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POLYSACCHARIDE AND
CONJUGATED POLYSACCHARIDE

EMBOAIA

Conjugated protein
le.g. tmmjd CRM,,,, protein D)

o ande-
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conjugate vaccines)

. Protein
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Antigenic
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(e.g. Influenza vaccines)
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TYNOI EMBOAIQN (1)

Maccine type

Benefits [27,68]

Limitations [27,68]

Examples

Live attenuated vaccines

Inactivated vaccines

#Hrhic natural infection and immune
respanse

Elicit both antibodies and cell-medi-
ated immunity

Life-long immunity possible after 1 or
2 doses

Robust technigue for production

High stability

Impact on carriage

No replication of the inactivated
pathogen

Not contraindicated in immunocom-
promised individuals and pregnant
Woman

Split and subunit protein vaccines (natural or recombinant)

Toxoid vaccines

Al s .
NUTIEITTEL LU S

Low reactogenicity

Vast experience as mature technology

Non-infectious
Used as carrier proteins due to good
immunogenicity

Contraindicated for immunocomprom-
ised individuals and pregnant
women

Less stable over time, heat labile

Possibility to reverse to natural form
(e.g. poliovirus)

Limited immunogenicity, adjuvants
may be required

Multiple primary and booster doses
required to obtain long-term
protection

No or limited innate defence triggers

Often have reduced immunogenicity
compared to whole pathogen
vaccines

For those vaccines with lower
immunogenicity, adjuvants are
often needed

Vaccines only target the toxin and do
not prevent infection by the
pathogen

No herd protection

Priming and boosting necessary

Measles, mumps, rubella, varicella
(Priorix Tetra, ProQuad), rotavirus
(Rotarix, Rotavac), herpes zoster
(Zostavax), influenza (Flumist), oral
poliovirus (OPV), yellow fever
(Stamaril)

Whole-cell pertussis (Tritanrix),
hepatitis A (Havrix, Vagta), rabies
{(Rabipur), tickborne encephalitis
(Encepur), Japanese encephalitis
{Ixiaro), cholera (Dukoral)

Influenza (Fluarix, Fluarix Tetra,
Flulaval, Intanza, Vaxigrip, etc.),
acellular pertussis, hepatitis B
(Engerix B, Recombivax HB),
human papillomavirus (Cervarix,
Gardasil, Gardasil 9), meningococ-
cal B (Bexsero, Trumenba), malaria
{Mosquirix), herpes zoster
(Shingrix)

Tetanus, diphtheria, acellular pertussis
{as part of DTaP combination vac-
cines: Boostrix, Infanrix, Adacel,
etc.)

Vetter V, Annals of Med 2018; 50(2): 110-20



TYNOI EMBOAIQN (11)

Vaccine type Benefits [27,68]

Limitations [27,68]

Examples

[ Polysaccharide vaccin es]
Easily identifiable target

Polysaccharide conjugate vaccines l
Tmproved memory responses leading

to increased protection in infants
Provide a longer duration of protec-

tion than polysaccharide vaccines

due to B- and T-cell responses
lmpact on carriage and transmission

[ Reassortant live attenuated l
enetit from a live infection with a

non-pathogen strain
Cannot cause the original disease,
good safety profile

Improved tolerability due to combin-
ation of low pathogenic virus with
antigen from high pathogenic virus

Weakly immunogenic, elicit only a
transient antibody response giving
a limited duration of protection

Limited immunogenicity in infants

Hyporesponsiveness after repeated
doses

Limited or no impact on carriage

Booster doses may be required to
attain long-term protection

Contraindicated for immunocomprom-
ised individuals

Risk of re-reassortants, especially
when combination of several reas-
sortants [69]

Immunogenicity limited to selected
antigens

Pneumococcal polysaccharide vaccine

(Pneumovax 23), meningococcal

polysaccharide vaccine (Mencevax)

Meningococcal C (Neisvac), A
(MenAfriVac), ACWY (Nimenrix,

Menveo, Menactra), pneumococcal

conjugate vaccine (Prevnar,

Prevnar 13, Synflorix), Haemophilus

influenzae type b (ACT-HIB)

Rotavirus (RotaTeq)

Vetter V, Annals of Med 2018; 50(2): 110-20
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Pro Cons
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Immunocompromised persons vary:
» Nature of immmunodeficiency

» Degree of immunosuppression
» Response to immunization
» Susceptibility to infection

> \Vaccine safety and vaccine efficacy
-»Vaccine benefit

- Recomme@ndations




Common Community Respiratory Viruses in Patients
with Cancer
Movra than Just “Common Colds™
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*" |nimmunocompromised hosts, 30 — 60% of patients with pneumonia remained without a clear-cut
diagnosis

= Some of these undiagnosed cases of idiopathic pneumonia actually were infections involving community-
acquired respiratory viruses (influenza, respiratory syncytial virus (RSV), parainfluenza virus (PIV)

= Immunocompromised hosts have the highest risk of developing life-threatening respiratory infections

Cancer 2003,;97:2576 — 87
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Increased risk of invasive pneumococcal disease

in haematological and solid-organ malignancies Rates of invasive pneumococcal disease (IPD) in patients with
underlying malignancy, 2000-2004

AWONG™ T I MARRIE, S.GARG,L LD KELLNER, G L TYRRELL" und 1he

SPAT Giroup
_ ’/\

A u

IPD cases idence OR (95 % CI) F value
20002004 /cases ate 100 000 compared (two-taibed
of speaficd per year o general Fisher's
alignancy malignancy (95 % CI) population exact test)
Lung cancer 29/20 198 1436 (91-36-195-80) 13-41 (9-30-19-35) < 00011
Multple myeloma 182671 G739 (363-63-954-18) H2-83 (19-56-99-R() < (1H]
Chronic lymphocytic leukaemia 11/8039 1244 (47-34-20145) 12:61 (T-02-22-65) < (001
Acute myeloid leukacmia or 10/ T740 1292 (49-17-209-23) 11-90 (645-21'97) < (M)
acute lvmphoblastic leukaemin
Hodgkin's lvmphoma 4/R343 47-8 (0-97-94-47) 437 (1-70-1126) 0014
Non-Hodgkin's lymphoma 12/18905 B35 2T-57-9%-18) 5B46 (3 34-1025) < (]
K., Odds ratio; CI, confid mterval.

Epidemiol. Infect. (2010), 138: 1804-10



Frequency of various immunocompromising conditions among

Ciinical Infactious Dispases o . . . . . .
R BIDSA e m immunocompromised adults hospitalized with laboratory-
w ik 1 F e Iwksiiaas (ke Sacey of Amenes by wei s oviccmion
confirmed influenza

Outcomes of Immunocompromised Adults Hospitalized
With Laboratory-confirmed Influenza in the United States, o
g 44.1%
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Backgrourd,  Hespitalized nmasecompromizead (10 adulis with inflienzs may have worse outcomes han hespitalized § 800 18 2%
- 10 aidults & .

Methnds,  We identified adulls hospitalized with laboratory-confnmed influenzs durleg 201 1-2015 seasans urough COCS & 600 14.6%
Influenza Hespitalization Survelllance Metwaork, I1C patients had human immunodefency wims (HIV ATDS, cancer, stem o]l oz
argan transplantation, nonsteroid immunosappressive therapy, immumoghebulin deficlency, asplenia, and/or other mre comditions, 200
W codtipased demographic and clinical chasscteristics of 1C and non-1C sdults using descriptive statistica. Multivariable loggtic
regression amd Cox proportional hamsds models controllsd for confounding by patient demagraphic characteristics, pre-mdsting 4.5%
mpedical conditions, influenza vaccination, and other factors. 200 2.6% 2.5%

Berulte,  Amang 35 348 adults, 3633 {10%) were [ ancer (44%), nonsteroid immumosuppressive therapy (4%, and HIV . - 1.1%
(% | wire most compnon, 10 patients were more Hkely than tan-10 patients 1o have received infhienza vaccination (53% va 46%; 0 -
Pz 001 and -85% of hath groups received antivirals, in multivariabio analysis, [C adalts had higher marality (adiusted odds ratio & ‘{* {0" A & & {5;-\ &
[#CPR], 146 85% confidence interval [CT], 1.20- L76). Intensive care was more likely among IO patients §5-79 vears [a0R, 1.25:95% v e o\ 5@7' (.‘5' ;,‘“ Qg,@ o~
1L 1.06-1.48) and those =800 vears (a0OR, 155 95% CL 1086173} comipared with non-1C patients in those age groaps. 1C patients & & L§3’ L’Q\° ¥ _(\6""
were hospltalized longer (adjusted basnd ratio of discharge, 086 95% C1, 83-82) and more 1ikely bo requice mechanical ventilation ‘,i,\"‘e -c&’*? \,\5’5‘\ ‘QS"
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Conchisdonz  Substantizl morbidiey and mortality occarned among 10 adults bodpitaliosd with influenza, Enfuenza vaccination & o o (@3‘\
and antiviral admdinistration could be increased in bioth 1C and non- 12 adults @@“’"\ &

~

**Nonsteroidal immunosuppressive therapy included chemotherapy for cancer (within 2 weeks of admission), antibody-based agents (alemtuzumab,
basiliximab, daclizumab, trastuzumab, rituximab, infliximab, and/or muromonab-CD3), immunosuppressants (cyclosporine, azathioprine, and/or
leflunomide), and antirejection medications (tacrolimus, sirolimus, mycophenolate mofetil, and/or antithymocyte globulin).

CID 2019
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J Clin Wirol. 2011 Mar;50(3):212-6. doi: 10,1016/ jev.2010.11.013. Epub 2010 Dec 17.

Evaluation of pandemic H1N1 (2009) influenza vaccine in adults with solid tumor and
hematological malignancies on active systemic treatment.

Mackay HJ', McGee J, Villa D, Gubbay JB, Tinker LM, Shi L, Kuruvilla J, Wang L, MacAlpine K, Oza AM.

# Author information

Abstract
BACKGROUNDNDver 85% of healthy individuals vacci

OBJECTIVES: We evalua
solid tumor malignancies.

Zed with the pandemic H1N1 (pH1N1) vaccing achieve seroprotection.

unogenicity of pH1N1 vaccine in patients undergoing chemotherapy for hematological and

STUDY DESIGN: Adult patients, receiving chemotherapy undergoing pH1N1 vaccination at our institution had blood samples drawn for CBC
(baseline only) and serology prior to and = 21 days post vaccination. HAI antibody testing was performed for pH1N1 (A/California/7/200%
strain) and seasonal H1 (A/Brisbane/59/07 strain). Seroprotection was defined as a pH1N1 antibody titre = 1:40 and seroconversion as an
antipody titre =4 x baseline. Patients completed a symptom diary card.

R ~PAed samples were available for 46 patients (20 solid tumor, 26 hematological), median age o6 ears. The
eroprotective rate post-vaccination for solid tumors was 50% compared to 27% for hematological malingdwe

SeroCoMersieRatas were 45% and 19% (p=0.06). In patients with solid tumors vaccination mid cycle e i fghest pH1N1 titres,

although timing and blood count were not associated With sereconversion or seroprotection. For hematological patients, a normal leukocyte

count and vaccination at the beginning of a cycle were associated with higher rates of seroconversion (p £ 0.05). Addition of rituximab to
chemotherapy resulted in a failure to seroconvert (p=0.03). Vaccination was well tolerated by all patients.

CONCLUSIONS: Although well tolerated, the seroprotection rate following pH1M1 vaccination is lower than that would be expected. Further
investigation into immunization strategies in patients receiving chematherapy is required.

Copyright @ 2010. Published by Elsevier BV

PMID: 21166361 DO 10.1016/ jev.2010.11.013
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= Total B cells
= Transitional B cells
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1250

cellsiul

* Risk of pneumococcal invasive disease is \
increased both early and late after HSCT, N T N
reaching 30-fold higher risks compared to the " '
general population after 10 years

* Correlates with presence/occurrence of GVHD e s 0

Time (days)

A. Schematic representation of peripheral B-cell development.
B. Hypothetical scheme of B cell subset reconstitution after HSCT

Front. Immunol2019;10:782.doi: 10.3389/fimmu.2019.00782



Early loss of immunity against
measles following allogeneic
hematopoietic stem cell
transplantation

500
400

300

Median 1gG Concentration (mliU/mL)

200
120
100
Decline in measles-specific 1gG
levels before and after 0

allogeneic HSC

Vaccine Inducedimmunity versus Natural Immunity

IQR 341-485

Indicates P=0.05

—— Indicates Protective Value

QR 254- 464

IQR 171-386

IQR 125-263

—+=Matural Immunity
—m-\Vaccine Induced Immunity

IQR 63 -368

b 2

QR 4-36

Before HSCT 3 Months

Post-HSCT

12 Months
Post-HSCT

Garrido G, AJH 2019



NMPQTOMNAGEIZ ANOZOANENAPKEIEZ - EMBOAIA

Type of PID Type of infectious Recommended vaccines Contraindicated vaccines

rnsk

Phagocytic cell defects Bacteral and fungal |Inactivated vaccines

infections

Live attenuated bactenal vaccines |

Live attenuated wiral and bactenal
vaccines in leucocyte adhesion deficiency
and cytotoxic granule-release defect.

Complement deficiencies  Bacteral infections All (probably effective) MNone

TLR and IL-12/1FN- Viral infections (Hsv)  Inactivated vaccines Live attenuated should be given after
gamma signalling Bacterial infections evaluating immune system efficiency
pathway defects. {Mon-ubsrcugous

Mycobactena, non-
typhoidal Salmansiial

Minor antibody Viral infections All Maone
deficiencies (Ig4 (Enteroveus)

deficiency, IgG subclass  Bacterial infections
deficiency, SPAD, ATS)

Major antibody Viral, bacterial and Inactivated influenza Live attenuated vaccines {except to
deficiencies (X-linked fungal infections vaccines and vaccines MMRY in ptz with CD4 = 500 cells/ L.
agammaglobulinemia, based on bacterial CD8 2200 cells/ L and a normal mitogen
CVI. ataxia-telangiectasia polysaccharides response or with CD4 cells/L 225%)
DiGeorge syndrome,

Wiskott—Aldrich

syndrome )

Principi N, Vaccine 2014;32(30)



Type of SID

AEYTEPOIMNAOGEIZ ANOZOANENAPKEIEZ - EMBOAIA

Type of

infectious risk

Recommended vaccines

Contraindicated vaccines

HIV

Hematological
and solid
malignancies

HSCT

Solid organ
tranplant

Immunosuppre
ssive therapy
in Al diseases

Asplenia

Viral, bacterial
and fungal
infections

Viral, bacterial
and fungal
infections

Viral, bacterial
and fungal
infections

Viral, bacterial
and fungal
infections

Viral, bacterial
and fungal
infections

Bacterial
infections

All

All inactivated vacecines.
Live attenuated vaccines in low-

level 1D ptz.

All inactivated vaccines.

All inactivated vaccines.
Live attenuated vaccines in low-
level 1D ptz.

All inactivated vaccines.
Live attenuated vaccines in low-

level immunosuppression: to be
considered.

All

Live attenuated vaccines if CD4<200 cells/pl

Live attenuated vaccines during chemotherapy

MMR-ZV up to 2dmo post transplant, up to 3mo
after immunosuppressive therapy in chronic
GWVHD.

Live attenuated vaccines,

Live attenuated vaccines in high-level
immunosuppressed pt (dws before to 4ws after
high-dose cortcosteroid therapy; 4ws before to
3mo after biological modifiers therapy).

LAIV

Eibl MM & Wolf HM, 2015; IDSA, 2014



Vaccination and haematological malignancies 1

Vaccination of patients with haematological malignancies
who did not have transplantations: guidelines from the

2017 European Conference on Infections in Leukaemia (ECIL 7)

ECIL 7 recommendations for vaccination of
patients with myeloid diseases

Malgoreats Wi kb, Smone Creaes Hugors ie Laowatads. Fobeta [8 Bos, Sgeun Brarsdatti, Gusayss Gollg, Chitiing R, Dan Engelbid
Thinss Lifwribsobyr, Pir Livvigariass, Catheving Cordadinn o beal’ of the Bas o Corfbaniinoe on infladlons in Laskoded gaou p
Inactivated influenza vaccine Pncumocoocal vaccines Other inactivated vaccines  Comments
AML and MDS 3-6 months after the end I counitries with high HBV Patients with MO5 who do
apy, patierits prevabence where a highiskof  nol recelve army specific
AML or MDS, a single dose A {re) HEBY transmission diring treatment shouild hawve their
vacrinabted according to age ists, HBV WECCine prograrmims revised
a5 the patient is considered and country recommendations  vaccination starting before and  accosding fo age and
immunocompromised (B 1l u) corstiring during country recommmendations
chesmotherapy can be
administesrsd (Tl u),
36 maoniths after the e of
chemaotherapy, patients with
AM L or MOS should be {re)
waccinated acoording to age
ML Patients with CML should Patients with CMLshouldbe  According to age and country  The expected response rate
recehve one dose yearly (B Mu)  vaccinabed agabnst recomimendation during dasatinib or
Streptococous pnaEmonior bosutinits treatment migit
(€ I t), Although there are no be kowar than with the
data on the response to PCY, other tyrosine kinase
it Is récommended toghe one inhibitors
dose of PCV followed 2 months
[ater vy ore dose of PPSY23
Other chromic Acoording toage and coumiry  According to age and country  According to age and country  There are no data on the
myeloproliferatie recomimiendation recomimendation recomimendation WaCCine response under
e plasms rualitindb

Lancet Infect Dis 2019; 19: e188-99



Chronic myeloid leukaemia (CML) - Inactivated influenza vaccine

Seroprotection rate of HIN1 adjuvanted vaccine in 32 patients with CML receiving
imatinib or dasatinib was 85% after one dose, which was not different from that in
healthy controls (100%).

Geometric mean concentrations of specific antibodies were significantly lower than
those in controls.

The second dose did not provide a significant benefit.

Haematologica 2011; 96: 307-14
Blood 2013; 122: 227-38



Other vaccination data in AML:

paediatric population, summary and impact on
adult AML patients

* Loss of previous immunity is less pronounced in AML than in
ALL children (in line with adult setting, e.g. tetanus)

* However, if revaccinated, both groups mount a satisfactory
response onc t5—FHt

rapolation to adult population: revaccination of selec

adult AML patients after completion of chemotherapy might
e successful and may have clinical benefit, for example gi
low ré immunity to tetanus followi

chemotherapy

Hammarstram et ai. Supgort Cancer Core 1998, Bochennek et af, Voccine 2014, Potel et aof. G0 2007F; Cheng et o Arch Dis Child 2022
Paie! et i, Arch Dis Ohilg! 200 27 Spickeraramn ef al, Leakenmsa ond Lyanghomr 1594

-E_U"L".'



XMO - Emnpedlel TNV oMOTEAECUATLIKOTNTO TWV EUBOALWV?

Infection incidence in CML patients on Myeloproliferative disorders (MPD)
Tyrosine Kinase Inhibitors (TKI) and ruxolitinib

*  CML patients in pre TKl era had an increased risk of respiratory and skin infections Data suggest no increased risk of infection in patients with

(Titmarsh 2014) MPDs in the pre-JAKi era
*  TKis further increase this risk, but precise data not available
— Risk of reactivations of hepatitis B with TKls have been repeatedly reported * Ruxolitinib is associated with an increased risk of infections,
leading to a recommendation of the EMA to screen all patients for HBV before . . NP .
starting TKI and in particular HZ and opportunistic infections

— Case reports on dasatinib-induced opportunistic infection (chang, WD 2014

*  TKI treatment might lower the vaccine efficacy * JAKi treatment might lower the vaccine efficacy
* Response to pneumococcal vaccination was lower than in healthy controls
* Reponses to influenza vaccination (inactivated and adjuvanted) was similar to healthy * No data on the efficacy of vaccination in patients on JAKi
controls
Titmarsh et al. Cancer Epidemialogy 2014; Rubin et al, CID 2013; Chang et al. Int ! infect Dis. 2014;
o1l

7 I de Lovailade et al, Blood 2013; de Lavallade et al. Hoematalogica 2011 a7



ECIL 7 recommendations for vaccination of patients
with lymphoproliferative diseases

Inactivated influenra vaccine Preumococcal vaccines Dther inactivated vaccines Comments
Multiple myeloma  Yearly vaccination (one dose) is One dose of POV13 followed by one Other inactive vaccines should be (" LAVs are contra-indicated unbl at keast )
strongly recommended (Al u) aslong  dose of PPSV23, at least B weels latex, is | 3-6 months after the end of treatment, 3 months after the end of
as the patient is considered recommended (B Il u), preferably before  according to age, comorbidities, and country Ldmﬂluﬂ'{[.‘rﬂl] )
immunocompromised treatment or during maintenance recommendations
Lymphoma Yearhy vaccination (one dose) is One dose of POV13 followed by one Human papillomursinus vaccine i ﬁ!pﬂmﬂiﬁnmmmhﬂe\
strongly recommended (A lujaslong  dose of PPSVZ23, at least 8 weeks later 5 recommended in healthy adolescents and received anti-CO20 antibodies in the
2 the patient is considered recommencled (B Il t), preferably before  young adults according to country previous b manths, any nactivated
; - treatment or duning maintenance, recommendations for age after the end of vaccine should be delayed for at least
treatment (B 11). Other inactnee vaccines & months after the last dose (B 1 u for
should be considersd 3-6 months after the IVY. LAVs are contra-imndicated until at
end of treatment, according to age, least 3 maonths after the end of
comorbidities, and country recommendations \ chemotheragy (D I )
Chironic One dose of POV13 followed by one Same recommendation as for kmiphoma Same recommendation as
kemphocytic lymphoma patients dose of PPSVI3, at beast B weeks later,  patients for ymphorma patients. Novel drnegs
letsknermin are recommended (B Il u), preferbly smighit sionificartl impels the
before treatment VaCCinatkon response

ECIL 7=2017 European Conference on Infections in Leukaemia. LAVs=live-attenuated vaccines. PCV13=pneumococcal conjugate

13-valent vaccine. PPSV23=pneumococcal polysaccharide 23-valent vaccine

Lancet Infect Dis 2019; 19: e188-99




NOAAANNAOYN MYEAQMA - ANTOTEAEZMATIKOTHTA EMBOAIQN

MM and pneumococcal vaccination, summary

Response rate to PPSV23: between 33-57%. However:

*  Most patients off therapy or during plateau phase > not representative of
current treatments

5 Chapel Lancer 1994 Hargrerees J Clin Pathal 1995, Rabertzon BrJ Cancer 2000, Hinge APMID 2012

Response rate to PCV: a single study: MM: 63% vs controls 100%
» Ab function test (OPA): MM: 8% vs controls: 55%

B Kaekssan Teials i '..l'.;:-:.l-n::lpgy 2013

T Reeramare st inati iabl ibly bett | |"D
esponse 1o vaccination varianie, possi etter on ienalldomide

A Lpptean Ciin Cances Res 2012

No safety issues
No data on the duration of immunity induced by vaccination

MM and influenza vaccination, summary

Risk of influenza increased in MM: HR=6.1

»  Blimork et al, Heemaiolegicn 2015

Trivalent inactivated vaccine (TIV)

Seroconversion 0% to 83% (5/6 pts), most frequently approx. 20-25%*

Rohertsom et of, Br ) Comcer 2000 Raperzi et af, Ear { Haematal 2003; Langrman et el 8r ) Haematalogy 2005; Haf et al,
Hoemateipgics 2005 Cherf et ol Eur ) Hpematol 2013, Soneda ef of, fapanese jaarmal of Clinical Gncofogy 2018;

Improving efficacy:
. No clear benefit of 2" dose of TIV or of an adjuvanted vaccine

Ljungmen et al, BrJ Hoemotol J00C tonas e e e g e y — 0131

Possible benefit of 2 doses of high dose or adjuvanted vaccine
Cheeif et af, Eur § Hoemate! 2013 Branegen e al. T Lymphdiel Lauk. 2017

No safety issues




Risk of infections in lymphoma

Very heterogenous disease

Increased risk of favasive pneumococccal disease: 5-10 fold
Linastro & al, infect Dis 2016; i e

Increased risk of influenza

IncreasedTisk of Herpes Zoster: 2-3.5 fold

Ransson et ol BrJ ikovnchiion e ol BRC Infer =rornes ef ol BAY 3014

HBV: In low endemicity settings de novo infections rare, whild
more frequent, thus appropriate screening and prophylaxis or trestmens
should be provided

HPV: increased risk, particularly in case of HD or pelvic irradiation

1
'li:l"'" Kiasky ec al. Cancer 2009




ANEMOQMATA - ANOTEAEZMATIKOTHTA EMBOAIQN

Response to influenza vaccination in lymphoma,

Pneumococcal vaccination and lymphoma ,
summary of 15 studies

PPSV23
+ (Many data from splenectomised patients: good response (45%, 72%, * Response to TIV highly variable (3%-95%, in median approx. 30%*), lower than
T : ; ; ; controls
BU%L sim lla r to Dther patlentS u nder‘golng SplenECtomv" If Vacc'“atéd Narday et al. Medicw! Oncology 2002; Bopezzi et al. Eu J Heematol 2003; Lfungmen et af. Br f Hoemotol 2005; Mazra et al. (4 Med Res
bE‘fOI’E‘ CT 2005 Brydak ef af, Woocios 2006; Cendkowski e al Clin dmmunod 2007, Bedognettl et of, J Imurncd 2001 ide ef al, Huwran Yaceioes &

femimather, 2004; Soeaca ef al, Aapanese Toumal of Cinical Gecology 2016

Petrasch et al. Clin Diagn Lab Jmmevval 1997; Landgrer et of, 1 intern Med 2004, Chenf et of, Vacolne 2006, Grimfors et ol Eu i

Haemato! 1990; Ammann et al. Rev Infect Dis 1981 * Similar response to TIV and an adjuvanted vaccine
. . . . - Aackay et al. £V 2011; Monkmoan ef o, Lewk & Dymph 2011 Wils et @l lewk & h 2013; De Lovallode et of. Hoemotologion 20115 ¥ et
* Titres waned at 3 years > revaccination at 2 years might be beneficial . Bload 2013 " "
»  Giimfars et ol, Eu ) Hoematol 1950 * Possible benefit of a 2" dose, particularly of an adjuvanted vaccine

A et af, Human Voccines & mmumother, 2004 De Lovollede ef al, Hoematelogica 2001 Vitle ef ol Leok & {pmph 2013 Hoffioger ef o,
Oncodogist K12

PCV

« Better response to conjugate HiB than polysaccharide vaccine to PPSV23 * Not affected by chemotherapy, but no clear data on high intensity regimens

»  Svensson et al. Brl Haemaotal 2013 Centfrowski et ol Clin Immunal 2007, Hottinger et ai. Oncodogist 2012

No data in lymphoma with PCV7 or PCV13
The benefit of the conjugated vaccine in this population is expected

*| Response strongly impaired by rituximab (ongoing and at least during the

previous 6-10 months): no response at all reported in most studies
Liungman 2005, ¥ri 2011, De LovaNade 3011, Mde 2014

oy

w‘i 7 '



Pneumococcal vaccination in CLL

sponse to PPSV23:
or, ranging from 0% to 21
*  Always lower than controls

* Better in early stage disease

w  Hortkomp e ol, Vineoine 2001, Sinisalo et ol. BiH 2001, Van der Veldenr et al, Eur § Haem 2007,
Safdar et @l. Concer 2008

* Mo benefit of ranitidine or of GM-CSF

»  Van der Velden et ai. Eur ) Hoem 2007 Safdar et al. Cancer 2008

Response to PCV: better
7o, better in early stage

Sinisalo et al. Vaccine 2007
PCV13: 58% in patients naive of any treatment iarski et al. PLOS One 2014)

Poor in case of ibrutinib, but very experienced pt#/{Andrick BIH 2017)

XAA- EpBoAiacpoc MPIN tnv évapén tng Ospamneiog

Influenza vaccination in CLL

Response to TIV was low in two studies: 5-30%; but as high as 72%-95%in a

single study, which included, among others, 60 CLL patients, mainly treatment
naive
Vian der Velden Eu T inder Mea 2001, Ropezzl Eur J Hoematol 2003, Centlowskl ) Clire invmungd 2007

. , nd i
Little benefit of 2 dose of TIV but good response to 2 doses of adjuvanted
vaccine, particularly in early stage CLL
Van der Velden Eu [ Inter Med 2001, Ljungman 8rJ Heematol 2005<; De Lavallede Hoemaotologica 2011

oor response (8%-26%) to TIV in patients treated with ibrutinib, even in case
of high dose TIV

Sun tAMA Oncology 2016, Douglas Heematologica 2017




OAA — ANTANOKPIZH 2E EMBOAIA

Wide range of response to vaccination with TIV during
maintenance: HI1N122% - 72%; H3N2 34% - 88%; B 35% - 88%

Shahgioll £ 2012 Pediatr Blapd Concer; Hsieh YO 2002 1 Farmmos Med Assoc; Chishodim 2001 Arch Dis Child; Rely 4 2000 1 Pediatr
Hematol Oveol; Porter CC2004 Pediolr Blood Comcer; Wovg-Chew BV 2012 Oncol Lett; Brydak LE 1997 Leuk Lympoma

¥ Seropositivity rates after vaccination during (malnly maintenance)

chemotherapy :

PCY T, 2 doses

PCY 10, 1 dose:

6% 100% (depending on seratypes) [7]
33%-B9% |depending an seratypes) [1]

[PCv 13, 1 dose (50% pts with ALL):

4 65%6-B 7% Iﬂenerdi A ar seratypes) [6]

¥ Seropositivity rates after vaceination post <chemotherapy:

PCW 13, 1 dose;

B:4%- 1005

3- Pl SR 2000 BN &

|depending an serotypes) [E]

P Cramiind' S5 W Ovie MRET) - it lstcifar AU B i bR oo oy
Astgrany 1053 [nubeomp ond smndnme
5. Wineg AP0 Eptdernn' infact; 6. Hung TV 00 7 Camcer; & Cheng P 2000 feck i

¥ Countries with high prevalence of HBV

¥ High incidence of de nove HBY infection in, mainly related to
hospitalization {unsafe transfusions, in-hospital transmission,...) |1]

» HBV infection results in delaying full CT course and a reduction of doses
with higher mortality rates (7-40%) [2]

1- Hwang JP 2017 cancer; Al-ladiry MF 2013 East Mediterr Health, 2- Guruprasod 2014 Pediotr Bood Cancer; 3- Kararran 5§ 2011 Ann

audi Med; 4- Zignol & 2005 Cancer; Fioredda F 2005 Eur J Hoematol



ECIL 7 guidelines for vaccination of children with ALL
INDUCTION and REINDUCTION PHASES

Vaccine Timingand ECIL7 Comment
doses recommendation

In the setting of high HBV prevalence and high risk of acquiring
HBV infection during CT

HBWY in HBsAb and HBcAb  Doubledose Bllu Different
seronegative patients schedules of 3-5
doses can be used
Co-administration of HBVY Cllu
specific HBlg might improve
protection
All live vaccines (including Dllu

VZV) are contraindicated

'?.Q,"."I A Better response might be obtained administering a 2™ dose and/or using an adjuvanted® or high dose vaccine™=
*[hrta fromm monovalent pandenic vaccime; no data froem requiar adjuvvanted vaccine. ¥ YUnovoiloble in Europe
one dose unless specified othenlse -

L e
Ft

I\



ECIL 7 guidelines for vaccination of children with ALL
MAINTENANCE THERAPY

Vaccine Timing and doses ECIL 7
recommendation

Inactivated u:acclneslare feasible but suboptimal response might be present > most
vaccinations should be postponed to 3-6 months after the end of CT in order to
achieve better and longer lasting protection

Inactivated influenza vaccine Yearly Allu,

2 doses If £ 9 years t for dose
PCV13 1 dose Bllu
VEV CT suspended for at least 1week Cllu

before and after, longer if
vaccine-related rash

Postpone VZV vaccination to 3-6 months after CT, and provide alternative protective Al
measures during maintenance therapy (acyclovir, isolation, vaccination of
household contacts, etc, ), in consideration of the potential risk of ALL relapse

Live vaccines other than V&V are contraindicated Dllu

o]

e o A



ECIL 7 guidelines for vaccination of children with ALL
3-6 MONTHS FROM THE END OF CHEMOTHERAPY

Vaccine Dose ECIL 7
recommendation
Inactivated influenza From the end of maintenance CT and as long as Bllu

considered immunocompromised

Patients fully vaccinated before ALL diagnosis

DTaP, IPY, HIB Irrespective of Ab titres®*

1 dose **
HBV Irrespective of Ab titres*

1 dose according to country recommendations
PCV13 1 dose
MenC/ACWY 1 dose according to country recommendations
MenB 1 dose according to country recommendations
HPV According to country recommendations

VZV in seronegative patients 2 doses {(or 2° only if seronegative 4 weeks after 1st)

MMR Irrespective of Ab titres or when seronegative
1 dose in previously vaccinated

Patients not vaccinated before CT should be revaccinated with full courses,

Allu

Allu

All w
BN
cin
BN
Allu

Allu

Allu

a ing to country's recommendations
*Titres svay decling owver Hme; *® i high risk patients, suboptimal respanse to 1 dose might ooour




Vaccination and haematological malignancies 2 @'}i ()]

Vaccination of haemopoietic stem cell transplant recipients:
guidelines of the 2017 European Conference on Infections in
Leukaemia (ECIL 7)

Catherine Cordomnier, Sigrun Einarsdottiy, Simone (esaro, Robento 0¥ Blasi, Malgorzota Mikedska, Chnsting Rieger, Hugues de Lovalfode,

iU seppe Gl Thoras Lebvmbecher, Do Engethard. Per Lisvgman, on Behof of the Eseopean Cordrence on Infections in Laskpsmia g g

Invasive pneumococcal disease (IPD) after HSCT

months after transplant

Mainly pneumonia and bacteremia, 21 - 57% occurring during the first 12
Mortality rate after HSCT # 11-22%

The risk correlates with the decrease of specific Abs (IgG, especially IgG2 and
lgG4, and IgM) levels and opsonic activity (OPA) after HSCT.

Although HSCT recipients are at higher risk after Allo than after Auto, all HSCT
pati re at risk.

Main risk factors:
- After allo: chronic GVHD
fter auto: total body irradiation

Lancet Infect Dis 2019;19:e200-12
Winston DJ, Ann Int Med 1979
Sheridan JF, Blood 1990




Immune response rates to the PCV vaccines (pcv7 and pcvis)
in prospective studies after allogeneic SCT

Reference Vaceine Mo, Pts Immunization schedule Definition of % of responders and
(No. response comments
evaluable pts)
Molrine PCVT 96 3 doses at 3, 6, 12 mo = 0.5 pg/ml for all 7 At 13 months: 64-75%
Blood 2003 (65) [+/- donor (D) serotypes Benefit of D vaccination for
vaccination) the respanse to the first 2
doses, not for the 3rd
Kumar PCV7 bd 1 dose of either PPV23 or | =0.35 pg/mLfor > 1 38.6% after PCV7
CID 2007 (44) PCVT at 6 mo serotype 0% after PPV23
(1 dose of PPV23 or PCV7 Better | icity of
to the D), assessed at 12 F EEQ:EE{;E?;I L
mo
Peisel PCVY 53 ped. 3 doses at 1 mo. interval =05 pg/mlL
Blood 2007 (43) from 6-10 mo for all 7 serotypes Ta%
Cordonnber PCV7T 158 3 doses: Early (3, 4,5 > 0.15pg// mL 79 (E) vs 82 (L} %
CiD 2009 (114) mo. ) or Late (9, 10, 11 = 0.5 pg/ml 56 (E) vs 54 (L) %
ma) after HSCT = R :
for all 7 serotypes Early not inferior to late
Cordonnier | PCW13 251 3 doses from 4 mio, then IgG GMFR and = 89.7%—98.0%
oD 2015 {207) a 4th dose at 9 mo. 035 pg/mlforall | wo 4 petwen M4 and non-MA

13 serotypes

conditioning regimens

GIER: Geometric Mean Fold Rise; MA: myeloablative




Pneumococcal vaccination
ECIL7 guidelines for autologous HSCT recipients

From 3 months after transplant

3 doses of PCV13 at 1 month interval Bl
At 12 months:
1 dose of PPSV23 B I

No large data to support recommendations after the initial
program

The assessment of Ab titers to the main conjugate and PS5 vaccine serotypes may help
in defining the best option at a given time for a patient

Ilﬁ'ﬁ'

Cty R



Pneumococcal vaccination
ECIL 7 guidelines for allogeneic HSCT recipients

From 3 months after transplant

3 doses of PCV13 at 1 month interval Al
A 4th dose given 6 months after the 3rd one can be considered
in case of GVHD Bil r
At 12 months:

- 1 dose of PPSV23 * if no GVHD Bl

* No earlier than 8 weeks after the last PCV

Mo large data to support recommendations after the initial program

The assessment of Ab titers to the main conjugate and PS5 vaccine serotypes may help
in defining the best option at a given time for a patient

Iﬁ'i-'



Immune response to Hib vaccination after
allogeneic HSCT

Although the subclass Ig response is different, the overall
response to 1 dose of Hib-conjugate was not different at 6-8 or
at 18-20 months rarksal T et ai BAMT 1995 Parkkali T et ol BMT 1959)

The response rates (#85%) to 2 doses starting between 4-9

months or between 10-17 months were not different (geews et ol 10
1993)

After 3 doses given over the first 2 years, the response rate
varied between 47-81% rwoirive et ai, Blood 1996 Parkkaii e o, BMT 2007

& 3rd dose increases the GMCs of specific Abs iusiine et ai. Blaoe
1996, Parkkali et af. BMT 2007

=

Anti-Hib vaccination
ECIL 7 guidelines for HSCT recipients

Considering the timing of Hib infections after transplant and that patients can
respond to the vaccine from 3 months, it is recommended to give 3 doses of
conjugate vaccine at 1 month interval from 3 months after transplant Bll 1

In order to give a combined vaccine and decrease the overall number of
vaccine doses, an alternative is to give 3 doses of a DTP-Hib vaccine from 6
months Bllt



Meningogoccal vaccination after HSCT

«  After 1 dose of MCV-4 given a median time of 2.3 (0.6-5.2) y after
transplant: (retrospective study, 46 allo-HSCT aged 9-25y), only 65%
responded either to the 4 (15%) or > 1 (31-56%) serogroup. In the 16 non-
responders, a second dose elicited a response in 8 of them (Malher MB BBMT
2012)

+ After 3 doses of MCV-C given at 1 month interval: (prospective trial, 23
patients aged 2-17y) from 12 (auto) or 18 months (allo) after transplant, the

response rate was 100% both in auto- and allogeneic HSCT recipients (Patel SR
ClD 2007)

* No data on the MenB vaccines after HSCT sofar

ECIL 7 recommendations

Neisseria From 6 months after transplantation at least two doses of either a monovalent
meningitidis  or tetravalent C vaccine (B Il u) and meningococcal B vaccine (B ll), in
vaccines® accordance with country recommendations for a given age and particularly for

at-risk groups such as students living in campus, travellers, or soldiers



Diphtheria-Tetanus vaccination

* 3 doses are needed (Ljungman et al. JID 1990). Excellent tolerance, no
SAE.

* Excellent response (85-100%) after 3 doses given at 1-2
months interval from 6-12 months.

* Comparable response after Allo (tjungman et al. 11D 1990; Parkkali et
al. BMT 1997; Parkkali et al. BMT 2007; Inaba et al. BIH 2012) or Auto H5CT
(Vonce et al. 8MT 1998) , except in NHL patients who had received
Rituximab before and/or after Auto (smaii Tet ol. B8MT 2009

* Comparable responses after RIC (meerveid-Eggink et al. BBMT 2003) OF

cord blood transplant when vaccinated at 7-45 months (shah et
al. BBMT 2015)

* No difference in response when vaccinated early (6, 8, 14
months) or late (18, 20, 26 months)rarkkaii et ar. 8mT 1997)

* Responses are not or only weakly affected by GVHD

ECIL 7 recommendations

Tetanus- From 6 months after the transplant three doses at 1-2-month intervals (B Il v);
diphtheria DT vaccines should be preferred over Td vaccines both in children and adults
vaccine® (CII); booster doses should be administered according to country

recommendations



Reference Vaccine Mo, evaluable
(Pertussis patients
Townid Type of HSCT Immunization schedule Definition of % of responders
content) E&gﬂ range) response
ngl
Papadopoulos 41 pts 1 dose, at a median of 4.5 = 2 fold Ab
Blood 2008 Tdap ALLO 1) ¥ post-transplant titers from pre- a1 (17%)
(Abstroct ASH) [2.5] [10-Bdy) vaccine titers
Small ' 28 pts 1 dose, ata rr;edian of 4.5 128 (7%)
BBMT 2009 Tdap AUTO 2] y post-transplant o 2/28 (7
Acellular [2.5] (20-73y)
i Inabo BIH 30 children
Pe rtUSSIS 2012 DTaP ALLOD = i"fy 3 doses planned at 12, 15 El& index Each of the 3 doses
. (25| evaluable for | and 18 months (4] values= 1,19 increased Ab titers
vaccine long-term FU At 5 years post-H5CT:
with 3 Ab only 5/16 (31%) were
assessments protected
Shah Tdap (21 in 63 pts 2 or 3 doses at 1 month
BBMT 2016 adults ALLO Cord interval, started at a Seroconversion | Children (n=16): 100%
DTaP |25) Blood median of 17 (range: 7- in a seroneg Adults (n= d4): 54%
in children (0.9-64) 45) months) patient or »2
fold rise Ab
titer
Acellular The addition of pertussis toxoid to the diphtheria-tetanus vaccine, three doses
pertussis at 1-2-month intervals, should be considered (CIIl); although there is no

specific study with DTaP in adult HSCT recipients, considering the poor
response to TdaP, the DTaP that cantains a higher dose of pertussis toxoid than
the Tdap should be preferred both in children and adults (C IIl)

_ vaccine®
ECIL 7 recommendations



Vaccination and haematological malignancies 2 @+N ()]

Vaccination of haemopoietic stem cell transplant recipients:
guidelines of the 2017 European Conference on Infections in

Inactivated influenza vaccine(llV) -

Leukaemia (ECIL 7) HSCT Patients
Catherine Cordomnier, Sigrun Einarsdottiy, Simone (esaro, Robento 0¥ Blasi, Malgorzota Mikedska, Chnsting Rieger, Hugues de Lovalfode,
iU seppe Gl Thoras Lebvmbecher, Do Engethard. Per Lisvgman, on Behof of the Eseopean Cordrence on Infections in Laskpsmia g g
Recommendationand{ga Recommendation and grading in autologous HSCT
Inactivated From 6 months: annual seasonal IV, 1 dose, at the
influenza o e beginning of influenza season, at least as long as the
vaccine IVt following transplant, and at least until 6 months after stopping any patient is judged to be immunocompromised (B Il r);
immunosuppressor and as long as the patient is judged to be inthe setting of a community outbreak, IV can be
immunocompromised (A Il r) or life-long (B Il r); a second dose administered administered 3 months after transplant, in which case,

3-4 weeks after the first one could be considered in patients with severe GVHD  a second dose administered 3-4 weeks later is likely to
or low lymphocyte counts (B Il r); in the setting of a community outbreak, IV be beneficial (B Il r)

can be administered 3 months after transplantation, in which case, a second

dose administered 3-4 weeks later is likely to be beneficial (Bl r)




HSCT Patients -Inactivated influenza vaccine(llV)

Predictors of poor immune response to IV after HSCT

* Shorter time between transplant and vaccination-/natori 2017,
Engelhard 1993, Mohty 2011, Issa 2011, Karras 2013)

* Low lymphocyte counts at vaccination
{Engelhard 2011, Fukatsu 2016)

» Low IgG, IgA or IgM at vaccination (Fukatsu 2018, Mohty 2011)
* Chronic GVHD (rukatsu 2017)

» Use of of calcineurin inhibitors or other immunosuppressive
drugs (Monty 2011, Natori 2017)

* Use of rituximab last 12 months (isz0, 2011)

¥

+» Second dose might be beneficial in patients that cumulate factors of poor
response or during outbreaks in patients vaccinated within 6 months of
transplantation.




Hepatitis B virus vaccine(HBV) — HSCT Patients

Recommendation and (grading) in allogeneic HSCT

HBV
vaccine*

Before transplant patients who are negative for all HBV markers that are

transplanted with a graft from an anti-HBc positive donor should be
vaccinated if possible (B IIl) and could additionally receive anti-HBV

immunoglobulins; 6 months after transplantation patients who were negative
for HBV before transplantation and patients who were vaccinated before

transplant but lost their immunity at 6 months should be vaccinated

according to country recommendation (6-12 months after transplantation
3 doses should be administered 0, 1, and 6 months apart), (B Il t); patients

infected with HBV before HSCT (HBsAg negative and anti-HBc positive)
should be assessed regularly for anti-HBs antibody titres and should be
vaccinated if they have unprotective titres (B Ill); if anti-HBs titres are

<10 mlU/mL 1-2 months after the initial series of three vaccine doses, an

additional series of three doses should be considered

ECIL 7 recommendations

Recommendation and grading in autologous HSCT

6 months after transplantation: patients who were
negative for HBV before transplantation and patients
who were vaccinated before transplantation but lost their
immunity after 6 months should be vaccinated according
to country recommendation and age (6-12 months after
transplantation 3 doses should be administered 0, 1, and
6 months apart )(B Il t); patients infected with HBV
before HSCT (HBsAg negative and anti-HBc positive)
should have anti-HBs antibody titres assessed reqularly
and be vaccinated if they have unprotective titres (B lll);

if anti-HBs titres are <10 mIU/mL 1-2 months after the
initial series of three vaccine doses, an additional series of
three doses should be considered

Anti-HBc (+) donor can transmit HBV to the recipient.
ECIL group recommend vaccinating the recipient before transplantation.
Accelerated schedule of vaccination (day 0, 10, and 21)(?)
In previously HBV-infected recipients ( in addition to antivirals) vaccination might prevent reverse seroconversion.

Lancet Infect Dis 2019;19:e200-12
Marchou B, J Infect Dis 1995;172:258-60
Le Q, Biol Blood Mar Transplatation 2009; 15:886-87



Human papillomavirus vaccine(HPV) — HSCT Patients

Macintyre et al. Vaccine 2016

59 immunocompromised children (5-18y) including 20 HSCT recipients

3 doses of quadrivalent vaccine from 6 months after transplant, within 2-6
months

Seroconversion rate after 3 doses: 89 to 100% according to type

ECIL 7 recommendations

* Follow recommendations for general population in each
country from 6-12 months after transplant

Bllu



Varicella vaccine — AvoookateotaAplEvol acOeveic

Indications Schedule Recommendation, Strength of
Fecommendation and
Quality of Evidence

All immunocompromised patients Mot licensed Patential risk of severs disease

PID disorder without defective T-cell-mediated
immnunity
HSCT

Awaaks Chemiotherapy 3 months T i,

{SCT

4 Weeks Administer, at 24 months, if
- Seronegative
- Notimmunosuppr.
- NoGVHD

W=waak_ L=low, Vi=very low. M=moderate S=strongh; H=huh



Live Zoster virus vaccine — AvocokateotaApévol acOeveic

Indications Schedule Recommendation, Strength of
Recommendation and
Quality of Evidence
All immunocompromised subjects Mot licensed Potential risk of severe disease
Subject aged > 50 years 4 weeks before beginning Should be considered
immunosuppressive therapy 50-58 years (W, L)
>80 years (S, L)
PID

HSCT

- — patient not current with recommendation for
| immunocompetent individuals

- | - —

P — Chemiotherapy 3 monthe

TEERE Anti-B-cell Ab 6 months

HSCT
4 weeks

4 weeks

Woweak: L=low. VL=vary low, M=modarate; E=‘.=tmngh; H=high
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Inactivated varicella zoster vaccine in autologous haemopoietic stem-cell transplant recipients:
an international, multicentre, randomised, double-blind, placebo-controlled trial.

Winston DJ', Mullane KM, Comely QA% Boeckh IJ*, Brovn VW, Peroam SA*, Trociukas 1%, 23k 7. Craig MD®, Papanicolaou Ga°, velez J0'7, Panse J™,

Hurtado K'2, Femsler DA'2, Stek JE'2 Pang L™, Su SC'2, Zhao Y12, Chan ISF'2, Kaplan S5'2, Pamino J'2, Lee 1'2, Popmihajlov Z'2, Annunziato P2,
Arvin A% V212 Protocol 001 Trial Team.

# Collaborators (135)
# Author information

Abstract

BACKGROUND: Recipients of autologous haemopoietic stem-cell transplants (auto-HSCT) have an increased risk of herpes zoster and
herpes zoster-related complications. The aim of this study was to establish the efficacy and safety of an inactivated varicella zoster vaccine
for the prevention of herpes zoster after auto-HSCT.

METHODS: In this randomised, double-blind, placebo-controlled phase 3 ftrial, participants were recruited frem 135 medical centres (ie, stem-
cell transplant centres and hospitals) in North America, South America, Europe, and Asia. Patients were eligible if they were aged 18 years or
older, scheduled to receive an auto-HSCT within 60 days of enrolment, and had a history of varicella infaction or were seropositive for
antibodies to varicella zoster virus, or both. Exclusion criteria included a history of herpes zoster within the previous year of enrolment, and
intended antiviral prophylaxis for longer than & months after transplantation. Participanis were randomly assigned according to a central
randomisation schedule generated by the irial statistician, to receive either the inactivated-virus vaccine from one of three consisiency lois, a
high-antigen lot, or placebo, stratified by age (<50 vs =50 years) and intended duration of antiviral prophylaxis after transplantation (=3
maonths vs =3 to =6 months). Paricipants, investigators, trial staff, and the funder's clinical and laboratory personnel were masked to group
assignment. Paricipants were given four doses of inactivated vaccine or placebo, with the first dose 5-60 days before auto-HSCT, and the
second, third, and fourth doses at about 30, 60, and 80 days after transplantation. The primary efficacy endpoint was the incidence of herpes
zoster, confirmed by PCR or adjudication by a masked clinical committee, or both, assessed in all participants randomly assigned to the
vaccine consistency lot group or placebo group who received at least one dose of vaccine and had auto-HSCT. Safety was assessed in all
randomised participants who received at least one dose of vaccine and had follow-up data. A prespecified vaccine effiicacy success criterion
required the lower bound of the 95% CI be higher than 25% for the relative reduction of the hazard ratio of herpes zoster infection in
participants given the vaccine from one of the consistency lots compared with those given placebo. This trial is registered on
ClinicalTrials.gov (NCT01228267) and EudraCT (2010-020150-34).

FINDINGS: Between Dec 7, 2010, and April 25, 2013, 560 participants were randomly assigned to the vaccine consistency lot group, 106 to
the high-antigen lot group, and 564 to the placebo group. 249 (44%) of patients in the vaccine consistency lot group, 35 (33%) in the high-
antigen lot group, and 220 (39%) in ihe placebo group discontinued before study end, mostly because of death or withdrawal. 51 participanis
were excluded from the primary efficacy endpoint analyses because they did not undergo auto-HSCT or were not vaccinated, or both (22
[4%] in the vaccine consistency lot group, and 29 [5%] in the placebo group). Mean follow-up for efficacy was 2-4 years (SD 1-3) in the
vaccine consistency lot group and 2-3 years (SD 1-3) in the placebo group. 42 (8% of 538 paricipants in the vaccine consistency lot group
(32-9 per 1000 person-vears) and 113 (21%) of 535 in the placebo aroup (%1-9 per 1000 person-vears) had a confirmed case of herpes

Recombinant Zoster vaccine (RZV)-

Autologous HSCT

* Double-blind, placebo-controlled
phase 3 trial

* 135 medical centers

* Scheduled to receive an auto-HSCT
within 60 days

* The estimated vaccine efficacy was

\ 63-8% (95% Cl 48-4-74-6) /

Lancet 2018;391:2116-27
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Immunogenicity and safety of the adjuvanted recombinant
zoster vaccine in adults with haematological malignancies:
a phase 3, randomised, clinical trial and post-hoc efficacy
analysis

Alemnew F Dagnew, Osman lThan, Won-5ik Lee, Daniusz Woszezyk, Joe-Yong Kwak, Stella Bowcodk, Sang Kyun Sohn, Gabrida Rodriguer Madas,
Tzeon-fye Chiou, Dimas Quiel, Mickael Aoun, Maria Belen Navarro Matills, Javier de la Serna, Samuwel Milliken, John Murphy, Shelly A McNei,
Bruno Salaun, Emmanuel Di Paclo, Laura Campora, Marta Lopez-Faugued, MohamedEl Idrissi, Anne Schuind, Thomas C Heineman,

PeterVan den Steen, Lidia Oestvogels, on behalf of the Zoster-039 study group™

Summary

Background The adjuvanted recombinant zoster vaccine (Shingrix) can prevent herpes zoster in older adults and
autologous haemopoietic stem cell transplant recipients. We evaluated the safety and immunogenicity of this vaccine
in adults with haematological malignancies receiving immunosuppressive cancer treatments.

Methods In this phase 3, randomised, observer-blind, placebo-controlled study, done at 77 centres worldwide, we
randomly assigned (1:1) patients with haematological malignancies aged 18 years and older to receive two doses of the
adjuvanted recombinant zoster vaccine or placebo 1-2 months apart during or after immunosuppressive cancer
treatments, and stratified participants according to their underlying diseases. The co-primary objectives of the study
were the evaluation of safety and reactogenicity of the adjuvanted recombinant zoster vaccine compared with placebo
from the first vaccination up to 30 days after last vaccination in all participants; evaluation of the proportion of
participants with a vaccine response in terms of anti-glycoprotein E humoral immune response to the adjuvanted
recombinant zoster vaccine at month 2 in all participants, excluding those with non-Hodgkin B-cell lymphoma and
chronic lymphocytic leukaemia; and evaluation of the anti-glycoprotein E humoral immune responses to the vaccine
compared with placebo at month 2 in all participants, excluding those with non-Hodgkin B-cell lymphoma and
chronic lymphocytic leukaemia. We assessed immunogenicity in the per-protocol cohort for immunogenicity and
safety in the total vaccinated cohort. The study is registered with ClinicalTrials.gov, number NCT01767467, and with
the EU Clinical Trials Register, number 2012-003438-18.

Findings Between March 1, 2013, and Sept 10, 2015, we randomly assigned 286 participanis to adjuvanted recombinant
zoster vaccine and 283 to placebo. 283 in the vaccine group and 279 in the placebo group were vaccinated. At month 2,
119 (80-4%, 95% CI 73-1-86-5) of 148 participants had a humoral vaccine response to adjuvanted recombinant zoster
vaccine, compared with one (0-8%, .04 .2) of 130 participants in the placebo group, and the adjusted geometric mean
anti-glycoprotein E antibody concentration was 231329 miUfmL (95% CI 16642-8-32153-9) in the vacdne group and
7776 mIU/mL (702 8-860-3) in the placebo group (adjusted geometric mean ratio 29.75, 21-09—41-96; p<0.0001) in all
patients, excluding those with non-Hodgkin B-cell lymphoma and chronic rmphocytic leukaemia. Humoral and cell-
mediated immune responses persisted above baseline until month 13 in all strata and, as expected, vaccine was more
reactogenic than placebo (within 7 days after vaccination pain was reported by 221 [79. 5%] of 278 vaccine group participants
and 45 [16- 496] of 274 placebo group participants; fatigue was reported by 162 [58 - 3%6] of 278 vaccine group participants and
102 [37-2%] of 274 placebo group participants). Incidences of unsolicited or serious adverse events, potemtial
immune-mediated diseases, disease-related events, and fatal serious adverse events were similar between the groups.

Geometric mean anti-glycoprotein E
antibody concentration was 23 132-9
mIU/mL in the vaccine group and 7776
mIU/mL in the placebo group(p<0-0001)
in all patients, excluding those with non-
Hodgkin B-cell lymphoma and chronic
lymphocytic leukaemia




Measles Mumps Rubella vaccine — HSCT Patients

Recommendation and grading for allogeneic HSCT Recommendation and grading Paediatric specificities
for autologous HSCT
MMRS ﬁ:rom 24 months after HSCT, recipients should have MMR \ Same recommendation as after Because of a lower response in
antibody titres tested (B Il u); consider vaccination only in allogeneic HSCT children, two doses—instead of one
patients with no GvHD, no immunosuppression, no relapse of the in adults—should be considered in
underlying disease, and treatment with immunoglobulins during children, at least 4 weeks apart
the previous monthsi; seronegative patients for measles should

\_receive one dose of MMR (B Il v); HSCT recipients who are )
women, seronegative for rubella, and of childbearing potential
should receive one dose of MMR with the same precautions
(Cllv); in case of a measles outbreak, MMR vaccination could be
considered 12 months after transplantation in patients with
low-grade immunosuppression (Cl1)

* Probability of becoming seronegative 5 years after allogeneic HSCT is 60% for measles, 73% for mumps, and 52% for rubella;
* Response rates: 65—100% for measles, 50-87% for mumps, and 75-100% for rubella.
* Patients with ongoing GVvHD or immunosuppression should not be vaccinated.

Lancet Infect Dis 2019;19:e200-12
Blood 2002; 99: 83-87
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Marrow Transplantation
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Criteria for Early MMR Vaccine among High-Risk HCT

jourhal ROMEDREE! . DD
T Recipients and Patients Receiving CAR-T Cell Therapy
e H1Om SLae ey
Preventing Measles in Immunosuppressed Cancer and Hematopoietic n
Cell Transplantation Patients: A Position Statement by the American ==
society for Transplantation and Cellular Therapy
Steven A, Pergam'~, Janet A, Engl
Jashua A HEll = Bipin Savani™, Ray | Criteria Allogenic HCT Autologous HCT CAR-T Cell Therapy
Jelfery Duchin™ ', Paul A Carpenter
Timing =1 year post =1 year post =1 year post, but can consider as early as

6 months in the context of acute com-
munity clustering or during outbreaks

Immunosuppressive therapy

Single agent: tacrolimus with serum
trough level =5 ng/mL

or

cyclosporine with serum trough
level <120 ng/mL

or

sirolimus with serum trough level of
=2 ng/mL

No post-transplantation chemother-
apy, unless lenalidomide or bortezo-
mib for maintenance therapy

 no data exist for novel chemotherapy
agents (eg, ibrutinib)

s risk for agents such as rituximab

No post-CAR-T cell therapy chemotherapy
» no data exists for novel chemotherapy
agents (eg, ibrutinib)

« risk for agents such as rituximab

Steroid use =5 mg prednisone daily (for second- =5 mg prednisone daily ( for secondary =5 mg prednisone daily (for secondary
ary adrenal insufficiency; not for adrenal insufficiency) adrenal insufficiency)
GVHD)

Cell counts Total lymphocyte count of =1 x 107 Total lymphocyte count of =1 x 107 L Total lymphocyte count of =1 x 10% uL

ul
or
CD4 =200/::L and CD19 = 20/ulL

or
CD4 =200/ uL and CD19 >20/uL

or
CD4 =200/uL and CD19 =20/uL

Immunoglobulin level

Unsupported IgG =400 mg/dL and
measurable IgA =6 mg/dL

Unsupported IgG =400 mg/dL and
measurable IgA =6 mg/dL

Unsupported IgG =400 mg/dL and mea-
surable IgA =6 mg/dL

Additional

No active systemic GVHD requiring
immunosuppression beyond topical
agents

Patients who received allogeneic or
autologous HCT before CAR-T cell ther-
apy should meet both the HCT and CAR-T
cell parameters.

Biol Blood Marrow Transplant 25 (2019) e321e330
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Vaccination of solid organ transplant candidates and recipients:
Guidelines from the American society of transplantation
infectious diseases community of practice

Lara Danziger-1sakow® | Deepali Kumar® | On Behalf of The AST ID Community of

(Inactivated vaccines should be given at least 2\

weeks prior to transplant.

> Live-attenuated vaccines should be given at least
4 weeks prior to transplant.

> In the post-transplant setting, inactivated
vaccines can be administered starting at 3-6
months post-transplant except influenza vaccine

which can be given as early as 1 month post-
\transplant. /

Clinical Transplantation. 2019;33:e13563.

* Influenza vaccination is recommended for all SOT
transplant candidates and recipients. In the post-
transplant setting, either high-dose or booster
dosing in the same season has greater
immunogenicity over a single standard dose and
may be preferred over standard dosing.

* Both PCV13 and PPSV23 pneumococcal vaccines
should be administered to transplant candidates
and recipients.

Recommendations for pneumococcal vaccination of SOT recipients

Previous dose Recommendations®

Unvaccinated or any incom- Two doses PCV13 First dose =8 wk after most recent
plete schedule (<3 doses) dose

Second dose =28 wk later

Any incomplete schedule of One dose of PCV13 =8 wk after most recent dose
three doses

Four doses of PCV7 or other One dose of PCV13 28 wk after most recent dose
age-appropriate complete
PCV7 schedule
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A Systematic Review of Safety and Immunogenicity of
Influenza Vaccination Strategies in Solid Organ Transplant

Recipients
Poarlie P Chong," Lara Ranilar and David J. Weaber™

Wiwtsion of Infertamus Dissases, (eparimant ol Mecizing, Unversty of Tees Soethesstem Medsl Genter; Dalls; "Heat Soiencas Ly and “asion of Infectious Diseasas, Univavsity of
Mot Carnling, aed *Hospial Epizeminiogy, UNC Besity Cae, Crapal Hil, Morh Carofing

[See the Major Article by Matori et al on pages 1698-704.)

[mmunogenicity from seasonal inactivated influenya vaccine (V) rerains suboptimal in solid organ transplant recipients (SOTRs).
We conducted a systematic review that compared the safety and immunogenicity of nonstandard infliuenza vaccination sirategies
with single-dose 1TV in 50THRs, Booster doses and possibly high-dose (HDY) influenza vaccination strategies seem o hold promise
for improving vaccination immunogenicity in SOTRs. Administration of intradermal and MF59-gpdjuvanted trivalent [IV (ITV 3} did
not improve vaccine immunogenicity compared with single-dose intramuscular IV, Alternative vaccine strategies were generally
well tolerated; SOTRs who received HD, intradermal or adjuvanted 1TV3 had o higher frequency of infection site reactions, while
systemic adverse events were more frequent in SOTRs who recelved HD TIV3, Allograft rejection rates were similar in both groups,
SO TRs should continue to receive standard -dose Y annually in accordance with current recommendations, pending future studies
to determine the optimal timing, frequency, and dosage of IV using the booster-dose strategy.

Keywords.  influenza vaccination; solid ergan transplants; immunogenicity; immunization,

CID 2018:66(11):1802-11

The immunogenicity of influenza vaccine in this group is
variable but has been lower than that of the peneral population
and 15 dependent on various factors including tvpe of frams-
plant and 'meunuﬁupprq:.*ir.iunl Lung transplant recipients have
traditionally had the lowest levels of seroconversion and range
from 7-26%. " The main barrier to immunogenicity is life-
long immunosuppression given to this popuolation. Mycophe-
nolate mofetil [[MMF) has been shown to have a dose
dependent response where higher doses especially those =2
grams daily were corrclated  with  lower  seroconversion
rates."™ ™ A recent meta-analysis confirmed this correfation
with MMF and lower rates of seroconversion compared to
other immunosuppressants, Mo significant correfation of low
immunogenicity was detected with tacrolimus, sirolimus, cyclo-
sporine, and azathioprine.  Induction immunosuppression
may not impact vaccine immunogenicty. In a kidney trans-
plant cohort in which thymoglobulin or basiliximab was used
as induction therapyv. 60 patients were evaluated tor the
immune response to [V, There were no significant differences
in geometric mean titers for any of the three wviral strains
between groups.”™ A recent study also showed that immune
responses were not significantly  different between groups
that received basiliximab or AT in beart and kidney tramns-
Mant recipients although reported that the median number of
influenza-specific memory B-cell (1pl-MBC) did not increase
after vaccination.™

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2018;1496 (6): 1311-22
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Vaccination of solid organ transplant candidates and recipients:
Guidelines from the American society of transplantation
infectious diseases community of practice

Lara Danziger-lsakov® | Deepali Kumar® | On Behalf of The AST ID Community of

* Hepatitis B vaccine series should be offered pretransplant.

* Accelerated schedules such as 0,1,2 months or 0,7,21 days can be used.

* A higher dose (40 ug) vaccine can be used in end-stage renal disease.

* Hepatitis B high-dose (40 pg) vaccine is recommended in the post-transplant setting

* Transplant candidates 250 years of age should receive herpes zoster vaccination.
Subunit vaccination is preferred to avoid delays in transplant. Post-transplant patients
>50 years can also receive subunit vaccine. Transplant candidates and recipients <50
years of age could be considered for herpes zoster vaccine.

Clinical Transplantation. 2019;33:e13563
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Varicella zoster virus in solid organ transplantation: Guidelines
from the American Society of Transplantation Infectious
Diseases Community of Practice

Steyen A, Pergam™ | Ajlt B Limaye® | on behalf of the AST Infectious [iseases
Communlty of Practios

Pre-transplant Post-transplant Dosing Comments
Vaccination
Varicella vaccin Generally, contraindicated,lbut can Varivax® * Vaccination has been shown to be safe in ESRD and
(Varivax®) f oTTETTTOU e ate) T e onegative 0.5 mL administered 5Q ESLD patients
in select populations (Weak, low) + Minimum recommended age for vaccine is 6 mo of
I * Do not give if <1 mo to transplant
sforrrteredeees=mriunosuppressed
individuals

» Caution should be used in post-transplant patients
since live virus vaccine; education and close follow-
up recommended.

* Second dose can be given 4-8 wk after first dose
(see package insert for guidelines)

Inactivated adjuvanted Yes, known seropositiva Safety and efficacy studies ongoing Shingrix® ® Currently only FDA approved for patients =250 y of
subunit herpes zoster and on minimal immu- (Weak, moderate) 0.5 mL administered IM age
vaccine (Shingrix®) nosuppression Two doses at 0 and 2-6 mo * Side effects are common, and frequently include

paip 0 Ite, fever and RUZIFIas
Data demonstrate vaccine immunogenicity ant
safety in carefully selected renal transplant patient
minimal immunosup- on immunosuppressive therapy at low risk for rejel
pression can be con- ion, Efficacy data are not available to date
sidered for vaccination e Patie =R i " £ases (eg, sys-
(Weak, low) temic lupus erythematous, etc) and or at moderate/

high risk for rejection were excluded from the trial

50 data on safety is unknown

* Prospective studies have not been done in children

i), popula-
tions <50 y of age on

" e o]

<18 y of age.
Lwe-atteniaabed b Alt=rnative to bnacthvated I Contraindicated Serang. low| I Fostavan® » Foliow label indications, a5 no svidence that
s moshed vaCcine A djuvgrhad W cing 0.5 mL adminisiensd 50 Wi 15 5ata in seere angan dygfunclioe o
(Fastaaan®) fiar =540, |f reot seweEnaly post-dransplant
imnmin s pressed & |f paties meets Babel indicatices can be conshi-
[Stnoeeg. highl angd, But-should e ghoen ot lapst 3-4 Wik prios 1o
transpiant.

Clinical Transplantation. 2019;33:e13622



Hepatitis A virus (HAV) vaccination

Indications Schedule Recommendation,
Strength of
Recommendalion and
Quality of Evidence
HIv Low-level or no 2-doses Usual (5, M)
IUNOSUporession Usvial (5, M)
High-level iImminosippression
Solid or hemaiclogic cancer d-doses
Frier fo er During Chemotherapy Lisuad (W, L)
Sharting 23 mo Fostchemolherapy and 26 mo Post Ant=8-Cail Lisuad (3, VL)
Anfibodies
Chronic inflammatory diseases on Immunosuppressive 2-doses Lisuad (5, L-M)
Medicatians
Asplenta and sickle cell disease 2-loses Usual (5, M)
HSCT
Pra-HSCT 2 doses Usual (S, VL)
Posl-HSCT 2 doses; 6 mo Recommerded (W, L)
S0T recipients Pretranspiant 2 doses pre-transplantation or 8 Recommended (5, M)
Slarting 2-8 mo Posfiransplard  months after transplaniation Recommended (5. M

W=veaah, L=l Vii=vely low, Ml=rmodarals, S=sirongh, H=high
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CMV vaccines in development

Vaccination against the human cytomegalovirus L
stanbey A Plotkin **, Suresh 8 Boppana —
Type of vaccine Developer
Attenuated strain (Towne) Wistar Inst./Med Coll VA
Recombinants with wild virus (Towne-Toledo) Medimmune
Replication-defective virus Merck
Vectored:
Canary Pox Sanofi
MVA City of Hope
Adeno Queensland Inst.
LCMV Hookipa
VSV Yale
Recombinant gB glycoprotein with adjuvant Sanofi Pasteur, GSK
Soluble Pentamers Redbiotech, GSK, Humabs
DNA plasmids Astellas, Inovio
Self-replicating RNA Moderna
Peptides City of Hope
Dense bodies Vaccine Project Management (Germany) and Serum Inst. India
Virus-like particles Variations Bio

Vaccine 37 (2019) 7437-7442
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Vaccination and Steroid therapy

Vaccination im immunocampromised host Becommendations of alian | m
Primary Immunodeficiency Metwork Centers {IPINET =
Baldassarre Mariire 7, Chiara Arzan |, Radlaele Badcdare |, Clemenima Canessa |, Emilia Cirdlio

Yera Dallo”, Simwnina Gragiama , Tizlana Lareogml o, Cinzia Molio’, Batfaclla Panza ©, Viviana Moschese
with ltaliam Metwnrk for Frimary Immunmdefciences (IFMET]
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Children receiving either a dose of prednisone = 2 mg/kg/day
e or a total dose of 20 mg/day if they weigh more than 10 kg
must not be vaccinated with live viruses before 2 weeks (if they
have undergone therapy for less than 14 days), or 4 weeks (if
they have undergone therapy for >14 days).

In individuals using:

= steroids <2 mg/kg) for less than 2 weeks

= steroids replacement therapy

= topical, intra-articular, conjunctival steroids or steroid aerosol

all the necessary vaccinations can be carried out during
treatment, including those with live attenuated viruses

Vaccine 36 (2018) 3541-3554



Vaccination Guidelines for Patients
With Immune-Mediated Disorders on
Immunosuppressive Therapies

Kim A. Papp":. Boulos Haraoui, D'eeeali Kumar®®,

John K. Marshall®, Robert Bissonnette” ), Alain Bitton®,
Brian Bressler™'?, Melinda Gooderham®™ ﬁ, Vincent Ho',
Shahin Jamal“,éanet E. Pope'™", A. Hillary Steinhart™'%,
Donald €. Vinh*'%, and John Wade™'"”
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Immunological targets of biologic agents

Journal Cut Medicine & Surgery 2019;23(1)
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» To optimize the immunogenicity of inactivated vaccines in treatment-naive patients with
immune-mediated conditions, we suggest that immunization be performed at least 2 weeks
prior to initiation of immunosuppressive therapy.

» Immunosuppressive treatment not be interrupted for administration of inactivated
vaccines.

> In patients treated with rituximab who require optimal vaccine immunogenicity:
immunization be deferred to >5 months after the last dose and at least 4 weeks prior to
the subsequent dose of rituximab.

» To optimize the immunogenicity of the live attenuated herpes zoster vaccine in treatment-
naive patients: immunization be performed at least 2 to 4 weeks prior to initiation of
immunosuppressive therapy.

» Live attenuated herpes zoster vaccine can be safely administered to patients at risk, but the
subunit vaccine is the preferred alternative.

Journal Cut Medicine & Surgery 2019;23(1)
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Table &. Length of Viremia Following Vaccination With Live Attenuated Vaccines.

Waccine Length of Viremia
Waricella The vaccine strain could not be isolated up to 14 days postvaccination in children,™ but | study detected
(Ola strain) the vaccine strain by PCR up to 5 weeks after immunization in 5 of 166 (3%) asymptomatic children given
the varicella vaccine.*
Herpes zoster Varicella zoster virus DINA can be detected by PCR analysis in 163 (1 1/67) of individuals 2 weeks
{Oka strain) postvaccination’” and up to 4 weeks in 6% (2/36) of individuals =60 years old.”'
Yellow fever Viremia after primary immunization wanes within 7 days postimmunization™® and is generally cleared within
2 weeks of vaccinaton.™?
Measles The vaccine strain has not been isolated from human blood after immunization of healthy children,” buta ,
study on macaques has shown the persistence of the Schwarz vaccine strain 7 to 9 days postvaccinatjan.n‘
Mumps There is a low risk of viremia with the mumps vaccine strains; however, the incidence of aseptic meningitis
occurring 2 to 3 weeks after vaccination suggests that the potential is maintained In some vaccine strains.
The frequency of vaccine-associated aseptic meningitis varies from approximately | in 1.8 million doses for
the Jeryl Lynn strain to as high as | in 336 for the Urabe AM9 strain.’*
Rubella Viremia was documented 7 to 21 days postvaccination In some adults receiving the primary vaccination but
not in children.™
Live polio In adults, free virus is present in the serum between 2 and 5 days after vaccine administration, with
{type 2 Sabin) antibody-bound virus being present up to 8 days after vaccination.

In children aged = |7 months. free virus can be detected up to 8 days after vaccination.”™

In treatment-naive patients
who are vaccinated with
live attenuated vaccines,
we recommend that the
duration of viremia
following immunization be
considered when
determining the optimal
time to initiate
immunosuppressive
therapy.

Journal Cut Medicine & Surgery 2019;23(1)
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Recommendation

Table 1  Owverarching principles for vaccination in adult patients with AlIRD

Overarching principles

Level of Agreement (%)

1. The vaccination status and indications for further vaccination in patients with AIIRD should be assessed yearly by the rheumatology team, 100%

2, The individualised vaccination programme shoubd be explained to the patient by the rheumatology team, providing a basis for shared a4%
decision-making, and be jointly implemented by the primary care physician, the rheumatology team and the patient,

3, Vaccination in patients with AIIRD should preferably be administered during quiescent disease, 4%

4, Vaccines should preferably be administered prior to planned immunosuppression, in particular B cell depleting therapy. 100%

5. Mon-live vaccines can be administered to patients with AlIRD also while treated with systemic glucocorticoids and DMARDs. 100%

b. Live-attenuated vaccines may be considered with caution in patients with AlIRD. £3%

AIIRD, autoimmune inflammatory rheumatic diseases; DMARDs, disease-modifying antirheumatic drugs.

Furer V, et al. Ann Rheum Dis 2020;79:39-52



2019 update of EULAR recommendations for
vaccnation in adult patients with autoimmune
inflammatory rheumatic diseases

Vi urer 2 Chisien Rondoan ** Mo W Heitet” Table 2 Recommendations for vaccination in adult patients with AIRD with level of evidence for the incidence/prevalence of VP, efficacy,

Mancy Agron-Lesin @ ™ Sarder van fuzen,' Marc 011" ey € Dreectieid”  immunogenicity and safety of vaccines, strength of recommendations (SoR) and level of agreement for each recommendation
Aaffanle OF Amelic, h'l-ulme I'.l:madm ' Wi Crrboic Eapetan u‘.rl:

Iacck M van Laor ©," fde Thurah © ' fckert BM Landews: © "% Infection imemtsnc- Level of agreement:
Ana Mot & LT Wiber-Lastorr " Katen Schiedser ™™ Lao ol ™ e Reconsmendation e Efficacy genltity Safety Sofl*  owerbgel range (0-10], Had
Klaus Wematz.  Rico M Wialtiaat @ .7 0xi Eltayarn 1. Influenza vaccination should b strongly considered for the majority 2B h 22 i B 5.4
of patients with AHRD, =10
%
1. Preumococs vaconation should be stromgly considersd for the b q 2a 4 i 8.7
majorty af patients with ARRD 10
9%
3. Patienis with ANAD sheaikd receive tooosid tetais vaodnaton in i, M b 4 i S
acroedance with recommendations for the general population. Passve o -1
immunisation should be onsidered far patients treated with B cell 1P
depleting therapy,
4, Hepatite A and hepatits B vaconation should be adminsirated to HEW — H& HA b 4 B 0.6
patients with SIRD at risk. bn specfic situations boosher of passive HEV 2h L BT
immunisation is indizaterd, 10
5. Herpes zoster vacdination may be considersd in high-rdk patients bl h ib 4 i 9.1
with ATIRD. 10
2%
6. Waconation against yellow fever should be generally avaided in HA HA b 4 i} u.2
pabients with AIIRD, &-10
E5.T%
7. Patiesits with ABRLL in particular patients with SLE; shauld recetee b NA b 4 C 9.5
vactinabiors against HPY in seccedance with recommendations for 10
he peneral population. 100
B. mmurccompetant hoosehold members of patents with AIIRD Ha W& 1Y B, o 4.1
5hmidb-u1muragad i et Ya0oes mmngm ratianal 7-10
1 i %
&) 4.5
9. Live- attenuated vaccines shuuld be avoided during the first 6 g-10
100

months of life in newborns of mothers treated with biologics during
the second half of pregnancy.

Furer V, et al. Ann Rheum Dis 2020;79:39-52
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Vaccination of Persons With Asplenia or a Sickle Cell Disease,
Cochlear Implants, or Cerebrospinal Fluid Leak

Asplenia or a Sickle Cell Disease

Cochlear Implants® or Cerebrospinal Fluid Leak

Strength, Evidence

Strength, Evidence

Vaccine Recommendation Quality Recommendation Quality
Haemophilus influenzae b U:age <by Strong, moderate U Strong, moderate
conjugate R:age =5y weak, low
Hepatitis A u Strong, moderate U Strong, moderate
Hepatitis B u Strong, moderate U Strong, moderate
Diphtheria toxoid, tetanus toxoid, u Strong, moderate U Strong, moderate
acellular pertussis; tetanus
toxoid, reduced diphtheria
toxoid; tetanus toxoid, reduced
diphtheria toxoid, and reduced
acellular pertussis
Human papillomavirus u Strong, moderate U Strong, moderate
Influenza-inactivated linactivated u Strong, moderate U Strong, moderate
influenza vaccine)
Influenza-live attenuated (live X Weak, very low U Strong, moderate
attenuated influenza vaccine}
Measles, mumps, and rubella-live u Strong, moderate U Strong, moderate
Measles, mumps, and rubella— u Strong, moderate U Strong, moderate
varicella-live
Meningococcal conjugate R: age 2-55 y° Strong, low U Strong, moderate
Meningococcal polysaccharide R: age >55 y* Strong, low U Strong, moderate
Pneumococcal conjugate (PCV13) U: age <6 y© Strong, moderate U: age <6 y© Strong, moderate
R: age =6 v Strong, very low R: age =6y strong, low
Pneumococcal polysaccharide R:age =2 y*° Strong, low R:age =2 y*® Strong, moderate
(PPSV23)
Polio-inactivated (inactivated U Strong, moderate U Strong, moderate
poliovirus vaccine)
Rotavirus-live u Strong, moderate U Strong, moderate
Varicella-live u Strong, moderate U Strong, moderate
Zoster-live u Strong, moderate u Strong, moderate
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( A
+| Vaccinate according to national guidelines for healthy population, prefe-
rably after having achieved suppressed viraemia and immune reconsti-
tution (CD4 count > 200 cells/uL)

« Consider repeating vaccinations performed at CD4 count < 200 cells/pL + For attenuated live vaccines!!)
(< 14%) or unsuppressed viraemia once adequate immune reconstituti- (in addition to restrictions for general population):
on is achieved (HIV-VL undetectable and CD4 count > 200 cells/pL) * "Varicella, measles, mumps, rubella, yellow fever
= As vaccine responses may be significantly lower in PLWH Contraindicated if CD4 count < 200 cells/uL (14%) and/or AIDS.
(i.e. lower seroconversion rates, faster titer decline), do not use rapid Impaired protection after vaccination with unsuppressed viraemia
schedules and consider antibody titers to assess their effectiveness if » Oral live typhoid
vaccinated at CD4 count < 200 cells/uL or unsuppressed viremia (e.g. Confraindicated if CD4 count < 200 cells/uL (14%): give inactivated
rabies, tick-borne encephalitis, HAY, meningococci) parenteral polysaccharide vaccine. Preferred if CD4 count > 200 cells/
* Avoid polysaccharide vaccination L (> 14%)

+ For background data, see hitp://'www_bhiva org/vaccination-guidelines.
aspx
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PLWH- Vaccination schedule

Infection

Vaccination rationale in PLWH

Comment

Influenza Virus

Higher rate of pneumonia. Explicitly
recommended in all PLWH

Yearly

Human Papilloma Virus (HPV)

Shared nisk with HIV of contracting
infection. Higher rate of cervical and anal
cancer

Vaccinate all PLWH with 3 doses between ages 9 and 40

(health insurance coverage differs by country according to age, sex,
sexual orientation). Use 9-valent vaccine if available.

Persons treated for high grade cervical dysplasia could benefit from a full
course vaccination for secondary prevention

Hepatitis B Virus (HBV)

Shared nisk with HIV of contracting
infection. HIV accelerates liver disease
progression

Vaccinate if seronegative. Repeat doses until anti-HBs antibodies = 10 1U/L
/2100 IU/L according to national guidelines. In order to reach = 100 [U/L
in non-responders repeat 3 doses if anti-HBs < 10 IU/L, 1 dose if anti-HBs
< 100 1UY; consider double dose (40 pg) in particular with low CD4 count
and high HIV-VL . See page 95

Hepatitis A Virus (HAV)

According to risk profile (travel, close
contact with children, MSM, IVDU, active
hepatitis B or C infection, chronic liver
disease)

Vaccinate if seronegative. Consider checking antibody titres in PLWH with
high risk. Weaker immune response expected with HAV/HBV
co-vaccine. See page 95

Neisseria meningitidis

According to risk profile (travel, close
contact with children, MSM})

Use conjugated™ 4-valent vaccine (2 doses 1-2 months apart) if available.
Booster every five years if exposure continues. Polysaccharide vaccing not
recommended anymore

Streptococcus pneumoniae

Higher rate and severity of invasive
disease. Vaccine explicitly
recommended for all PLWH

One dose of conjugated™ 13-valent vaccine (CPV-13) for all PLWH, also if
pre-vaccinated with PPV-23 polysaccharide vaccine. No general recom-
mendation for any booster dose. Some national guidelines consider one
dose of PPV-23 at least 2 months after CPY-13 for all PLWH

Varicella Zoster Virus (VZV)

Higher rate and severity of both chicken-
pox and zoster

Perform serology if exposure history negative. Vaccinate if seronegative.
For contraindications, see”. To prevent shingles consider adjuvant sub-unit

vaccine rather than live-attenuated vaccine according to national
guidelines

Yellow Fever Virus

Mandatory for travel to selected coun-
tries (provide exemption letter if no true
risk of exposure)

Confraindicated if past or current haematological neoplasia or thymus
affection (thymoma, resection/radiation)
For other contraindications, see”. Booster g 10 years

Rabies

For PLWH with CD4 count < 200 cells/uL or unsuppressed viremia consid-
er pre-exposure vaccination with 3 doses (0, 7, 28 days) and titer control
14 days later as well as post-exposure immunoglobulins for all non-vacci-
nated
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ravel Related
Vaccines

Vaccination Recommendations for HSCT Recipients before

Travel

Vacorine

Adulr

General inactivated
vaccines

As recommended (IDSA 2013, Aung et al.
2015)

Yellow fever

No unless endemic (IDSA 2013, ASBMT 2009)
For endemic areas, =12 months after autolo-
gous transplant and =24 months after allo-
geneic transplant { Aung et al 2015)

General live vaccines
(MMR, BCG, polio,
typhoid, rotavirus, live
influenza, smallpox)

No (IDSA 2013, Aung etal 2015)

Tick-borne encephalitis

No unless endemic (ASBMT 2009, Aung et al.
2015)

Japanese B encephalitis

No unless endemic (ASBMT 2009
For =1 month in endemic area or short-term
with high-risk itinerary { Aung et al 015)

Meningococcal Meningitis belt in sub-Saharan Africa in Dec-

polysaccharide June {Aung et al. 2015)

Meningococcal Meningitis belt in sub-Saharan Africa in Dec-

conjugate June {Aung et al. 2015)

Cholera Optional for endemic areas { Aung et al. 2015)
Use if indicated > G months post-HSCT (Cana-
dian 2018)

He patitis A For ravel/fendemic areas (EBMT 2005)

Majeed A, Biol Blood Marrow Transplant 2020;26

: e38-e50



Yellow Fever

Indications Schedule Recommendation, Strength of
Recommendation and
Quality of Evidence
A single dose
All immunocompromised Contraindicated (S, M)
subjects
In asymptomatic HIV-infected A single dose Administration (W, L)

adults with CD4 T-call lymphocyte
count =200 cells/mm?
who travel to an endemic area

Patients (no immunosuppression for 2 years, no active GvHD, normal CD4 counts

and IgG levels) were vaccinated at a median of 3—-9 years after transplantation, with no SAE.
(J Infect Dis 2017; 217: 494-97, J Travel Med 2009; 16: 365-67)




ECIL 7 recommendations for family and close contacts of
stem cell transplant recipients by vaccine

Recommendation Grading

General recommendation

1\

LAV influenza

-
Varicella or MMR vaccine
to a close contact of the

patient
\.

(" z —
Rotavirus vaccine in close

infants
\

J

It is recommended that family members and close contacts of
HSCT recipients be immunised or vaccinated according to the age
and country recommendation

It is recommended that family members and close contacts of Alltand C

HSCT recipients be vaccinated with IIV at the start of autumn i
before transplantation and first season after, and annually as long
as the patient is considered immunocompromised

The nasal LAV influenza vaccine is contraindicated in close BNl
contacts of HSCT recipients during the first months after
transplantation or if the patient has GvHD

In case a close contact of an HSCT recipient needs varicellaor MMR
LAV because he or she is seronegative, he or she should be
seperated from the HSCT recipient, because of the risk of
developing post-vaccine disease

Within 4 weeks after rotavirus vaccination of infants, HSCT
recipients should have no contact with the stools or diapers of the
vaccinated infants because there is a risk of contracting the
vaccine virus

lIV=influenza inactivated vaccine. LAV=live-attenuated vaccine. GvHD=graft-versus-host disease.

MMR=measles-mumps-rubella. For the evidence-based medicine grading system (A I t, B lll, Clll) see appendix.

Lancet Infect Dis 2019;19:e200-12



Benefit of donor vaccination before harvest on the

recipient response to inactivated vaccines

Vaccine Benefit
Tetanus Yas
Diphtheria Yes
Polio No
Pertussis Unknown
PPV23 Mo
PCV Yas
Hib Yes
Influgnza Mo
HBV Conflicting
results

Comments
Improves the response of early (d-1, d50) R vaccination

Improves the Ab concentrations

Good response in the group with no D vaccination

Improved after early vaccination, no more significant at 12
months

Improves the response of early (d-1, d50) R vaccination

Mo difference on Flu Abs of the R during the first 6 months
after transplant . No improved response of the R when
vaccinated at 6 months

Poor response to HBsAg with or without D vaccination in
Storek et al. Improved response to KLH in Wimperis et al.
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ZUMTEPACHOTOL

Ot epfoAiacpol anoteAoUV AMOTEAEGHATIKA OTPATNYLKA YLOL TNV
npoAnyn Aolpwéewv o€ avoooKateoTaApEVouC acBeveic.

Ta epBoALa pe {wvteg LOUG PETEL va artodeUyovTal.
MNapakoAoUONGN TNG VOCLAKNG KATAOTAONG TWV aloOEVWYV yLa
nio cwotn) AP n Oeparmnevtikwy anopAcewv.

AvenapkeLla 6E60UEVWV OXETIKA HE TOV POAO TwV eUPOAiwV oE
acBOeveic mou AapPAVOUV VEWTEPEC AVOCOTPOTIOTIOLNTLKES
OLYWYEC.

Anatouvtal EMMAEOV HEAETEC YLOL TOV TPOOSLOPLOUO TNG
OLTLOTEAEOHATLKOTNTAC TWV ERBOAIWV avaAdywc TG
UTTOKELMEVNC VOGOU/ OVOGOKOATAOTAATLKIG OLYWYRAC.



