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The Problem of Long Covid and Inflammation

Long COVID affects tens of millions of Americans

Long Covid is a complex, multi-organillness that occurs in
individualswith a history of SARS-CoV-2 infection, usually 3
months from the onset of COVID-19 with symptoms that last
for months or years and cannot be explained by an
alternative diagnosis (WHO)

e Over 100 million COVID infections are expected to occur
in the fall and winter of 2022-23. It is estimated 15-30%
of those infected will develop Long COVID

e 27 million Americans have been impacted by long COVID,
with millionsmore at risk as COVID persists (Department
of Health and Human Services, Dec 2022).

* Long COVID outpaces Diabetes in terms of cost per
member for a given health plan (Beckers Payer).

* 4 million Americans currently unableto work because of
Long COVID, corresponding to $170B in lost wages
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* Long Covid is a multi-system disease requiring need for
multiple specialists

* “The early reports suggest that a high percentage of
COVID patients will develop some Long COVID
symptoms. We're going to have to work hard to set up
the right kind of clinical responseto that.” Andrew
Dreyfus, CEO of Blue Cross

Long COVID has a major impact on the
healthcare system with an annual
financial burden of $386B in the US

Long Covid will be in top 10 medical cost
driver at least for the next 5 years
$57K/patient for cost of inpatient
$6.2K/patient for ED visits

50% had > 20 outpatient visits in the first
12 months

46% had to reduce their work hours



Long-term effects of COVID-19
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https://doi.org/10.1038/s41598-021-95565-8

Typical Care Journey for a Long COVID Patient

Tested Inpatientvisit, Outpatient visit, Neurology
positive for Cardiology (Brain fog and memory
covID (Cardiac arrythmia) impairment)
JAN 10, MAY 15, OCT 15,
2022 2022 2022
o o o o O O
AUG 15, Nov 10,
2022

Outpatient visit,
Ophthalmology
(Changes in vision)

Outpatient visit with ED
(Shortness of breath)

Outpatient visit with ED
(Pulmonary Embolism)

ICD-10 diagnosis code for Long Covid (U09.9) released in October 2021 and many health systems still not using it
Only 1in 10 Long Covid patients have the diagnosis code

Over 90% of Long COVID patients currently undiagnosed

For Health Plans, insurers, Pharma and employers understandingthe size of the healthcare cost associated with Long
COVID in each population and how best to manage it is critical



Figure 5: Percent of adults (aged 18+) self-reporting longer-term symptoms after a positive COVID-19 test
or suspected infection by cancer status, Canada, January 2020 to August 2022

__ fatiqu
cognitive disorders
sleep disorde
smell los

Thereis so much taSte |OSS m

30%

20%

symptoms from

cancer treatmenpalpltations @

and long covid

that leads to d|a"hea w

ignoring Long

10%+

Percent (%) reporting longer-term symptoms

issue

Never had cancer Currently have cancer Had cancer in the past Don't know if | currently
have or have had cancer

Cancer status

depression/anxiotyd el Tl

overlap between dyspnea ’-CD‘

covid as a new mya'gi %



" SARS-COV-2 | ( Oth ervirus;ﬂ fi
~ persistence /J (EBV...)

® iy N

"1

.......................................

Inflammation and Biomarkers :

\ -.:.':. N g Q“/, --------- T ------ Long Covid

| Lungs | | Brain | Neuromuscular | cardiovascular || ::;l.:fey o:gnadns

e = =2 & ¢
& T e B

Anti-virus W lAutoimmunity | ‘ Mlcrothrombi]
\lmmune responses ) R

v

T I T T —

O R B



Cardiorespiratory complications with PASC




Neurological
Impairments

IN PASC

Cognitive dysfunction in PASC is affects attention, executive function,
problem solving, and decision making.

Memory impairment, affecting up to 73%, inducing both short and long-
term memory loss

The probability of experiencing memory symptoms increased over the first
few months, with 56% reporting memory symptoms at month 4 and 50%
at month

While age is an important factor in cognitive and memory disfunction,
young people (16—-30 years old) suffer potentially severe symptoms, such
as concentration and memory problems, 6 months after infection

The study of the anatomical or functional imaging of brain alterations in
PASC shows consistent changes in many brain areas, including the
somatosensory cortex, rectal/orbital gyrus (including the olfactory system),
temporal lobe (including the amygdala, piriform cortex, and the
hippocampus), hypothalamus/thalamus, brainstem, and cerebellum

A pronounced loss of gray matter was also observed in crus ll, part of the
cognitive, and olfactory-related lobule VIl of the cerebellum; there s also
an increase in CSF volume and decrease of whole brain volume respect to
the controls, suggesting an additional diffuse loss of gray matter

This reinforces neuropsychological data that showed Covid-19 as a risk
factor to develop dementia, neurodegenerative diseases and mild cognitive
impairments even in 50-year-old adults



WHEIRWE
know beyond

doubt so far

More than 700 millionacrossthe world and 110 million Americans
have had covid (actual number much higher due to self-test)
While more than 6.5 million died across the world and more than
1.1 milliondied in the USA; the true death toll may be 4.2 times
higher(closeto 25 million)

Fatality and impact on minoritiesis under reported (USAtoday
1/10)

Life expectancy in the USA has dropped by 2.7 years in middle of
2022.

With continued Covid related deaths, decline will continue

Covid has triggered mental health crisis (triggering excess drug use,
violence,and other societal issues)

Work force shortages impacting healthcare delivery

PASC (post-acute sequelae of covid) likely to impact 80% infected
with covid and can linger on in anywhere between 2.5 to 15%;

Majority due to inflammation related injury like myocarditis, atrial
fibrillation, neuropathy, endocrinopathy, and other tissues

COVID-19 pandemic triggers 25% increase in prevalence of anxiety
and depression worldwide



* Autophagy: The Potential Link between SARS-CoV-2 and Cancer

* In this work, building on the previous investigations demonstrating long-term persistence of the SARS-CoV-2 nucleic
acids and antigens in human tissues and also other research studies showing the interaction of the viral particles with
the host autophagy machinery, we hypothesize that SARS-CoV-2 could potentially be an oncogenic virus by blocking
the autophagic flux, and also leading to immune escape by downregulation of MHC-I. We also propose that the
resultant dysregulationin cellular autophagy could affect the responseto treatmentin cancer cells. Further

laboratory-based, clinical, and population-based studies are required to explore this matter.

* ParhamHabibzadeh 1, Hassan Dastsooz 2,3,4, Mehdi Eshraghi5, Marek J. tos 6,*, Daniel J. Klionsky 7 and Saeid Ghavami5,8,9,*).. Cancers 2021, 13,
5721. https://doi.org/10.3390/ cancers1322572

* Given, the disproportionate impact of the disease on the African American community,
yet another unanswered question is whether racial disparities are to be expected in
COVID-19 sequelae. Herein, we propose that long COVID-19 may predispose recovered
patients to cancer development and accelerate cancer progression. This hypothesis is
based on growing evidence of the ability of SARS-CoV-2 to modulate oncogenic
pathways, promote chronic low-grade inflammation, and cause tissue damage.
Comprehensive studies are urgently required to elucidate the effects of long COVID-19
on cancer susceptibility.

e This study was supported by a grant from the National Cancer Institutes of Health (R01CA239120) to R.A, https://onlinelibrary.wiley.com/doi/10.1002/bies.202000331

https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Aneja/Ritu


https://onlinelibrary.wiley.com/doi/10.1002/bies.202000331

COVID-19-Induced Modifications in the Tumor Microenvironment: Do They Affect Cancer Reawakening and

Metastatic Relapse?; Front oncol. 2020; 10: 592891. : 10.3389/fonc.2020.592891
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7649335/
https://doi.org/10.3389%2Ffonc.2020.592891
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miR-2392 and Cancer Link

COVID-19 International Research Team

'

P ic ductal i Breast cancer Esophageal Adenocarcinoma Head-neck squamous cell carcinoma Uterine corpus endometrial carcinoma Cervical squamous cell carcinoma Ovarian Cancer
% HR=227(134-386)| =1 HR=222(158-312)] =1 HR=107(104-371)| 2 HR=155(1.18-204)| <1 HR=229(149-354)| <1 HR=179(108-207)| =1 HR =178 (1.42 - 2.25)
Iy logrank P = 0.0018 logrank P = 2,3e-06 logrank P = 0,033 logrank P = 0.0016 logrank P =0.00011 logrank P = 0.022 logrank P = 7.1e-07
% @ | ® | ® @ \ @] B
l <] [} <] [} (<] (]
3 W
Sr \ s © * ©
\ 28 L] 28 29 29 Loaditii——4 | #87  ™ 29
\' el 1 3 3 " o] 3 el
" [ [} [ @ [} [
g < - 3 < @ < \ ﬁ < @ < 3 <
% | €31 €3 c3 \ €3 €3 €3 \
Y, \ L - ,\ s.‘\
Ty o o ) ‘ o 4 o o | o | ‘
| Expression © | Expression l © | Expression = © | Express “1_ © | Expression © | Expression © | Expression \ . ML\‘,,_,
— low 1 — low — low — low A — low — low — low , S5
1 — high © 1 — high © | — high © | — high © | — high © | — high © | — high =
T ¥ T T e T T T T T T ] T T T T T T o T T T T T o T T T T e T T T T T e T T T
0 20 40 60 80 0 5 100 150 200 250 0 20 40 60 80 100 120 0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 0 50 100 150
Time (months) Time (months) Time (months) Time (months) Time (months) Time (months) Time (months)
Pheochromocytoma and Paraganglioma Testicular Germ Cell Tumor Thymoma Kidney renal papillary cell carcinoma Lung adenocarcinoma Stomach adenocarcinoma Rectum adenocarcinoma Sarcoma
(=] (=]
'R::”‘“_” HR =351 (0.64 - 19.22) 2 Pt @ 2 Ty HR=28(056-139) < HR=065(034-123)| 21 HR=086(064-117)| = HR=074(053-102)| <1 HR =06 (0.27 - 1.34) 2 HR =139 (0.93 - 2.08)
et logrank P=0.12 logrank P = 0088 bt 1+ logrank P=0.19 logrank P = 0.18 logrank P = 0.34 logrank P = 0.063 vy logrank P = 0.21 logrank P = 0.1
o | o & @ o | @ | ol L% o
# - = Wt > 2 bt o i (& <} |
L, b . \
g4 22 | 281 H 23 : 23
8 £ § £ “‘ § § g
£3 £3 £31 — £ 31 £ 3
1 |
e e ettt iy
4 N N N N T o N N
Expression © | Expression © | Expression © | Expression © | Expression © | Expression © | Expression © | Expression
— low low low — low low — low — low — low
1 — high o high o | high o | — high o high 9 | — high o] high o high
T T T T T T T ° T T T T T T © T T © T T T T T © T T T T i e T T T T T T ° T ¥ T T T T ° T T T
0 50 100 150 200 250 300 0 5 100 150 200 250 0 50 100 150 0 50 100 150 200 0 50 100 150 200 250 20 40 60 80 100 120 0 20 40 60 80 100 120 0 50 100 150
Time (months) Time (months) Time (months) Time (months) Time (months) Time (months) Time (months) Time (months)
Thyroid carcinoma Bladder Carcinoma Esophageal Sq Cell Carci Kidney renal clear cell carcinoma Lung squamous cell carcinoma Liver hepatocellular carcinoma
(=}
wiianeHR = 0:12(0.03-0.51) = HR=0.69 (0.5 - 0.94) 21t HR =057 (0.28 - 1.16) 2 N, HR=0.37 (0.28 - 0.51) « HR = 0.65 (0.49 - 0.86) i HR=0.34 (0.24 - 0.48)
logrank P = 0.00066 logrank P =0.019 i A logrank P = 0.12 \\ logrank P = 3.5e-11 logrank P = 0.0027 \ logrank P = 2.3e=10
\
e | 8- g Wb g 39 8
'lL ‘ i,
+ Tt by
gg Eg' LHTL -‘Eg M’“\»«m Eg b gg' )
3 \ 3 F hes—: | & oy 3 :
A i, € v | S ! 85| 1B y
[ L o [ [ o [} [} 1‘“
| »?—o—w 1‘\-“__ ‘ 1
] o ——t o | o | b o | o N s
Expression © | Expression © | Expression © | Expression © | Expression Y, © | Expression
— low — ow — low — low — low ﬂ—‘ — low b
high o | — high o | high o high o | — high o high
T T T T o T T T T © T T T T T T T ° T T T T Q T T T © T T T T T T T
0 50 100 150 0 50 100 150 0 10 20 30 40 5 60 70 0 50 100 150 0 50 100 150 0 20 40 60 80 100 120
Time (months) Time (months) Time (months) Time (months) Time (months) Time (months)



Blood cytokine analysis suggests that SARS-CoV-2 infection resultsin a sustained tumour promoting environmentin cancer
patients
https://doi.org/10.3390/cancers13225718

Cytokines, chemokines and (angiogenic) growth factors (CCGs) have been shown to play an intricate role
in the progression of both solid and haematological malignancies. Recent studies have shown that SARS-
CoV-2 infection leads to worse outcome in cancer patients, especially in haematological malignancy
patients. Here, we investigated how SARS-CoV-2 infection impacts the already altered CCG levels in solid
or haematological malignancies, specifically whether there is a protective effect or rather a potentially
higher risk for major COVID-19 complications in cancer patients due to elevated CCGs linked to cancer
progression. Serially analysingimmune responses with 55 CCGs in cancer patients under active
treatment with or without SARS-CoV-2 infection, we first showed that cancer patients without SARS-CoV-
2 infection (n=54) demonstrate elevated levels of 35 CCGs compared to the non-cancer, non-infected
control group of health care workers (n=42). Of the 35 CCGs, 19 were common to both solid and
haematological malignancy groups and comprised previously described cytokines such as IL-6, TNF-q,
IL-1Ra, IL-17A, and VEGF, but also several less well described cytokines/chemokines such as Fractalkine,
Tie-2, and T cell chemokine CTACK. Importantly, we show here that 7 CCGs are significantly altered in
SARS-CoV-2 exposed cancer patients (h=52). Of these TNF-a, IFN-B, TSLP and sVCAM-1, identified to be
elevated in haematological cancers, are also known tumour-promoting factors. Longitudinal analysis
conducted over 3 months showed persistence of several tumour-promoting CCGs in SARS-CoV-2
exposed cancer patients. These data urge for increased vigilance for haematological malignancy
patients as a part of long COVID follow-up.


https://doi.org/10.3390/cancers13225718

The systemic pro-inflammatoryresponse: targeting the dangerous liaison between COVID-19 and cancer

G. M. Dettorrely, M. Patelly, A. Gennari2, G. Pentheroudakis3,4, E. Romano5, A. Cortellinil,6*&D. J. Pinato1,2*

1 Department of Surgery and Cancer, Imperial College London, Hammersmith Hospital, London, UK; 2 Division of Oncology, Depart ment of Translational Medicine, University of Piemonte Orientaleand
Maggiore della Carita Hospital, Novara, Italy; 3 Department of Medical Oncology, University of loannina, loannina, Greece; 4 Chief Medical Officer, European Society for Medical Oncology, Lugano,
Switzerland; 5 Department of Medical Oncology, Center for Cancer Immunotherapy, Institut Curie, Paris, France; 6 Department of Biotechnology and Applied Clinical Sciences, University of L’Aquila, L’Aquila,
Italy

* Inflammationis an established driver of severe SARS-CoV-2 infection and a mechanism linked to the increased
susceptibility to fatal COVID-19 demonstrated by patients with cancer. As patients with cancer exhibit a higher level of
inflammation compared with the general patient population, patients with cancer and COVID-19 may uniquely benefit
from strategies targeted at overcoming the unrestrained pro-inflammatoryresponse. Targeted and nontargeted anti-
inflammatorytherapies may prevent end-organ damage in SARS-CoV-2-infected patients with cancer and decrease
mortality. Here, we review the clinical role of selective inhibition of pro-inflammatoryinterleukins, tyrosine kinase
modulation, anti-tumor necrosis factor agents, and other non-targeted approaches including corticosteroids in their
roles as disease-modulating agents in patients with COVID-19 and cancer. Investigation of these therapeutics in this
highly vulnerable patient group is posited to facilitate the development of tailored therapeutics for this patient
population, aiding the transition of systemicinflammation from a prognostic domain to a source of therapeutic targets

e The in-hospital COVID-19 case fatality rate was higher in patients with cancer than in those without it —
17.9% and 12.7%, respectively (adjusted odds ratio [aOR], 1.29; 95% Cl, 1.27-1.32). It was also higher in
men than in women — 14.5% and 11.2%, respectively (aOR, 1.28; 95% Cl, 1.27-1.30)

e The associations of a concurrent malignant neoplasm with the COVID-19 case fatality were overall more
substantial for women than for men,” the researchers wrote.
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FIGURE 1. Link between cancer and COVID-19. On the
left, cancer progression is illustrated. Cancer is a disease
caused by exposure to carcinogens, factors such as
smoking, exposure to radiation, UV rays, working
envirconment, and heredity can increase the risk of
cancer. Any part of the body can be mutated resulting In
cancer. After mutation there i1s uncontrolled growth of
the mutated cells leading to the formation of a tumor,
the tumor is non-communicable. Systemic inflammatior
loss of function of the respective organ or part of body,
coagulation, and metabolic abnormalities are the primar
effects of cancer. As cancer progresses to advanced
stages, metastasis along with increased susceptibility to
secondary infections s observed leading to multiple
organ faillure and ultimately death. On the rnight, COVID-
19 progression is illustrated. The source of COVID-19, &
viral infection, 1s SARS-CoV-2, risk factors include
Immune status, age, and direct contact with the virus or
infected person. The virus enters through the respiratory
systerm into the human body and gets entry into the lunc
cells, where the replication of the virus occurs. COVID-1
Is highly communicable and leads to fever, headache,
loss of smell and taste, along with systemic inflammatior
and difficulty in breathing. Secondary infection to other
organs 1s observed If the infection s chronic leading to
lung failure, coagulation, and acute respiratory distress
syndrome. Multiple organ failure leading ultimately to

death 15 observed 1n COVID-12.


https://doi.org/10.3389/fmolb.2021.643004
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Study Suggests a Link between Stress and Cancer

Coming Back

Subscribe

January 14, 2021, by NCI Staff

For many cancer survivors, their worst nightmare i finding

outthat thelr cancer has come back, Even years after 3
seemingly successfultreatment, cancer can start growing

aqain, and scientists don't know how this happens,

Now, a new study suggests that stress hormones may wake
up dormant cancer cellsthat remain n the body after
treatment. In experiments in mice, a stress hormane
triggered a chain reaction inimmune celsthat prompted
dormant cancer cells to wake p and form tumors again

But fyou are sressed,that doesn't mean your cancer s
going to come back, said the study's lead researcher,

Stress hormones can alter the
behavior of some neutrophils,
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Figure 1. Therapeutics targetl_hg inflammation in COVID-19.
‘7 : . Corticosteroid E -
*

Tocilizumab

IL-6

IL-6R antagonists

gp130 IL-6R
Blockade of inflammato
* element synthesis and cy!oklna
storms

&» Decreased tranacrlmlon of
inflammatory elem:

D Ibrutinib

Er e with pt
material

SOImas &
s and downmnm

ATIl cell

Endosome with MHC molecule Reduced ".-n.cﬂpﬂon of
immune cell-recruiti
molecules

BTK inhibitors

Therapeutics targeting
inflammation in COVID-19

Colchicine

s

Inhibition of homodimerization

Reduced microtubule A : JAK inhibitors
polymerizatic i 1| ciiine
e 7
Decreased neutrophil
chemotaxis, adheclon. Su f,'g" of
recruitment,
superoxide produc(lon inflammasome
E signal tmn-ducﬂc'u"; cascade
Baricitinib
e Ted I
- - -
G

® e
S
—’..

TNF inhibitors

Prevention of TNF inhibitor
~ @

Reversal of T-cell
cytokine storms

exhaustion
Transcription of inflarsmmato:
dlatopu =Y.

Transcription of inflammmatory
mediators

T cell IC! antibodies disrupt PD-1/PD-L1 TNFR
interaction), allowing -nt ANt-TNF antil prevents binding of TNF to
pr?‘ r;t'?tlon and rcv.r.lng T cell m -nd prevents upregulation of inflammatory
exhau:




OPEN QUESTIONS

Occurrence, mechanism,
and significance of SARS-
CoV-2 persistencein
different organs

Mechanisms, targets,
and significance of Role of other viruses.
autoimmune reactions

Actual impact of

T ——— : vaccination in people Occurrence and severity
Impact of_host.genet|cs . who get breakthrough ﬁ of PASC after infection
Mo s s and microbiome. . . . ol : .
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Impact of severe
(UHETUTIE LEN G CA7 G ? Links of Covid related Preventive and

end organ damage
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neuropathy

inflammation and cancer therapeutic approaches.



Potential retrospective data analytics

* ER visits for cancer patients pre 2000 and 2022 onwards

* Hospitalizations (cardiovascular, syncopal episodes, strokes, chest
pain, seizures pre and post)

* New cancers pre and post 2022

* New stroke, Ml and other cardiovascular causes requiring ER,
hospitalization

* PMPM beneficiary spending pre and post Covid



Some of the key publications and references

* COVID-19-Induced Modifications in the Tumor Microenvironment: Do They Affect Cancer
Reawakening and Metastatic Relapse?

* https://www.frontiersin.org/articles/10.3389/fonc.2020.592891/full

* COVID-19: a potential driver of immune mediated breast cancer recurrence?
* https://breast-cancer-research.biomedcentral.com/track/pdf/10.1186/s13058-020-01360-0.pdf

 Cancer as a prospective sequela of long COVID-19
* https://pubmed.ncbi.nlm.nih.gov/33914346/

 Blood Cytokine Analysis Suggests That SARS-CoV-2 Infection Results in a Sustained
Tumour Promoting Environment in Cancer Patients

* https://pubmed.ncbi.nim.nih.gov/34830872/
 The Deadly Duo of COVID-19 and Cancer!

* https://www.frontiersin.org/articles/10.3389/fmolb.2021.643004 /full



https://www.frontiersin.org/articles/10.3389/fonc.2020.592891/full
https://breast-cancer-research.biomedcentral.com/track/pdf/10.1186/s13058-020-01360-0.pdf
https://pubmed.ncbi.nlm.nih.gov/33914346/
https://pubmed.ncbi.nlm.nih.gov/34830872/
https://www.frontiersin.org/articles/10.3389/fmolb.2021.643004/full

	Slide 1: Exploring the Interplay Between Long COVID, Inflammation, chronic diseases and Cancer
	Slide 2: Course Description
	Slide 3: Learning Objectives
	Slide 4: Disclosures
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Typical Care Journey for a Long COVID Patient
	Slide 9
	Slide 10
	Slide 11: Cardiorespiratory complications with PASC
	Slide 12: Neurological impairments in PASC
	Slide 13: What we know beyond doubt so far
	Slide 14
	Slide 15
	Slide 16: miR-2392 and Cancer Link
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27: OPEN QUESTIONS
	Slide 28: Potential retrospective data analytics
	Slide 29: Some of the key publications and references

