppression as 2 putative pro-
tective mechanisms against the proinflammatory signalling
that drives SARS-CoV-2-related sequelae (14,35,36). However,
considering the limited sample size of patient subgroups
according to different SACT regimens, our findings allow only
speculative reflections and should be taken with the utmost
caution.

As highlighted in previously published reports from our reg-
istry (14), major study limitations for this update lie in the ab-
sence of predefined time points and techniques for sequelae
assessment and in the inability of accounting for the role of
SARS-CoV-2 vaccinations. In fact, only a minority of patients
had received at least 1 dose by the data lock, and all of them af-
ter having already contracted the virus. We must also acknowl-
edge the risk of selection bias and missing values for laboratory
data leading to unavoidable attrition in evaluable patients with
each biomarker available. In fact, baseline CRP and LDH were
available for a considerably lower number of patients than the
NLR, preventing proper comparisons of their predictive ability.
For that reason, it is prudent to advocate for the equal use of
both in routine practice.

Despite these limitations, our study provides clinically use-
ful information regarding the diagnostic ability of routinely
available inflammatory markers or indices to individuate
patients at higher risk of developing COVID-19 sequelae, who
should be prioritized for tailored follow-up procedures, proac-
tive rehabilitation, and clinical trials with anti-inflammatory-
and/or immune-modulating strategies (37-39). Interestingly,
patients receiving chemotherapy within 4 weeks of COVID-19
diagnosis seem to be at decreased risk of developing sequelae, a
finding that needs to be further investigated to fully elucidate
its underlying mechanisms.
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