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Background: In COVID-19, EGFR production is upregulated in the alveolar epithelial cells. EGFR
overexpression further activates STAT-3 and increases lung pathology. The EGFR pathway is also one of the
major nodes in pulmonary fibrosis. Methods: Nimotuzumab, a humanized anti-EGFR antibody, was used
to treat three patients with severe or moderate COVID-19. The antibody was administered in combination
with other drugsincluded in the national COVID-19 protocol. Results: Nimotuzumab was well tolerated. IL-
6 decreased from the first antibody infusion. Clinical symptoms significantly improved after nimotuzumab
administration, and the CT scans at discharge showed major resolution of the lung lesions and no signs
of fibrosis. Conclusion: Safe anti-EGFR antibodies like nimotuzumab may modulate COVID-19-associated
hyperinflammation and prevent fibrosis.
Clinical Trial Registration: RPCEC00000369 (RPCEC rpcec.sld.cu).

Lay abstract: Background: In COVID-19, the protein EGFR is overactive in the infected lung cells. Methods:
Nimotuzumab, an anti-EGFR antibody, was used to treat three patients with severe or moderate COVID-
19. The antibody was administered in combination with other drugs included in the national COVID-
19 protocol. Results: Nimotuzumab was safe. The most important inflammatory markers decreased
from the first administration. The patients’ clinical symptoms and imaging results improved significantly.
Conclusion: Anti-EGFR antibodies like nimotuzumab may contribute to the recovery of COVID-19 patients
without long-term consequences.
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COVID-19 is an infectious disease caused by the coronavirus SARS-CoV-2 which has a high rate of morbidity
and mortality (1]. Its pathogenicity is started by the SARS-CoV-2 NSP1 and ORF6 proteins, which provoke a
dysfunction of STAT1 together with a compensatory activation of STAT3 [2].

EGEFR is a 170-kDa protein which is frequently expressed at high levels in epithelial tumors, correlating with
cancer progression and poor prognosis [3]. Overall, EGFR overexpression by epithelial cells alters cycle regulation,
blocks apoptosis, promotes angiogenesis and increases motility, adhesiveness and invasiveness (4. In COVID-19,
EGEFR is also upregulated in the type II alveolar epithelial cells because of the reduced STAT-1 and the acute lung
damage [2]. EGFR overexpression further activates STAT-3 and increases lung pathology 2,5-81. The EGFR pathway
is also one of the major nodes in pulmonary fibrosis [9-18], controlling several cascades of cell proliferation, mucus
secretion, inflammatory response and tissue repair. A recent viral fibrotic scoring and drug screen uncovered EGFR
as a key regulator of COVID-19 fibrosis [19. EGFR has been classified as one of the most influential receptors in
the network involved in COVID-19 [20-25]. Figure 1 highlights the roles of EGFR in cancer and COVID-19.

Nimotuzumab is a humanized antibody that recognizes EGFR [26]. The antibody blocks the binding of ligands to
EGFR and works by inhibiting the receptor’s tyrosine kinase activity, interfering with the cell signaling pathway [26].
Preclinical and clinical studies have shown that the antitumor response evoked by nimotuzumab is mediated by
antiproliferative, antiangiogenic and proapoptotic mechanisms [27,28]. Clinical trials have demonstrated that the
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Figure 1. EGFR’s role in cancer and COVID-19. In cancer, EGFR increases proliferation, inflammation, angiogenesis,
fibrosis, epithelial-mesenchymal transition and metastasis. In COVID-19, EGFR promotes inflammation and fibrosis.
(SRC = a non-receptor tyrosine kinase protein)

EMT: Epithelial-mesenchymal transition; P: Protein phosphorylation; SRC: Sarcoma.

antibody, in combination with radiation and chemotherapy, significantly increases the survival and objective
response rate of patients with advanced epithelial tumors [29-35).

Nimotuzumab has previously been shown by immunohistochemistry to decrease IL-6 in mice xenografted with
pancreatic cell lines overexpressing EGFR. This result was confirmed by western blot and real-time PCR (36].

In view of the well-proven role of EGFR in inflammation [37-50) and fibrosis [9-19], an expanded access protocol
for RPCEC00000369 was launched in patients with severe and moderate COVID-19. The study is ongoing and
here we describe the outcomes in three patients receiving the antibody at the Center for Medical and Surgical
Research.

Patients & methods

A noncontrolled, multicenter clinical trial was carried out to evaluate the preliminary safety and effect of nimo-
tuzumab in patients with confirmed SARS-CoV-2 infection by real-time PCR (RT-PCR). The clinical trial included
patients with severe or moderate illness. Severe patients were individuals with an oxygen saturation (SpO,) <94 %
on room air at sea level, a ratio of arterial partial pressure of oxygen to fraction of inspired oxygen <300 mm Hg,
a respiratory rate of 30 breaths/min or lung infiltrates >50%. Moderate patients were those subjects who showed
evidence of lower respiratory disease during clinical assessment or imaging and who had SpO; >94% on room air at
sea level. The main efficacy variables were: rate of patients recovered 14 days after the first infusion, rate of patients
requiring mechanical ventilation after nimotuzumab, and length of stay in the hospital. Inflammatory parameters
like CRP, ferritin, LDH and IL-6 were measured over time. Patients were able to receive other treatments included
in the national protocol for the management of COVID-19, including steroids, anticoagulants and antibiotics.

Here we report the results in three patients with confirmed SARS-CoV-2 infection classified as severely (patients
1 and 2) or moderately ill (patient 3) who were included in the referred trial. The study was approved by an ethical
review board and by the National Regulatory Agency. All patients provided informed consent for the investigational
treatment.

Nimotuzumab was administered by the intravenous route at a loading dose of 200 mg diluted in 250 ml of
sodium chloride (0.9%). Patients could receive a second or third dose of the monoclonal antibody (100 mg) if
they still had laboratory or radiological signs of inflammation. The infusion duration was 2 h. Laboratory exams
included routine bloods, leukocyte subsets and the following biochemical parameters: LDH, ferritin, CRP, D-dimer,
aspartate aminotransferase, bilirubin, creatinine and procalcitonin. IL-6 levels were measured using a commercially

available kit from R&D Systems (MN, USA), the human IL-6 Quantikine ELISA Kit (Cat no. S6050).
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Results
Patient descriptions
Patient 1

A 54-year-old female patient with a personal history of Type 2 diabetes mellitus, hypertension and obesity presented
at the emergency room with shortness of breath, cough with whitish expectoration and nasal secretion. She had
had symptoms for the previous 3 days and had worsening dyspnea. At physical examination, the patient had mild
edema in the lower limbs, reduced thoracic expandability, decreased vesicular murmur and a respiratory rate of 27
breaths per minute. Her room-air SpO; was 72% and she was admitted to the intensive care unit. She had fever of
38°C and her general performance status was markedly deteriorated. Her condition was classified as severe.

Upon her admission, SARS-CoV-2 infection was confirmed by RT-PCR. At hospital entry, the patient required
supplemental oxygen and started treatment with remdesivir (loading dose of 200 mg, then 100 mg for 5 days),
dexamethasone (8 mg orally), meropenem (1 g intravenously every 8 h) and low-molecular-weight heparin.

After deterioration of the clinical and inflammatory markers in the first 24 h, the medical team decided to
start nimotuzumab administration at a loading dose of 200 mg by the intravenous route. At that moment, the
oxygenation index (SpO,/FiO;) was 228; then two additional infusions of nimotuzumab at a dose of 100 mg every
3 days were administered. No adverse events were detected after any of the infusions. Overall, the patient had a
stable respiratory evolution, requiring supplemental oxygen for 8 days but not mechanical ventilation. Remarkably,
after the first nimotuzumab infusion, her IL-6 concentration dropped from 112 pg/ml to levels below 1.5 pg/ml
and did not increase after this initial reduction (Table 1). Ferritin and CRP levels significantly decreased after
two antibody doses. Table 1 shows the evolution of laboratory markers from baseline to hospital discharge at day
12.

Figure 2 displays comparative images of the axial CT scans performed at admission and every 6 days, showing
improvement of the bilateral inflammatory lesions.

Patient 2

A 62-year-old female patient with a personal history of hypertension and overweight was admitted at the hospital
after 14 days of marked asthenia and nausea. SARS-CoV-2 positivity was confirmed by RT-PCR. At physical
examination, she had crackles in the right lung base and sporadic cough. The room-air SpO, was 88%, which
rose to 95% with supplemental oxygen at 2 1/min. On the first day of admission, treatment began with oral
dexamethasone 6 mg/day, remdesivir (loading dose of 200 mg, then 100 mg/day up to five doses), aspirin, low-
molecular-weight heparin and nimotuzumab (200 mg loading dose followed by two 100 mg doses on days 4 and
7). No adverse events occurred after any of the antibody infusions. The evolution of the patient was satisfactory.
Within 24 h of the first antibody administration, IL-6 decreased from 120 to 3.97 pg/ml and then to 1.5 pg/ml
(Table 1). Ferritin and CRP decreased after the second nimotuzumab dose. Aspartate aminotransferase was elevated
at baseline and started to decrease after the initial therapy. Table 1 shows the results of the laboratory markers, while
Figure 2 displays the imaging evolution by CT scan. The patient was discharged on day 7 after a marked clinical,
laboratory and radiological improvement.

Patient 3

A 55-year-old, overweight male patient presented at the emergency room because he was a contact of a positive SARS-
CoV-2 case. He was asymptomatic but the RT-PCR result was positive. The patient was admitted at the hospital
and started therapy with favipiravir and azithromycin; 2 days later, he complained of nasal secretion and asthenia.
On day 3 of admission, dexamethasone (8 mg/day) was added after the detection of peripheral inflammatory lesions
at the CT scan together with IL-6 increase (from 1.5 to 10 pg/ml). On day 4, he complained of headache and fever
of 38°C. After 2 days of treatment with dexamethasone, his clinical symptoms continued to worsen and the fever,
headache and marked general discomfort persisted. The IL-6 level increased to 25.2 pg/ml and ferritin from 689
to 919 ng/ml, while the CT scan showed worsening of the inflammatory lesions. Considering the deteriorations
in clinical symptoms and radiological and inflammatory markers, nimotuzumab was prescribed (200 mg loading
dose, followed by 100 mg 72 h later). The antibody was well tolerated. After nimotuzumab, the clinical symptoms
improved, IL-6 decreased to 1.5 pg/ml and there was a significant recovery of the radiological lesions. The patient
was discharged on day 9 of hospital admission. Figure 2 & Table 1 show the evolution of imaging and laboratory
markers, respectively.
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Table 1. Laboratory biomarkers of the three patients by day.

Laboratory markers Patient Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 12
IL-6 (pg/ml) 1 112 <1.50 <1.50 <1.50 <1.50 <1.50 <1.50 <1.50 <1.50 <1.50

2 120 3.97 <1.50 <1.50 <1.50 <1.50 <1.50 - - -

3 25.2 - <1.50 <1.50 - - - - - -
LDH (mg/dl) 1 708 528 536 392 286 453 374 368 353 315

2 435 474 310 260 226 224 554 - - -

3 275 - 180 179 - - - - - -
Ferritin (ng/ml) 1 1269 1290 - - 741 741 - 1338 1356 956

2 2000 2000 2000 2000 1970 1786 - - - -

3 919 - 1208 - - - - - - -
D-dimer (pg/ml) 1 0.95 1.15 1.00 0.40 0.34 0.34 - 0.28 0.23 0.31

2 2.18 - 3.37 2.10 2.9 2.19 1.34 - - -

3 0.20 - - 0.25 - - - - - -
CRP (mg/l) 1 77.3 - - - 8.46 8.96 - - - 2.26

2 120 120 90 69 50 35 - - - -

3 46 - 32 - - - - - - -
Procalcitonin (ng/ml) 1 0.194 0.193 0.134 - - 0.189 - - - 0.086

2 0.17 - - - 0.06 - - - - -

3 0.079 - 0.033 - - - - - - -
AST (U/1) 1 55 36 37 36 32 55 38 32 29 33

2 142 95 52 33 25 26 41 - - -

3 31 - 17 22 - - - - - -
Bilirubin (mmol/l) 1 - - - - - 17 - - - 12

2 17 8 7 8 - - 9 - - -

3 10 - 8 - - - - - - -
Creatinine (mmol/I) 1 11 70 71 48 50 48 - 64 - 68

2 64 48 59 53 56 54 54 - - -

3 119 - 83 85 - - - - - -
NLR 1 4.7 5.1 5.6 6.5 4.8 7.7 6.4 5.4 4.5 2.1

2 8.2 8.9 13.4 4.6 7.2 6.9 4.1 - - -

3 3.6 - 1.8 2.5 - - - - - -

Day 1 corresponds to baseline values, before nimotuzumab administration.
NLR: Neutrophil-lymphocyte ratio.

Discussion

To date, there is no specific treatment for SARS-CoV-2 infection. In general, therapeutic alternatives for patients
include the combination of antiviral, anticoagulant and anti-inflammatory drugs (51,521. Among the latter, in
addition to steroids, some immunomodulatory drugs such as tocilizumab, baricitinib and itolizumab, commonly
used to treat autoimmune disorders, have been employed in COVID-19 patients [53-56]. These anti-inflammatory
drugs are prescribed in combination with steroids to reduce the so-called cytokine release syndrome or cytokine
storm that characterize the hyperinflammatory stage of COVID-19 [57]. In a large randomized trial (RECOVERY),
4116 patients were enrolled to receive an anti-IL-6 receptor inhibitor or usual care. Most of the patients also received
concomitant steroid therapy. Globally, tocilizumab improved survival of the hospitalized COVID-19 patients with
hypoxia and systemic inflammation. There were three serious adverse reactions [54]. Likewise, baricitinib (a small
inhibitor of JAK) plus standard of care, including systemic corticosteroids and antivirals, significantly decreased
mortality compared with placebo [58].

Here we report the use of a humanized anti-EGFR antibody to treat three patients with severe or moder-
ate COVID-19. The use of an anti-EGFR antibody theoretically offers, in the same drug, the modulation of
hyperinflammation [37-50] and the prevention of fibrosis [9-18].

Nimotuzumab was administered in combination with remdesivir or favipiravir, dexamethasone, low-molecular-
weight heparin and antibiotics. At hospital admission, all three patients had a poor prognosis in view of their
comorbidities. Two patients were severely ill, considering their hypoxemic acute respiratory failure and oxygen
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Figure 2. Axial chest computed tomography scan at the level of the parahilar region (patients 1, 2 and 3).
Sequential images (A) on admission, (B) on day 6 and (C) on day 12. (A) In patients 1 and 2, bilateral pulmonary
condensation lesions of inflammatory type, predominantly at the periphery, were observed at the time of admission.
Patient 3 was admitted without CT scan lesions. (B) On day 6 of admission, patients 1 and 2 showed improvement of
the lung inflammatory lesions, with lower radiological density and bronchial paths in those of peripheral location. At
day 6, patient 3 showed patchy bilateral ground-glass opacities. (C) On day 12 of admission, the three patients
showed further resolution of the lung inflammatory lesions and no sign of fibrosis.

requirements. The antibody did not cause any adverse events. In general, nimotuzumab is a very safe drug because
it has an intermediate affinity against EGFR which facilitates preferential uptake by tissues with high EGFR
expression [27]. Most frequent nimotuzumab-related events in cancer comprise mild or moderate anorexia, chills,
headache, fatigue and fever; nimotuzumab does not induce skin rash or hypomagnesemia like other EGFR-targeting
drugs [29].

After adding nimotuzumab to the standard of care, IL-6 concentrations decreased to almost undetectable levels in
all three subjects. Remarkably, IL-6 was very high (>110 pg/ml) in the two patients with severe disease. Moreover,
in patients 1 and 3, the IL-6 concentration was rising despite therapy including steroids, aspirin and anticoagulants.
Lactate dehydrogenase also decreased from the first nimotuzumab dose, while ferritin and CRP declined after
two antibody infusions. The three patients had a rapid and significant clinical improvement. The CT scans at
discharge showed a major resolution of the lung lesions and no signs of fibrosis. Pulmonary function tests, together
with lung ultrasound echocardiography and new CT scans, will be done as part of the patients’ follow-up.

Conclusion

We hypothesize that safe EGFR antagonists, like nimotuzumab, might reduce the morbidity and mortality associated
with SARS-CoV-2 infection. More than 1000 severely or moderately ill patients have already been treated with the
antibody in combination with other drugs included in the national protocol for COVID-19. The analysis of the
complete series is ongoing.

Future perspective
Safe EGFR-targeting drugs might also be used to treat acute respiratory distress syndrome, associated with acute
hypoxemia, pulmonary damage and fibrosis.
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Summary points

e In COVID-19, EGFR is upregulated in the type Il alveolar epithelial cells after the STAT-1 reduction and the acute

lung damage.

EGFR overexpression further activates STAT-3 and increases lung pathology.

The EGFR pathway is also one the major nodes in pulmonary fibrosis.

Nimotuzumab is a humanized antibody that recognizes EGFR.

Three severe or moderate COVID-19 patients with multifocal interstitial pneumonia were treated with

nimotuzumab in combination with antiviral, anticoagulant and steroid therapy.

Treatment was safe and no adverse events were detected.

e Nimotuzumab, combined with the standard of care, reduced circulating IL-6 concentrations in the 3 COVID-19
patients.

e Other inflammatory markers (ferritin, LDH, CRP and neutrophil-lymphocyte ratio) also declined after antibody
therapy.

e The three patients showed rapid clinical and radiological improvement.

e Safe anti-EGFR antibodies like nimotuzumab may modulate COVID-19 associated hyperinflammation and prevent
of fibrosis.

Author contributions

T Crombet, M Ramos Suzarte, D Saavedra Hernandez and AL Ané-Kouri designed the clinical trial, informed consent and CRFs of
the expanded access trial; AA Abdo, J Pi Avila, R Machado, J Jordan, G Pérez and JA Gutiérrez administered the experimental drug
plus SOC and followed the COVID-19 patients at the hospital intensive care unit; AA Abdo and T Crombet drafted the manuscript.
All authors reviewed and approved the final manuscript

Acknowledgments
The authors are very grateful to all physicians, nurses and general staff working with hospitalized COVID-19 patients.

Financial & competing interests disclosure
This study was funded by the Cuban Ministry of Health and the Center of Molecular Immunology. The authors have no other
relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the
subject matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

The authors state that they have followed the principles outlined in the Declaration of Helsinki for human experimental investiga-
tions. The study was approved by an ethical review board and by the National Regulatory Agency. All patients provided informed
consent for the investigational treatment and for publication.

Data sharing statement

The authors certify that this manuscript reports original clinical trial data on three patients (RPCEC00000369). Individual participant
data that underlies the results reported in the article, after de-identification are available along with the study protocol. The data
will be available 9 months after article publication and will end 36 months following article publication. The information will be
shared with investigators whose proposed use of the data has been approved by an independent review committee identified
for this purpose and for individual participant data meta-analysis. Proposals may be submitted up to 36 months following article
publication. After this date the data will be available in our data warehouse but without investigator support other than deposited
metadata. Information regarding submitting proposal and accessing data may be found at https:/rpcec.sld.cu/ensayos/RPCEC0O0
000369-Sp. or https:/rpcec.sld.cu/en/trials/RPCEC00000369-En.

Open access
This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,
visit http://creativecommons.org/licenses/by-nc-nd/4.0/

10.2217/imt-2021-0269 Immunotherapy (Epub ahead of print) future science group


https://rpcec.sld.cu/ensayos/RPCEC00000369-Sp
https://rpcec.sld.cu/en/trials/RPCEC00000369-En
http://creativecommons.org/licenses/by-nc-nd/4.0/

Nimotuzumab for COVID-19: case series  Case Series

References

Papers of special note have been highlighted as: e of interest; e of considerable interest

1.

11.

12.

15.

16.

18.

20.

21.

22.

23.

24.

Giovanetti M, Benedetti F, Campisi G ez a/. Evolution patterns of SARS-CoV-2: snapshot on its genome variants. Biochem. Biophys. Res.
Commun. 538, 88-91 (2021).

Matsuyama T, Kubli SP, Yoshinaga SK, Pfeffer K, Mak TW. An aberrant STAT pathway is central to COVID-19. Cell Death Differ.
27(12), 32093225 (2020).

Discloses the expression of EGFR after reduction of STAT-1 and lung damage.

Talukdar S, Emdad L, Das SK, Fisher PB. EGFR: an essential receptor tyrosine kinase-regulator of cancer stem cells. Adv. Cancer Res.
147, 161-188 (2020).

Explains the role of EGFR in the regulation of cancer stem cells.

Mendelsohn J, Baselga J. Epidermal growth factor receptor targeting in cancer. Semin. Oncol. 33(4), 369-385 (2000).

Overview of the role of EGFR in cancer development.

Butt Y, Kurdowska A, Allen TC. Acute lung injury: a clinical and molecular review. Arch. Pathol. Lab. Med. 140(4), 345-350 (2016,).
Finigan JH, Downey GP, Kern JA. Human epidermal growth factor receptor signaling in acute lung injury. Am. /. Respir. Cell Mol. Biol.
47(4), 395-404 (2012).

Huppert LA, Matthay MA, Ware LB. Pathogenesis of acute respiratory distress syndrome. Semin. Respir. Crit. Care Med. 40(1), 31-39
(2019).

Ohmori T, Yamaoka T, Ando K ez al. Molecular and clinical features of EGFR-TKI-associated lung injury. Inz. J. Mol. Sci. 22(2), 792
(2021).

Chen HY, Lin CH, Chen BC. ADAM17/EGFR-dependent ERK activation mediates thrombin-induced CTGF expression in human
lung fibroblasts. Exp. Cell Res. 370(1), 39-45 (2018).

Ingram JL, Bonner JC. EGF and PDGF receptor tyrosine kinases as therapeutic targets for chronic lung diseases. Curr. Mol. Med. 6(4),
409-421 (2006).

Ishii Y, Fujimoto S, Fukuda T. Gefitinib prevents bleomycin-induced lung fibrosis in mice. Am. J. Respir. Crit. Care Med. 174(5),
550-556 (20006).

Liu N, Guo JK, Pang M e al. Genetic or pharmacologic blockade of EGFR inhibits renal fibrosis. /. Am. Soc. Nephrol. 23(5), 854-867
(2012).

Martin R, Gutierrez B, Cordova C ez al. Secreted phospholipase A2-IIA modulates transdifferentiation of cardiac fibroblast through
EGEFR transactivation: an inflammation-fibrosis link. Cells 9(2), 396 (2020).

Naccache JM, Gibiot Q, Monnet I ¢¢ a/. Lung cancer and interstitial lung disease: a literature review. J. Thorac. Dis. 10(6), 3829-3844
(2018).

Stolarczyk M, Scholte B]. The EGFR-ADAM17 axis in chronic obstructive pulmonary disease and cystic fibrosis lung pathology.
Mediators Inflamm. 2018, 1067134 (2018).

Vallath S, Hynds RE, Succony L, Janes SM, Giangreco A. Targeting EGFR signalling in chronic lung disease: therapeutic challenges and
opportunities. Eur. Respir. J. 44(2), 513-522 (2014).

Venkataraman T, Coleman CM, Frieman MB. Overactive epidermal growth factor receptor signaling leads to increased fibrosis after

severe acute respiratory syndrome coronavirus infection. /. Virol. 91(12), €00182-17 (2017).

Venkataraman T, Frieman MB. The role of epidermal growth factor receptor (EGFR) signaling in SARS coronavirus-induced
pulmonary fibrosis. Antiviral Res. 143, 142-150 (2017).

Explains the role of the EGFR pathway in pulmonary fibrosis, mucus secretion, inflammatory response and tissue repair.
Vagapova ER, Lebedev TD, Prassolov VS. Viral fibrotic scoring and drug screen based on MAPK activity uncovers EGFR as a key
regulator of COVID-19 fibrosis. Sci. Rep. 11(1), 11234 (2021).

Ahsan N, Rao RSP, Wilson RS ez a/. Mass spectrometry-based proteomic platforms for better understanding of SARS-CoV-2 induced
pathogenesis and potential diagnostic approaches. Proteomics 21(10), €2000279 (2021).

Alnajeebi AM, Alharbi HFH, Alelwani W ez 2. COVID-19 candidate genes and pathways potentially share the association with lung
cancer. Comb. Chem. High Throughput Screen. doi:10.2174/1386207324666210712092649 (2021) (Epub ahead of print).

Camara AB, Brandao IA. The main receptors involved with COVID-19: a systematic review and meta-analysis. Curr. Med. Chem.
28(34), 7157-7184 (2021).

More SA, Patil AS, Sakle NS, Mokale SN. Network analysis and molecular mapping for SARS-CoV-2 to reveal drug targets and
repurposing of clinically developed drugs. Virology 555, 10-18 (2021).

Prakash H, Skiada A, Paul RA, Chakrabarti A, Rudramurthy SM. Connecting the Dots: Interplay of Pathogenic Mechanisms between
COVID-19 Disease and Mucormycosis. /. Fungi (Basel) 7(8), 616 (2021).

future science group

10.2217/imt-2021-0269



Case Series  Abdo Cuza, Pi Avila, Machado Martinez et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

Sacar Demirci MD, Adan A. Computational analysis of microRNA-mediated interactions in SARS-CoV-2 infection. Peer/ 8, €9369
(2020).

Mateo C, Moreno E, Amour K, Lombardero J, Harris W, Perez R. Humanization of a mouse monoclonal antibody that blocks the
epidermal growth factor receptor: recovery of antagonistic activity. fmmunotechnology 3(1), 71-81 (1997).

Crombet T, Osorio M, Cruz T ¢t al. Use of the humanized anti-epidermal growth factor receptor monoclonal antibody h-R3 in
combination with radiotherapy in the treatment of locally advanced head and neck cancer patients. /. Clin. Oncol. 22(9), 1646-1654
(2004).

Crombet-Ramos T, Rak J, Perez R, Viloria-Petit A. Antiproliferative, antiangiogenic and proapoptotic activity of h-R3: a humanized
anti-EGFR antibody. /nt. J. Cancer 101(6), 567-575 (2002).

Crombet Ramos T, Mestre Fernandez B, Mazorra Herrera Z, Iznaga Escobar NE. Nimotuzumab for patients with inoperable cancer of

the head and neck. Front. Oncol. 10, 817 (2020).

De Castro Junior G, Segalla JG, De Azevedo S] et al. A randomised Phase II study of chemoradiotherapy with or without nimotuzumab
in locally advanced oesophageal cancer: NICE trial. Eur. J. Cancer 88, 21-30 (2018).

Kumar A, Chakravarty N, Bhatnagar S, Chowdhary GS. Efficacy and safety of concurrent chemoradiotherapy with or without
nimotuzumab in unresectable locally advanced squamous cell carcinoma of head and neck: prospective comparative study — ESCORT-N

study. South Asian J. Cancer 8(2), 108-111 (2019).

Massimino M, Biassoni V, Miceli R et /. Correction to: results of nimotuzumab and vinorelbine, radiation and re-irradiation for diffuse

pontine glioma in childhood. /. Neurooncol. 138(3), 679-680 (2018).

Perez R, Moreno E, Garrido G, Crombet T. EGFR-targeting as a biological therapy: understanding nimotuzumab’s clinical effects.
Cancers (Basel) 3(2), 2014-2031 (2011).

Qu L, Wang JH, Du JX, Kang P, Niu XQ, Yin LZ. Use of nimotuzumab combined with cisplatin in treatment of nasopharyngeal
carcinoma and its effect on expressions of VEGF and MMP-2. Clin. Transl. Oncol. 23(7), 1342-1349 (2021).

Yamamoto N, Harada H, Okamoto I ez /. Phase 2 study of nimotuzumab in combination with concurrent chemoradiotherapy in
patients with locally advanced non-small-cell lung cancer. Clin. Lung Cancer 22(2), 134-141 (2021).

Zhou C, Zhu L, Ji ] et al. EGFR high expression, but not KRAS status, predicts sensitivity of pancreatic cancer cells to nimotuzumab
treatment in vivo. Curr. Cancer Drug Targets 17(1), 89-97 (2017).

Braun DA, Fribourg M, Sealfon SC. Cytokine response is determined by duration of receptor and signal transducers and activators of
transcription 3 (STAT3) activation. /. Biol. Chem. 288(5), 2986-2993 (2013).

Elkamhawy A, Hassan AHE, Paik S ez 2/. EGFR inhibitors from cancer to inflammation: discovery of
4-fluoro-N-(4-(3-(trifluoromethyl) phenoxy) pyrimidin-5-yl)benzamide as a novel anti-inflammatory EGFR inhibitor. Bioorg. Chem. 86,
112-118 (2019).

Garbers C, Kuck F, Aparicio-Siegmund S ez /. Cellular senescence or EGFR signaling induces Interleukin 6 (IL-6) receptor expression
controlled by mammalian target of rapamycin (mTOR). Cell Cycle 12(21), 3421-3432 (2013).
Hirano T. IL-6 in inflammation, autoimmunity and cancer. Int. Immunol. 33(3), 127-148 (2021).

Huang P, Xu X, Wang L, Zhu B, Wang X, Xia J. The role of EGF-EGFR signalling pathway in hepatocellular carcinoma inflammatory
microenvironment. /. Cell. Mol. Med. 18(2), 218-230 (2014).

Nakayama I, Higa-Nakamine S, Uehara A, Sugahara K, Kakinohana M, Yamamoto H. Regulation of epidermal growth factor receptor
expression and morphology of lung epithelial cells by interleukin-1p. /. Biochem. 168(2), 113123 (2020).

Ramu A, Kathiresan S, Ramadoss H, Nallu A, Kaliyan R, Azamuthu T. Gramine attenuates EGFR-mediated inflammation and cell
proliferation in oral carcinogenesis via regulation of NF-kappaB and STAT3 signaling. Biomed. Pharmacother. 98, 523-530 (2018).

Ray K, Ujvari B, Ramana V, Donald J. Cross-talk between EGFR and IL-6 drives oncogenic signaling and offers therapeutic
opportunities in cancer. Cytokine Growth Factor Rev. 41, 18-27 (2018).

Rayego-Mateos S, Rodrigues-Diez R, Morgado-Pascual JL ez al. Role of epidermal growth factor receptor (EGFR) and its ligands in
kidney inflammation and damage. Mediators Inflamm. 2018, 8739473 (2018).

Shan X, Zhang Y, Chen H et 4/. Inhibition of epidermal growth factor receptor attenuates LPS-induced inflammation and acute lung
injury in rats. Oncotarget 8(16), 26648-26661 (2017).

Stewart CA, Gay CM, Ramkumar K ez 2/. Lung cancer models reveal severe acute respiratory syndrome coronavirus 2-induced
epithelial-to-mesenchymal transition contributes to coronavirus disease 2019 pathophysiology. /. Thorac. Oncol. 16(11), 1821-1839
(2021).

Wang L, Huang Z, Huang W ez a/. Inhibition of epidermal growth factor receptor attenuates atherosclerosis via decreasing inflammation
and oxidative stress. Sci. Rep. 8, 45917 (2017).

Wang Y, Van Boxel-Dezaire AH, Cheon H, Yang J, Stark GR. STAT3 activation in response to IL-6 is prolonged by the binding of IL-6
receptor to EGF receptor. Proc. Natl Acad. Sci. USA 110(42), 16975-16980 (2013).

10.2217/imt-2021-0269

Immunotherapy (Epub ahead of print) future science group



Nimotuzumab for COVID-19: case series  Case Series

50. Woodworth CD, Michael E, Marker D, Allen S, Smith L, Nees M. Inhibition of the epidermal growth factor receptor increases
expression of genes that stimulate inflammation, apoptosis, and cell attachment. Mo/ Cancer Ther 4(4), 650-658 (2005).

51. Parasher A. COVID-19: current understanding of its pathophysiology, clinical presentation and treatment. Postgrad. Med. ]. 97(1147),
312-320 (2021).

e  Overview of the COVID-19 pathophysiology.

52. Stasi C, Fallani S, Voller F, Silvestri C. Treatment for COVID-19: an overview. Eur. J. Pharmacol. 889, 173644 (2020).

ee Discussion of the COVID-19 treatment alternatives.

53. Caballero A, Filgueira LM, Betancourt ] ez al. Treatment of COVID-19 patients with the anti-CDG6 antibody itolizumab. Clin. Transl.
Immunology 9(11), e1218 (2020).

54.  Group RC. Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-label,
platform trial. Lancer 397(10285), 1637-1645 (2021).

55.  Group RC, Horby P, Lim WS ¢z al. Dexamethasone in hospitalized patients with COVID-19. N. Engl. J. Med. 384(8), 693-704 (2021).

56. Kalil AC, Patterson TF, Mehta AK et a/. Baricitinib plus remdesivir for hospitalized adults with covid-19. N. Engl. J. Med. 384(9),
795-807 (2021).

57. Khan MA, Khan ZA, Charles M ¢ al. Cytokine storm and mucus hypersecretion in COVID-19: review of mechanisms. /. Inflamm. Res.
14, 175-189 (2021).

58. Marconi VC, Ramanan AV, De Bono §S ez a/. Efficacy and safety of baricitinib for the treatment of hospitalised adults with COVID-19
(COV-BARRIER): a randomised, double-blind, parallel-group, placebo-controlled Phase 3 trial. Lancet Respir.
Med. doi:10.1016/52213-2600(21)00331-3 (2021) (Epub ahead of print).

future science group 10.2217/imt-2021-0269




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


