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Medical specialties utilizing FDA-approved
biologics

• cardiovascular disease
• neurology
• rheumatology
• nephrology
• gastroenterology
• dermatology
• ophtalmology
• oncology
• metabolic conditions
• infections
• transplant
• hematology
• pneumology



Biological and Small Molecule
Targeted Immunomodulatory Therapies

• TNF- INHIBITORS 

• ANTI-T LYMPHOCYTE THERAPIES

• ANTI-B LYMPHOCYTE ANTIBODIES

• COMBINATION LYMPHOCYTE-DEPLETING AGENTS

• IL-1 PATHWAY INHIBITORS  

• DRUGS TARGETING IL-4 

• AGENTS TARGETING IL-5 AND IgE

• IL-6-TARGETED AGENTS 

• IL-12/IL-23 PATHWAY INHIBITORS IL-17-TARGETED AGENTS

• TYROSINE KINASE INHIBITOR 

• JAK INHIBITORS

• BTK INHIBITORS 

• PI3K INHIBITORS

• BCR-ABL INHIBITORS

• Syk INHIBITORS

• ALK INHIBITORS

• INTEGRIN INHIBITORS

• IMMUNE CHECKPOINT INHIBITORS 

• COMPLEMENT PATHWAY INHIBITORS
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Temporal Pattern of Cardiovascular Risk after the Onset of Acute Infection



Myocardial infarction and viral triggers 

Summary of estimates of the main studies evaluating 
viral infection and myocardial infarction risk 

Summary of estimates of the selected studies evaluating non-
respiratory viral infection and myocardial infarction risk, not 
necessarily as a trigger. 

Daniel Caldeira and Beatriz Nogueira-Garcia European Heart Journal 2023 



Influenza Infection and 
Acute
Myocardial Infarction

Relative Incidence of Acute Myocardial Infarction 
and Influenza Infection: Primary Analysis and 
Subgroup Analysis

Annemarijn R. de Boer et al. NEJM Evid 2024

Conclusions
Influenza infection was associated with increased 
risk of acute myocardial infarction, especially in 
individuals without a prior admission for coronary 
artery disease



Association between influenza vaccination and risk of 
stroke in Alberta, Canada: a population-based study 

Interaction plots of the effects of 
demographic covariates and influenza 
vaccination on stroke risk 

Jessalyn K Holodinsky et al, Lancet Public 
Health 2022



Influenza vaccine effect on risk of stroke
occurrence: a systematic review and meta-analysis

Zahhar JA, et al. 
2024. Front. Neurol. 

Forest plot showing the 
effectiveness of influenza 
vaccine on stroke 
incidence/hospitalization 

Forest plot showing the 

effectiveness of influenza 

vaccine on mortality in stroke 
patients 



Effect of Pneumococcal Vaccine on Mortality and 
Cardiovascular Outcomes: A Systematic Review and 
Meta-Analysis

Forest plot of primary outcome: all-cause mortality
Forest plot of secondary outcomes including MI, 
CV mortality, and stroke



Increased Stroke Risk Following Herpes Zoster 
Infection and Protection With Zoster Vaccine 

Multivariable Analysis for Odds of Stroke 30 
Days Postevent

Ganapathi Iyer Parameswaran et al. 2023, Clinical Infectious Diseases



Zoster Vaccine Lowers Stroke and Myocardial
Infarction Risk in Chronic Disease

Risk of stroke for vaccinated persons by 
comorbid indications

Multiariable Logistic Regression Models Predicting Stroke and MI Helm et al / Am J Prev Med 2024



Disease activities before and after RZV 
administration

Kojima S, et al. RMD Open 2024



RZV effectiveness data in RA patients above 50 
YOA



RZV effectiveness data in RA patients above 50 
YOA EPI-ZOSTER- 097

Age Group RZV Cohort
IR (95% CI)

Non-RZV Cohort
IR* (95% CI)

VE (%, 95% CI)

Overall (N=49,644) 5.87 (4.90–6.97) 15.79 (14.79–16.84) 62.8 (55.3–69.1)

50–59 years (N=6699) 3.68 (1.68–6.99) 15.34 (12.48–18.66) 76.0 (52.5–87.9)

60–69 years (N=16,945) 6.12 (4.43–8.25) 15.45 (13.73–17.33) 60.5 (45.6–71.3)

70–79 years (N=19,250) 6.50 (4.96–8.37) 16.60 (15.02–18.29) 60.8 (48.7–70.1)

≥80 years (N=7499) 5.22 (3.09–8.25) 14.62 (12.23–17.33) 63.8 (40.7–77.9)
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The table has been reproduced from Constenla D, et al, with permission from the author.

IR was defined as incidence/1000PY.

HZ, herpes zoster; IR, incidence rate; N, number of patients in each cohort; PY, person-year; RA, rheumatoid arthritis; RZV, recombinant zoster vaccine; VE, vaccine effectiveness; YOA, years of age

Constenla D, et al. EULAR 2024; Vienna, Austria. Abstract 2950.

Patients aged ≥50 years with RA who received 2 doses of RZV, ≥28 days apart, were matched 1:3 to unvaccinated counterparts by age, medication category, 
and other confounders

0 5 10 15 20

Incidence/1000 PY (95% CI)

IRs of HZ and overall VE stratified by age (2-dose cohort)



RZV effectiveness data in RA patients above 50 
YOA

17

The table has been reproduced from Constenla D, et al, with permission from the author.

IR was defined as incidence/1000PY; †All <5 mg prednisone or equivalent; ‡Any ≥5 mg prednisone or equivalent. 

DMARD, disease-modifying anti-rheumatic drug; HZ, herpes zoster; IR, incidence rate; N, number of patients in each cohort; NSAID, nonsteroidal anti-inflammatory drug; PY, person-year; RA, rheumatoid arthritis; RZV, 
recombinant zoster vaccine; VE, vaccine effectiveness; YOA, years of age

Constenla D, et al. EULAR 2024; Vienna, Austria. Abstract 2950.

Medication Category RZV Cohort
IR* (95% CI)

Non-RZV Cohort
IR* (95% CI)

VE (%, 95% CI)

No treatment or NSAlDs or low-
dose steroids† (N=11,737) 

2.95 (1.61–4.95) 10.68 (8.98–12.61) 72.3 (52.0–84.0)

Conventional DMARDs
(N=14,676) 

5.83 (4.13–8.00) 14.02 (12.31–15.91) 58.5 (41.6–70.6)

Biologics
(N=4572) 

7.07 (3.86–11.86) 15.46 (12.26–19.24) 53.7 (18.2–73.7)

High-dose systemic steroids‡

(N=19,413) 
6.58 (4.94–8.58) 18.19 (16.44–20.07) 63.9 (52.0–72.8)

Janus kinase inhibitors
(N=1781) 

14.43 (6.92–26.53) 41.43 (32.59–51.93) 65.6 (33.4–82.2)

IRs of HZ and overall VE stratified by medication category (2-dose cohort)

0 5 10 15 20 25 30 35 40 45 50 55

Incidence/1000 PY (95% CI)

RZV vaccination was found to be effective in preventing HZ in this population having an increased risk of HZ with associated 
complications due to age and immunosuppressive therapy

EPI-ZOSTER- 097



Annual VE of RZV against HZ in participants ≥50 YOA at vaccination
pooled ZOE-50/70 and mTVC-LTFU and Control group)
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• This graph has been independently created by GSK.

CI, confidence intervals; HC, historical controls; HZ, herpes zoster; mTVC, modified total vaccinated cohort (participants receiving 2 doses without confirmed HZ within 30 days post-dose 2); N, number of individuals included in each group; n, number of individuals having at least 
1 confirmed HZ episode; LTFU, long-term follow-up; RZV, recombinant zoster vaccine; VE, vaccine efficacy; Y, year; YOA, years of age. $ ; Randomized Control group in ZOE-LTFU for revaccination with 1 or 2 additional doses of RZV and does NOT refer to historical controls used 
for VE assessment. ^ In ZOE-LTFU, VE analysis against first or only HZ episode was descriptive and conducted in mTVC using Poisson regression. * Participants from RZV group in ZOE-50/70 were used for year 1–4 and participants from ZOE-LTFU follow-up and the Control group 
in ZOE-LTFU were used for Year 6 onwards. ** Participants from the Placebo groups in ZOE-50/70 were used for year 1–4 and participants in Placebo groups in ZOE-50/70 were used to form the historical control data for Year 6 onwards in ZOE-LTFU. VE estimates were adjusted 
for region. *** Gap between ZOE-50/70 and ZOE-LTFU, VE was not estimated in Y5. † N and years of follow-up assumed to be the same as for RZV group over ZOE-LTFU study (Y6 onwards). 
Strezova A, et al. ECCMID 2024; Barcelona, Spain. Abstract number: 09154.

n/N (RZV*) 3/13,881 10/13,569 9/13,185 10/12,757 10/7258 10/7083 10/6857 15/6627 15/6239 9/5849

n/N† (Placebo 
or HC**)

130/14,035 136/13,564 116/13,074 95/12,517 62/7258 61/7083 58/6857 57/6627 53/6239 50/5849

ZOE-50/70 ZOE-LTFU

***

(mTVC



Safety of the Zoster Vaccine Recombinant Adjuvanted in Rheumatoid 
Arthritis and Other Systemic Rheumatic Disease Patients

Flare rate of 403 study subjects at a single-center
investigation of the safety of the zoster vaccine 
recombinant

Emma Stevens et al. ACR Open Rheumatology 2020

Baseline characteristics of 403 study subjects



Safety of recombinant zoster vaccine: a
retrospective study of 622 rheumatology patients

Statistical analysis of risk factors for IMID flare after RZV



Survival analysis of the time to flare in the 12-week time 
period following the first and the second dose of RZV  dose

Tiphaine Lenfant et al. Rheumatology 2021



Safety and Healthcare Use Following COVID-19 Vaccination Among 
Adults With Rheumatoid Arthritis: A Population-Based Self-Controlled 
Case Series Analysis

Risk of AESIs and health services use in the postvaccination periods in adults with RA and non-RA matched comparators

Jennifer J.Y. Lee et 
al. The Journal of 
Rheumatology 
2024



Real-World Coverage With Influenza, Pneumococcal, and Herpes 
Zoster Vaccines Among Patients With Rheumatic Diseases in a 
Nationwide Healthcare Plan

Age-specific vaccine coverage among patients with RA, PsA, and/or SLE Tvictoria Furer et al. he Journal of Rheumatology 2024



COVID-19 Vaccination Perceptions in Patients With 
Rheumatic Disease: A Cross-Sectional Online Survey 

Concerns of patients 
with rheumatic 
disease related to 
COVID-19 infection 
and vaccines, and 
perceptions regarding 
communication, 
information, and 
influence of their 
HCPs 

Imana N, Burr et al. The Journal of
Rheumatology 2023



Vaccination coverage and 
attitude in AIIRD patients

Parients
210

DTP Men B Men
ACWY

Pneumo Flu Zoster MPR

Vaccinated 20
(9.5%)
10 aa

2
(0.95%)

19
9.0%

29
(13.8%)

31
(14.7%)

2
(0.95%)

ND

Not
vaccinated

190
(90.5%)

208
(99.05%)

191
(91%)

181
(86.2%)

179
(86.3%)

208
(99.05%)

ND

Subsequent
Adhesion to
vaccination

180
(94.7%)

23 24 169
(93.4%)

210
(100%)

208
(99.05%)

NA

Subsequent
refusal of
vaccination

10
(5.3%)

3 2 12
(6.6%)

0
(0%)

NA NA

PRISMA

F. Atzeni, 
A. Mutti, 
B. P  Sarzi Puttini



Vaccine implementation

• Involvement of general practitioners

• Scientific formation of the specialists

• Identification of susceptible subjects needing vaccination

• Grant proactive vaccine offer

• Free vaccinations

• Easy access to vaccination

• Infectivologist consultation



Baseline characteristics of 
study participants included
in the intention-to-treat
analysis

https://www.google.com/url?sa=i&url=https://www.thelancet.com/journals/lanrhe/home&psig=AOvVaw2ZM6Mww0vCfCevTWYFI5D_&ust=1618399760431000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOiHq4iP--8CFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https://www.thelancet.com/journals/lanrhe/home&psig=AOvVaw2ZM6Mww0vCfCevTWYFI5D_&ust=1618399760431000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOiHq4iP--8CFQAAAAAdAAAAABAE


Seroconversion in the modified intention-to-
treat population at day 28

For patients with RMD age ≥65 years and patients with RMD age >18 and <65 years who are taking
immunosuppressive medication, giving high‐dose or adjuvanted influenza vaccination is conditionally
recommended over giving regular‐dose influenza vaccination.

2022 American College of Rheumatology Guideline for Vaccinations



Laboratory-confirmed influenza infection in 
patients randomized to high-dose influenza 
vaccine versus standard-dose influenza vaccine



Herpes Zoster Recurrence

Following an initial HZ episode, individuals remain at risk of HZ 
recurrence. 

• General population studies estimate that approximately 10% of 
individuals may experience an HZ recurrence in the first decade after 
an initial HZ episode

• Multiple recurrences are observed in up to 25% of this group 

• The risk of recurrence increases in women, immunocompromised 
populations, and populations with comorbidities. Other factors that 
may predispose individuals to recurrence include longlasting pain after 
the initial HZ episode and the presence of HZO



Respiratory syncytial virus

• RSV is a leading cause of acute respiratory tract infection, including URTI and 
LRTI 

• RSV infection is transmitted by direct or indirect contact, with infection rates 
typically peaking in colder months in temperate climates. 

• Globally, prior to the COVID-19 pandemic, LRTIs represented the fourth 
cause of overall disability-adjusted life-years at all ages, and RSV was the 
second most common aetiology

• The burden of RSV infection is highest in children aged <5 years (global 
incidence 17.0 per 1000 people), older adults (global incidence 6.3 per 1000 
people aged >70 years) and adults with underlying comorbidities (such as 
the immunocompromised and those with an underlying chronic 
cardiopulmonary disease), who are at risk of severe outcomes of infection



Based on 29 studies, the estimated RSV infection CFP was 9.88%, with 
substantial heterogeneity observed between studies

Case fatality proportion among RSV-positive high-risk groups
Nguyen-Van-Tam JS, et al. Eur
Respir Rev 2022



Global burden and trends of respiratory syncytial virus 
infection across different age groups from 1990 to 2019: A 
systematic analysis of the Global Burden of Disease 2019 Study 

Global mortality and DALYs counts 
and rates due to respiratory syncytial 
virus infection in 1990 and 2019, by 
age group. (A) Number of deaths; (B) 
Mortality rate; (C) Number of DALYs; 
(D) DALYs rate. DALYs, disability-
adjusted life years. 



Global burden and trends of respiratory 
syncytial virus infection across different age 
groups from 1990 to 2019

Mortality and DALYs rates due to 
respiratory syncytial virus infection in 
different SDI regions in 1990 and 2019, 
by age group 

Age effect 
Age-period-cohort model analysis of the 
mortality and DALYs rates of respiratory 
syncytial virus infection globally 
between 1990 and 2019

Y. Du, et al. International Journal of Infectious Diseases 2023 



The disease burden of respiratory 
syncytial virus in older adults

RSV burden among older adults in community studies RSV burden among older adults in inpatient studies

Sebastien Kenmoea and Harish Nair, Curr Opin Infect Dis 2024



The Annual Economic Burden of Respiratory 
Syncytial Virus in Adults in the United States

Estimates of health and economic burden of RSV in US adults aged ≥60 years. A, 
morbidity and mortality. B, Societal economic burden, inclusive of direct medical costs 
and indirect medical costs. 

Justin Carrico et al. The Journal of 
Infectious Diseases 2024



One-way sensitivity analysis results for RSV 
economic burden in adults aged ≥60 years

Justin Carrico et al. The Journal of Infectious Diseases 
2024



Efficacy and Safety of an mRNA-Based RSV PreF Vaccine in Older Adults 

Cumulative 
Incidence of 
RSV-
Associated 
Lower 
Respiratory 
Tract Disease 
and RSV-
Associated 
Acute 
Respiratory 
Disease 

Solicited Local and Systemic Adverse Reactions

E. Wilson, et al. N Engl J Med 2023



mRNA-Based RSV PreF Vaccine

• Indicazioni terapeutiche 
Arexvy è indicato per l’immunizzazione attiva per la 
prevenzione della malattia del tratto respiratorio inferiore 
(LRTD) provocata dal virus respiratorio sinciziale in: 

• adulti di età pari o superiore a 60 anni; 
• adulti di età compresa tra 50 e 59 anni che sono a maggior 

rischio di malattia da RSV. 



Meningococcal disease: key facts

• In 2018, 3 233 confirmed cases of invasive meningococcal disease (IMD), including 324 deaths, were 
reported in 30 European Union/European Economic Area (EU/EEA) Member States. 

• France, Germany, Spain, and the United Kingdom accounted for 59% of all confirmed cases in 2018. 

• The notification rate of IMD was 0.6 cases per 100 000 population, similar to the 2015-2017 period. 

• Age-specific rates were highest in infants, followed by 1-4-year-olds, with a second peak 
in 15-24-year-olds. 

• Serogroup B remains the major cause of IMD. It caused 51% of cases overall and was the dominating 
serogroup in all age groups below 65 years. Incidence remained stable between 2014 and 2018. 

• The incidence of serogroups W and Y has been increasing. Serogroup W is now the second cause of IMD 
reported in 18% of cases. 

• The continued strengthening of disease surveillance for IMD is essential to evaluate 
the impact of ongoing immunisation programmes and support decision-makers concerning vaccination 
strategies. 



Distribution of confirmed invasive meningococcal disease cases and 
rates per 100.000 population by country, EU/EEA, 2014–2018 



IMD in Italia

• Nel 2021 sono stati segnalati 26 casi di malattia invasiva da meningococco; nel 2020 e 2019  ne sono stati 
segnalati 74 e 190, rispettivamente. 

• Nel periodo di riferimento, l’incidenza delle malattie invasive da meningococco in Italia  è stata di 0,32 
casi/100.000 abitanti nel 2019 e 0,12 casi/100.000 abitanti nel 2020; nel 2021  il valore è sceso a 0,04 
casi/100.000 abitanti.

• Nel 2021 l’incidenza (x 100.000 abitanti) della malattia invasiva da meningococco è risultata maggiore nei neonati 
<1 anno (1,48) e, a seguire, nella fascia degli adolescenti/giovani adulti  di 15-24 anni (0,07) e nei bambini di 1-4 
anni (0,06).

• I meningococchi di sierogruppo C e quello B sono i più frequenti in Italia. Il sierogruppo B  è stato il più 
frequentemente riscontrato, circa il 51% nel 2019 ed in crescita rispetto al biennio precedente (41% nel 2017 e 
45% nel 2018). 

• Nella classe di età 0-4 anni il sierogruppo B rappresenta l’81% dei casi (65% nel 2017 e 69%  nel 2018), seguito 
dal sierogruppo C 15% (16% nel 2017 e 15% nel 2018) e dal sierogruppo Y 4% (13% nel 2017 e 8% nel 2018). 

• Anche nella fascia di età dei giovani adulti 15-24 anni, il sierogruppo B è il più frequente, 45% (56% nel 2017 e 
52% nel 2018), seguito dal sierogruppo C 31% (16% nel 2017 e 34% nel 2018).

Istituto Superiore di Sanità
EpiCentro - L'epidemiologia per la 
sanità pubblica

https://www.epicentro.iss.it/


Eculizumab for treating AQP4-antibody-positive 
NMOSD

Safety data are available from a small pilot study, the placebo-controlled pivotal trial PREVENT, and its open-label extension 
(OLE) study

Most common AEs were 

• Headache

• Nasopharyngitis (27.6 in 100 PY) 

• Upper respiratory tract and urinary tract infection (25.7 each in 100 PY) 

• Back pain and diarrhoea (12.4 each in 100 PY), 

• Nausea (13.2 in 100 PY), and arthralgia (8.8 in 100 PY). 

• The rate of treatment-related SAEs was 8.0 in 100 PY. 

SAEs included severe infections, which occurred in 25/137 patients, corresponding to 10.2 events in 100 PY. Among these, five
patients suffered from pneumonia,  four patients each from urinary tract infection or cholecystitis, and two patients each from 
cellulitis or sepsis

Giglhuber K, et al. Immunotherapy. 2020
Pittock, S.J. et al. Lancet Neurol. 2013

Pittock SJ, et al. N Engl J Med. 2019;381(7):614-625.
Wingerchuk, D.M. et al.  Ann. Neurol. 2021



Eculizumab is known to especially increase 
the risk of infections with encapsulated bacteria 

• The risk has been estimated to be 2000-fold higher than in the untreated 
population. 

• There have been reports of meningococcal infections despite proper 
vaccination. 

• One NMOSD patient in the pilot study with eculizumab. 

• Neither the PREVENT study nor the OLE observed meningococcal infections. 

• However, one patient in the OLE developed an infection due 
to Neisseria gonorrhoeae. Pittock, S.J. et al. Lancet Neurol. 2013

Wingerchuk, D.M. et al.  Ann. Neurol. 2021
Food and Drug Administration, US SOLIRIS Product Information. 

McNamara, L.A.et al.  MMWR Morb. Mortal. Wkly. Rep. 2017



Search for meningococcal disease cases in eculizumab recipients in the FDA Adverse Event Reporting System 
(FAERS) and the literature (PubMed, Embase) between March 2007 (U.S. approval date) and May 2017

• The series included 47 patients, of whom 15 were taking antibiotic prophylaxis at the time of 
meningococcal disease onset and 32 were not. 

• There were four fatalities due to meningococcal disease (all among patients not taking prophylaxis). 

• All 47 patients reportedly received ≥1 dose of a meningococcal vaccine. 

• Three of 47 patients had ≥1 episode of meningococcal disease (two patients were taking prophylaxis; one 
was not). 

• TTO of first episode of meningococcal disease was reported for 11 of 15 patients taking prophylaxis and 
26 of 32 not taking prophylaxis. 

• Median TTO of first episode of meningococcal disease was 835 days in prophylaxis recipients versus 333 
days in patients not taking prophylaxis. 

• Among patients with susceptibility results available, penicillin non-susceptibility was reported more 
frequently in patients taking prophylaxis (5 of 6 isolates, 83%) than in patients not taking prophylaxis (2 of 
9 isolates, 22%)



Vaccination

Patients with complement deficiency may receive all routine bacterial and viral 
vaccines safely and are not at increased risk for adverse reactions to live-viral 
vaccines. 

It is important to ensure that patients are vaccinated against those diseases for 
which they are at increased risk:

• Meningococcus

• Pneumococcus

• Hib

• Influenza



Serogroup Vaccine 
formulation

Vaccine
type

Vaccine name Manufacturer

B

MenB-fHbp Recombinant Trumenba Pfizer

MenB-4C Recombinant Bexero GlaxoSmithKline

ACWY

MenACWY-DT Conjugate Menactra Sanofi Pasteur

MenACWY-CRM Conjugate Menveo GlaxoSmithKline

MenACWY-TT Conjugate Nimenrix Pfizer

MenACWY-TT Conjugate MenQuadfi Sanofi Pasteur

Vaccini antimeningococco disponibili 
in commercio



Current ACIP recommendations for meningococcal vaccinations 
in adult patients receiving complement C5 inhibitors



Meningococcal vaccination

As conjugated meningococcal vaccines have been shown to reduce 
pharyngeal meningococcal carriage

• vaccination of close household contacts of eculizumab treatment 
candidates, coupled with routine surveillance aimed at 
identification of a Neisseria meningitidis carrier state among 
these contacts. 

• those found to be carriers of Neisseria meningitidis should be 
offered a targeted, susceptibility-based antibiotic course



Problems with vaccine 
efficay

Vaccine efficacy may be impaired by previous IS treatments

• Steroids

• Azathioprine

• Mycophenolate mofetil

• Tocilizumab

• Anti-CD20 moAbs

URGENT NEED FOR VACCINATION EFFICACY AND DURABILITY TRIALS




