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1. Seznam zkratek

AIHA autoimunitni hemolyticka anémie

ALT alaninaminotransferaza

anti-DGP protilatky proti deaminovanému gliadinovému peptidu
anti-Gal protilatky anti-galaktosylové

anti-PCP protilatky proti pneumokokovému polysacharidovému antigenu

anti-TTG protilatky proti tkanoveé transglutaminaze
APDS syndrom aktivované fosfoinositid 3-kinazy o6
ASCT autologous stem cell transplantation, transplantace vlastnich

krvetvornych bunék

AST aspartataminotransferaza

BCR receptor pro antigen na B lymfocytech
BMD Bone Mass Density

BMI Body Mass Index

CD cluster of differentiation

CLL chronicka lymfaticka leukemie

CNS centralni nervovy systém

CMV cytomegalovirus

CVID bézna variabilni imunodeficience

(common variable immunodeficiency)

CT computer tomography

CTLA4 Cytotoxic T Lymphocytes Antigen-4 (CD152)
DNA deoxyribonukleova kyselina

EBV virus Epstein-Barrové

ELISA Enzyme-Linked ImmunoSorbent Assay

EMA European Medicines Agency

ESID European Society for Immunodeficiency

FDA Food and Drug Administration
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FEV1 usilovné vydechnuty objem za prvni sekundu

FISH fluorescenéni in situ hybridizace

GLILD Granulomatous lymphocytic interstitial lung disease
HIV Human immunodeficiency virus

HHV Human herpetic virus

fSCIG hyaluronidazou facilitované podani imunoglobulint
GIT gastrointestinalni trakt

GvH(D) Graft-versus-host (disease)

HL Hodgkinliv lymfom

HLA hlavni histokompatibilni komplex ¢lovéka (Human Leucocyte Antigen)
HRCT high resolution computer tomography

HSV Herpes simplex virus

IBD Inflammatory Bowel Disease

ID imunodeficience

IFN interferon

IgAD selektivni deficience imunoglobulinu A

IgHV immunoglobulin heavy chain variable region genes

IgG, IgA, IgM  imunoglobulin tfidy G, A, resp. M

IL interleukin

ILC innate lymphoid cells

IPI International Prognostic Score

ITP idopatické trambocytopenickd purpura

ISS International Staging System

IVIG intravendzni imunoglobuliny

JC John Cunningham virus

LRBA Lipopolysaccharide (LPS)-Responsive and Beige-like Anchor protein
MHC hlavni histokompatibilni komplex (Major Histocompatibility Systém)
MM mnohocetny myelom


https://en.wikipedia.org/wiki/Immunoglobulin
https://en.wikipedia.org/wiki/Lipopolysaccharide

MRI
mTOR
NHL
NK
NRH
0Ss
PET/CT
PFS
PID
RR
RTX
SCIG
SID
SIR
Tth
TKD
TLR
TNF
TP53
\/AY)
XLA
ZAP 70

magnetickd rezonance
mammalian target of rapamycin
non-Hodgkinv lymfom

natural Killer

nodularni regenerativni hyperplazie
overall survival, obecné preziti
pozitronova emisni tomografie
progression free survival, doba do progrese onemocéni
primarni imunodeficience

risk ratio

rituximab

subkutanni imunoglobuliny
sekundarni imunodeficience
standardized incidence ratio
folikularni pomocné T lymfocyty
transplantace kostni diené
Toll-like-receptor

tumor necrosis factor

tumor protein p53

varicella zoster virus

X-vazand agamaglobulinémie

zeta-chain-associated protein kinase 70



2. Uvod

Imunitni systém patii k zakladnim homeostatickym mechanizmim organizmu. Jeho
funkéni model prosel b&hem poslednich let vyznamnym vyvojem. Uvodni predstava Franka
M. Burneta a Franka Fennera z roku 1949 nazyvana ,,Self/non-Self* rozpoznavani byla
zptesnéna Charlesem Janewaeyem v roce 1989 a uvefejnéna pod ndzvem ,Infectious non-
Self* rozpoznavani [3597] Do centra pozornosti byla uvedena uloha antigen prezentujicich
bunék a jejich PRRs receptori (Pattern Recognition Receptors) a jejich schopnosti
rozpoznavat evoluéné konzervované vzory, jako ,Infectious/non-Self. K vyznamnému
posunu pak doslo v roce 1994, kdy prof. Polly Matzinger piedstavila svoji piedstavu modelu
nebezpeci ,,The Danger Model“. Tento zcela inovativni model klade imunitnimu systému
zakladni tlohu rozpoznavat nebezpeci ve formé alarmujicich signéld, které pochazeji z
patogentl, bunék ¢i tkani organizmu, které jsou poSkozené ¢i podléhaji stresu [127.128]

Imunodeficience (ID) obecné jsou onemocnéni, kterd vznikaji v dtsledku ruzné
zévaznych poruch imuntniho systému. V Sir§Sim pojeti se jedna o velmi heterogenni skupinu
onemocnéni zahrnujici zvySenou nachylnost nejen k infekcim, ale také onemocnénim
alergickym, autoimunitnim a Vv neposledni fad¢ i onkologickym. Svou povahou blizké
autoimunitnim jsou komplikace vznikajici dysregulaci imunitniho systému. Hranice mezi

nimi neni ostra.
Dle svého pivodu lze ID rozd¢lit na primarni a sekundarni.

Priméarni imunodeficience (PID) piedstavuji skupinu vice nez 300 geneticky dobie
definovanych vrozenych poruch imunitniho systému. S rozvojem diagnostickych moZnosti
pocet noveé definovanych klinickych jednotek kazdoro¢né nartistd. Hlavnimi fenotypovymi
znaky jsou infekce, malignity, alergie, autoimunitni onemocnéni a autoinflamatorni
komplikace, které se riznou mérou prolinaji dle typu defektu. Zavaznost a klinicka
riznorodost byvéa zavisla nejen na typu defektu, ale i na fad¢ dalSich, ne zcela jednozna¢né
objasnénych okolnosti [160] Miizeme vedle sebe potkat pacienty se zcela ndhodné zjiSténymi
imunodefiencemi, které jsou kompenzovany natolik, Ze necini svému nositeli Zadné obtize.
Na druhé stran€ jsou nemocni se zavaznymi formami PID, u kterych bez 1é¢by dojde pomérné
zdhy k Umrti. Rada nemocnych vyzaduje nakladnou pégi po cely Zivot a onemocnéni

vyznamnym zplsobem snizuje kvalitu jejich Zivota.



Sekundarni imunodeficience (SID) vznikaji v disledku jinych onemocnéni a jejich
lécby. Etiologicky se lisi zastoupeni ve statech rozvojovych a vyspélych. Zatimco Vv
rozvojovych zemich ptevazuji faktory nutricni a infekéni (napf. infekce virem HIV,
tuberkuléza), v zemich vyspélych, kam fadime i Ceskou republiku, pievazuji chronicka
onemocnéni a jejich 1é¢ba. Pocet postizenych a nakladnost 1é¢by kazdorocné nartistaji.
Optimalizace 1éCebného  pfistupu predstavuje dualezitou vyzvu 1 =z hlediska

socioekonomického.

Predlozen4 prace, zaméfend na protilatkové imunodeficience, si klade za cil uvést
prehled zakladnich diagndz, jejich pficin, klinickych projevi a 1é¢ebnych pristupti. Snazi se
poukdzat na komplexnost problematiky ptesahujici obor klinické imunologie jako takoveé,
nezbytnost soustiedéni nemocnych s PID do specializovanych center, kde jsou k dispozici i
daldi zkugeni odbornici. Ulohu klinického imunologa, v pozici konzilidte, povazuji za
nezastupitelnou v koordinaci péce o nemocné se SID a zejména Vv piipadé indikace substitu¢ni

1é€by imunoglobuliny.

Prace vychazi z dlouholeté¢ klinické prace predkladatelky, kterd se soustfeduje na
diagnostiku PID u dospélych. Zajistuje komplexni pé¢i nemocnych s PID ve specializovaném

centru. Prace je dolozena publikovanymi vysledky jejiho klinicky orientovaného vyzkumu.

3. Primarni protilatkové imunodeficience

Humoralni imunodeficience, které citaji vice nez jednu cCtvrtinu vSech PID[134],

obecné spojuje nachylnost k infekcim zptisobenym baktériemi. Klinicky se projevuji po 6.
mésici véku, Casto az v dospélosti. Dominuji infekce dychacich cest (sinusitidy, bronchitidy ¢i
pneumonie) a traviciho ustroji. U fady klinickych jednotek byva zvySena nachylnost k
autoimunitnim/dysregulacnim ¢i alergickym komplikacim. Zdkladem 1é¢by jsou dle

zavaznosti onemocnéni substituce imunoglobuliny a cilend antibioticka terapie.

3.1.  Selektivni deficience imunoglobulinu IgA

Selektivni deficience IgA (IgAD) je u jedinct starSich 4 let definovana sérovymi
koncentracemi IgA niz§imi nez 0,07 g/l pii souCasnych koncentracich IgG a IgM
nevybocujicich z referencniho rozmezi, u, pii vylouc¢eni vSech moznych sekundarnich pficin
[0] Jedna se o nejpocetnéj$i primdrni humordlni imunodeficienci v bélosské populaci s

odhadovanou prevalenci vyskytu cca 1:600 s jistou variabilitou mezi riznymi etnickymi
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skupinami [224] 7 ¢asti nemocnych se miize pojit i s deficienci podtiid IgG ¢i postupem casu
prechazet do bézné variabilni imunodeficience (CVID) (8],

Velka cast pacientll byva klinicky asymptomatickych. Jindy se miize onemocnéni
projevovat recidivujicimi infekcemi dychacich cest a gastrointestinalniho traktu [121] Byva
nachdzena i asociace s alergickymi [991 &i autoimunitnimi 1] komplikacemi.

IgAD predstavuje komplexni onemocnéni. Doposud nebyl definovan jednoznacny
geneticky zaklad. Az 45 % nemocnych jsou nositeli dédi¢ného haplotypu HLA Al1-B8-DR3-
DQ2 ve srovnani s béznou populaci [135] Tento haplotyp HLA, uloZeny na kratkém raménku
6. chromozomu, ktery je vysoce konzervovany, je davan do souvislosti s abnormalnim
cytokinovym profilem, zvySenou produkci TNFa, vyssi tvorbou autoprotilatek a
imunokomplext a tim vyssi pravdépodobnosti vzniku autoimunitnich onemocnéni [36] s IgAD
jsou dale spojovany haplotypy HLA-DR-7, DQ2, DR1 a DQS5, zatimco haplotypy DR15 a DQ6 se
zdaji byt protektivnimi [56.96] Asociace je nachazena i s nékterymi non-MHC
geny, napt. IFTH1 & CLEC16A %61

Patogenetickym znakem IgAD je neschopnost diferenciace B lymfocytd do
plazmatickych bunck schopnych produkce IgA. Pomoci pritokové cytometrie 1ze na zaklad¢
poctu izotopové presmyknutych pamétovych B lymfocyti, CD27+IgD- odlisit dvé
podskupiny nemocnych. Pacienti s jejich nizkym poctem vykazuji vice klinickych zndmek

zahrnujicich pneumonie, autoimunitni komplikace ¢i bronchiektazie [139],

Svédska studie z roku 2014 &itajici 2100 nemocnych s IgAD poukazuje na zvyseny
vyskyt celiakie (35krat), diabetu I. typu (10krat) vic¢i zdravé populaci. Soucasné byla
zaznamenana statisticky vyznamné zvySend prevalence idiopatické juvenilni artritidy,

systémového lupus erythematodes, idiopatickych stfevnich onemocnéni (IBD), onemocnéni
§titné Zlazy i1 revmatoidni artritidy [119] ge popsano i mirné zvysené riziko nadori traviciho
traktu 61/10000 pacient/rokd, v. s. 47/10000 pacient/rokli), hazard ratio HR = 1,64; 95%
spolehlivost = 1,07-2,5 [120]

Pti diagnostice autoimunitnich komplikaci je nutné zohlednit skute¢nost, Ze nemocni
nejsou schopni tvofit protilatky v tfidé IgA, a proto vzdy piihlizime k vysledkiim v tfidé IgG
obecné. Napi. IgG protilatky proti tkanové transglutaminaze (anti-TTG) a deaminovanému
gliadinovému peptidu (anti-DGP) patii mezi zdkladni laboratorni ukazatele potencidlni
ptitomnosti celiakie u IgAD jedinch. Protilatky tfidy IgG anti-TTG pravdépodobné vykazuji
vyssi specificitu nez protilatky anti-DGP

[223].



U nékterych nemocnych lze detekovat také protilatky tfidy IgG namifené proti IgA.
Tito nemocni mohou byt ohroZeni rozvojem anafylaktické reakce pii podani erytrocytarniho
koncentratu, plazmy ¢i jejich derivatl, které obsahuji jisté mnozstvi imunoglobulinu A.
Pravdépodobnost reakce nebyva Umérnd titru anti-IgA protilatek 8] Lécebns je
doporucovano u elektivnich vykonli vyuzit moznost autotransfiize, ¢i propranych erytrocyta
[32] v/ ptripad¢ nezbytnosti podani imunoglobulini je vhodné&jsi zvolit podkozni cestu podani,
ktera je méné rizikova z hlediska vzniku celkové nezadouci reakce.

Specificka 1écba IgAD neni dostupnd. Dle obecné¢ doporucenych postupti na prvnim
misté lé¢ime komplikujici onemocnéni. V ptipadé recidivujicich infekci podavame cilené
antibiotickou terapii, v né&kterych ptipadech lIze vyuzit dlouhodobou profylaxi. Uziti
bakteridlnich lyzatd je stadle diskutovano. Chybi udaje o bezpecnosti pouziti
imunomodulacnich prostfedkil u nemocnych s potencialné zvySenym rizikem autoimunitnich
onemocnéni. V téchto ptipadech je nezbytné postupovat ryze individualné. U nemocnych, kde
se poji IgAD s deficienci podtiid IgG ¢&i poruchou tvorby specifickych protilatek, lze u

symptomatickych nemocnych zvazit substitu¢ni 1€cbu imunoglobuliny.

3.2.  Selektivni deficience podtiid IgG

Je diagnostikovan u osob starSich 7 let, trpicich zavaznymi infekcemi, se sérovymi
koncentracemi IgA a IgM nevybocujicimi z referenéniho rozmezi a soucasné se hodnoty
nejméné dvou podtiid IgG1-3 nachazeji pod 5. percentilem vékové odpovidajici normy.
Celkové IgG miize byt zcela v normé. Koncentrace podtiid IgG obvykle nekoreluji s
klinickym stavem pacientl. Lécebné pfichdzi v tivahu substitucni 1écba imunoglobuliny v

zavislosti na zadvaznosti klinickych projevl [3,106,148]

3.3.  Selektivni deficience specifickych protilatek

V nékterych piipadech mize jit o izolovanou poruchu tvorby specifickych protilatek.
Diagnéza je postavena na prukazu chabé vakcinacni odpovédi, obvykle proti
polysacharidovym antigentim, kterd byva spojena s chybénim ¢i sniZzenim podtiidy 1gG2
zahrnujici vétSinu protilatek reagujicich s bakterialnimi polysacharidy. Z tohoto duvodu je
vhodné nasledné provést o¢kovani vakcinami, kde je polysacharidovy antigen konjugovan na
proteinovy nosi€¢. V piipadé Castych ¢i zédvaznych infekci je indikovéna substituéni 1écba

imunoglobuliny [5.38,117]



3.4.  Selektivni deficience IgM

Selektivni deficience IgM ptedstavuje ne zcela jednoznacné definovanou klinickou

jednotku s nejasnou patogenezi a vyznamem.

Tuto problematiku jsme zpracovali v nasledujici publikaci:

Chovancova Z, Kralickova P, Pejchalova A, Bloomfield M, Nechvatalova J, Vlkova
M, Litzman J. Selective IgM Deficiency: Clinical and Laboratory Features of 17 Patients and
a Review of the Literature. J Clin Immunol 2017 Aug; 37(6): 559-574. 1F=4,227


https://www.ncbi.nlm.nih.gov/pubmed/28730517
https://www.ncbi.nlm.nih.gov/pubmed/28730517

3.5. Neklasifikovana imunodeficience

I na nemocné, kteti jednozna¢né nenapliuji vyse uvedenad kritéria klinickych jednotek,
se v souCasné¢ dob¢ soustieduje klinicky vyzkum. Nase centrum se podili na projektu
,unclassified Antibody Deficiency in the European Society for Immunodeficiencies (ESID)
Registry (unPAD) study*.

Prvnim vystupem projektu je publikace:

Janssen LMA, van Hout RWNM, de Vries E; SIMcal consortium (Pignata C, Cirillo E,
Arkwright PD, Lougaris V, Buckland M, Garcia-Prat M, Soler-Palacin P, Ouederni M,
Kralickova P, Abolhassani H, Hammerstrom L, Aghamohamamdi A, Santos-Pérez
JL, Sobh A, van de Werff Ten Bosch J, Henriet S, Kilic SS, Karali Y, Gonzalez-Granado LI,
Sediva A.). Challenges in investigating patients with isolated decreased serum IgM - The
SIMcal study. Scand J Immunol 2019 Mar 18: €12763. doi: 10.1111/sji.12763. [Epub ahead
of print] 1IF=2,314
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Janssen%20LMA%5BAuthor%5D&cauthor=true&cauthor_uid=30887554
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Hout%20RWNM%5BAuthor%5D&cauthor=true&cauthor_uid=30887554
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30887554
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INTRODUCTION

Abstract

The clinical consequences of isolated decreased serum immunoglobulin (Ig)M are
not sufficiently known. Therefore, it is difficult to determine the clinical policy fol-
lowing such a finding. Only few reported IgM-deficient patients fulfil the European
Society for Immunodeficiencies (ESID) diagnostic criteria for selective IgM defi-
ciency (true sigMdef), or their diagnosis is uncertain due to insufficient laboratory
data (possible sIgMdef). Decreased serum IgM is often incidentally found in asymp-
tomatic adults. The objective of our study was to further characterize true sigMdef
and to compare the European data collected through the ESID Registry community
(tertiary centres) to our previously published Dutch cohort (secondary centre).
Fifteen centres (12 countries) participated with 98 patients. Patients were excluded if
serum IgM was only determined once (n = 14), had normalized (n = 8), or if they
also had other immunological abnormalities (n = 15). Ten patients (5 adults) com-
pletely fulfilled the ESID criteria for true sigMdef. Age-matched cut-off values var-
ied widely between centres; when using the ESID diagnostic protocol reference
values, only six patients (five adults) had true sigMdef. Because of these small num-
bers, further analyses were performed in patients with true or possible sIgMdef (13
adults, 48 children). Respiratory infections were commonly reported at presentation
(adults 54%, children 60%). Symptomatic adults had lower serum IgM levels (mean
0.27 g/L, 95% CI 0.22-0.31) than those without symptoms (mean 0.33 g/L, 95% CI
0.30-0.36; P = 0.02). To be able to explore the clinical consequences of rrue slgM-
def, we should fully analyse and accurately describe those patients in whom a
decreased serum IgM is found.

deficiency has mainly been studied in tertiary centre cohorts,
where a variety of clinical manifestations have been linked

The clinical consequences of isolated decreased serum immu-
noglobulin (Ig)M levels are not sufficiently known. Clinicians
struggle with what they should do with such a finding. IgM

*The SIMcal consortium members shown in Appendix 1.

with decreased serum IgM levels, including severe or recur-
rent infections, atopy, autoimmunity and maligrmncy.I Only
small cohorts of IgM-deficient patients have been described
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so far. ™ In 2006, the largest study to date was published,
reporting data from 36 patients.” The reported patients are
almost always symptomatic and most of them presented with
infections.! We recently showed in a secondary centre popu-
lation that decreased serum IgM levels can often incidentally
be found in asymptomatic adults.'” The determination of the
clinical significance of sigMdef is not only challenged by the
rarity and highly variable phenotype of this primary immuno-
deficiency, but also by the different criteria for “selective I[gM
deficiency” that are used in the literature.>®!1*!® ESID has
defined primary selective immunoglobulin(Ig)M deficiency
(slgMdef) as a decreased serum IgM level (repeatedly > 2
SD below the mean for age) with normal levels of serum
IgA, IgG and IgG subclasses, normal vaccination responses,
absence of T cell defects and absence of causative external
factors (http://www.esid.org). When these criteria are com-
pletely fulfilled, we refer to this condition as “truly selective
primary IgM deficiency” (true slgMdef), albeit we consider
the absence of clinical signs suggesting a T cell defect a suf-
ficient criterion. Only six of 261 (2%) patients described in
the literature with “IgM deficiency” completely fulfil the de-
fined criteria for true slgMdef.'S For many reported patients,
the diagnosis is either uncertain, which means that the ESID
criteria are not fulfilled completely because data on IgG sub-
classes and/or vaccination responses are lacking (we refer to
the latter as “possible slgMdef ,"% or their IgM deficiency
is not selective, because other antibody abnormalities are
present; these cases fit the ESID classification “unclassified
primary antibody deficiency” (unPAD). >

A larger cohort of true sigMdef patients is needed to fur-
ther explore the clinical consequences. Therefore, we initi-
ated this multi-centre observational cohort study using the
ESID online database. We also compared these European
data (tertiary centres) to our previously published Dutch co-
hort (secondary Cf:ntre).lj

2 | MATERIALS AND METHODS

2.1 | Patient identification and recruitment

Email messages with the proposal to participate in the
SIMcal study were sent out to all members of ESID to iden-
tify as many patients known to ESID members as possible
with slgMdef. Fifteen centres agreed to participate. Of these,
11 centres had registered their patients in the ESID online
database.'® The four centres not connected to the ESID online
database also joined the SIMcal study. All patients docu-
mented by the participating centres to have slgMdef were
eligible for analysis. Only the patients with possible and true
primary slgMdef were analysed in detail (for definitions, see
introduction). In all cases, patients had given informed con-
sent for analysis of their data. The Medical Ethical Committee
Brabant approved the SIMcal study.

27

2.2 | Data collection

The development, ongoing management and technical data-
base structure of the ESID online database were described
previously.'® All participating centres entered their data in
the study questionnaire, providing available demographic
and clinical data (gender, date of birth, country of residence,
age at diagnosis, date of diagnosis, presenting history, con-
ditions during follow-up, pathogens, familial cases, con-
sanguinity), as well as laboratory test results (serum IgM,
IgG, TgA and IgE levels, IgG subclasses, T cell subsets and
function, antibody responses to vaccinations, isohemagglu-
tinin levels, anti-nuclear antibodies (ANA) and specific IgE
directed against inhalant allergens), treatment (antibiotics,
immunoglobulin substitution) and follow-up period (date
of the first serum sample with decreased IgM until the date
of data extraction). The answers to the questionnaires were
encrypted and saved on a protected server using Research
Manager software developed by Cloud9 Health Solutions
(Deventer, the Netherlands). For interpretation of serum im-
munoglobulin levels, centre-specific age-matched reference
values were used. Almost all centres used immunonephelo-
metric or immunoturbidimetric techniques (14 out of 15); in
one centre, radial immunodiffusion was used (Egypt). The
method of data collection for the 42 adults with true or pos-
sible sigMdef from the secondary centre has been described
before."

23 |

Frequency data were analysed with chi-square analysis,
and the Fisher exact test when expected cell values were
lower than 5. Measurement data were expressed as means
with standard deviations (SD) and confidence intervals (CI).
Differences in measurements were tested with t test (Welch's
t test when the variances are unequal) and ANOVA. The sta-
tistical software package used was IBM SPSS statistics ver-
sion 24,

Statistical analysis

3 | RESULTS

Data from 98 patients were reported from 15 centres in 12 dif-
ferent countries. Thirty-seven patients (37%) were excluded:
14 because serum IgM level was only determined once, 8 be-
cause serum IgM level had normalized, and 15 because other
immunological abnmalities were also present (these patients
fulfilled the criteria for unPAD).

Of the remaining 61 patients, only 10 fulfilled the ESID
criteria for true sIgMdef (5 adults, 5 children), and 51 had
possible slgMdef (8 adults, 43 children) when using the
age-matched cut-off values for serum IgM used by the re-
porting centre. In those with possible slgMdef, the following
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immunological laboratory investigations were not deter-
mined: pneumococcal vaccination responses (0 adults and
20 children), IgG subclasses (1 adult, O children) or both (7
adults and 23 children). Cut-off values varied widely between
centres (Figure 1). When ESID diagnostic protocol cut-off
values for serum IgM were used,'” only 6 patients (5 adults, 1
child) had true sigMdef, and 8 had possible sigMdef (6 adults
and 2 children).

3.1 | Children

Analyses were done for the total group of children with
possible or true primary sIgMdef (n=48). Most children
were reported from Turkey (n=24), followed by Italy
(n=11), Tunisia (n=4), Belgium (n=3), Iran (n=3),
the Netherlands (n= 1) and Spain (n = 2). The mean age
at the date of the first serum sample with decreased serum
IgM in this possible/true sIgMdef cohort was 7 years (range
0-17 years). Mean follow-up time was 54 months (range
0-162 months). Boys predominated (79%), but there was a
significant association between country and gender (Fisher's
exact test, two-sided, P = 0.002). The numbers of children
in the various countries were too small to draw reliable con-
clusions from the gender data (Figure 2). Consanguinity was
present in six patients (13%, n = 2 male), absent in 39 (81%,
n =35 male) and not reported in three (6%, n =1 male).
These patients from consanguineous families were reported
by Iran (2 out of 3), Italy (2 out of 11) and Turkey (2 out of
24), Familial cases were present in three patients (6%; 2 from

serum IgM level (gL}

10
Age (years)

FIGURE 1 Centre-specific age-matched cut-off values of serum
IgM (g/L). Each line represents the lower limit of normal for serum
1gM used by a centre. The grey area represents serum IgM levels which
are decreased according to the ESID diagnostic protocol values.'” The
first serum IgM levels of the ten patients with true sigMdef according
to centre-specific cut-off values are plotted (C1,2,4 from Belgium;

C3 from Iran: C5. A3 from the Netherlands: A1.2.4.5 from the Czech
Republic). Of these, four patients were excluded when ESID diagnostic
protocol values were used (shown in grey). ESID, European Society for
Immunodeficiencies; sIgMdef, selective IgM deficiency

Iran, 1 from [taly), absent in 42 (81%) and not reported in
three (6%).

Recurrent respiratory infections were the most commonly
reported manifestation (n = 29; 60%). Other infectious man-
ifestations included mycobacterial adenitis, skin infections
and bilateral pneumonia with an abscess. Atopic manifesta-
tions occurred in 11 children (21%), including eczema, food
allergy and asthma. An autoimmune manifestation occurred
in 1 child (2%), more specific information was not available
in the database. The first serum IgM level ranged from 0.12
to 0.62 g/L. (mean 0.35 g/L). In the majority of the children,
IgM levels were not decreased according to the ESID diag-
nostic protocol values; none had undetectable levels of serum
IgM (Figure 3A). Analysis of variance showed a significant
effect for differences in serum IgM levels between coun-
tries (F = 5.858, P = 0.001, partial n°> = 0.417, Figure 3B).
Especially in Belgium, serum IgM values were higher and in
Tunisia and Iran lower, but due to the low number of patients
reported by these countries, it is difficult to interpret these
results. Mean serum IgM levels were higher in males than
in females (mean 0.37 versus 0.26 g/L: 1(12.208) = 2.697,
P =0.02), but when the variation between countries was
taken into account, this difference was no longer signifi-
cant (two-way ANOVA; F(1,37)=2.038, P=0.1). Serum
IgE levels were determined in 25 children (mean 184 U/mL,
range 3-1225); they were elevated (>90 U/mL) in 11 children
(44%). Specific IgE to >1 inhalant allergen were positive in
8/16 children (50%). Isohemagglutinin titres (anti-A and an-
ti-B antibodies in the IgM class) were determined in 23 chil-
dren, and low in two. Lymphocyte subsets were performed
in 30 children (Table 1A). Three children (6%) were treated

| Wilq

Ry @:.'9 R A A S @t\°
SRS SRS PN N SN
Age atdiagnosis (years)

FIGURE 2 Gender distribution per age group in the patients
with possible and true slgMdef. Light grey. male: dark grey, female.
The number of children reported per country is shown for the male
children. T, Turkey: Tu, Tunisia; 1, Italy; B, Belgium; Ir, Iran; S, Spain;
N, The Netherlands
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FIGURE 3  First serum IgM levels in the children from the
tertiary centre cohort. A. The first serum IgM levels (y-axis) and age at
the date of the first serum sample (x-axis). The grey dots represent the
five children with true sigMdef, and the red dots the 43 children with
possible sigMdef. The grey area in the graph represents decreased IgM
levels according to the ESID diagnostic protocol values [18]. B. Mean
first serum IgM levels + 95% CI in the different countries. sigMdef,
selective IgM deficiency

with intravenous immunoglobulins (IVIG), and 10 (21%)
with prophylactic antibiotics.

Clinical manifestations of the children with true sigMdef
are described separately in Table 1B (see Table S1 for more
details on all the children, and Table S2 for a comparison
between the Turkish children (largest group) and the children
from the other countries).

32 | Adults

Thirteen adults (7 males) with true or possible sIgMdef were
reported from Turkey (n =4), Czech Republic (n =4), the
Netherlands (n = 3) and the United Kingdom (n = 2). The
mean age at the date of the first serum sample with decreased

IgM was 40 years (range 21-63 years). Mean follow-up time
was 64 months (range 4-144 months). None of the adults had
a family history of immunodeficiency (unknown in one) or
consanguinity.

Clinical manifestations of the adults with true sIgMdef are
described in Table 2A (for details on all the adults, see Table
S1). Increased susceptibility to infections, especially involv-
ing the respiratory tract, occurred most often (n = 7). Other
reported infectious manifestations included hepatitis B, me-
ningococcal sepsis and recurrent herpes simplex virus (HSV)
encephalitis. Atopic manifestations occurred in two adults,
including atopic dermatitis and allergic rhinitis. Autoimmune
manifestations occurred in three (Sjogren's disease, alopecia,
coeliac disease). The first serum IgM level ranged from 0.10
to 0.62 g/l (mean 0.27 g/L). Serum IgE levels were deter-
mined in five adults (mean 109 U/mL, range 4-410); they
were elevated (>90 U/mL) in two. Isohemagglutinin titres
were determined in four adults, and low in one. Lymphocyte
subsets were performed in nine patients (Table 2B), all fell
within the normal range. None of the adults were treated
with IVIG, and three (23%) were treated with prophylactic
antibiotics.

3.3 | Comparison between the tertiary and
secondary centre cohorts of adult patients

We first compared the 13 adults with true or possible sIgM-
def from this tertiary centre cohort with the 42 adults with
true or possible slgMdef from the secondary centre cohort
we previously pub]ished.ls These two cohorts differ in the
type of population from which the data were collected (gen-
eral hospital versus specialised medical centres) and in the
way of collecting the data (analysing all laboratory data with
decreased serum IgM vs only analysing patients reported as
diagnosed with IgM deficiency by an immunologist). Given
this different patient selection process, further immuno-
logical analyses were as expected more often performed in
the tertiary centre cohort: repeated measurements of serum
IgM in 86% vs 14% (Fisher's exact test, P < 0.001), meas-
urements of IgG subclasses in 92% vs 14% (Fisher's exact
test, P <0.001) and pneumococcal vaccination responses
in 42% vs 7% (Fisher's exact test, P = 0.003). Not only in
the previously described secondary centre cohort, but also
in this tertiary centre cohort, few patients can be classified
as true slgMdef (Figure 4). In contrast to the tertiary cen-
tre cohort, adults in the secondary centre cohort were often
asymptomatic. The first serum IgM levels were significantly
higher in the secondary centre cohort (mean 0.30 g/L, 95%
CI 0.28-0.33) compared to the tertiary centre cohort (mean
0.27 g/L, 95% C1 0.17-0.37, P = 0.01; Figure 5A).

Second, comparisons were made between three groups:
(a) symptomatic adults from the tertiary centres (n = 13),
(b) symptomatic adults from the secondary centre (n = 18)
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TABLE 1 Children. A, Lymphocyte subsets in children with true (n = 5) or possible slgMdef (n = 25). B, Clinical manifestations of the
children with true sigMdef (n = 5)

CD3+T CD4+T CD8+T CD19+B CD3-
Age” cells cells cells cells CD16 + CD56+
Patient (vears)  x10°9/L % x10°9/L % x10°9/L % x10°9/L % NK cells x109/L. %
A
True
slgMdef
Cl o° 25 1.2 1.2 0.7 0.2
G2 1 38 24 1.3 2 0.4
C3 4 45 33 11 33 17
C4 4 1.8 0.9 0.8 0.7 0.24
C5 11 1.6 0.8 0.6 NA NA
Possible
slgMdef
C6 0° 70 25 42 24 7
a7 o 64 36 24 28 8
(&) 1 67 39 25 21 7
C10 2 58 28 22 21 15
Cl13 4 1.9 1.0 0.8 02 0.2
C17 ] 75 53 21 15 9
CI18 5 72 47 23 22 5
Cc20 ] 63 38 21 16 16
C22 5 90 52 38 3 11
23 5 81 49 26 13 6
C26 6 75 30 34 13 10
C28 6 75 31 38 14 7
C29 7 1.9 1.0 0.7 05 0.36
C31 8 78 58 17 9 12
32 8 73 36 34 15 10
C33 8 79 39 34 11 9
C34 9 57 35 12 13 24
C36 10 80 51 25 12 8
C37 10 58 26 30 16 18
C38 10 13 43 27 15 12
C39 10 68 43 23 16 14
C40 11 73 31 29 17 10
C41 11 73 38 17 7 16
Cc47 15 76 30 43 9 15
C48 17 77 39 29 7 15
First and last
Age” (years)/ Familial serum IgM Follow-up
Patient gender Clinical manifestations cases (g/L) Treatment period (months)
B
1 oM Recurrent pneumonia No 0.62¢,0.39 IVIG + AB 105
c2 I/'™M Recurrent ENT infections nr 0.45,0.22 AB 30

(Conrinues)
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TABLE 1 (Continued)

First and last
Age" (years)/ Familial serum IgM Follow-up

Patient gender Clinical manifestations cases (g/L) Treatment period (months)
C3 4/F Complicated atypical mycobacterial Yes 0.17,0.10 AB 42

adenitis, recurrent respiraty

infections
C4 4/F Atopic dermatitis, eczema, food No 0.38, 0.38 IVIG nr

allergy, asthma, warts
5 11/F Severe eczema nr nr, 0.38 none 162

Reference ranges from: Schatorjé et al Scand J Immunol 2011:74(5):502-10.%

AB, prophylactic antibiotics; C, child; ENT, ear-nose-throat; F, female; IgM, immunoglobulin M: IVIG, intravenous immunoglobulins; M, male: n.r, not reported; slg-
Mdef, selective IgM deficiency.

“Age at first sample collection.

"8 months.

“6 months.

97 months.

“This serum IgM level is decreased according to the age-matched reference values used by this centre.

TABLE 2  Adults. A, Clinical manifestations of the adults with true slgMdef (n = 5). B, Lymphocyte subsets in adults with true (n = 5) or
possible slgMdef (n = 4)

Age®
(years)/ Familial  First and last Follow-up
Patient gender Clinical manifestations cases serum IgM (g/1)  Treatment  period (months)
A
Al 36/F Atopic dermatitis, allergic rhinitis, sinusitis No 0.10,0.10 None 38
A2 38/F Bronchitis, nasopharyngitis, chronic hepatitis B~ No 0.14,0.12 None 70
A3 S50/F Bronchiectasis, coeliac disease, fatigue, No 0.20, 0.37 AB 67
recurrent respiraty infections
Ad 55M Vertebral pain syndrome No 0.10,0.10 None 39
AS 63/F Sjogren’s syndrome, alopecia, multiple lung No 0.16,0.14 None 101
cysts, fatigue
CD3*T CD4*T CDS*T CD19*B
cells cells cells cells CD3-CD16*CD56*
Patient x10°9/L % x10°9/L % x10°9/L. % x10°9/L % NK cells x10°9/L, %
B
True
slgMdef

Al 0.9 0.6 0.3 0.2 0.12

A2 1.3 0.9 0.4 0.4 0.68

A3 2.0 1.5 0.6 0.1 0.20

A4 1.7 1.0 0.6 0.6 0.22

AS 0.8 0.5 0.3 0.3 0.19
Possible

slgMdef

A7 70 39 27 13 13

Al0 20 0.9 1.0 0.2 0.10

Al2 79 47 29 10 10

Al3 1.3 0.9 0.4 0.1 0.12

Reference ranges from: Schatorjé et al Scand J Immunol 201 1:74(5):502-10.%
A, adult; AB, prophylactic antibiotics; F, female; IgM, immunoglobulin M; M, male; slgMdef, selective IgM deficiency.
“Age at first sample collection.
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Total = 359

Tertiary centre cohort

[ igM level determined once
B3 IgM level normalised

Wl unPAD

B true sigMdef

[ possible sigMdef

FIGURE 4 Classification of patients with decreased serum IgM in the tertiary (n = 98) and secondary (n = 359) centre cohorts.
Abbreviations: sigMdef, selective IgM deficiency; unPAD, unclassified primary antibody deficiency

and (c) asymptomatic adults from the secondary centre
(n=24) (Table 3). The mean age at diagnosis was sig-
nificantly higher in patients without symptoms that could
be related to antibody deficiency (mean 65 years, 95% CI
60-70) compared to those with symptoms from the sec-
ondary centre (mean 56 years, 95% CI 49-64) and tertiary
centres (mean 40 years, 95% CI 31-49; P <0.01). We
evaluated the mean first serum IgM levels in the different
clinical manifestations (Figure 5B). Two symptoms, au-
toimmunity and fatigue, showed a significant difference,
the patients with the symptoms having lower IgM levels

(autoimmunity n = 6, mean 0.21 g/L, 95% CI 0.09-0.33; no
autoimmunity n =49, mean 0.30 g/L, 95% CI 0.27-0.33;
1(53) = -2.137, P =0.037; fatigue n =9, mean 0.22 g/L,
95% CI 0.16-0.29; no fatigue n = 46, mean 0.31 g/L, 95%
CI 0.27-0.34; 1(53) = =2.265, P = 0.03). When combining
all symptoms that could be related to antibody deficiency,
adults with these symptoms (n=31) had significantly
lower IgM levels compared to adults without these symp-
toms (n = 24) (mean 0.27 g/L, 95% CI 0.22-0.31 vs mean
0.33 g/L, 95% CI 0.30-0.36; 1(47.094) = 2.353, P =0.02,
Figure 5C).
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FIGURE 5  First serum IgM levels in B ‘1‘ ’L‘ c r R
the adults from the tertiary and secondary -~ 0.4 - 0.4 4
centre cohorts. Tertiary centre cohort 5 } §
n = 13, blue; secondary centre cohort K 0.3 4 ; i i i i 0.3 4
n =42, yellow. The first serum IgM § i
levels (y-axis) and age at the date of first 2 524 0.2 -
serum sample (x-axis) (A). The grey area s_
in the graph represents decreased IgM E 0.1 - 0.1 -
levels according to the ESID diagnostic é
protocol values [18]. Mean first serum 0.0 T r r - r 0.0 r T
IgM levels + 95% CI (g/L) in the different & S &
%4 B 'g/L' ‘ & ‘}o@ & 9,»“’ ‘bs). & @6’
clinical manifestations of adults from both p 6§ & & & &
tertiary and secondary centres (B), and in A v;? ‘@ %"& o‘\
those with (n = 30) and without (n = 25) &f ¥
symptoms that could be related to antibody ..5"\
deficiency (C). *Two-sided 1 test; P < 0.05 < ®yes 0Ono
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TABLE 3 Clinical and laboratory features of the adults with true or possible sigMdef

Tertiary centre
symptomatic (n = 13)
Age”, years (95% CI) 40 (31-49)
Males, n (%) 7 (54)
Follow-up period, months (95% CI) 64 (36-92)
Clinical manifestation(s), n (%)
Infectious manifestations 7(54)
Atopic manifestations 2(15)
Autoimmune manifestation 323
Gastrointestinal disease 2(15)
Long-lasting fatigue 3(23)

First IG levels, g/L (95% CI)

Serum IgM 0.27 (0.17 - 0.37)

Serum IgG 12.1 (11.5-13.6)

Serum IgA 2.4(1.8-3.0)
Treatment, n (%)°

Prophylactic antibiotics 3(23)

Secondary centre Secondary centre

symptomatic (n = 18) asymptomatic’(n = 24) P value
56 (49-64) 65 (60-70) <0.01°
11 (61) 12 (50) 0.79"
68 (52-84) 80 (65-95) 041

9 (50) 0(0) <0.01"
5(28) 0(0) 0.02"
1(6) 0(0) 0.05"
2(11) 3(12) 1.00"
5(28) 1(4) 0.09*
0.27 (0.22-0.31) 0.33 (0.30-0.36) 0.11"
10.5 (9.5-11.4) 10.7 (9.9-11.5) 0.09°
2.7 (1.9-3.5) 2.9(2.2-3.6) 0.63"
0(0) 0(0) 0.01"

Tertiary centre cohort (n = 13), and symptomatic (n = 18) and asymptomatic (n = 24) secondary centre cohort.

CI, confidence interval: 1G, immunoglobulin.

“This means no symptoms potentially related to antibody deficiency were present.
P Age at first sample collection.

“None of the adults were treated with immunoglobulins.

*ANOVA.

*Fisher's exact test.

4 | DISCUSSION

When isolated decreased serum IgM levels are repeatedly
found in a patient, clinicians are confronted with a dilemma.
To date, it is not clear what the clinical consequences of such
a finding are, and whether and if so how such patients should
be treated. The results of our study underline these chal-
lenges. Not only in our previously published secondary cen-
tre cohort,"® but also in this tertiary centre cohort as well as
in other cohorts in the literature,””'* only few patients with
decreased serum IgM levels have rrue sigMdef. This condi-
tion is probably very rare.

However, the adults with more severely decreased serum
1gM levels were more likely to be younger and to be symp-
tomatic. This information can help in interpreting the clini-
cal significance when an isolated decreased serum IgM level
is discovered. While just below normal values tend to have
little clinical meaning, we suggest that lower cut-off values
than the current “two standard deviations (SD) below the
mean” probably distinguish the clinically relevant category
of patients. We propose to develop a classification for sIgM-
def similar to the one previously developed for selective IgA
deficiency. This classification distinguishes selective IgA
deficiency (serum IgA < 0.07 g/L) from the often clinically

irrelevant partial IgA deficiency (serum IgA > 0.07 g/L but 2
SD below normal age-adjusted means).”**! For selective IegM
deficiency, such a cut-off value will have to be determined in
future studies.

Our study has several limitations. First, our results are
based on a still relatively small cohort including not only true
but also possible slgMdef. This group contained a high num-
ber of children, which is in contrast to few children reported
in the literature.” This is probably bias resulting from the type
of centres that decided to participate in the study. Second, it
is possible that mildly affected patients with a known genetic
defect are “hidden” in the sIgMdef population and fulfil the
criteria for syndromic immunodeficiencies instead.?** This
can only be revealed by genetic testing in such cases. Third,
age-matched cut-off values varied widely between the cen-
tres; when using the ESID diagnostic protocol values, even
fewer patients had true slgMdef (1 child, 5 adults). This can-
not only be explained by variations in technique or in genetic,
ethnic or geographical differences, which have also been
shown to influence serum IgM levels.”®*” Almost all centres
(14 out of 15) used immunonephelometric or immunotur-
bidimetric techniques, which have been demonstrated to be
reliable and to have good comp'cu'ubility.:u""1 Although inter-
laboratory variability in the current methodologies can make
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unification of reference values challenging, investigating op-
portunities for achieving this would be worthwhile.

In conclusion, even this multi-centre study could not solve
the dilemma. Even enlarging the study to global proportions
will probably not answer our questions. To be able to explore
the clinical consequences of rrue slgMdef, full analysis and
accurate description of all patients in whom a decreased
serum IgM is found would be more effective, leaving no pa-
tients with possible slgMdef to dilute the results.
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3.6.  Brutonova agamaglobulinemie (X-vazana agamaglobulinémie, XLA),

autozomalné recesivné vazana agamaglobulinémie

Brutonova agamaglobulinémie byla poprvé popsana pediatrem O. Brutonem v roce
1952. Je zplsobena riznymi mutacemi v genu kodujicim Brutonovu tyrozinovou kinazu
(Btk). Jedna se o protein pienasejici signaly v buinikach vSech hematopoetickych linii, mimo T
lymfocyty a NK buriky. S ohledem na to, Ze onemocnéni je vdzano na X chromozom,
postizeni jsou pouze chlapci. Vzacné existuji 1 autozomalné recesivni formy, které se mohou

manifestovat 1 u divek. Klinicky ani laboratorné se obé formy nelisi, odlisitelné jsou jen na
zéklad¢ molekularné genetické diagnostiky [ v nekterych ptipadech byla popsédna i asociace

S dal$imi syndromy, napt. s neurologickym postizenim a hluchotou ¢i deficitem rastového

hormonu [181'205].

Pfi klinickém vySetifeni miize byt pro Iékafe varovnym signilem
nepiitomnost tonzil. Laboratorné je onemocnéni charakterizovdno snizenym poctem B
lymfocytl v periferni krvi maximalné do 2 % lymfocytl, koncentraci imunoglobulinli ve
vSech tiech tiidach (IgG, IgM i IgA) v séru pod hranici dvé smérodatné odchylky od praméru
daného véku, neptfitomnosti izohemaglutininti a/nebo chabou vakcinac¢ni odpovédi. Klinicky
se projevuje nejcastéji v kojeneckém a batolecim veéku recidivujicimi infekcemi dychacich
cest (sinusitidy, otitidy, bronchitidy, pneumonie), septickymi artritidami (pyogenni,
mykoplazmové), priujmy, vzacnéji pyodermiemi, konjunktivitidami ¢i meningoencefalitidou
[95.115229] Dpeisi dobu nelééené onemocnéni vede ke vzniku tézkych plicnich komplikaci ve
form¢ bronchiektazii a fibroznich zmén. Pfi vzniku encefalitidy je vzdy nutno pomyslet na

enterovirovou etiologii [184] 'S¢ zménou otkovaci latky proti détské obrné, kdy jiz neni

pouzivana Sabinova vakcina obsahujici zivy oslabeny virus, se pravdépodobnost vzniku této
komplikace vyznamné snizila. Dal$im asociovanym nalezem muize byt neutropenie. Obvykle

souvisi s infekcemi a byva nalézdna zejména u nediagnostikovanych ¢i suboptimélné

substituovanych nemocnych [71,

36



3.7. BéZna variabilni imunodeficience

(CVID — Common Variable ImmunoDeficiency)

Bézné variabilni imunodeficience je tvofena heterogenni skupinou onemocnéni
ptredstavujici klinicky vyznamnou formu protilatkovych imunodeficienci. V klinickém obrazu

dominuji bakteridlni infekce, zejména dolnich cest dychacich, a Siroké spektrum

autoimunitnich/dysregula¢nich komplikaci [171], Vyskytuje se s prevalenci okolo 1: 25 000, se

stejnym podilem Zen 1 muzi [227], Ptiznaky se mohou projevit v jakémkoli véku. Jsou

udavany dva vrcholy v 1. a 3. dekadé zivota [14°]

Geneticka podstata onemocnéni neni ve vétSin€é piipadit zndma. Diky stale se
rozvijejicim moZnostem genetického testovani, predev§Sim mozZnosti celoexomovéeho
sekvenovani, narlsta pocet diagnostikovanych monogennich forem, i kdyZ jen pozvolna.
Zatim pouze 2-10 % ptipadd CVID ma jasnou monogenni pficinu [26,123,160]  Mutace
(varianty) v né€kterych genech jsou povazovany za pii¢inné, v jinych genech za modifikujici
pribéh onemocnéni (napt. TNFRSF13B — TACI). V manifestaci hraji roli i zmény v dalSich
genech ¢i faktory epigenetické. Nékteré mutace lze nalézt i u zcela zdravych rodinnych
prislusniki nebo se postizeni se stejnym typem mutace mohou projevovat zcela odliSnymi
klinickymi obrazy co do pestrosti i zavaznosti onemocnéni. Jako monogenni onemocnéni jsou
vydélovany poruchy v genech kédujicich nasledujici molekuly: 1COS, TNFRSF13C (BAFF-
R), TNFSF12 (TWEAK), CD19, CD81, CR2 (CD21), MS4A1(CD20), TNFRSF7 (CD27),
IL21, IL21R, LRBA, CTLA4, PRKCD, PLCG2, NFKB1, NFKB2, PIK3CD, PIK3R1, PTEN
(LOF), VAV1, RAC2, BLK, IKZF1 (IKAROS), IRF2BP2, MOGS, TRNT1, TTC37,

ATP6AP] [26.160]

V roce 2015 byla aktualizovana diagnosticka kritéria, tzv. ICON (International

Consensus Document) kritéria [28]

Vétsina nemocnych ma spliovat alespon jednu formu klinické manifestace: infekce,
autoimunita, lymfoproliferace. Diagnézu lze urcit i u asymptomatickych piipadi za
predpokladu naplnéni bodu 2-5, zejména v pfipadé rodinného vyskytu.

1. Je detekovana vyznamné sniZzena hodnota sérového IgG, hodnocend s ohledem na vek

a ziskana ze dvou méfeni s odstupem 3 mésicii, pokud nejsou hodnoty velmi nizké.

2. Sérové koncentrace IgA a IgM musi byt rovnéz nizké.
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3. U nemocnych s koncentraci IgG nad 1 g/l je jednoznacné vyzadovan prikaz poruSené
tvorby specifickych protilatek, a to vakcinaci za pouziti T-dependentniho i T-
independentniho antigenu. K diagnoéze staci chaba odpovéd’ jen na jeden z nich. Tato
podminka nemusi byt splnéna pii naplnéni vSech ostatnich kritérii pouze u téch
nemocnych, kde odloZeni substitucni 1écby by bylo s ohledem na klinicky stav
riskantni.

4. Musi byt vyloucCeny vSechny mozné sekundarni pfi¢iny hypogamaglobulinémie.

5. Geneticka diagnostika neni podminkou.

CVID je spojeno s vysokou morbiditou a zvySenou mortalitou. Komplikace Ize
rozdélit na ty, které¢ vznikaji strukturdlnimi zménami po probéhlych infekcich (napf.
bronchiektazie) a jako disledky dysregulace: autoimunitniho (cytopenie, postizeni kloubt,
kaze, Stitné zlazy, pernicidzni anémie) a autoinflamatorniho ptivodu (granulomy, intersticialni
postizeni plic, inflamatorni postizeni stfeva, splenomegalie, lymfadenopatie). Onemocnéni je

taktéz spojeno s vyssi prevalenci solidnich nadori a lymfomt [171],

3.7.1. CVID a postiZeni plic

Postizeni plic u nemocnych s CVID lze rozdélit na dvé zakladni skupiny: infekéni a
neinfek¢éni ¢i 1épe dysregulacni. Mezi infekéni komplikace jsou typické bronchitidy a
pneumonie. Nejéastéj$imi ptavodci jsou Streptococcus pneumoniae a Haemophilus influenzae
[103,148] 7 4vazné virové a oportunni infekce byly sice popsany, ale nejsou typické. Vyskytuji
se zejména u nemocnych podstupujicich dlouhodobou imunosupresivni 1écbu ¢i se
zavaznéjSim morfologickym plicnim postizenim [114.146] 'pyi ¥adné vedené substituéni 16&b&
imunoglobuliny dochazi k vyznamnému poklesu vyskytu bakterialnich infekci. V ptipadé

nedostateéného efektu substituéni 1é¢by je na misté zvazit dlouhodobou antibiotickou
profylaxi [98]

Neinfekéni/dysregulacni zmény predstavuji zavaznou komplikaci, kterd vyzaduje
dlouhodobou imunosupresivni 1é¢bu se vSemi disledky. Piesny patofyziologicky
mechanismus vedouci k jejich rozvoji nebyl doposud jednoznaéné objasnén.

Zavaznou komplikaci pfedstavuje granulomatozni/ lymfocytarni intersticialni plicni
nemoc (Granulomatous Lymphocytic Intersitial Lung Disease, GLILD). Incidence je udavana
ruzn€, nejcastéji kolem 10 % pacientti s CVID [30,70.171] Radiograficky jsou pro ni typické
difizni retikularni zmény, casto typu denzit mlééného skla (ground-glass opacities) s

predominanci v dolnich plicnich lalocich (obr. ¢. 1). Histologicky se jedna o nekaseifikujici
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granulomy, lymfocytarni intersticialni pneumonitidu a folikularni  bronchiolitidu.
Lymfocytarni hyperplasie vykazuje predominanci T lymfocytti, pomér subpopulaci CD4+ a
CD8+ T lymfocytii rizné studie udavaji variabilng B%351 - Granulomy se vyskytuji i
extrapulmonalné (jatra, slezina, uzliny, kuze, CNS) (obr. ¢. 2). Pacienti frekventné trpi

[171 " Kiinicky byvaji pridruzeny dalsi autoimunitni

splenomegalii a lymfadenopatii
komplikace, zejména autoimunitni cytopenie. Laboratorn¢, ptredevS$im u nemocnych se
splenomegalii a postizenim jater ve form¢é nodularni regenerativni hyperplazie, dominuje
elevace alkalické fosfatazy s relativné fyziologickymi ¢i jen lehce zvySenymi hodnotami ALT

a AST. V pokrocilejsich stadiich se miizeme setkat se znamkami hypersplenismu a rozvojem

portalni hypertenze [219],

39



Obr. ¢.1Ba1C

Obr. ¢ 1: (A) HRCT obraz GLILD s viceCetnymi drobnymi peribronchialnimi
infiltraty a denzitami mlécného skla bez vyraznéjSich konsolidaci parenchymu; (B a C) MRI
CNS s nalezem viceloziskového postiZzeni se sytou nepravidelnou opacifikaci lozisek supra- i

infratentorialné.

Autorkou snimk nasich pacientli je MUDr. Koc¢ova E, Radiologicka klinika FN HK.
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(A) (B)

(E) (F)

Obr. ¢. 2: Nekaseifikujici granulomy CNS u nami sledované nemocné s CVID.

Hematoxylin and eosin (HE) barveni; mnohocetné perivaskularni infiltraty a pfitomnosti
zralych  lymfocyti a nekaseifikujici  granulomy (A), detail granulomu (B);
imunohistochemické barveni CD3 (C), CD4 (D), CD8 (E), CD68 (F) ukazuje zastoupeni 92 %
CD3+ T lymfocytu s podilem 76 % CD4+ T lymfocyt a 24 % CD8+ T lymfocytl. Expese

molekuly CD68 prokazuje pfitomnost buné¢k makrofagové linie.
Autorka snimk@ MUDr. Kamaradova K, FUP FN HK.
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Tématika byla podobnéji zpracovana v ndsledujicich publikacich:

Krali¢kova P, Malad E, Vokurkova D, Krémova I, Pliskova L, Stépénové V, Barto$§ V,
Koblizek V, Tacheci I, Bures J, Brozik J, Litzman J. Cytomegalovirus disease in patients with
common variable immunodeficiency: three case reports. Int Arch Allergy Immunol 2014;
163(1): 69-74. IF=2,673

Krali¢kova P, Kubcova S, Koc¢ova E, Barto§ V, Soucek O, Rozsival P, Vanicek H,
Krémova I, Ravcukova B, Grombitfikovd H, Freiberger T. UspéSna 1écba rituximabem pro
granulomatozné-lymfocytarni intersticidlni plicni nemoc provazejici béZnou variabilni

imunodeficienci. Epidemiol Mikrobiol Imunol 2018 Winter; 67(3): 142-148. 1F=0,500
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3.7.2. CVID a postizeni gastrointestinalniho traktu

Postizeni gastrointestinalniho traktu u CVID lze obecné rozdé€lit na infekéni a

neinfekéni.

Nejcastéjsimi nespecifickymi klinickymi projevy jsou pocity nadymani, bolesti bficha
¢i prijem. U ¢asti nemocnych mize postizeni GIT probihat dlouhodobé zcela

asymptomaticky [100],

Infekce probihaji jako akutni ¢i chronické. Typickymi patogeny byvaji: Giardia
lamblia (obr. 3), Campylobacter jejuni ¢i Salmonella sp. [153] e zajimavé, ze i kdyz néktefi
nemocni musi Casto ¢i dlouhodobé¢ uzivat antibiotika, nebyla zaznamenéana zvySena incidence
infekci zptisobenych Clostridium difficile. Moznym vysvétlenim miize byt piitomnost
specifickych protilatek proti Cl. difficile v imunoglobulinovych preparatech [178] " Infekce
Helicobacter pylori mize u nemocnych s CVID podporovat vznik chronické gastritidy, atrofii
sliznice, intestinalni metaplazie, dysplazie sliznice ¢i adenokarcinomu Zaludku [47.239] Na
zéklad¢ kombinovanych udaji ze dvou studii, s celkovym poctem 11 biopticky potvrzenych
pozitivnich nemocnych z celkem 60 nemocnych s CVID (18,3 %), se incidence infekce H.
pylori nezda byt vuci bézné populaci zvySena [122.125] pgyodem muze byt vyssi expozice
antibiotické 16¢b&. V Evropé se prevalence pohybuje mezi 17 % az 79 %, v USA kolem 30 %

s variabilitou s ohledem na v¢k a etnicky pavod [54,174]

Nelze podcenit ani zvySeny vyskyt virovych enteritid. Je pravdépodobné, Ze nemocni S
nizkymi sérovymi koncentracemi IgA maji vyS$i riziko dlouhodobé replikace

[216]

gastrointestinalnich vira Norovirové infekce mohou vést ke vzniku chronické

enteropatie s atrofii klkti a naslednou malabsorpci. Cilena 1é¢ba ribavirinem je schopna zlepsit

nejen klinicky stav nemocného, ale i histopatologicky obraz s regeneraci struktury sliznice
[232.233] ' Na moznost cytomegalovirovych enteritid a oportunnich infekci bychom méli

pomyslet u nemocnych se zavaznymi neinfekénimi komplikacemi s nezbytnou dlouhodobou

imunosupresivni 1é€bou ¢i malnutrici [114]

U nemocnych s CVID, bez ohledu na uZzivani antibiotik, byla zjiSténa snizena alfa
diverzita stfevni mikrobioty (rozmanitost druhti lokalnich spolecenstev, pfi¢emz pocet druht
je zaznamenavan v ramci standardizované plochy nebo piirozené na zakladé¢ stanoviste). Tyto
zmény byly vice vyjaddieny u nemocnych se zanétlivymi a autoimunitnimi komplikacemi v
ramci zédkladniho onemocnéni. Nizky index diverzity byl spojen s nizkou sérovou koncentraci

IgA (101 y nemocnych trpicich enteropatii asociovanou s CVID byla dale
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nalezena nizka koncentrace IgA v duodenalni tkani, kde se jako potencialni pathobiont mize
uplatiiovat Acinetobacter baumanni 11891 744 se, ze nedostate¢na pritomnost B lymfocyta ¢i

IgA Vv pfitomnosti stievni mikrobioty vede ve stfevnim epitelu k indukci protektivnich zmén,
jejichz podstatou je up-regulace cest vedoucich k nadprodukci interferonu, a naopak k redukci

GATA 4 zavislych metabolickych drah. Tento posun miize ¢aste¢né vysvétlovat i malabsorpci
lipidii a snizeni depozice télesného tuku [188]

Neinfekéni gastrointestinalni postizeni byva pozorovano u 9-20 % nemocnych s CVID
[70171] “astou komplikaci CVID je pernicidozni anémie. Obvykle se manifestuje v mlad$im

véku a mize predchazet diagnoze zakladniho onemocnéni o fadu let. Pfi gastroskopickém
vySetieni byva nachazena hypo- ¢i achlorhydrie, atroficka gastritida a intestinalni metaplazie
(obr. ¢&. 4) predstavujici potencialni riziko vniku adenokarcinomu. Vyskyt adenokarcinomu
7aludku je pravdépodobné vici bézné populaci zvysen. Udaje o mife rizika se u riznych
autorti 1181, neni piekvapujici regionalni odlisnost [48,107,165.177] "/ posledni dobé¢ se zda, ze
dochazi k poklesu jeho vyskytu pravdépodobné v souvislosti s eliminaci infekce H. pylori v
populaci [70.171] Byl vSak popsan i1 u mladSich nemocnych. Je intestinalniho typu se
[41]

zvySenym mnozstvim intranadorovych lymfocyt

Postizeni tenkého streva (CVID asociovana enteropatie) zahrnuje folikularni
hyperplazii, zmnoZeni intraepitelovych lymfocyti a atrofii klkti ¢asto vedouci k mylné
diagnoze celiakie (obr ¢. 5-6). Typické zde vSak je vyznamné snizeni az chybéni
plazmatickych buné€k a infiltrace CD8+ T-lymfocyty v lamina propria [100], Enteropatie

asociovana s CVID byva spojena s exsudativni enteropatii vedoucich ke ztraté sérového 1gG a

albuminu, se syndromem bakterialniho pferistani v tenkém stieve.

Pouziti sérologickych testi v diagnostice odliseni s CVID asociované enteropatie a
celiakie neni pfili§ pfinosné pro poruchu tvorby protilatek vyplyvajici z podstaty onemocnéni
241 Vhodne je doplnéni HLA typizace DQ2, DQS8 (pfi negativnim vysledku je asociace S
celiakii velmi mald), se zohlednénim vyskytu HLA-DQ2 u 24 % a HLA-DQS8 u 15 % zdravé
ceské populace [234] g prikazu syndromu bakteridlniho pferlistani v tenkém stievé se

uplatiiuji pfedev§im dechové testy se stanovenim vydechovaného vodiku.

PostiZeni tra¢niku zahrnuje Siroké spektrum od mikroskopickych kolitid po ulcerativni
zanéty pripominajici ulcerdzni kolitidu ¢i Crohnovu chorobu [126] Daniels et al. zhodnotili

mikroskopické nalezy u 20 nemocnych s CVID a kde u 81 % byly nalezeny lymfoidni
agregaty. Biopsie u 6 nemocnych prokazala znamky lymfocytarni kolitidy, u 2 kolagenni
kolitidu. Intraepitelové neutrofily byly ptitomny u 14 (88 %), jejich mnozstvi korelovalo
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s vyskytem viedl u 3 nemocnych [46] 1 7de je poCet plazmatickych bunék v lamina propria
vyznamn¢ snizen podobné jako v tenkém stievé (obr. ¢. 7). Ziidkavé nejsou ani nalezy
folikularni lymfoidni hyperplazie, GvH-like 1ézi ¢i pfitomnost nekaseifikujicich granulomt

[125],

Nodularni regenerativni hyperplazie (NRH) jater postihuje asi 5 % nemocnych. Jedna
se o nejcastéj$i komplikaci v tomto orgdnu. NRH se v prvni fazi laboratorné projevuje elevaci
alkalické fosfatazy. Zatimco u nékterych nemocnych ziistava tento stav dlouhodobé¢ stabilni, u
¢asti dochazi k postupnému vyvoji portalni hypertenze s neutropenii a trombocytopenii, a v
nékterych ptipadech i ke vzniku ascitu.

NRH, ktera Casto provazi fadu dalSich jaternich onemocnéni, byva alespon ¢aste¢né
vedouci k poSkozeni hepatocytii s naslednymi reparativnimi pochody s tvorbou nodult a
kompresi jaterniho parenchymu, stejné jako portalnich a centralnich cév. Na rozdil od jaterni

cirhdzy vSak nedochazi ke vzniku perinodalni fibrozy a intrahepatalnich cévnich spojek.

rrrrr

,piecemeal nekrdz. Vétsinou se jedna 0 infiltrat pievazné tvoreny CD8+ T-lymfocyty [124],
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Obr. ¢. 3A Obr. ¢. 3B

Obr. €. 3: (A) Enteropatie asociovana s CVID. Nodulovana sliznice duodena
odpovidajici chronické lamblidze. Vyskyt Giardia lamblia v duodenalni §tavé potvrzen
mikroskopicky (autor snimku doc. MUDr. Ilja Tacheci, II. Interni klinika FNHK);

(B) CVID- duodenum, nalez lambliézy, HE 600x.
Autorka snimku MUDr. Nova M, FUP FN HK.

Obr. ¢. 4: CVID — Zaludek s kompletni stfevni metaplazii, HE 400x
Autorka snimku MUDr. Nova M, FUP FN HK.
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Obr. ¢ 5: Enteropatie asociovana s CVID. Gastroskopicky obraz z distalniho
duodena prokazuje tézkou atrofii sliznice tenkého stieva se zkracenim az vymizenim
klkti a naznacenym polickovanim. Nalez pfipomina nelécenou celiakii. Autor snimku

doc. MUDr. Ilja Tacheci, II. Interni klinika FNHK.

Obr. &. 6: (A) CVID — duodenum s lymfocytarni enteritidou HE 400x,
(B) CVID - duodenum s lymfocytarni enteritidou, prikaz znaku CD3+, HE 100x.
Autorka snimké MUDr. Nova M, FUP FN HK.
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Obr. & 7: (A) CVID — tlusté stievo s vyznamnym Ubytkem plazmatickych
bun¢k, HE 400x; (B) Normalni sliznice tlustého stfeva s normalnim poctem
plazmatickych bun¢k, HE 400x.

Autorka snimk& MUDr. Nova M, FUP FN HK.
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3.7.3. CVID a splenomegalie a lymfadenopatie
Velmi cCastymi nalezy u nemocnych s CVID obecné jsou splenomegalie a
lymfadenopatie. Etiologicky se nejcastéji jedna o benigni hyperplazii ¢i komplikaci portalni
hypertenze, v ptipad¢ splenomegalie. Pfi nahlém zvétSeni je nezbytné myslet i na moznost

vzniku lymfomu [171],

Zhodnoceni progndzy splenektomovanych nemocnych s CVID byla vénovéana
retrospektivni multicentricka studie z roku 2012 zahrnujici 45 jedinct za poslednich 40 let.
Dtivodem splenektomie byly nejCastéji hematologickd onemocnéni (Evanstv syndrom,
idiopatickd trombocytopenicka purpura, autoimunitni hemolytickd anémie ¢1 podezieni na
lymfom), v mensing piipadt splenomegalie, ¢i trauma. Histologicky byly v poloviné piipada
nalezeny nekaseifikujici granulomy, venostaza, lymfom, folikularni hyperplazie ¢i atrofie bilé
pulpy ve sleziné. Ze statistickych dat nevyplyvalo, ze by splenektomovani pacienti Zili kratsi
dobu. Radna substitu¢ni 1é¢ba chranila nemocné pied vznikem OPSI (Overwhelming

PostSplenectomy Infection) syndromu [231]

3.7.4. CVID a dalSi autoimunitni onemocnéni
Jak vyplyva z posledni publikované evropské studie, ktera zahrnovala 2700
nemocnych z 23 zemi, jsou autoimunitni komplikace ptitomny u 23 % pacientl. Dominantni
postaveni zaujimaji autoimunitni cytopenie s vyskytem idiopatické trombocytopenické
purpury (ITP) v 6,0 % a autoimunitni hemolytické anémie (AIHA) ve 4,1 %, coz pievySuje
vice nez 700krat vyskyt v bézné populaci. Jako dalsi autoimunitni komplikace byvaji hlaSeny
hypofunkce §titné zlazy, alopecie, vitiligo, revmatoidni artritida, diabetes mellitus I. typu a

mnoh¢ jiné [145],
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Problematika byla zpracovéana v nésledujicich publikacich:
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Kayserova J, Sediva A. ESID Registry Working Party. Negativity for Specific Autoantibodies
in Patients with Type 1 Diabetes That Developed on a Background of Common Variable
Immunodeficiency. Int Arch Allergy Immunol 2015; 168(3): 197-204. 1F=2,677

Krali¢kova P, Mala E, Vokurkova D, Soucek O, Krémova I, Hrnéif Z. Secondary
humoral immunodeficiency in patiens with systemic lupus erythematosus. Vnitr Lek 2015
Sep; 61(9): 778-84.
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Established Facts

« Type 1 diabetes (T1D) has only been described as an unusual autoimmune complication of common
variable immunodeficiency (CVID) in several case reports.

« TI1D can develop in an environment of severe antibody deficiency, in the absence of specific T1D-as-
sociated antibodies.

Novel Insights

« Eleven previously published case reports that described an association between T1D and CVID are
reviewed.

+ New epidemiological data gained from the European Society for Immunodeficiencies Registry suggest
that T1D eccurs in 1.5% of CVID patients (1,500/100,000).

+ Possible mechanisms of T1D development are discussed from the perspective of underlying humoral
immunodeficiency.

» Based on our data, an important effect of immunoglobulin substitution therapy on the course of both

CVIDand T1D is assumed and discussed.
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Abstract
Common variable immunodeficiency (CVID) is a heteroge-
neous group of disorders characterized by disturbed anti-

bedy production and a dysregulated immune system. Aside
from recurrent infections, the most common complications
of CVID are autoimmune complications, particularly autoim-
mune cytopenias. To date, type 1 diabetes mellitus (T1D) in
combination with CVID has only been described as an un-
usual complication in several reports, but the true incidence
of T1D with CVID remains unknown. We describe 2 patients
with a combination of T1D and CVID with serious impair-
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ment of antibody production. We also provide a review of
the available literature. T1D-specific insulin autoantibodies
and autoantibodies to glutamic acid decarboxylase and ty-
rosine phosphatase 1A2 were not detected in either of our
patients at the time of diagnosis or during the course of the
disease. In both cases, T1D manifestation and diagnosis pre-
ceded the discovery of CVID by several years. Following the
diagnesis of immunodeficiency and the start of immuno-
globulin substitution therapy, their clinical status improved,
manifesting asa lowerfrequency of infections and im proved
T1D control, with decreased glycosylated hemoglobin Alc
values, Based on these reported cases, we assume that T1D
might be more frequent than previously reported in patients
with CVID. To verify the actual incidence of T1D among CVID
patients, we searched the European Society for Inmunode-
ficiencies Registry database, and found 25 cases of T1D in
1,671 listed CVID patients, suggesting a higher occurrence of
T1D among CVID patients than previously thought. Early di-
agnosis and treatment of immunodeficiency improve both
the prognosis and the course of CVID, reduce the frequency
and severity of infections and may contribute to better man-
agementof T1D. © 2016 S Karger AG, Basel

Introduction

Type 1 diabetes mellitus (T 1D) is an organ-specific au-
toimmune disease caused by an immune reaction that is
directed against the beta cells of the pancreas. European
and US epidemiological studies suggest the incidence of
TI1D to be approximately 15/100,000 (varying between
10/100,000 and 53/100,000) with a prevalence of
182/100,000 [1, 2]. The disease develops due to complex
immune reactions that depend on both the genetic back-
ground of the patient and environmental influences;
these reactions lead to disruption of the tolerance to pan-
creatic beta cell-specific antigens [3]. The autoimmune
destruction of beta cells is a complex process involving T
lymphocytes, particularly Th1 cells, although a Th17 re-
sponse has recently been described as well [4]. Tt is clear,
however, that other cell populations such as NK cells and
dendritic cells and reactions of innate immunity are also
involved in T1D development [5].

B lymphocytes also form an integral part of complex
immune reactions thatlead to T1D. The role of these cells
as producers of specific antibodies that both precede and
accompany the course of TI1D [6] is undisputed [7].
Their necessity for the development of T1D has, how-
ever, been strongly challenged by a report of T1D devel-
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oping in a patient with a severe B lymphocyte immuno-
deficiency, or X-linked agammaglobulinemia (XLA),
which blocks B lymphocyte development and matura-
tion [8]. This case report and others have shown that
T1D may develop on a background of severe humoral
immunodeficiency, XLA or common variable immuno-
deficiency (CVID).

CVID is the name for a heterogeneous group of dis-
orders that are characterized by impaired antibody pro-
duction and immune system dysregulation. The inci-
dence is estimated to be between 1/25,000 and 1/50,000
subjects [9]. CVID is caused by a heterogeneous and, as
yet, imprecisely specified genetic background; the spe-
cific genetic causes have been elucidated in only a small
fraction of CVID patients. These causes include muta-
tions in the inducible costimulator (ICOS) molecule,
which is expressed on T lymphocytes and participates in
T- and B-lymphocyte interactions, mutations in the
transmembrane activator and calcium modulator and
cyclophilin ligand interactor (TACI) gene, the B lympho-
cyte membrane proteins CD19, CD20 and CD81 and a
gene encoding the BAFF receptor or MutS homolog 5
(MSHS5). Additionally, next-generation sequencing of
samples from CVID patients recently revealed mutations
in the genes encoding BTK, SH2D1A, CD40/CD40L,
AID, CLEC16A and DOCK 2. Other possible genetic
causes are under evaluation. Despite these efforts, we
only know the exact etiology in approximately 10% of
patients [10, 11]. CVID is often accompanied by other
complications which are usually autoimmune in nature.
This autoimmunity typically manifests as hematologic
disorders, such as autoimmune hemolytic anemia and
thrombocytopenia, but an entire spectrum of other con-
ditions (e.g. rheumatoid arthritis, autoimmune thyroid-
itis, primary biliary cirrhosis and systemic lupus erythe-
matosus) has been reported as well [12]. Autoimmune
complications are generally observed in 20-30% of CVID
patients, but only a few cases of T1D in conjunction with
CVID have been reported.

Inthis report, we describe 2 patients with a typical T1D
clinical presentation but a complete absence of T1D-as-
sociated antibodies. Only later were these patients diag-
nosed with immunodeficiency that was classified as
CVID, and serious impairment of or even an absence of
specific antibody production. Additionally, we summa-
rize previously published case reports [13-22] and a re-
view [23],and report the results of a targeted search of the
European Society for Immunodeficiencies (ESID) Regis-
try database.

Milota et al.
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Table 1. Laboratory findings

Patient 1 Patient 2 Reference value
Immunologic parameters
lgG 4.5 073 7.65-13.6g/l
IgA 05 0.11 091-29 g/l
IgM 0.2 0.04 047-195 g/l
IgE 1,530 253 0-150 IU/ml
Tetanus-specific antibodies 0.01 0.04 >0.1 IU/ml
White blood cell count 4 11.3 4.0-10.0
Lymphocytes 42.2 10.8 25-33%
CD3+ cells 65 74 60-85%
CDA+ cells 43 46 27-57%
CD3+ cells 22 24 18-40%
CDI19+ cells 14 17 7-30%
NK cells 13 5 6-28%
Screening panel of autoantibodies® negative negative -
T1D control parameters
Glyc. HbAlc 100 120 20-42 mmol/mol
Renal function parameters
Urea 45 12.8 2.8-8 mmol/l
Creatinine 79 253 19-62 pumol/l
Microalbuminuria 6.4 742 20-150 mg

These laboratory parameters were established at the time of diagnosis of CVID and before the initiation of
immunoglobulin replacement therapy (the corresponding reference values are also provided).

 Sereening panel of autoantibodies includes ANA, ANCA, ASCA, TgG and IgA antiendomysial antibodies as
well asanti-ds DNA, RF (IgG, IgA and IgM), anti- TPO, anti-TG and anti-ENA (Sm, SS-A, §5-B, ScI-70and Jo-1)

antibodies.

Case Report

Case 1

A 26-year-old male patient treated for T1D was referred to our
department for evaluation of hypogammaglobulinemia, discov-
ered during laboratory investigation of progressive cervical lymph
node lymphadenopathy.

The patient’s family history showed a significant number of
autoimmune and allergic disorders. His father has been treated for
multiple sclerosis, and his brother for atopic dermatitis and poly-
valent allergy. The patient’s prenatal and perinatal development
had been free of complications. His first health issue appeared at 3
vears of age, when he was diagnosed with intermittent allergic
bronchial asthma and a polyvalent allergy.

At 6 years of age, the patient was admitted to the hospital for
the treatment of hyperglycemia (21.9 mmol/l) with ketoacidosis,
and he was diagnosed with T1D, based on laboratory examina-
tions, with repeated negative findings for T1D-associated autoan-
tibodies [insulin autoantibodies (IAA) and autoantibodies to glu-
tamic acid decarboxylase (GAD) and tyrosine phosphatase [A2].
An intensified insulin regimen was started, with a total daily dose
of34 U (0.86 [U/kg/day). The glycosylated hemoglobin Alc (glyc.
HbAlc) level before initiation of the regime was 108 mmol/mol
(IFCC units) or 12% (NGSP/DCCT units).

Type 1 Diabetes in CVID

Since the age of 13 years, this patient had been repeatedly exam-
ined due to skin abscesses located on the auricle. Additionally, he
had exhibited progressive cervical lymphadenopathy. Repeated his-
tologic examinations of the lymphatic nodes upon extirpation re-
vealed only unspecific reactive changes, and examination of specific
antibodies also revealed nothing. A basic immunologic examination
(table 1) was performed as part of a differential diagnosis and re-
vealed hypogammaglobulinemia in the IgG, IgA and IgM classes.
The patient was therefore referred to our department for a full im-
munologic examination, which verified the hypogammaglobu-
linemia (IgG 4.5 g/l IgA 0.5 g/l and IgM 0.2 g/l), significantly de-
creased levels of specific postvaccination antibodies (tetanus-specif-
ic antibodies 0.01 IU/ml, mumps-specific antibodies 0.89 RU/ml
and diphtheria-specific antibodies 0.07 IU/ml) and increased IgE
levels (1,250 TU/ml). The allergen-specific IgE results corresponded
to a polyvalent allergy diagnosis (i.e. allergies to molds, tree and
grass pollen, dust mites and cats). Spirometry did not show any
pathologic ventilation parameters. Additionally, an autoantibody
panel was negative (Le. the expected result in a patient with humor-
al deficiency and impaired antibody production). An examination
of cellular immunity, including B lymphocyte subpopulations (ta-
ble 2), along with the hypogammaglobulinemia and impairment of
specific-antibody production findings, led to a diagnosis of type 11
CVID via the Freiburg classification (fig. 1). Regular intravenous
immunoglobulin substitution therapy was thus initiated.

Int Arch Allergy Immunol 2015;168:197-204 199
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Fig. 1. Freiburg classification of CVID.

Table 2. B cell subsets in our 2 patients

Fig. 2. Serum IgG and glyc. HbAlc levels in patient 1. Progression
of glyc. HbAlc levels since T1D diagnosis in 1994 were compared
with serum IgG levels after the CVID diagnosis in 2000 and the
adjustment of immunoglobulin substitution to 10 g (164 mg/kg)
per month in 2012

B cell subset Characteristics Patient 1 Patient 2 Reference values®

CD21'%, CD380% CD19+, CD21'%, CD38"% 7.34 231 44% (1.6-10) of B cells
Plasmablasts CD19+, CD27+, CD38+ 0.922 1.18 1.1% (0.4-2.4) of B cells
Switched-memory CDI19+, CD27+, IgM-, IgD- 04W 09v 2.0% (1.1-3.3) of lymphocytes
Marginal zone-like CD19+, CD27+, IgM+, [gD+ 14.5 13.7 11.1% (7.0-23.8) of B cells
Transitional CD19+, CD27-, CD24+, CD38+ 7.264 17.1 4 2.5% (0.9-5.7) of B cells
Naive CD19+, CD27-, IgD+ 60.9 70.9 65.5% (48.4-79.7) of B cells

This examination was performed in 2013, ¥ Decreased value; A increased value.
* The median values, i.e. 5-95% percentile range, are shown in parentheses.

Despite this regimen, we did not achieve satisfactory compen-
sation for either the CVID (the IgG levels were repeatedly <4 g/l,
with an increased number of infections) or the T1D (glyc. HbAlc
values were repeatedly >100 mmol/mol or >11.3%). We therefore
gradually increased the total immunoglobulin replacement thera-
py dose to 10 g (164 mg/kg) per month and the insulin regime to
a total daily dose of 71 1U (1.16 IU/kg/day).

This adjustment led to an increase in the serum IgG level, a de-
creased number of infections and better compensation for the T1D
(fig. 2). During the development of the disease, the patient also
exhibited decreased numbers of B lymphocytes (fig. 3), along with
a significant decrease in IgA and IgM levels. Additicnally, the total
[gE level normalized, and the specific IgE level decreased.

The current clinical state of our patient is satisfactory, with no
long-term infections. There are no signs of progression of his cer-
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vical lymphadenopathy or any other complications. The compen-
sation for T1D is satisfactory as well.

Case 2

An 18-vear-old male patient who was being treated for T1D
was referred to our department for evaluation of hypogammaglob-
ulinemia, which was discovered during the investigation of a nos-
ocomial lower respiratory tract infection that was acquired during
his stay in the hospital.

This patient also presented with a significant family medical
history. In particular, his grandparents on his father’s side were
being treated for type 2 diabetes with macrovascular complica-
tions and his older sister was being treated for bronchial asthma
and autoimmune thyroiditis. The patient’s perinatal and postnatal
development had been normal. His first health issue appeared
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Fig. 3. Serum IgG levels and CD19+ cell numbers in patient 1. Pro-
gression of the number of CD19+ cells (% of total lymphocytes)
compared with serum IgG levels (g/1) since the diagnosis of CVID
in 2000 and adjustment of immunoglobulin substitution to 10 g
(164 mg/kg) per month in 2012.

during childhood, when he suffered from recurrent respiratory
infections.

At 2 years of age, the patient had been admitted to hospital for
severe ketoacidosis and hyperglycemia. Following a laboratory ex-
amination, he was diagnosed with T1D with negative T1D-specific
antibodies (autoantibodiesto GAD and [AA). An intensified insulin
regimen was started, with a total daily dose of 57 [U (1.04 1U/kg/
day). Despite this regime, satisfactory compensation was not
achieved, with glyc. HbAlc values repeatedly >120 mmol/mol, or
13.1%. At 16 years of age, during a regular check-up, he showed
signs of renal insufficiency (with an estimated GFR of 0.488 ml/s/
1.73 m%), and he was therefore admitted to the hospital for further
examination. Laboratory testing (table 1) showed significant pro-
teinuria (1,036 mg/24 h) and hematuria (13,333 erythrocytes/min).
Aspart of the differential diagnosis, a kidney biopsy was performed;
this biopsy showed changes that were typical of diabetic glomerulo-
sclerosis/Kimmelstiel- Wilson nephropathy. The patient’s stay in the
hospital was further complicated by his development of peribron-
chitis, which required antibiotic therapy. An immunologic exami-
nation revealed severe hypogammaglobulinemia in the IgG (0.76
g/1), TgA (0.11 g/) and TgM (0.04 g/1) classes and lower specific post-
vaccination antibodies. An autoantibody panel, cellular immunity
and B lymphocyte subpopulations were also examined as part of the
differential diagnosis. On the basis of the results (table 2), the patient
was diagnosed with type 11 CVID via the Freiburg classification
(fig. 1). Regular intravenous immunoglobulin substitution therapy
totaling 10 g (169 mg/kg) per month was started. During the pa-
tient’s stay in the hospital, his metabolic control of T1D, including
glycemic profiles, was satisfactory, and the immunoglobulin substi-
tution was very well tolerated. Since his discharge from the hospital,
we have not been able to acquire any new relevant data, as the patient
did not attend any follow-up appointments due to noncompliance.

Type 1 Diabetes in CVID

Review of Literature and Data from the ESID Registry
Database

Here, we summarize our review of the literature and a targeted
search of the ESID Registry Database. A total of 11 case reports
involving a combination of T1D and CVID have been published
since 1981 [13-22]. T1 D was mentioned as a possible autoimmune
complication of CVID in only 1 review article [23].

In summary, in most of the reports, the diagnosis of T1D pre-
ceded the CVID diagnosis by 7.5 years on average. The mean age
at CVID manifestation was 18 years (range 5-39 years). Upper and
lower respiratory tract infections were typically found in all pa-
tients, and infectious diarrhea and deep-skin infections were less
common. In 5 cases (45%), patients had to be treated for severe
infections (including sepsis, pneumonia and meningoencephali-
tis). Autoimmune diseases other than T1D were found in 4 pa-
tients (37%); inflammatory bowel disease in 2 and celiac disease
and autoimmune cytopenia in 1 each. Mean age at cooccurrence
of T1D manifestation was 11 years (range 11 months to 27 years).
Ketoacidosis with hyperglycemia, polyuria with polydipsia, weight
loss, fatigue and malaise were typical symptoms that led to the di-
agnosis of T1D. Similar to the observations in our 2 reported cases,
familial occurrence of auteimmune diseases (including T1D) was
found in 3 of the case reports published, and primary immuno-
deficiency (selective immunoglobulin A deficiency, sIgAD) was
found in 1 family. T1D-specific antibodies were never detected in
3 previously described patients (27%), and only 1 CVID patient
with T1D) tested positive for antibodies against islet cells. These
antibodies were not assessed in the other patients who were diag-
nosed before 1982. In all of the published case reports, an intensi-
fied insulin regimen and an immunoglobulin replacement therapy
were initiated. This complex therapeutic approach led to a reduced
number of infections and improvements in metabolic control.

Similarly to CVID, T1D has been described in conjunction with
other primary humoral immunodeficiencies, such as sTgAD or
Bruton agammaglobulinemia (alse known as XLA). The occur-
rence of T1D in sIgAD has been reported in many studies and var-
ies from 0.5% (500/100,000) in Austria to 1.8% (1,800/100,000) in
the UK [24]. Recent data from 2011 show an overall prevalence of
T1D among slgA patients of 1% (1,000/100,000) in a European
Caucasian population and a roughly 5-fold-higher prevalence in
slgAD patients compared with the incidence in the general popu-
lation [25]. In contrast, the association of T1D and XLA has only
been described in 1 case report, which described a 14-year-old
male patient who developed T1D 11 years after the diagnosis of
XLA; this patient had severely impaired antibody production [8].

Based on the findings in the literature, we initiated a targeted
search of the ESID Registry database to obtain epidemiological
data regarding the occurrence of T1D among CVID patients and
to map the current situation. The ESID Registry is a Europe-wide
database established in 2004. To date, 19,355 patients with immu-
nodeficiencies documented by 126 collaborating centers have been
included. Overall, 1,671 of these patients were registered as having
CVID, with 25 having co-occurrence of TID and CVID. This
number is equal to a 1.5% co-occurrence (1,500/100,000). The
highest number of patients was reported as being from in the UK
(n = 5), the Netherlands (n = 4), Germany (n = 3) and the Czech
Republic (n = 3). The remaining countries had fewer than 2 pa-
tients.
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Discussion

In this report, we describe 2 T1D patients in whom
CVID, unrecognized at the onset of the disease, was diag-
nosed later in its course and the associated autoantibodies
were never detected. Our findings are supported by a re-
view of the literature regarding T1D as an autoimmune
manifestation of primary humoral immunodeficiency.
The search revealed only 11 cases, in total, of co-occur-
rence of T1D and CVID since 1981 [13-22]. The associa-
tion between T1D and CVID therefore seems tobe uncom-
mon. CVID is typically associated with other forms of au-
toimmunity, such as immune thrombocytopenic purpura
and hemolytic anemia. Apart from above-mentioned case
reports, T1D has been mentioned as a possible autoim-
mune complication of CVID in only 1 review article [23].

We assume that these case reports do not reflect the
real incidence of T1D in CVID. In comparison with
sIgAD, a humoral immunodeficiency also characterized
by immune dysregulation with a higher coincidence of
autoimmune diseases, the incidence of T1D is very well-
characterized, with a 5-fold increase compared to the in-
cidence in the general population [25]. CVID and sIgAD
share some immunological background features, and
sTgAD may progress to CVID in some patients; thus, a
higher occurrence of T1D can be expected in CVID co-
horts [26, 27]. We therefore initiated a targeted search of
the ESID registry database, which revealed that 25 of
1,671 listed CVID patients were reported as having T1D,
meaning that the co-occurrence of T1D and CVID
amounts to 1.5% (1,500/100,000).

Similarly to in our patients, most of the patients de-
scribed had a substantially delayed diagnosis of CVID,
with the average delay between T1D manifestation and
CVID diagnosis being 7.5 years. Antibody deficiency was
also reflected by missing T1D-associated antibodies. A
total of 5/13 patients (38%), including ours, were diag-
nosed with T1D despite their lack of specific autoantibod-
ies (i.e. anti-GAD, IAA and anti-IA2). In 5 patients diag-
nosed before 1982, the T1D-related associated autoanti-
bodies were not assessed because autoantibodies to GAD
were only discovered and found to beassociated with type
1 diabetes in that year |28, 29].

The impaired antibody production with missing spe-
cific T1D-associated antibodies caused by the lack of an
antigen-specific antibody response in our CVID patients
with T1D was accompanied by significant changes in B
cell subsets, which were skewed in a fashion that is typical
of CVID [30, 31]. In both patients, the B cell subset anal-
ysis (table 2) showed a significant reduction in switched-
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memory Beellsand a slight decrease in plasmablasts. Fur-
thermore, there was increased early maturation of these
cells, such as in naive and transitional B cells. Typical im-
pairment of antibody secretion and maturation defects of
B cells, however, does not rule out the possibility that the
cells can interact with T lymphocytes. Indeed, impaired
T- and B-cell interactions are considered to cause auto-
immune complications in CVID.

Our findings confirm experimental data, suggesting
that antibodies are not necessary for the development of
T1D but indicating the importance of the presence of B
lymphocytes [32]. The importance of B lymphocytes in
T1D is supported by a demonstration of the positive ef-
fect of B lymphocyte depletion in T1D in both mice and
humans [33]. Therefore, although the basic function of B
lymphocytes, i.e. the secretion of antibodies, only plays a
secondary role in T1D pathogenesis by serving as a diag-
nostic marker, other B lymphocyte functions may be vital
for the development of the disease. Chief among these
functions is antigen presentation by B lymphocytes and
their interaction with CD4+ T lymphocytes, which leads
to the proliferation and expansion of T lymphocytes and
the T cell-mediated destruction of beta cells [34].

However, a case report showing T1D development on
an XLA background with practically no peripheral B lym-
phocytes present contradicts the necessity of B lympho-
cytes for T1D development in humans. These findings
open up the question about the complexity of immune
reactions, including the role of innate immunity, in T1D
development. Pathologies in innate immune responses,
particularly in dendritic cells, have been described inboth
CVID and XLA patients [35]. We therefore assume that
specific defects both in innate and adaptive immunity
combine into a complex immune reaction and contribute
to the autoimmune complications associated with CVID
which include T1D.

The possibility of CVID and T1D co-occurrence also
has clinical importance. The correct diagnosis of CVID
and regular immunoglobulin substitution are crucial for
immunodeficiency management, although the underly-
ing immunodeficiency in cases of the co-occurrence of
T1D and CVID may be overlooked. Less frequent occur-
rence and a milder clinical course of infections, improve-
ments usually successfully achieved through immuno-
globulin replacement therapy, may contribute to better
T1D control. However, whether immunoglobulin re-
placement therapy can also directly influence T1D con-
trol is thus far unknown. The basic mechanism underly-
ingthe effect of immunoglobulin replacement therapy on
CVID is the substitution of immunoglobulins, the pro-
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duction of which is impaired due to B lymphocyte defects
or impaired B- and T-cell collaboration [36]. The immu-
nomodulatory effect of immunoglobulins on autoim-
mune processes may also play a role. The main mecha-
nism of immunomodulatory action is the production of
anti-idiotype antibodies that neutralize autoreactive anti-
bodies. Additionally, IVIG can inhibit antibody produc-
tion and B cell differentiation, induce B cell apoptosis,
reduce the production of proinflammatory cytokines, in-
hibit phagocytosis, increase the number and suppressive
function of regulatory T cells or inhibit dendritic cells
[37-41]. However, these processes have not yet been
clearly documented, especially in connection with T1D as
an autoimmune complication of CVID.

To answer these questions, additional investigation is
needed. Thus far, we have mapped the current situation
through a targeted search of the ESID registry, identifying
25 cases with a CVID and T1D combination. We plan to
perform a more detailed study in collaboration with par-
ticipating centers and to search for the specific immune
background that leads to the development of autoim-
mune T1D in an immunodeficient environment.

Conclusion
Qur cases demonstrate a combination of primary im-
munodeficiency, or CVID, with T1D and, according to

our new data from the ESID registry, suggest that T1D is
substantially more frequent among CVID patients than
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3.7.5. CVID a osteoporoza

Osteoporoéza je charakterizovana ztratou kostni hmoty, zménami v mikroarchitektuie
kosti a zvySenou lomivosti, které vedou ve svém dusledku ke zvySenému riziku zlomenin.
Snizeni odolnosti kosti je spojeno i s dal§imi faktory kromé kostni denzity (BMD), jako jsou
kostni obrat, geometrie, velikost a tvar kosti a mikroarchitektura kosti. Svétova zdravotnicka
organizace definovala prah pro osteoporézu na zdkladé meéfeni kostni denzity mladych
dospélych (T-skore). Pii zjisténi snizeni BMD Z-skore (vékové srovnani) je nutné patrat po
sekundarnich faktorech [142,199].

Mezi klinicky relevantni rizikoveé faktory kostnich fraktur patii vyssi vék, anamnéza
ptedchozi zlomeniny, zlomenina krcku stehenni kosti u rodic, nizky body mass index,
kutéactvi, nadmérnd konzumace alkoholu, revmatoidni artritida a dal$i sekundarni faktory,
napf. hypogonadismus, pired¢asnd menopauza, malabsorpce, chronické jaterni onemocnéni
zejména Ve spojitosti s cholestazou, celiakie, nespecifické sttevni zanéty

[15,67,104240],
Glukokortikoidy predstavuji dominujici pfi¢inou ztraty kostni denzity indukované 1éky [116].
Dalsimi 1éky vedoucimi ke stejnym dusledkiim jsou kalcineurinové inhibitory, antiretrovirové
1éky, selektivni inhibitory zpé&tného vychytavani serotoninu, klickova diuretika, heparin, p. o.
antikoagulancia, vysoké davky thyroxinu a inhibitord protonové pumpy [140].

Z tohoto vyctu je patrné, ze u nemocnych s CVID najdeme mnozstvi kandidata
ohrozenych vznikem osteopordzy a potazmo i fraktur. Vyznamné je zjisténi tureckych autora,
ktefi mezi 23 dospélymi pacienty S CVID identifikovali 9 se snizenim kostni denzity (3
osteoporoza a 3 osteomalacie), nejcastéji ve spojeni s deficitem vitaminu D. U dalSich bylo
mozné vysledovat rizikové faktory ve forme 1€cby kortikoidt pro lymfom, chronické jaterni a
stievni postiZzeni, revmatoidni artritidu. Byly vSak zachyceny 1 2 mladé nemocné (29 a 31 let)
bez dalsich jasnych rizikovych faktord [13]. Alarmujici jsou vysledky Barise a kol (Turecko)
u mladych CVID nemocnych (v€kovy prumér 16 let), kdy vySetfeni DEXA prokézalo
osteopenii u 6/22 (27,3 %), osteoporozu u 9/22 (16 %) v oblasti bederni patefe, a osteopenii u
7/19 (37 %) a osteoporéozu u 3/19 (16 %) v oblasti kréku femuru. 4 nemocni starsi 15 let jiz
méli anamnézu fraktury. Jako rizikové faktory byly identifikovany vys$i veék, sniZzeni

ventila¢nich parametrti, bronchiektazie, nizké sérové koncentrace vitaminu 1,25(0OH)2 D3,

nizky dietni pfisun vapniku, nizky pocet B-lymfocytd a nizké sérové koncentrace 1gG [18],
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3.7.6. CVID a nadorova onemocnéni
Rada studii udava zvysenou frekvenci nadorovych onemocnéni mezi nemocnymi S
CVID. Obecné¢ lze tici, Ze se incidence nadort pohybuje kolem 11 % (4,8-20,7 %) (tab. ¢. 1).
Obvykle jsou diagnostikovany mezi 4. - 6. dekadou s rizikem 5 -12krat vys$s§im nez v obecné
populaci. NejcastéjSimi typy jsou lymfomy a adenokarcinom zaludku. V incidenci lze

vysledovat geografické rozdily [210] Doposud nebyla k dispozici zadna data pro Ceskou

republiku. Za timto ucelem byla provedena Ceska celonarodni studie, jejiz vysledky jsou

soucasti tab. 1.
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Publikace Populace Sledované | Pocet NHL HL Karcinom | Dalsi Celkem
obdobi nemocnych saludku nadory
Kinlen, et al [107] Velké Britanie |1957-1981 220 3 (1,4 %) 7G1%) | 4(1,8%) | 14 (64 %)
Gathmann, et al [7%] Evropa (ESID- |2004-2012 902 23 (2,5 %) 41 (4,5 %) 64 (7,1 %)
registr)

Quiti, et al [1%% Ttalie 1999-2007 224 4(18%) [2(09%) |8(36%) | 14(6,25%) | 28 (12,5 %)
Oksenhendler, et al 461 | Francie 2004-2007 252 16 (6,3 %) 0 26 (9,1 %) | 42(16,6 %) | 84 (33,3 %)
Resnick, et al [171] USA 1973-2012 473 34(71%) | 4(08%) |3(06%) | 31(63%) | 72 (152 %)
Kokron, et al [110] Brazilie 1980-2003 71 3(42%) |1(15%) |[228%) | 6(84%) | 12(16,9%)
Kralickova Ceska 1997-2016 205 414%) | 5(1,7%) | 6(2%) | 10(34%)| 25 (8,5 %)
and Milota, et al fEpialle

Tab &. 1: Vyskyt nadorovych onemocnéni ve vybranych studiich a porovnani s vysledky ¢eské celonarodni studie.

(NHL — non-Hodgkintiv lymfom, HL — Hodgkinova choroba)
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Vvysledky jsou in extenso v publikaci:

Kralickova P, Milota T, Litzman J, Malkusova I, Jilek D, Petanova J, Vydlakova J,
Zimulova A, Fronikova E, Svaton M, Kanderova V, Bloomfield M, Parackova Z, Klocperk A,
Haviger J, Kalina T, Sediva A. CVID-Associated Tumors: Czech Nationwide Study Focused
on Epidemiology, Immunology, and Genetic Background in a Cohort of Patients With CVID.
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Background: Common variable immunodeficiency disorder (CVID) is one of the
most frequent inborn errors of immunity, increased occurrence of malignancies,
particularly lymphomas, and gastric cancers, has long been noted among CVID patients.
Multifactorial etiology, including immune dysregulation, infections, chronic inflarnmation,
or genetic background, is suggested to contribute to tumor development. Here, we
present the results of the first Czech nationwide study focused on epidemiology,
immunology and genetic background in a cohort of CVID patients who also developed
tumors

Methods: The cohort consisted of 295 CVID patients followed for 3,070 patient/years.
Standardized incidence ratio (SIR) was calculated to determine the risk of cancer, and
Risk ratio (RR) was established to evaluate the significance of comorbidities. Moreover,
immunophenotyping, including immunoglobulin levels and lymphocyte populations, was
assessed. Finally, Whole exome sequencing (WES) was performed in all patients with
lymphoma to investigate the genetic background.

Results: Twenty-five malignancies were diagnosed in 22 patients in a cohort of
295 CVID patients. SIR was more than 6 times greater in comparison to the general
population. The most common neoplasias were gastric cancers and lymphomas. History
of Immune thrombocytopenic purpura (ITP) was established as a potential risk factor,
with over 3 times higher risk of cancer development. The B cell count at diagnosis of
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lymphoma was reduced in the lymphoma group; moreover, post-treatment B and T cell
lymphopenia, associated with poorer outcome, was found in a majority of the patients.
Intriguingly, no NK cell depression was observed after the chemotherapy. WES revealed
heterogeneous genetic background among CVID patients with tumors, identifying gene
variants associated with primary immunodeficiencies (such as CTLA4, PIK3CD, PMS2)
and/or increased cancer susceptibility (including BRCA1, RABEP1, EP300, KDM5A).

Conclusions: The incidence of malignancy in our CVID cohort was found to be
more than 6 times greater compared to the general population. Gastric cancers and
lymphomas were the most frequently diagnosed tumors. ITP was identified as a
risk factor for malignancy in CVID patients. WES analysis confirmed a wide genetic
heterogeneity among CVID patients. The identified causative or modifying gene variants
pointed to errors in mechanisms contributing to both immunodeficiency and malignancy.

Key ds: variable imiy

INTRODUCTION

Immune control of tumor development and growth requires
a functional immune system capable of complex immune
responses necessary for recognition and elimination of malignant
cells. As such, inborn errors resulting in immunodeficiencies
may convey an increased risk of cancer. In general, the spectrum
of malignancies in primary immunodeficiency (PID) patients
is clearly biased when compared to malignant diseases in the
general population. Malignancies in PIDs tend to be restricted
to certain oncological entities, and their pathophysiology
is often linked to the mechanism underlying the particular
immunodeficiency (1). For example, immunodeficiencies
associated with gain-of-function mutations in PIK3 are
associated with a high risk of lymphoma (2). The role of this
signaling pathway in cancer genesis and immunodeficiency
is validated by therapeutic success of targeted PI3K/mTOR
pathway inhibition used in activating PIK3 syndrome, as well
as in malignant diseases (3). Similarly, immunodeficiencies
arising from developmental defects of stem cells, myeloid cells
or lymphocytes are associated with an increased incidence of
leukemia or lymphomas, implying errors in the corresponding
pathways (1). Recent advances in understanding of molecular
mechanisms underlying primary immunodeficiencies, as well as
tumors, has provided evidence for such associations. However,
in immunodeficiencies that are not yet precisely defined by
their molecular/genetic cause, the situation is more complex.
Common variable immunodeficiency disorder (CVID) is one
of the most frequent forms of antibody deficiencies; yet, its
pathophysiclogy remains largely unknown. The hallmark of
CVID is the impairment of the B cell compartment, typically
manifesting as a reduction of mature forms of B cells and
expansion of less differentiated stages of B lymphocytes
(4). The T cell compartment is also usually skewed in
CVID, specifically toward terminally differentiated forms,
including senescent cells, typically affecting both CD4and
CD8T cells, which are crucial for anti-tumor immunity
(5). The mechanisms of B cell involvement in anti-tumor

y, malignancy, lymphoma, gastric cancer, whole exome sequencing

immunity are largely unknown. B cells may promote both
pro-tumourigenic responses (e.g.. specific subsets of B cells
may produce IL-10 or TGF-beta with immunosuppressive
properties, B cells may promote tumor genesis and tumor
progression by alteration of the angiogenic and proinflammatory
microenvironment), as well as anti-tumourigenic responses
(e.g., B cells may enhance cytotoxic T cell activity, indirectly
mediate antibody dependent cytotoxic mechanisms or serve
as professional antigen-presenting cells, initiating the T cell
response) (6). Inborn impairment of the B cell lineage, along
with T cell dysregulation, may facilitate the genesis of tumors
in CVID patients. Furthermore, the immunologic defect is
accentuated by recurrent and chronic infections. Chronic
viral infections, particularly EBV, are strongly associated with
lymphoproliferative diseases and lymphoma (7). Additionally,
chronic inflammatory response, per se, represents a risk factor
for tumor development, especially in patients genetically
predisposed to malignancy.

Efforts made to establish the genetic etiology of
CVID have thus far been successful in 2-10% of CVID
patients (known CVID-associated gene variants are shown
in Tablel) (8). Some of the CVID-associated genes
represent a clear predisposition to cancer, as described in
previously published CVID cohorts; most prominently, these
mutations are in genes causing alterations in the NFkB
or PI3k pathways or in genes affecting B cell receptors
(3,9, 10).

Overall, the factors contributing to increased incidence
of malignancy in CVID are complex, encompassing
genetics, immune response  dysregulation, infections,
inflammation, and perhaps other not vyet elucidated
mechanisms.

Here, we present the results of a complex study on a
Czech national cohort of CVID patients who also presented
with malignancy. National epidemiological data were collected,
immune profiles were analyzed and, in a subgroup of CVID
patients with lymphoma, Whole exome sequencing (WES) was
performed.
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TABLE 1 | List of genes associated with Common variable
irmmunodeficiency (monagenic causes and modifier genes) and their prevalence,
adjusted according to Bogaert et al. (2).

Gene Prevalence (%)
MONOGENIC CAUSE OF CVID: 2-10%
PIK3CD 26.74
LRBA 26.74
CTLA4 6.42
NFKB2 5.35
TNFRSF7 (CD27) 4.81
PIK3RT 4.81
fcos 3.74
CcD19 3.74
L-21R 3.21
IKZF1 IKAROS) 3.21
PRKCD 2.14
PLCG2Z 2.14
NFKB1 1.6
CR2 (CD21) 17

MODIFIER GENES: UNKNOWN PREVALENCE
TINFRSF138 (TACY), TNFRSF13C (BAFF-R), MSHZ,
MSHS, CLECGT, MLH1, RAD50, ORCAL, FCGR2A.

METHODS

This study was approved by local ethics committee of Motol
University Hospital. Written informed consents were obtained
from all enrolled patients.

Data Collection

Retrospective clinical and laboratory data of 295 enrolled
patients were obtained from medical records of national referral
centers for the treatment of adult patients with primary
immunodeficiency diseases. The collected data covered the
period from 1997 to 2016. They included a total amount and a
length of surveillance of all CVID patients fulfilling ESID/PAGID
criteria, a number of CVID cancer patients and patient-specific
data: year of birth, age at first symptoms associated with CVID
and their nature, clinical comorbidities, age at cancer diagnosis,
type of cancer, therapeutic regimens, survival rates, cause of death
(if applicable), and specific details of cancer diagnostics.

A more detailed set of clinical data was obtained from 11
CVID patients with cancer and from 160 randomly selected
cancer-free CVID patients, who represented the reference group.
This cohort included 95 females and 65 males with a median
age of 48 years (range 19-88). Czech general population data
on occurrence of malignancy were obtained from the Czech
National Cancer Registry and covered the period from 1994 to
2014 (the last available reports).

Epidemiology

Prevalence and SIR were calculated to express the probability
of cancer diagnosis in a CVID cohort compared to the
general population. RR was used to assess the significance

Frontiers in Immunclogy | wwwifrentiersin.org

of comorbidities in CVID patients with cancer. Confidence
intervals (95% Cls) were determined for both parameters. All
results for which number 1 was beyond the 95% CI were accepted
as statistically significant (11).

Immunophenotyping

Serum levels of IgM, IgG, IgA were evaluated by nephelometric
method using Image 800 systems (Beckman-Coulter, Brea,
CA, USA). Basic lymphocyte subpopulations, including T
cells, T helper cells, T cytotoxic cells, B cells and NK cells,
were distinguished by FACS based on the expression of
specific cell surface membrane markers using fluorochrome-
conjugated monoclonal antibodies CD3-FITC, CD4-PE/Cy,
CD8-APC/Cy,CD19-APC, CD16-PE, CD56-PE; KOMBITEST,
Exbio, Prague, Czech Republic. B cell subpopulations (including
CD21low, naive, transitional, marginal zone-like, class-switched
cells, and plasmablasts) and T cell subpopulations (recent thymic
emigrants-RTE, naive, central memory-CM, effector memory-
EM, effector memory expressing CD45RA-TEMRA, activated T
cells) were performed using antibody-fluorochrome conjugates:
CD45-APC-H7, CD3-APC, CD4-PerCP-Cy5.5, CDI16-PE,
CD356-PE, TCRgd-PE-Cy7, CD38-FITC, CD21-APC, IgM-FITC,
CD8-Horizon V-500, CD45RA-PE-Cy7 (BD Biosciences, San
Jose, CA, USA), CD5-PE,CD8-FITC, CD27-Brilliant Violet
421, IgM-Brilliant Violet 510, IgD-PerCP-Cy5.5, CD4-Brilliant
Violet 510, CD62L-Brilliant Violet 421, HLA-DR-PerCP-Cy5.5
(Biolegend, San Diego, CA), CD19-PE-Cy7, CD24-PE, CD24-
APC-Alexa Fluor 750, CD8-APC-Alexa Fluor 750 (Beckman
Coulter, Miami, FL, USA), CD27-Pacific Blue, CD38-Alexa
Fluor 700, CD45RO-FITC, CD31-PE, CD4-Alexa Fluor 700
(Exbio, Vestec, Czech Republic), CCR7-PE (MiltenyiBiotec,
BergischGladbach, Germany), CD3-PerCP-Cy5.5 (Affymetrix
eBioscience, ThermoFisher Scientific, Waltham, MA, USA), and
IgD biotin (SouthernBiotech, Birmingham, AL, USA) followed
by Streptavidin-Qdot 605 (Invitrogen, ThermoFisher Scientific,
Waltham, MA, USA).

The absolute and relative counts were assessed for all
subpopulations. Examinations of the basic subpopulations and
immunoglobulin levels were performed at the time of diagnosis
of CVID and at the time of diagnosis of lymphoma. The B
and T cell subpopulations were measured prior to the genetic
testing. All parameters were compared to the control cohort
of 20 randomly selected CVID patients without lymphoma.
All obtained data were statistically evaluated. A non-parametric
Mann-Whitney test was used to compare independent samples,
and a non-parametric Wilcoxon matched-pairs signed rank test
was used to compare dependent samples; differences of p < 0.05
were regarded as significant. Median and 95% Cls were calculated
for all analyzed parameters.

CTLA-4 Expression

CTLA-4 expression was assessed in patient with novel mutations
using FACS. Intracellular CTLA-4 was detected 16h following
anti-CD3/CD28  stimulation (Dynabeads, Thermo Fisher
Scientific, MA, USA) using CTLA4-APC antibody together with
the FOXP3 Fix/Perm Buffer set (BioLegend, San Diego, CA,
USA) in CD4+CD127dimCD25+ T regulatory cells (Tregs).
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CD45-APC-H7, CD4-Brilliant Violet 510, and CD127-Brilliant
Violet 421 (BD Biosciences, San Jose, CA, USA), CD25-PE-Cy7
and CD8-FITC (Exbio, Vestec, Czech Republic) antibodies were
used for detection of Tregs.

Whole Exome Sequencing

Sequencing libraries were prepared using a SureSelectXT Human
All Exon V6+UTR kit (Agilent Technologies, Santa Clara,
CA) from DNA isolated from patients” peripheral blood with
a QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany).
Sequencing was performed by our facility on the NextSeq
500 (Illumina, San Diego, CA) instrument according to the
manufacturer’s protocols. The reads in resulting Fastq files
were aligned against the human reference genome hgl9
with BWA (12). Genomic variants were called with samtools
and VarScan (13). Variant annotation was performed using
SnpEff (14). Variant filtering was performed with Ingenuity®
Variant Analysis™ (IVA) software (www.qiagen.com/Ingenuity,
QIAGEN). Only variants with read depths of at least 10 and
allele frequencies of at least 0.3 were evaluated. Common
variants with allele population frequencies of more than 0.1%
or homozygous counts of 5 or more in the EXAC or gnomAD
databases were filtered out unless reported as disease-causing
in the HGMD® (BIOBASE GmbH) or dbSNP databases (15,
16). Variants predicted to have low impact by at least 2 out
of 3 scores calculated by SIFT, PolyPhen2, or CADD and
present in population databases were also discarded (17-19).
Remaining variants were manually evaluated in Integrative
Genomics Viewer (http://www.broadinstitute.org/igv) to exclude
variants in reads with low mapping quality (20). The analysis
was then focused on variants in genes reported as causative
for inborn errors of immunity in the last International
Union of Immunological Societies (IUIS) guidelines, cancer-
predisposition genes in children and in-house lists of genes
possibly leading to immune dysregulation based on recent
publications and close interactions with causative genes reported
by IUIS (21, 22).

RESULTS

Epidemiology and Clinical Manifestation

Our cohort of patients included 295 patients followed for 3,070
patient/years in total. The average ages at the first CVID-related
symptoms and at the time of CVID diagnosis in a subgroup
of CVID patients with malignancy were 34.2 and 38.3 years,
respectively. A total of 25 malignancies were found in 22 patients
(7.4% of all included patients) with SIR 6.3 (95% CI: 4.08-
9.31). These cases included 6/25 (24.0%) gastric carcinoma
(GC): SIR 5.7, 95% CI: 2.08-12.32, 4/25 (16.0%), B cell Non-
Hodgkin lymphoma (B-NHL): SIR 5.5, 95% CI: 1.50-14.09, 5/25
(20.0%), Hodgkin lymphoma (HL):SIR 30.0, 95% CI: 9.73-69.93
and 10/24 (41.7%) other cancers (SIR 5.0, 95% CI: 2.40-9.16).
These were two cases of spinocellular carcinoma, basocellular
carcinoma, and T-cell lymphoma, and a single case each of
tonsillar carcinoma, breast carcinoma, renal carcinoma and urine
bladder cancer. Cancer duplicity was observed in 3 patients
(gastric and tonsillar carcinoma, breast cancer and urothelial

Frontiers in Immunclogy | wwwi.frentiersin.org

carcinoma, spinocellular, and gastric carcinoma). Malignancies
were diagnosed in 16 males and 6 females; the average age at
diagnosis was 52.3 years (15 years after the diagnosis of CVID
and 19 years after the first symptoms). The average ages of
manifestation of GC, B-NHL, and HL in CVID cancer group were
55-59, 35-39, and 40-44 years, respectively.

Autoimmune cytopaenias, including Immune
thrombocytopenic purpura (ITP) and Autoimmune hemolytic
anemia (AIHA), were the most common complications in
CVID both with and without malignancy. They were found in
8/22 (36.4%) and 27/160 (16.9%), respectively. Interestingly,
a strikingly increased risk of malignancy was detected in a
subgroup of CVID patients with a history of ITP (RR 3.52, 95%
CI 1.42-7.26). Cumulative risk (RR 4.53, 95% CI 1.23-11.59)
observed for B-NHL and HL together was similar. However, no
risk increase was observed for isolated HL, B-NHL, and GC,
probably due to the small number of cancer events and because
the direct association with other documented CVID-related
comorbidities was not significant (data not shown).

As mentioned above, lymphomas and GC represent the most
frequent malignancies diagnosed in CVID patients in our cohort.
While five out of six patients with GC {4 males, 2 females)
underwent surgery, one received palliative chemotherapy with
FLOX regimen (fluorouracil, leucovorin, oxaliplatin) due to
highly progressed disease at the time of diagnosis. Five out of six
patients had deceased before the study initiation, 2/6 (33.3%) due
to disease progression, 2/6 (33.3%) passed away after achieving
more than 10 years survival, and one patient died because of
malnutrition due to severe enteropathy 2 years after the diagnosis
of lymphoma. All patients suffered from various gastrointestinal
complications related to CVID, and the majority of them also had
splenomegaly.

All 5 patients (4 males, 1 female) with HL received
chemotherapy. The following chemotherapeutic regimens were
used: R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisone) in 2/5 (40%) of patients, BEACOPP
(bleomycine, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, prednisone), eBEACOPP respectively,
in 2/5 (40%) and DBVE-PC (adriamycin, bleomycine, vincristine,
etoposide, prednisone, cyclophosphamide) in 1 patient (20%).
No therapy-associated deaths or unexpected toxicities were
noted. One patient died 3 years after treatment because of severe
enteropathy, and 4/5 (80%) patients are still surviving today. All
patients had previously described splenomegaly, and 3/5 (60%)
had lymphadenopathy described prior to cancer diagnosis.

Similarly, all 4 patients (3 males, 1 female) with B-
NHL  received chemotherapy; no  therapy-associated
deaths or unexpected toxicities were noted. The following
chemotherapeutic regimens were used: R-CHOP/CHOP
[rituximab, cyclophosphamide, —doxorubicin, vincristine,
prednisone in 3/4 (75%) patients—2 with DLBCL (Diffuse
large B-cell lymphoma) and in 1 patient with MALT (Mucosa-
associated lymphoid tissue] lymphoma. A GMALL (German
multicenter ALL) regimen was used in 1 patient with Burkitt
lymphoma. Two of these patients had been regularly followed
even prior to the diagnosis of B-NHL for lymphadenopathy
and previously reported splenomegaly. All patients are still
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alive. T-NHL was diagnosed in 2 patients. The clinical features
of CVID patients in whom lymphomas were diagnosed are
summarized in Tables 2, 3. In this cohort, WES and detailed
immunophenotyping were performed as part of further
investigation (results presented further).

Immunophenotype

Parameters of cellular immunity were investigated, including
T cell (CD4T helpers as well as CD8T cytotoxic cells),
B cell and NK cell counts. No significant differences were
registered between the absolute counts of T cells, T helper
cells and T cytotoxic cells at the time of diagnosis of CVID
in a cohort of patients with lymphoma compared to those
without lymphoma. The T cellcounts were also well within the
normal reference ranges (T cells 0.8—2.10E9/1, T helper cells
0.3—2.8E9/1, T cytotoxic cells 0.2—1.0E9/1). Unsurprisingly, the
chemotherapeutic regiments for lymphoma led to skewing of T
cell numbers (median 0.65E9/1, 95% CI 0.46-0.75 vs. 1.22E9/l,
95% CI 1.07-1.47, *"*p = 0.0004), specifically T helper cells
(median 0.34E9/1, 95% CI 0.14-0.36 vs. 0.56E9/1, 95% CI 0.53~
0.76, ***p = 0.0004) and T cytotoxic cells (0.26E9/1, 95% CI
0.14-0.36 vs. 0.54E9/1, 95% CI 0.41-0.64, **p = 0.006).

The number of total B cells at the diagnosis of CVID
did not differ significantly from the control group of CVID
patients without lymphoma and from normal ranges. No
significant difference was noted in the serum levels of IgG
in the group of CVID patients with lymphoma (median 2.88
g/l, 95% CI 1.83-3.91, normal values 7.65-13.6 g/l) compared
to the CVID control group (median 2.02 g/l, 95% CI1.63-
3.24). In contrast, the number of total B cells at the diagnosis
of lymphoma was reduced in the lymphoma group (median
0.01E9/l, 95% CI 0-0.13 vs. 0.195E9/l, 95% CI 0.16-0.29,
**p = 0.006). Absolute B cell counts were further depleted
by the chemotherapy (median 0.11E9/1, 95% CI 0-0.46 vs.
0.08E9/1, 95% CI 0.03-0.197, *p = 0.02). Post-therapeutic B
cell lymphopenia (B cells count < 0.03E9/1) was found in
6 patients. A complete total B cell count reconstitution was
achieved in only 3 patients (median 0.33E9/1, range 0.137-0.654);
however, mature forms of B cells, including marginal zone-
like, class-switched cells and plasmablasts, remained reduced in
these subjects (mean interval after chemotherapy 102 months,
range 6-204). The remaining 3 patients failed to re-establish
their B cell populations and continued to maintain severely
reduced B cell compartments (mean 0.02E9/1, range 0.001-0.08;
mean interval after chemotherapy 39 months, range 4-145).
Concerning NK cells, their absolute counts were similar to CVID
patients without lymphoma and the general population (normal
range 0.05-1.0 E9/l) and remained unchanged throughout the
disease course. Curiously, no NK cell depression was observed
after the chemotherapy. The immunophenotype profiles are
summarized in Figure 1, and the B cell subpopulations are shown
in detail in Table 4 and Figure 2.

Whole Exome Sequencing

WES was performed in 10 out of 11 CVID patients with
lymphoma in whom biological material for genetic testing
was available. The WES results were divided into 5 groups.

TABLE 2 | Characteristics of the cohort of 11 CVID patients with lymphoma (M, Male; F Femals; LYM, Lymphadenopathy; SPLE, Splenormegaly; ITR, Idiopathic thrombosytopenic purpura; RTI, Respiratory tract

infections; DBLCL lymphoma, Diffuse large B-cell lymphoma; MALT lymphoma, Mucosa-associated lymphoid tissue lymphoma; PTCL, Peripheral T-cell ymphoma; N/A, not applicable; Y, Yes; N, No; chemotherapeutic

regimens are described in the results).
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TABLE 3 | Characteristics of CVID-related complications in a cohort of 11 patients with lymphoma (ITP, Immune thrombocytopenic purpura; AIHA, Autoimmune
hemolytic anemia; RA, Rheumatoid arthritis; LIPS, Lymphocytic interstitial pneumonia; BE, Bronchiectasis; ACOS, Asthma-COPD overlap syndrome; EAA, Exogenous

allergic alveolitis; NLH, Nodular lymphoid hyperplasia; IBD, Intestinal bowel disease;

CG, Chronic gstritis; Y, Yes; N, No).

Patient Autoimmunity Chronic lung Enteropathy Granulomatous Lymph- Spleno-
Nr. disease plicati d pathy megaly
1 Al thyreoiditis uPs NLH N N Y
2 N BE Celiac-like disease N b i ¥
3 ITP BE N N Y ¥,
4 ITP, AIHA uPs Celiac-like disease N Y ¥
5 N N N N b X
6 ITP N N N N ¥
74 RA N N N N b ¢
8 ITP, psoriasis ACOS N N N Y
°] N EAA IBD-like disease N Y N
10 N BE, NLH NLH, CG N Y Y
1" N BE NLH N Y N
A CD3 cells (abs.) B CD19 cells (abs.) c CD16+CD56+ cells (abs.)
p=096
— et | |
| p=0.4 I I *p=0.02 ] Iﬁwo =
‘ I 0.85
“1p=00004 I *p=0.006 l l_l‘”
p=023  p=0058 187  p015  p=033 [ | p=025  p=036
5 I_I I_I |_I 1.0
* . . .
4 g 1.04
2 Jos{ °® =
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32 L] v ® = *
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-
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FIGURE 1 | Absolute counts of (A) T (CD3+) cells, (B) B (CD19+) celis, and (C) NK (CD16+, CD56+) cells in a cohort of CVID patients with lymphoma at the time of
diagnosis of CVID (CVID-dg), at the time of diagnosis of lymphoma (CVID-ly) and current values (CVID-curr) compared to the control group of CVID patients without
lymphoma (CVID-cg);median and 95% Cl are shown.

Gene variants previously described in association with CVID
or in patients with inborn error of immunity (Group 1) were
found in 4 patients. A novel heterozygous missense variant in
CTLA4 was identified inpatient Nr. 9, who developed B—NHL
(MALT) at the age of 36 years. She was also followed and
treated for lymphadenopathy and enteropathy (with features of
IBD-like disease), which is in concordance with the expected
phenotype of CTLA4 deficiency. The deleterious effect of the
mutation was verified by determination of decreased basal
and stimulated (CD3/CD28) expression of CTLA4 protein
in the patients T regulatory cells (CD4+CDI127dimCD25+)
(Supplementary Figure 1).

Another type of B—=NHL (DBLCL) was diagnosed in patient
Nr. 4 at the age of 45 years. A genelic variant in PMS2
was found, which has an important role in the mismatch

Frontiers in Immunology | www.frontiersin.org

repair system and class switch recombination (23, 24). In
addition to the lymphoma, the patient also manifested with
a broad spectrum of non-infectious complications, including
autoimmune cytopaenias (both ATHA as well as ITP), celiac—
like disease and generalized lymphoproliferation, including
lymphadenopathy, splenomegaly, and lymphocytic interstitial
pneumonia.

The clinical manifestation of patient Nr. 10, who was found
to harbor a PIK3CD mutation, corresponded with the previously
described APDS (activated PI3K-delta syndrome) phenotype
due to an activating mutation (2). He has been followed
for generalized lymphadenopathy, splenomegaly, and nodular
lymphoid hyperplasia (NLH) of the lungs and gastrointestinal
tract since his childhood. This patient developed Hodgkin
lymphoma at the age of 11 years.
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TABLE 4 | B cell subpopulations in CVID patients with lymphoma post-chemotherapy (absolute counts in E9/L; reference values for general population in brackets; (1),

decreased count; (1), increased count; N/A, value not available).

Patient Nr. CD21low (0.01-0.02) Naive (0.06-0.47) Transitional (0.0-0.03) M2Z-like (0.01-0.08) Class-switched (0.02-0.09)
1 N/A N/A N/A N/A N/A
2 0.0252 (1) 0.069 0.004 0.009 (4) 0.002 (})
3 N/A N/A N/A N/A N/A
4 0.001 (}) 0.005 (1) 0.002 o) 0(})
5 0.216 (1) 0.614 (1) 0.137 (1) 0.022 0.001 (4)
6 0w o) 0 0(l) o)
¥ 4 0.005 (1) 0.2 0.045 (1) 0.003 (4) 0({)
8 0.004 (}) 0.0076 (4) 0 0.0013 (1) 0(4)
9 0.0002 (}) 0.002 (4) 0 o) 0(})
10 0.011 0.0869 (1) 0.059 (1) 0.008 () 0.009 (4)
A Naive B cells (abs.) B CD21low B cells (abs.)
p=0.12 p=0.168
4 p=0.13 p=0.053
0.25 | |
-
g% ° ozn{ °*
2 . g
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***p=0.0002 ****p=0.0001
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g w
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s ]
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95% are shown.

Nodular lymphoid hyperplasia and lymphocytic interstitial
pneumonia were also noted in patient Nr. 1, who was followed
and treated for splenomegaly and autoimmune thyroiditis before
the diagnosis of T cell lymphoma, which developed at the
age of 57. A gene variant in TNFRSF13B (TACI), known
to increase susceptibility to CVID, was found. TACI variants
are not regarded as disease-causing but rather as modifying
(Group 2) (8).
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FIGURE 2 | Absolute counts of (A) Naive B cells, (B) CD21low B cells, (C) Marginal Zone-like B cells, and (D) Class-switched B cells in CVID patients with lymphoma
upon chemotherapy (CVID-ly) compared to the compared to the control group of CVID patients without lymphoma (CVID-cg) and healthy controls (HC); median and

Furthermore, several heterozygous variants were identified
in genes associated with known primary immunodeficiencies
that are inherited in an autosomal recessive manner, such as
LYST, LRBA, RAG1, EXTL3, and STX11 (Group 4). The clinical
phenotype of these patients did not match the respective disease;
nevertheless, we report these variants because of their rarity in
the healthy population and their potentially damaging character
predicted by in silico tools. Functional assays, which would
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elucidate the impact of these variants on protein function, were
not performed, as they exceeded the scope of this study. The
tumor DNA was not available for analysis of somatic “second-
hit” mutations, which might explain the pathogenesis of some of
the malignancies.

Variants in genes previously described in association with
cancer susceptibility or as likely to increase the risk of cancer
development, such as BRCAI, RABEPI, EP300, KDMS5A, and
others, were found in 6 out of 10 patients. They were divided
into variants reported as pathogenic (Group 3) and variants of
unknown significance and novel variants predicted as damaging
in-silico (Group 5).The summary of WES results and a detailed
description of the gene variants is presented in Table 5 and in
Supplementary Table 1.

DISCUSSION

Immune dysregulation associated  with primary
immunodeficiencies represents an increased risk of cancer
development. We aimed to search for the occurrence of
malignant diseases in a nationwide cohort of CVID patients,
taking into account relevant epidemiology, immunophenotype,
and the genetic background of the patients.

Similarly to published studies, we detected a higher incidence
of malignancies among our CVID cohort (25-30). Also in
alignment with previous reports, we noted a distinct spectrum
of tumors in CVID patients, with Hodgkin and Non-Hodgkin
lymphomas and gastric cancers being the most prevalent
malignancies (Table 6 and Supplementary Table 2). The overall
risk of malignancy was more than 6 times greater in comparison
to the general population, while the specific risk of HL was as
much as 30 times greater. Curiously, an over 3 times greater risk
of malignancy was determined in a subgroup of CVID patients
with a history of I'TP. Moreover, we noted that the diagnosis of
GC (average age 55-59 years vs. 70-74 in general population)
and B-NHL (35-39 years vs. 65-69) was established at a much
younger age compared to the Czech general population, while HL
developed later in life compared to the healthy population (40-44
years vs. 30-34).

Patients with CVID present with a characteristic
immunophenotypic profile that is reflected in the diagnostic
criteria of CVID. In this context, we specifically searched
for potential differences between CVID patients with tumors
and CVID patients who did not develop a malignant disease.
Malignant hematologic diseases may, in general, reduce
lymphocyte counts in up to 60% of patients, and lymphoma
in particular may affect an entire spectrum of lymphocyte
subpopulations, including CD4+, CD8+, CD19+, and CD56+
cells (31, 32). Nevertheless, in our cohort of CVID patients, we
did not observe any significant differences between absolute
or relative counts of CD3+, CD4+, CD8+, and CD56+ cells
measured at the time of diagnosis of immunodeficiency and those
measured at the time of diagnosis of lymphoma. Furthermore,
the values of all T cell subpopulations and NK cells were similar
to the control group of CVID patients without malignancy. In
contrast, chemotherapy regimens had significant impacts on the
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TABLE 5 | Summary of whole exome sequencing results perfoarmed in CVID patients with lymphoma
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TABLE 6 | Summary of turnor prevalence and SIR (Standardized Incidence Ratio,
median and 95% Confidence Intervals (Cls) shown) in a cohort of 295 CVID
patients.

Tumor Prevalence SIR {95% CI)

All tumors 25/295 (8.56%)
9/296 (3.0%)
4/295 (1.4%)
5/295 (1.7%)
6/295 (2.0%)
10/295 (3.4%)

6.3 (4.08-9.31)
10.1(4.61-19.12
5.50 (1.50-14.08
30.0 (9.73-69.93,
5.70(2.08-12.32

5.0(2.40-9.16)

B cell lymphoma (all types)
B cell non-Hodgkin lymphema
Hadgkin lyrmphoma

Gastric cancer
Other types of cancer

CD4+ and CD8+ cell counts. A similar observation has already
been published in patients with lymphomas without underlying
primary immunodeficiencies who underwent chemotherapy
with an R-CHOP protocol. In the study, a reduction of CD4+
absolute counts to values <0.343 x 10%/1 was declared an
independent negative prognostic factor with a significant impact
on 5-year progression-free survival and overall survival (33).
Indeed, in our CVID cohort with lymphoma, the median level
of post-chemotherapy absolute numbers of CD4+ was very
low, 0.343 x 10%/1, 95% CI 0.14-0.36 (R-CHOP being the
regiment used in 5 out of 11 patient), which implies that a CVID
population treated with chemotherapy should be prognostically
regarded as a higher risk group. Quite unexpectedly, NK cell
counts were not affected by the chemotherapy. However, the B
cell compartment was profoundly depleted in all CVID patients
who underwent chemotherapy. The total B cell count normalized
in only 3/10 patients. However, even in those, selective reductions
of mature forms (including class-switched, marginal zone-like
B cells and plasmablasts) persisted. This observation was in
striking contrast to patients with autoimmune diseases receiving
anti-CD20 therapy (rituximab), in whom the reconstitution
is achieved within 5-9 months in up to 90% of patients
(34).

B cell deficiency seems to be the hallmark in CVID patients
with lymphoma, as they presented with reduced B cell count
even at the time of diagnosis of lymphoma, which decreased
and remained persistently lower after chemotherapy. Despite
this, neither B cell nor T cell detailed immunophenotyping
provided a strong enough predictive tool for assessment of the
cancerogenic predisposition of CVID patients. Therefore, we
set out to search for possible genetic causes of malignancies in
CVID using massive parallel sequencing. Out of 10 patients who
were available for testing, we identified gene variants previously
classified as associated with CVID in 4 patients, namely,
CTLR4, PIK3CD, PMS2, and TNFRSFI3B. It is noteworthy
that mutations in CTLA4 and PIK3CD, which account for
the majority of currently known molecular causes of CVID
(8), were both found among our small cohort of CVID
patients.

CTLA4 heterozygous mutation was first described as a cause
of CVID-like syndrome that displayed a significant overlap
with CVID phenotype, including hypogammaglobulinemia,
low B cell counts and immune dysregulation with variable
organ involvement (35). The clinical and laboratory spectra
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of CTLA4 haploinsufficiency were described in detail in a
recently published cohort of 133 patients. In this cohort, 8
mutation carriers developed lymphoma, and 3 had gastric cancer.
Thus, our finding of a singleCTLA4 mutation among our small
cohort corresponds well with this report. Furthermore, this
particular patient also presented with IBD-like gastrointestinal
disease that was retrospectively reclassified as a CTLA4-related
gastrointestinal presentation. Interestingly, the spectrum of
tumors found in the above mentioned CTLA4 study was limited
to lymphomas and gastric carcinomas, which also correlates with
our findings.

PIK3CD is a well-established genetic cause of APDS,
activated PI3K-delta syndrome. Similarly toCLTAA4, the clinical
presentation of APDS overlaps significantly with the CVID
phenotype, and a number of patients originally diagnosed
with CVID were found to harbor mutations in PIK3CD.
A large study including 53 patients with APDS reported
lymphoma occurrence in 13% of patients (36). Furthermore,
somatic mutations of PIK3 were found in several types of
HL and NHL, thus suggesting the role of PI3K signaling in
tumorigenesis.

Finally, the PMS2 protein is involved in complex
mechanisms of DNA repair. As such, mutations in
PMS2 are directly associated with an increased risk

of cancer (37). At the same time, mutations in PMS2
were also implicated in class-switch recombination
defects and impaired immunoglobulin production (36).

Therefore, our finding of PMS2 mutation among CVID
patients with lymphoma corresponds well with these
reports.

Overall, we suggest that each of these CVID-associated genes
may also convey a predisposition to tumor development.

The role of the TNFSFI3B molecule, also known as
TACI, in CVID has long been discussed. TACI variants
have been found to be associated with autoimmune
complications in CVID (38). Moreover, given the
involvement of TACI in B cell activation, its mutations
might contribute to immune dysregulation and lymphoma
development (39). However, TACI variants are regarded
as modifier genes rather than a monogenic cause of
CVID.

Apart of the above mentioned genetic findings, we identified
several variants in genes involved in lymphogenesis and
immune system regulation. Although sufficient data to
postulate their role in immune deficiency or tumorigenesis
are lacking, we report them along with our results for the
sake of completeness, reflecting the previously described
roles of heterozygous mutations in PID and possible
epistatic roles of various genes in immune dysregulation
(40-42).

Finally, we also detected several variants in genes involved
in tumor surveillance in our cohort, such as BRCA1 and others
listed in Supplementary Table 1. These variants were previously
reported in patients with a broad spectrum of solid tumors
(including breast, ovarian, colorectal cancer, and others) and
may therefore represent another contributory mechanism of
malignant susceptibility.
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CONCLUSION

Malignancies belong to the most severe non-infectious
complications of common variable immunodeficiency
disorder. The prevalence of malignancy in our CVID
cohort was found to be more than 6 times greater than
in the general population. The spectrum of cancers was
characteristically narrow, involving mostly gastric cancers and
lymphomas. Moreover, I'TP was elucidated as a novel risk
factor for malignancy in CVID patients. Post-treatment T
and B cell lymphopaenias, associated with poorer prognosis,
were found in a majority of CVID patients who received
chemotherapy. Surprisingly, NK cells remained unaffected.
WES analysis illustrated a wide heterogeneity of potential
genetic background of the oncogenic predisposition
among CVID patients and identified several causative
or contributing gene variants, pointing toward immune
system dysregulation. In the future, modern genetic analytic
approaches applied on larger cohorts of CVID patients,
along with the use of oncogenomic tools, will undoubtedly
enable the identification of other CVID-associated genes
with increased risk of cancer and elucidate their roles in
tumorigenesis.
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3.7.7. CVID agravidita

Problematika fertility a eventualné¢ komplikaci v pribéhu téhotenstvi a porodu zen s
CVID, zdravotni stav novorozence a zmapovani infekénich komplikaci v prabéhu prvniho

roku véku nebyla doposud komplexné zpracovana.

Nase origindlni data podrobné shrnutd v nésledujici publikaci:

Kralickova P, Kufecova B, Andrys C, Krémova I, Jilek D, Vlkova M, Litzman J.
Pregnancy Outcome in Patients with Common Variable Immunodeficiency. J Clin Immunol
2015 Aug; 35(6): 531-7. IF=3,094
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https://www.ncbi.nlm.nih.gov/pubmed/26280892

3.7.8. CVID a preventivni programy

Doposud nepanuje jednotny konsensus s ohledem na rozsah a frekvenci
screeningovych vysetfeni u nemocnych s CVID [214] Mezi pravidelné doporu¢ované metody

k odhaleni poskozeni plic jsou zafazeny jak HRCT plic, tak i celkové funkéni vySetfeni véetné
difuze. Jejich frekvence je otdzkou diskuse a zvyklosti jednotlivych pracovist. Na nasem
ustavu se u dospélych pacientti klonime ke vstupnimu vysSetteni HRCT plic a celkového
funk¢niho vySetieni vE. difaze, které opakujeme v rocnich intervalech. Ke kontrolnimu HRCT
piistupujeme individualné dle nélezu, vzdy vSak pfii zjiSténi ¢i progresi ventilacni poruchy. S
ohledem na zvysenou radiosenzitivitu chromozémt, indikujeme kontrolni vySetfeni po zralé

uvaze [4’222].

Stejné tak by mélo byt v tvodu nemocnému doporuceno gastroskopické vysSetfeni.
Frekvence naslednych kontrol je zavisld na histologickém nélezu a klinickych symptomech.
Je vhodné pravidelné sledovat sérové koncentrace Zeleza, feritinu, vitaminu B12 a kyseliny
listové. Diraz je kladen na v€asnou eradikaci pfi pozitivité H. pylori. Neinvazivni diagnostika
této infekce je zalozena na prukazu nejlépe pomoci stanoveni pfitomnosti antigenu ve stolici,

¢1 dechového testu [48].

Do screeningovych vysetieni je vhodné zaradit i kostni denzitometrii, S naslednymi
kontrolami dle zavaznosti nalezu, a v pfipadé vyskytu rizikovych faktora (l1é¢ba kortikoidy,

sttevni onemocnéni vedouci k malabsorbci, chronicka cholestaza, nizky BMI a dalsi).

3.7.9. CVID a aktivni imunizace

Mezinarodni doporuceni povoluji pouziti nezivych vakcin jako soucast diagnostického
postupu pied zahdjenim substitu¢ni 1é€by imunoglobuliny. U nemocnych se zachovalou
rezidudlni tvorbou protilatek je mozné provést ockovani nezivymi vakcinami, vhodné 2 tydny
pted dalsi aplikaci i.v. imunoglobulini, nicméné s poucenim, ze odpovéd nemusi byt
adekvatni. Naopak, tam kde neni pfitomna rezidualni tvorba protilatek, nema aktivni
imunizace vyznam pro neefektivitu. Pouziti zivé poliovakciny je pfisné kontraindikovano
vcetné vakcinace rodinnych ptislusnikl [176]  Mohlo by dojit nejen k dlouhodobému
vylu¢ovani vakcina¢niho kmene, ale i zdvaznym klinickym projevim, tj. akutni paralyze ¢i
meningoencefalitidé, s popsanymi Umrtimi [65182,195] * Ap; pln¢ substituovani nemocni
nemusi byt zcela mimo riziko s ohledem na zjiSténé sniZené mnoZstvi protilatek proti
poliovirim V jejich sérech [42],
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Obecné je doporucovano pravidelné provadét vakcinaci proti sezénni chiipce, S
ohledem na jeji potencialni zavaznost a riziko bakterialnich komplikaci. Hodnocenim
vakcina¢niho potencidlu u nemocnych s CVID se doposud zabyvalo jen malé mnozstvi studii
na malém poctu ucastnikti. I kdyZ jsou data pomérné konfliktni, vyznam by mohla mit
bunééna odpoveéd’ na vakcinaci, kdy byla prokazana pozitivni odpoveéd’ ve dvou ze tii studii
[14.80.159] * protilatkova odpovéd’ je jednoznacné snizena. Nejvétsi doposud publikovana
studie Gardulfa a kol., kterda zahrnovala 48 nemocnych, zjistila pozitivni protilatkovou
odpoveéd’ prokazanou hemaglutinacné inhibi¢nim testem, cutt-off vice nez, ¢i rovno 1:40 u 16
% ucastnikt, preferenéné u nemocnych s fenotypem dle EUROCLASS SmB-Tr norm21norm,
tj. s vice nez 1 % B lymfocytl, méné nez 2 % ,,class-switch“ B lymfocytt, méné nez 10 %
CD21“low* B lymfocytt a méné nez 9 % ,transitional* B lymfocyti. Vakcinace probihala v¢.

boostovaci davky s odstupem 1 mésice [68]

3.7.10. Lécba CVID
3.7.10.1. Substitu¢ni 1é¢ba CVID

Zakladni 1é¢bou CVID je substituéni 1é¢ba imunoglobuliny. Historicky prvni podani
imunoglobulind se substitucnim zamérem probehlo v roce 1952 pod vedenim O. C. Brutona.
Zajimavosti je, Ze se pravdépodobné jednalo o podkozni aplikaci. Osmilety chlapec s
agamaglobulinémii byl 1é¢en davkou 3,2 g imunoglobulinti mésiéné a po cely rok neprodélal
zavazngjsi infekci [34]

Od t¢ doby substitu¢ni 1é¢ba  imunoglobuliny pros§la  fadou radikalnich zmén.
Intramuskularni podavani v padesatych az sedmdesatych letech 20. stoleti bylo provéazeno
v fadé pripadd nezadoucimi mistnimi i celkovymi reakcemi, vznikajicich mimo jiné
i v disledku zvySené pritomnosti agregati IgG.  Aplikace byla vyznamné limitovana
omezenym objemem, ktery bylo mozné podat. Typickd ddvka ¢inila 100 mg/kg kazdé 3
tydny.

Od osmdesatych let bylo mozné zacit vyuzivat intravendzni imunoglobulinové infuze
(IVIG), které¢ byly provazeny vyznamné nizSim procentem nezddoucich reakci. Plvodni
doporuceni substitu¢ni davky imunoglobulinli 100 mg/kg/mésic bylo na zakladé klinickych
studii navySeno na vice nez 400 mg/kg/mésic[Sz], coz umoznilo dosédhnout vys$Sich
plazmatickych hladin IgG pfi sou¢asném dal$im vyznamném poklesu frekvence infekei.

Myslenka podkozniho podévani imunoglobulinli byla rozvijena od devadesatych let,

kdy s dobrymi vysledky Gardulf et al. podavala v rychlé podkozni infuzi (17-20 ml/hodinu)
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16 % preparat pavodné uréeny k intramuskularnimu podani [67] Dokonce pii dal§im navySeni
rychlosti na 40 ml/hodinu nebylo pozorovano zvyseni frekvence nezadoucich ucinka (82 k
zasadnimu zlomu doslo o 10 let pozdé&ji, kdy byl vyvinut a klinicky uspésné vyzkousen
imunoglobulinovy preparat urceny cilené k podkoznimu podani (SCIG, SubCutaneous
ImmunoGlobuline) v podobg¢, jaké pouzivame dnes v bézné klinické praxi. Posledni inovaci je
s.c. podani imunoglobulinti potencované vyuzitim rekombinantni hyaluronidazy, umoziujici

podkozni podani vétsich objemu zahrnujici planovanou davku pro cely mésic v jednom sezeni

[226],

Pt1 substitucni 1ébé nemocnych s primarnimi imunodeficiencemi je v soucasné dobé
doporucovan ryze individualni koncept optimalizace cesty, davky 1 intervalu jednotlivych
podani. Kazdy nemocny ma tak svoji individualni optimalni davku a interval, ktery vyznamné
redukuje frekvenci zavaznych infek¢énich komplikaci [118] ftalska studie prokéazala vyznamny

protektivni vliv pfed vznikem pneumonie pii dosazeni sérové koncentrace minimalné 4 g/l s

tim, Ze neni jasna korelace mezi cilovymi hladinami IgG a mirou rizika pneumonie [167],

Metaanalyza zahrnujici celkem 17 studii s celkovym poctem nemocnych 676 a obdobim
sledovani 2127 pacientskych let prokazala, ze zvyseni hladiny IgG o 1,21 g/l (coz piiblizné
odpovida davce 1. v. 100 mg/kg/mésic), vede ke sniZzeni vyskytu pneumonii o 27 %. Pti cilové
hladin¢ I1gG 10 g/l v porovnani s 5 g/l dochazi k pétinasobnému poklesu vyskytu pneumonii
(1511 7atim chybi dostatek informaci ke zhodnoceni SCIG. Nicméné, i zde metaanalyza
provedena J. S. Orangem et al., zahrnujici celkem 13 studii, potvrzuje fakt, Ze zvySeni
subkutanné podané davky imunoglobulini vede k dal$imu zlepSeni 1é¢ebnych vysledki. Zda
se vSak, Ze zejména v disledku snizené biologické dostupnosti SCIG je zvySeni davky
imunoglobulin 0 100 mg/kg/mésic provazeno zvysenim sérové hladiny IgG pouze o 0,84 g/l.
Nejsou dostate¢né dostupna data, ktera by porovnavala mezi sebou preparaty o koncentraci

10%. 16% a 20% 1491

Substitu¢ni 1é¢ba imunoglobuliny ma i svoje limitace. Nepodafilo se zatim
presvédCivé dokazat, Ze vyznamné sniZuje frekvenci infekci hornich cest dychacich a Ze
zabranuje progresi funkénich a morfologickych zmén plicniho parenchymu a dychacich cest.
Stejné tak nebyl prokéazan jeji pozitivni vliv na komplikace neinfekéniho ptivodu, pfedevs§im

postizeni zazivaciho traktu a lymfocytarni intersticialni pneumonitidu [17.73],

Na imunoglobulinovou 1é¢bu nelze pohliZet jako na Cisté pasivni pienos protilatek. I
pfi substitu¢nich davkach byla popsana fada modula¢nich zmén. IVIG indukuje proliferaci B

lymfocytt a syntézu protilatek, coz poukazuje na moznost, ze externé dodané imunoglobuliny
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napravuji signaliza¢ni defekt B lymfocytd, ktery bézné poskytuji T lymfocyty. Dale bylo
popsano zlepSeni maturace dendritickych bunék, aniz by ptrevazoval jejich prozanétlivy

fenotyp 53] protizanétlivym ucinktm IVIG ptispiva i moznost snizené exprese TNFa [194]

a zvyseni podilu CD4+ T lymfocytd a T regulacnich lymfocytd Treg [195] " ouhrnng

prezentujeme imunomodulaéni pisobeni IVIG v obr. ¢. 8.
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Formy substitu¢ni 1é¢by imunoglobuliny:

V soucasné dob¢ jsou dostupné tyto formy aplikace imunoglobulinti: intraven6zni
(IVIG), klasicka podkoznimi preparaty (SCIG) a facilitovana podkozni (fSCIG).

Zvolena forma 1écby by méla vzdy vychazet ze spole¢ného konsenzu mezi 1ékafem a
nemocnym za soucasného prispéni zdravotnich sester, které maji nezastupitelnou ulohu v
edukaci pacientd. Pii volbé formy imunoglobulinové 1é¢by je tieba uvazit fadu skutecnosti:
kvalitu zilniho pfistupu, komorbidity nemocného, napt. zdvazna interni onemocnéni, renalni a
kardidlni insuficience, chronické prijmy, nutrice, stav pokozky, probihajici antikoagula¢ni
1é¢ba ¢i zavaznost eventualné trombocytopenie, socialni zazemi nemocného, napi. mobilitu,
vzdalenost bydlisté, charakter zaméstnani. Nelze opomenout ani jeho zruénost ¢i ochotu

spoluprace, jeho predchozi zkuSenosti s imunoglobulinovou 1é¢bou.

V prubehu 1écby je doporuceno fidit se nékolika obecnymi pravidly. V roce 1999
vydala FDA zavazné doporuceni, kdy je nezbytné na jednotlivé imunoglobulinové preparaty
pohlizet jako na originalni pfipravky. Nelze tedy s nimi zachazet jako s generiky a zaménovat
je bez zavazného diavodu 551 Ligi se svym vyrobnim postupem, maji rozdilnou osmolaritu,
obsah sodiku, pouzity stabilizator, mnozstvi IgA. Kazdy nemocny ma svoji optimalni

individualni rychlost podani. Navic miuiZe tolerovat pouze jeden konkrétni preparat.

Intravendzni 1é&ba probihd v Ceské republice pfevazné ambulantng, na stacionatich
specializovanych imunologickych center. Interval mezi jednotlivymi podanimi byva 3-4
tydny. Podavani IVIG mize byt spojeno s fadou nezddoucich ucinki. Jedna se o celé
spektrum od lehkych projevi typu zimnice, bolesti hlavy, svald, kloubd, Gnavy ¢i horecky. Ty
obvykle mizeji maximalné do n€kolika hodin po podani. Muze se jednat az o vystupiiovanou
tézkou anafylaktoidni reakci provdzenou tézkou hypotenzi. VétSina nezadoucich reakci je
spojena s aktivaci prozanétlivé odpovéedi. Ve studiich byly pozorovany tyto pfechodné zmeény:
leukocytoza, aktivace komplementu (tvorba C3a, terminalniho komplexu C5b-C9), vzestup
prozanétlivych cytokini (TNFa, 11-8, IL-6), IL-1Ra a solubilniho receptoru pro TNFa. K
normalizaci zmén dochazelo v pribéhu 24 hodin [203). Rizikovou skupinu pfedstavuji
nemocni s pritomnosti protilatek tfidy IgG anti IgA protilatkdm [88] Nicméng k zavazné
reakci mize dojit i v jejich neptitomnosti. Zvysenou frekvenci nezadoucich reakci mizeme
o¢ekavat v obdobi zahdjeni substitu¢ni 1écby, pii prodlouZeni intervalu mezi infizemi nebo v
pfipadé probihajici infekéni epizody. Pokud nezadouci reakce pretrvavaji, je mozna
premedikace nesteroidnimi antirevmatiky, antihistaminiky ¢i kortikoidy. V pfipadé opakované
intolerance je vhodna zmeéna i. v. preparatu ¢i pfevedeni na podkoZni cestu substituce.
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Vzacnéjsi byvaji zdvazné komplikace tromboembolické, rendlni insuficience, zhorSeni
projevu kardialni dekompenzace, syndrom aseptické meningitidy ¢i hemolytickd anémie. Pti
16¢bé modernimi preparaty se s nimi setkdvame jen velmi vyjimecné. Prvni tfi jmenované
provazeji komplikujici interni onemocnéni. Rendlni insuficience byva nékdy spojovéana s
pomocnymi latkami v preparatu, napt. sachar6zou, maltézou. Syndrom aseptické meningitidy
se objevuje v Casovém rozmezi od né€kolika hodin az po 2 dny od zahijeni 1écby IVIG.
Vysetifeni mozkomisniho moku casto vykazuje pleiocytézu o hodnotadch nékolik tisic bunék
na pl, zejména z granulocytarni fady a zvySené hladiny proteinti az na n¢kolik set mg/dl. Tato

komplikace byla ¢etnéji zaznamenana po pouziti vysokych ddvek imunoglobulint (2 g/kg)
[203],

Pti aplikaci imunoglobulinii dochéazi k pfechodnému vzestupu pasivné pienesenych
darcovskych protilatek, a tim ke wvzniku zavadé¢jicich pozitivnich vysledki u fady
sérologickych testii. Pasivni pfenos protilatek proti erytrocytdrnim antigeniim, napi. A, B, D
mize vést k faleSné pozitivité ptimého antiglobulinového testu (pfimy Coombsuv test). Na

druhou stranu je nezbytné neopomenout moznost skute¢né hemolytické ptihody [164],

Subkutanni substituce imunoglobulinii pfedstavuje pro naSe nemocné moznost
komfortniho podavani v domdacim prostiedi, zatizeného vyznamné nizSim procentem

nezadoucich reakci v porovnani s nitrozilnim, pii soucasném evidentnim vzestupu kvality
sivota 214 Nz vyskyt nezadoucich reakci muze byt vysvétlovan pomalou difuzi z
podkozi ptes lymfaticky systém do krevniho feisté. A tak Casto nemocni, ktefi vyzadovali
premedikaci pred IVIG, nevyzaduji zddnych specidlnich opatfeni pied SCIG. Pievazuji zde
pouze lokalni reakce typu erytému, edému, indurace ¢i bolestivosti, které ve vétSiné piipadi
odeznivaji do 24 hod a béhem tydnl obvykle mizi zcela [77.188] ' Celkové reakce hlagené po s.

c. podani jsou velmi fidké. Zavazné anafylaktoidni reakce nebyly doposud zaznamendny ani u
nemocnych s pfitomnym titrem anti IgA protilatek a sou¢asnou anamnézou zavazné reakce po
IVIG.

Podavana antikoagulacni ¢i antiagregacni lécba neni kontraindikaci k podkoZznimu

[2041 " Klinické zkugenosti ukazuji, Ze

podavani a byva nemocnymi dobie tolerovana
koncentrace trombocyti nad 50 X 10%2 /1 je bezpecna. Nutno vSak piihlédnout i ke stupni

eventualné trombocytopatie ¢i dalsi medikaci s antikoagulacnimi ucinky. T€hotenstvi neni na
prekazku v podkozni aplikaci. Spise pro pohodli nemocnych je v pozdégjsich fazich t€hotenstvi
doporucovano zménit aplikacni mista na oblast stehen. V této lokalizaci jsou vSak Castéji

tolerovany nizsi objemy kolem 10ml na jeden vpich 691 U obéznich nemocnych
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nebyla zjisténa rozdilnd biologickd dostupnost 16% i 20% preparatd vici neobéznim
jedinctim [185] "/ ptipadé obéznich nemocnych je doporucovano se spise orientovat podle
klinického efektu 1é¢by nez dle hodnoty body mass indexu [871

Celkova mésicni davka u SCIG je rozdé€lena tak, ze aplikace probihaji obvykle 1-3krat
tydné. Aplikovat 1ze vSude tam, kde je dostate¢né mnozstvi podkozni tkané (obr. ¢. 9A). Ke
snizeni vyskytu lokalnich nezadoucich reakci je vhodné vyhybat se mistim v oblasti jizev ¢i
strii a imunoglobuliny aplikovat dostate¢né¢ hluboko do podkozi. Pacientim je tfeba
opakovan¢ ptipominat kontrolu, zda nehrozi riziko aplikace do cévy. Podavani je mozné bud’
za pomoci infzniho davkovace, ¢i pfimym podanim metodou ,,rapid push®, kdy si podani tidi
nemocny sam, dle tolerance podkoZi. Délka podani byva obvykle kratsi nez pifi pouziti
pumpy. Rychlost aplikace se pohybuje kolem 1-2 ml za minutu 771 pii podavani infazni
pumpou je doporucovano dodrzovat pocatecni aplikacni rychlost 10 ml/h, pii kazdé
nasledujici infuzi lze rychlost zvysit o 1ml/h. Doporu¢ena maximalni rychlost je 20 mi/hod na
jednu pumpu. Nekteré typy pumpy umoznuji prerusované podavani pii vyznamné vysSich
zakladnich rychlostech, nékdy nazyvané ,fizend forma rapid-push”. VSechny moznosti

aplikace jsou zcela rovnocenné.

Hyaluronidazou facilitované s. c. infuze (fSCIG) piedstavuji nejnovéjsi zptsob 1é¢by.
Podkozni extraceluldrni matrix piedstavuje bariéru pro podkozné aplikované tekutiny pti
jejich praniku do nitroZilniho prostoru. Jedna se o viskozné-elastickou, gelu podobnou
substanci, ktera je tvofena pievazné kolagennimi vlakny, -elastinem, keratinem a
glykosaminoglykany. Glykosaminoglykany tvoii vyznamnou ¢ast zminované bariéry, Vv
dasledku které je redukovana biologicka dostupnost IgG do systémového obéhu minimalné o

jednu tfetinu [213],

Pfirozenym enzymem, ktery fragmentuje polymer kyseliny hyaluronové, kterd je
zakladnim stavebnim kamenem glykosaminoglykanti z gelu na tekutou formu, je enzym
hyaluronidéza. Jeji 1éebné pouziti umoziuje také fakt, ze je velmi rychle metabolizovéna.
Nema tedy Zadné systémové ucinky a jeji efekt na podkoZzi trvd maximalné 48 hodin [29],

Ve studiich byly pouzity hyaloroniddzy ovciho a hovéziho ptivodu. Diky kontaminaci
testikularnimi proteiny, zvySujicimi imunogenicitu preparatu, vcetné¢ vzniku alergickych
reakci, nebylo mozné uskute¢nit jejich dlouhodobé pouzivani. Pouze lidskd rekombinantni
hyaluronidaza rHUPH20, purifikovany glykoprotein o 447 aminokyselinach, produkovana

buiikami vaje¢niku ¢inského kiecika rekombinantni technologii, splnila dand ocekéavani. Je
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vysoce specificka k vazbé beta 1-4 glykosaminoglykant. Naopak, nema zadny vliv na N-vazané
glykany ¢i polypeptidy zékladniho fetézce, stejné tak i na strukturu molekuly IgG [226]

Aplikace probihd prakticky tak, Ze je nejprve do podkozi aplikovana celd davka
hyaluronidézy rychlosti 100 ml/min, do 10 min je tieba do stejného mista zah4jit infazi 10 %
imunoglobulinového preparatu. Rychlost podani je postupné zvySovana 4 10 min od 10 ml/h
az do maximaln¢é tolerované rychlosti, obvykle 300ml/hod. Jednotliva podani obvykle

probihaji jedenkrat za 3 ¢i 4 tydny, ve stejné davce, jak je zvykem u i. v. substituce (obr. ¢. 9B
a 10).

Vysledky studii III. faze (pilotni studie 160603 a extendovana studie 160902)
prokazuji vysoky stupeil bezpecnosti, tolerability a u¢innosti. Bioekvivalence stoji mezi IVIG
a SCIG. Délka trvani infuze je paradoxné o néco kratS§i v porovnani s i. v. NejCastéjsi
nezadouci U¢inky maji lokalni charakter ve formé erytému ¢i edému, obvykle rychle mizi v
prubéhu nékolika hodin. Celkové nezddouci tcinky jsou malo ¢etné, nejcastéji bolest hlavy a

unava, méné zvysend teplota, nevolnost. Zavazné nebyly zaznamenany [225,226]

Ve vztahu k fertilit¢ neni k dispozici dostate¢né mnozstvi udaju. Ve studiich na
mysich a krali¢ich modelech nebyly shledany Zadné negativni vlivy na biezost ¢i vyvoj plodu.
Preparat jiz byl povolen i v détské populaci (0-18 let) s pravidly shodnymi pro dospélé

pacienty.

Lidska hyaluroniddza nejevi homologii s hyaluroniddzou hmyzi, proto neni tfeba mit
obavy z rizika mozné anafylaxe. Ve studii byla zaznamenana u 13 pacienti z celkového pocétu
83 tvorba protilatek schopnych se vazat na rekombinantni hyaluronidazu. Tyto vSak nem¢ly

neutralizacni schopnosti a nebyly vdzany na vyssi vyskyt nezddoucich reakcil226]
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Obr. ¢. 9: Aplika¢ni mista vhodna k subkutannimu podani (A) SCIG, (B) fSCIG.

stoupaci faze pokracovaci faze
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Obr. € 10: Zahajeni 1é¢by hyalorunidazou facilitovaného podavani. Po tvodni
stoupaci fazi s postupné se zvysujici ddvkou a prodluZujicim se intervalem nasleduje faze
udrzovaci v intervalu 21-28 dni. U pacienti pravidelné substituovanych i. v. imunoglobuliny

je doporucovano lécbu zah4jit jeden tyden po posledni aplikaci.
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3.7.10.2. CVID a profylaxe antibiotiky

Antibiotickd profylaxe nachdzi své misto u nemocnych, ktefi pies adekvatni
substitu¢ni 1é¢bu imunoglobuliny trpi recidivujicimi infekcemi, s vyhodou zejména u pacientii
S bronchiektaziemi. Profylaxe muze byt celoro¢niho charakteru ¢i jen sezonni. Vhodné je
nemocné vybavit zdloznimi antibiotiky pro prilomové infekce [98] Diky svym ucinkiim
imunomodulacnim, jsou preferovany makrolidy. Ve volb& preparatu, davky a intervalu
nepanuji jednotné nazory.

Makrolidy snizuji hlenovou hypersekreci, redukuji sekreci prozanétlivych cytokint,
coz muze vést k redukci akumulace a proliferace neutrofilnich granulocytii ve slizni¢ni
epitelové vrstvé, a tlumi aktivity lymfocytt. Bylo prokazano, ze claritromycin je schopen
redukovat riziko toxického Soku pii bakteridlni superinfekci pii sezonni chiipce [138],

Azitromycin ovliviiuje buiiky nespecifické imunity snizenim exprese CD80, CD86 a HLA DR
na myeloidnich dendritickych buiikach stimulovanych lipopolysacharidem a produkci 1L-12
makrofagy (aktivovanymi LPS ¢i IFNy) se snizenim produkce IL-6, 10, 12 a TNFa témito
bunikami. ZvySuje endocytozu a expresi TLR 2, 4, 9 a snizuje proliferaci CD4+ T lymfocytt a

produkci TNFa [207], Makrolidy podporuji i fagocytéozu apoptotickych epitelovych bunék
dychacich cest [86] Ovliviyji pravdépodobné i remodelaci tkdni se snizenim proliferace
epitelovych buné€k a migrace fibroblasti [109.187] "y ptipadé¢ infekce P. aeruginosa upravuji
tvorbu biofilmu "2, Pozitivni efekt mohou mit i u nemocnych s gastroesofagealnim refluxem,

diky jejich prokinetické aktivits [132]

3.7.10.3. CVID a lécba neinfek¢énich komplikaci

Lécba neinfekénich komplikaci se 1isi dle postizeného organu.

Zavaznym klinickym problémem je GLILD, postihujici plice, ktery bez 1écby miize
vést k nevratnym zménam plicniho intersticia vedoucimi k poruse diftize s ni spojené
respiracni insuficienci.

Kauzalni lécba GLILD zatim neexistuje. Progrese onemocnéni je velmi individualni.
Neexistuji jednotna doporuceni, kdy lécbu zahgjit a jakym zpisobem ji dale vést. Rizika z
nadmérné kumulace imunosupresivni 1é¢by v Case, predevsim ve formé oportunnich infekci, nelze

opomijet [114] Nejucelengjsi pohled na diagnostiku a 1é¢bu predklada britsky konsensus
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z roku 2017, ktery doporucuje lécbu zahajit bez ohledu na pfitomnost symptomt pfi
prokézanych poklesech funkcnich parametrd. V prvni linii maji byt pouzity kortikoidy Vv
monoterapii. Pro sekundarni 1écbu byly doporuceny at jiz s ¢i bez p. o. kortikoidi:
azathioprin, rituximab, mykofenolat mofetil. Ke shodé experti nedoslo v piipadé 1écby

abataceptem, kromé piipadi s jasné prokazanou genetickou mutaci, 1écby anti-TNFa,
cyklosporinem, hydroxychlorochinem, metotrexatem, sirolimem ¢i takrolimem[®%].

Rituximab pfedstavuje chimérickou mysi monoklonalni protilatku anti CD20.
Molekula CD20 je fyziologicky exprimovana na B lymfocytech od stadia pre-B lymfocytu az
do faze plasmablastu. Mozny mechanismus u¢inku této protilatky u nemocnych s poruchami
tvorby protilatek vychazi ze skutecnosti, Ze obecné zptisobuje nejen depleci bunék potencidlné
produkujicich autoprotilatky, které u nemocnych s CVID diky podstaté onemocnéni nejsou
obvykle pfitomny, ale zasahuje také do regulaci zanétlivych dé&ji. Na mySich modelech
revmatoidni artritidy bylo prokdzéano, Ze odstranéni B lymfocyti vede ke vzestupu poctu T
regulacnich lymfocytt diferencovanych z naivnich CD4 T lymfocyta s ndslednym utlumenim
aktivity onemocnéni. Dulezitou tulohu mize hrat i eliminace subsetu B lymfocyta
produkujicich IFNy, nebot’ geneticky upravené mysi modely bez schopnosti produkce IFNy B
lymfocyty nebyly schopné rozvinout experimentalni proteoglykanem indukovanou

revmatoidni artritidu 7], Podani rituximabu vedlo u nemocnych s revmatoidni artritidou k
poklesu CD4 T lymfocyta [130] y nemocnych léCenych pro Sjogrentv syndrom byla 1écbou
RTX normalizovana expanze Tfh bun¢k [220], Jinym mechanismem tlumeni autoimunitniho

zanétu muze byt i snizeni B lymfocyti produkujicich IL-6 1191 Jeho vyznam vSak nebyl v
podskupiné nemocnych s dysregulacnimi komplikacemi v ramci CVID dostatecné objasnén

[215]

Dobrou efektivitu rituximabu u nemocnych s CVID podporuji i klinické prace

[90,93,157], Nejrozsahlejsi publikaci je prace Chase a kol., ktera popisuje celkem 7 pacientt. Ti

obdrzeli intraven6zné rituximab v davce 375 mg/m2/infazi 4 tydny za sebou v kombinaci s
azathioprinem 1-2 mg/kg/den po dobu 18 mésicl. Infuze rituximabu byly opakovany po 4-6
mésicich, celkem 3-4krat. Pro intoleranci azathioprinu pro zazivaci obtize dostavali 2
nemocni aktivni metabolit azathioprinu, 6 -merkaptopurin (1,0 — 1,5 mg/kg/den) a jeden
mykofenolat mofetil 1 g 2krat denné. Ve vSech ptipadech doslo ke zlepSeni HRCT obrazu i

funkénich parametri plic a u 3/7 pacientti ke zmenseni splenomegalie 93],

Kauzalni 1écba gastrointestinalnich komplikaci, zejména ,,celiakia-like* neexistuje.

Imunosupresivni 1écba, zejména peroralnimi kortikosteroidy, zpomaluje priitbéh onemocnéni a
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oddali rozvoj malnutrice. U pokrocilych stadii je indikovana enteralni vyziva. Bezlepkova
dieta u nemocnych s CVID asociovanou enteropatii nebyva efektivni [23] Némecka studie
prokazala efektivitu bezlepkové diety u 2/4 nemocnych s CVID-enteropatii a soucasnou
pozitivitou HLA-DQ2 ¢i DQ8 [218] Imunoglobulinova substitu¢ni 1écba taktéz nevede ke
zlepseni zdravotniho stavu nemocnych [125] syndromu bakterialniho prertistani se uspesné
uplatiuje cyklicka 1é¢ba antibiotiky s omezenym vstiebavanim z traviciho traktu (rifaximin).

V piipadech ,,IBD-like* onemocnéni jsou lékem prvni volby opét peroralné podavané

kortikoidy. Pti nedostate¢ném efektu lze pouzit azathioprin ¢i biologika anti-TNFa [94],

Uvodni stadia nodularni regenerativni hyperplazie nevyzaduji 1é¢bu. P¥i vzniku
portalni hypertenze lze uvazovat o zavedeni TIPS (Transjugular Intrahepatic Portosystemic
Shunt) ¢i chirurgické zalozeni spleno-renalniho ,,shuntu“. Ve stadiu ,,hepatitis-like* je na
misté podani imunosupresivni 1écby, napt. prednison, azathioprin, event. 6 -mercaptopurin.
Nejveétsi riziko pro nemocného byvaji zavazné, Casto smrtelné infekce 1 pres adekvatni
substitucni 1éCbu imunoglobuliny. Otazka splenektomie neni jednozna¢né dofeSena. Jeji
provedeni by mélo byt zvazovano u nemocnych s rizikem spontanni ruptury. Odstranéni vSak

nevede k zastavé patologického procesu [124],

Dalsi autoimunitni komplikace jsou feSeny obdobné¢ jako u nemocnych bez ptitomné

imunodeficience.

3.7.11. Mortalita nemocnych s CVID

CVID je spojena s vysokym stupném morbidity a zvySenou mortalitou. Doba pieziti se
zlepsila z 30 % 12 let po stanoveni diagnozy (hlasenych v roce 1969 z Velké Britanie) na 58
% 45 let po diagnoze U Toto zlepSeni je spojeno s lepSim porozuménim podstaty
onemocnéni, moznosti substitu¢ni 1écby imunoglobuliny, zlepSenim antimikrobni terapie,
které jsou spojené s poklesem vyskytu zavaznych infekci. Nejcastéji hlaSenymi pfi¢inami
umrti jsou respiracni selhani pii chronické plicni nedostate¢nosti, lymfomy a dalsi nadory [6],
Evropska data ukazuji, Ze mezi lety 2004 a 2014 byla mortalita zvySena oproti béZzné populaci
ve vékové kategorii 5-14 let 38 krat, 15-34 9 krat, 35-54 3-5 krat a kone¢né nad 55 let 0,6-1,9
krat 11491 v porovnani s béznou populaci je ztrata zdravych let pro pfed¢asnou smrt ¢i Zivot S
invaliditou odhadovana mezi 33 078 az 41 380/100 000 v CVID populaci v. s. 1,3 az 1,7 /100
000 v obecné evropské populaci. Tyto hodnoty jsou porovnatelné se zatézi vyplyvajici z
cévnich mozkovych piihod (60 247/100 000) ¢i kardiovaskularnich onemocnéni (52 953/100
000), a ptesahuji biimé diabetu & chronické plicni nemoci (10 445/100 000) [145]
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3.8.  Dalsi primarni imunodeficience s pfevahou poruchy tvorby protilatek

3.8.1. Syndrom aktivované fosfoinositid 3 -kinazy 6 (APDS)

APDS syndrom je relativné novou klinickou jednotkou patiici svou povahou do
skupiny kombinovanych primarnich imunodeficiti. K manifestaci projevi dochazi ¢asto jiz v
détském véku. Klinicky dominuji opakujici se sinopulmonalni infekce (98 %) a reaktivni
lymfoproliferace (75 %). Dalsi projevy zahrnuji herpetické infekce (49 %), autoimunitni
komplikace, cytopenie, glomerulonefritidu, séronegativni artritidu, sklerozujici cholangoitidu
(34 %) a lymfomy (13 %). PostiZeni zaZivaciho traktu se muze projevit hepatosplenomegalii,
zpusobenou jaterni cirh6zou, nebo noduldrni lymfoidni hyperplazii a chronickymi prijmy,
zpusobenymi enteropatii. Laboratorné obvykle nachdzime zvysSené sérové koncentrace IgM,

deficit 1gG a snizeny pocet pomocnych CD4+ T lymfocytd.

Fenotyp jedincti nesoucich danou mutaci je variabilni od asymptomatickych jedinct
aZ po zavazné postiZzeni vedouci k ¢asnému umrti ¢i nezbytnosti transplantace kostni diené.
Lécebné indikujeme antibiotickou, eventudln€¢ antivirovou profylaxi, substitucni 1écbu

imunoglobuliny a imunosupresivni 1é¢bu (rituximab, rapamycin) [11.43]

3.8.2. Deficience molekuly CTLA-4 (CD152)

Molekula CTLA-4 (Cytotoxic T Lymphocytes Antigen-4) T lymfocytt je zakladnim
negativnim regulatorem imunitni odpovédi. Je konstitucné exprimovan na T-regulacnich
lymfocytech a je zesilené vyjadiena na aktivovanych T lymfocytech. CTLA-4 inhibuje
aktivaci T lymfocyti, hraje vyznamnou tlohu pii udrzovani periferni tolerance. Jeho deficit je
u mysi pfi¢inou fatalnich autoimunitnich komplikaci. U ¢lovéka vykazuje jeho autozomalné
dominantné dédény deficit redukovanou penetranci a variabilni miru expresivity. Klinicky se
projevuje hypogamaglobulinémii, opakujicimi se infekcemi, mnohocetnymi autoimunitnimi
komplikacemi a lymfocytarnimi infiltraty ve vnitfnich organech. Dle vySe frekvence vyskytu
byly popsany chronické prijmy/enteropatie, granulomatézni lymfocytarni intersticialni plicni
nemoc, organové infiltrace v kostni dfeni, ledvinach, mozku, jatrech, splenomegalie,
cytopenie, lymfadenopatie, psoridza, autoimunitni thyreoiditida ¢i artritida. Mezi 184 nositeli
CTLA4 mutace (131 symptomatickych) bylo zaznamenano 17 malignit, nejcastéji lymfomy a

nadory zaludku, v fadé¢ ptipadt asociovanych s infekci virem EBV.

Lécebné se snazime komplikace ovlivnit biologickou 1é¢bou (abatacept, inhibitory

MTOR), Vv nejtézsich pripadech transplantaci kostni dfené. Nemocné zajistujeme

antibiotickou profylaxi ¢i substituci imuglobuliny [51,133,192,193]
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3.8.3. Deficience molekuly LRBA

LRBA (Lipopolysaccharide (LPS)-Responsive and Beige-like Anchor protein) je
cytosolicky protein nalezici do proteinové rodiny BEACH-WD40. Je exprimovan piedevsim
na bunkach hematopoetickych, nervovych, gastrointestinalnich a endokrinnich. Hraje ulohu
pii udrzovani intracelularnich zasob CTLA-4 v T lymfocytech. Jeho deficience se Kklinicky
projevuje pritomnosti enteropatie charakteru ,,IBD-like, autoimunity, nejcastéji cytopenie,
imunodeficienci charakteru kombinované imunodeficience (CVID), ¢i ,,CVID-like* s
recidivujicimi infekcemi a hypogamaglobulinémii. Zavaznost klinické manifestace je opét
velmi variabilni i u jedincti v ramci jedné rodiny s moznosti zcela asymptomatického prubéhu.
K prvnim znamkdm onemocnéni dochazi Casto jiz v détském veku. LéCebnd strategie zahrnuje
cilenou antibiotickou 1écbu, substituéni 1é€bu imunoglobuliny. Pfi dominujicich

dysregula¢nich komplikacich je indikovana 1é¢ba abataceptem, biologikem, které neutralizuje

molekulu CTLA-4, ¢i transplantace kostni diené [9].
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4. Sekundarni protilatkové imunodeficience

Sekundarni protilatkové imunodeficience predstavuji stavy spojené s kvantitativni
a/nebo kvalitativnim nedostatkem protilatek vyvolané znamou, druhotnou pfi¢inou. Nemaji
tedy geneticky zaklad, jak tomu je u primarnich imunodeficienci. Klinické projevy mohou byt
ruzné zavazné, od klinicky némych az po vyskyt zadvaznych, zejména bakterialnich infekci.
Obecné lze pficiny rozd€lit na poruchy spojené s porusenou tvorbou protilatek, jejich
hyperkatabolismem ¢i nadmérnymi ztratami. Prehled ukazuji tabulky ¢. 4 a 5. Specifickou
skupinu reprezentuji stavy iatrogenné navozené. V nékterych ptipadech maji dlouhodoby

charakter a vyzaduji substitu¢ni 1écbu imunoglobuliny.

Sekundarni hypogamaglobulinémie spojené s dal§im onemocnénim

lymfoproliferativni onemocnéni

chronicka lymfaticka leukemie

mnohocetny myelom

ztrata proteint stievni sliznici (vrozené lymfagiektazie, nespecifické

stievni zanéty, sekundarni srde¢ni vady ¢i konstriktivni perikarditida)

nefroticky syndrom

abnormality lymfatického systému

stavy spojené s hyperkatabolismem bilkovin

Gooduv syndrom (hypogamaglobulinémie spojena s thymomem)

tézké popaleniny

infek¢ni onemocnéni: HIV-1, HHV-4 (EBV), kongenitalni infekce HHV-5

(CMV), rubeola, toxoplasmosa

malnutrice

zavazna chronickd onemocnéni (diabetes, urémie, jaterni selhavani)

dalsi: n€které vrozené metabolické vady, soucast obrazu vrozenych

chromozomalnich aberaci (trisomie 18,21, delece 18q, monosomie 22)

Tab ¢&. 4: Prehled sekundarnich hypogamaglobulinémii zptsobeny jinymi internimi

onemocnénimi
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Sekundarni hypogamaglobulinémie indukované 1éky

Kortikosteroidy

mykofenolat mofetil

Cyklofosfamid

antiCD20 (rituximab, obinutuzumab, ofatumumab), anti CD19 (blinatumumab)

antiBAFF (B cell activating factor) (belimumab)

dalsi biologicka 1é¢iva (imatinib, dasatinib, atacicept)

antiepileptika (carbamazepin, phenytoin, valproat, lamotrigin)

Sulfasalazin

Metotrexat

Clozapin

dalsi 1é¢iva: soli zlata, D-penicilamin, azathioprin, antimalarika, chlopromazin,

fludarabin, melfalan a dalsi chemoterapeutika, captopril, fenclofenac

Tab €. 5: Prehled sekundarnich hypogamaglobulinémii indukovanych léky

4.1.  Chronicka lymfaticka leukemie

Charakteristika onemocnéni

Chronicka lymfaticka leukemie (CLL) piedstavuje nejcastéjsi leukemii v dospélosti,
incidence v Ceské republice se pohybuje okolo 6 piipadii na 100 000 obyvatel a rok. Jedné se
obvykle o onemocnéni starSich pacientt, s medianem 65-72 let véku pii stanoveni diagnozy.
Lze ji vSak zachytit i u mladSich pacientd, jiz okolo 30. véku Zivota. CLL je charakterizovéna
progresivni akumulaci perifernich monoklonalnich morfologicky zralych CD5+ B lymfocyti
v kostni dfeni, periferni krvi a lymfatickych organech, kdy zdkladnim patofyziologickym
defektem je rezistence patologickych bunék k apoptéze a rovnéz i jejich nekontrolovana

proliferace [129],

Diagnoza CLL je stanovena dle doporuceni International Workshop on CLL (IWCLL)
na zéklad¢ vySetfeni krevniho obrazu s mikroskopickym rozpoctem a pritokové cytometrie
periferni krve. Diagnostika vyzaduje pfitomnost minimalné 5x10%1 B lymfocytl v periferni
krvi s prikazem charakteristického fenotypu a klonality stanovenim exprese lehkych fetézci
imunoglobulinti pritokovou cytometrii. V krevnim natéru jsou nachdzeny prevazné malé,

zralé lymfocyty s izkym lemem cytoplazmy a kondenzovanym jadrem bez jadérka; muize se
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vyskytovat pfimés vétsich, atypickych lymfocytl s nastipnutym jadrem nebo prolymfocytd,
které mohou tvotit az 55 % vSech leukemickych bun¢k [131],

Diagnosticka kritéria CLL a skorovaci systémy dle Raie, Bineta a modifikovany

systém dle Raie jsou uvedeny v pfiloze €. 1, 2.

Prognosticka vySeti‘eni

Vzhledem k mimotadné klinické variabilit¢ nemocnych s CLL, a to i v ramci jednoho
klinického stadia, je doporuceno u nemocnych, kteti jsou kandidaty intenzivni/cilené 1éCby,
zvazit vysetfeni umoznujici individualni progndzu zptesnit. Mezi né€ patii zejména: vySetieni
genetickych aberaci fluorescenéni in situ hybridizaci, stanoveni muta¢niho stavu gent pro
variabilni ¢ast t€Zkého fetézce imunoglobulinu (IgHV) a vySetfeni mutace genu TP53. Tyto

prognostické faktory maji zasadni vliv na délku obdobi bez 1écby, obdobi do progrese a

celkové preziti (tab. ¢. 6) [44,71,129,162]

Negativni prognostické faktory

diftzni postizeni kostni diené

pokrocily veék

delece &asti chromozdému 11 nebo 17

trisomie 12

vysoka hladina beta2-mikroglobulinu

zdvojovaci ¢as lymfocyti méné€ nez 1 rok

zvyseny podil prolymfocytt

20 a vice % CLL bunék exprimujicich ZAP-70 ¢i vice nez 30 % CD38+ bunék

nemutovany gen pro IgHV

pritomnost mutovaného TP53 genu

Priznivé faktory

nedifazni postizeni diené (nodularni ¢i intersticialni)

delece casti chromozému 13 (bez dalSich abnormalit)

méné nez 20 % CLL bun¢k exprimujicich ZAP-70 ¢i méné nez 30 % CD38+ bunck

mutovany gen pro IgHV

Tab &. 6: Shrnuti pfiznivych i neptiznivych prognostickych faktord u nemocnych s CLL.
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CLL, sekundarni imunodeficience a riziko infekce

Vyskyt infekénich komplikaci je u nemocnych s CLL vyznamné zvysen. Divodem je
imunodeficit komplexni povahy provazejici vlastni onemocnéni, imunosuprese navozena léky
(tab ¢. 7) 1 ptitomnost komplikujicich internich onemocnéni. Komorbidity vyplyvaji z vyssiho
véku nemocnych a nejéastéji zahrnuji diabetes mellitus, chronicka ledvinna i

kardiovaskularni onemocnéni [209].
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Lécivo

Druh imunodeficience

Typy infekci

alkyla¢ni latky
(chlorambucil,
cyklofosfamid,

bendamustin)

neutropenie

lymfopenie
(T bb. dysfunkce)

bakterialni (S. aureus, S.
pneumoniae, H. influenzae,

K. pneumoniae)

mykotické (dlouhodobé

podavani)

purinova analoga

(fludarabine, pentostatin)

neutropenie
lymfopenie

(T bb. dysfunkce,
deplece CD4+,

snizeni B lymfo a monocytt)

bakterialni

oportunni (Listeria
monocytogenes)

mykobakterialni

mykotickée (dlouhodobé
podavani- Candida spp,

antiCD20
(rituximab, ofatumumab,

obinatuzumab)

lymfopenie
(B bb. dysfunkce)

bakterialni
reaktivace hepatitidy B
vyjimecné dalsi virové

infekce (enterovirus, JC

antiCD52 (alemtuzumab)

lymfopenie
(T i B bb. dysfunkce)

virové (CMV, HSV, VZV),

mykotické, Pneumocystis

Btk inhibitory

(ibrutinib, acalabrutinib)

lymfopenie

(B a mozna i T-dysfunkce)

hepatitida B reaktivace,
mykotické (Aspergillus,

Cryptococcus,

PI3K inhibitory (idelalisib)

leukopenie, neutropenie

lymfopenie

virové (CMV, HSV),

Aspergillus, Pneumocystis

BCL2 inhibitory

(venetoclax)

neutropenie

lymfopenie (B-dysfunkce)

bakterialni

virové (enterovirus)

Tab €. 7: Shrnuti nejcastéjSich 1€kt pouZivanych pii 1écbé CLL a jejich dopadu na imunitni

System 184,137,
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4.2. Mnohodetny myelom

Mnohocetny myelom (MM) je onemocnéni charakterizované klondlni proliferaci a
akumulaci neoplasticky transformovanych plazmatickych bunék v kostni dfeni, utlakem
fyziologické krvetvorby, ptitomnosti monoklonalniho imunoglobulinu (paraproteinu) v séru

a/nebo v moci a osteolytickym postizenim skeletu. Rozvoj onemocnéni u pacienta zasadné

VR T : T r 1w x foxeoeo 12 [24
ovlivituje jeho genetickd vybava, mikroprosttedi kostni difené a exogenni Cinitelé [24]
Mnohocetny myelom patii mezi tfi nejcastéjsi krevni nadorovd onemocnéni s incidenci 4

1 1831 median véku v Ceské republice pii diagnéze je 60 let 2961,

ptipadii na 100 000 obyvate
V soucasné dobé¢ je median celkového preziti (OS) u pacientii schopnych podstoupit ASCT 6-

8 let, u starSich pacientti neschopnych podstoupit ASCT je median OS 4-6 let [179],

Diagnosticka kritéria MM, stanoveni klinickych stadii a prognostického skore je

soucasti priloh ¢. 3-5.

Mnohocetny myelom, sekundarni imunodeficience a infekce

Zéavazné infekce u MM zasadnim zplsobem ovliviiuji pfeziti nemocnych. Pricina
vyplyva z povahy vlastniho onemocnéni s dalSim prohloubenim umérnému délce a druhu

pouzité 1é¢by (tab ¢. 8).
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Lécivo

Druh imunodeficience

Typy infekci

lé¢ebné rezimy obsahujici

hypogamaglobulinémie

opouzdien¢ bakterie, S. aureus,

melfalan Enterobacteriacae, P. aeruginosa
vysokodavkované kombinovany imunodeficit | bakterialni (stejné jako melfalan)
kortikoidy virové (CMV, HSV, VZV, respira¢ni

viry)
Pneumocystis

inhibitory proteazému

(bortezomib, carfilzomib)

Mirna neutropenie, snizeni
proliferace T lymfocytl a
sekrece cytokinil, snizeni

poctu a funkce NK bun¢k a

dominujici HSV a VZV infekce

imunomodulaéni latky
(thalidomid, lenalidomid,

pomalidomid)

Mirnd neutropenie

zaleZi na pouzité kombinaci dalSich 1é¢iv

(reaktivace HSV, hepatitidy B)

bendamustin

myelosuprese

reaktivace hepatitidy B, infekce VZV a
CMV, oportunni infekce (Pneumocystis)

Tab ¢. 8: Shrnuti nejéastéjSich 1ékt pouzivanych pii 1é€bé MM a jejich dopadu na

imunitni systém [102.144]

Nasleduje prace zabyvajici se problematikou protilatkovych imunodeficienci u

nemocnych s CLL:

Krali¢kova P, Kiihnova J, Sou¢ek O, Vodarek P, Zak P, Simkovi¢ M, Motyckova M,

Smolej L, Mala E, Andrys C, Krejsek J, Thon V. Antibodies against Pneumococcal Capsular

Polysaccharides and Natural Anti-Galactosyl (Alpha-Gal)

in Patients with Humoral

Immunodeficiencies. J Immunol Res 2017; 2017: 7304658. IF=3,298
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Humoral deficiencies represent a broad group of disorders. The aim of the study was to compare the levels of antibodies against
pneumococcal capsular polysaccharides (anti-PCP) and natural anti-galactosyl (anti-Gal) antibodies in (1) patients with chronic
lymphocytic leukaemia (CLL), (2) patients with common variable immunodeficiency (CVID), and (3) a healthy population and
to explore their diagnostic and prognostic potential. Serum immunoglobulin levels and levels of anti-Gal IgG, IgA, and IgM and
anti-PCP IgG and IgG2 were determined in 59 CLL patients, 30 CVID patients, and 67 healthy controls. Levels of IgG, IgA,
IgM, anti-Gal IgA, anti-Gal IgM, and anti-PCP IgA were lower in CLL and CVID patients than in healthy controls (p value for
all parameters < 0.0001). Decrease in the levels of IgA, IgM, anti-Gal IgA, and anti-PCP IgA was less pronounced in the CLL
group than in the CVID group. IgA decline, anti-Gal IgA, anti-PCP IgA, and anti-PCP IgG2 were negatively correlated with
CLL stage. We devise the evaluation of anti-Gal antibodies to be a routine test in humoral immunodeficiency diagnostics, even
in cases of immunoglobulin substitution therapy. Significant reductions, mainly in anti-Gal IgA, IgM, and anti-PCP IgA levels,

may have prognostic importance in CLL patients.

1. Introduction

B cell lymphocytic leukaemia (CLL) is the most common
leukaemia in western European adults [1]. CLL is particu-
larly frequent in the elderly population, with an average
age at diagnosis of 72 years, The disease course and sur-
vival time are widely variable [1, 2]. CLL is characterized
by an accumulation of clonal lymphocytes with a specific
immunophenotype (CD5%, CD19%} in the bone marrow,

peripheral blood, and secondary lymphoid organs and
leads to organomegaly and suppression of physiological
haematopoiesis [2]. Another clinical feature of CLL is
complex alterations of the immune system, leading to
higher susceptibility to infections, higher incidence of sec-
ondary malignancies, and autoimmune phenomena, such
as autoimmune haemolytic anaemia and immune throm-
bocytopaenia [3, 4]. Infectious complications are the major
cause of morbidity and mortality in more than 50% of all
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CClL-related deaths [5, 6. The most common immune sys-
tem defect in CLL patients is hypogammaglobulinaemia. Its
severity correlates with the duration and stage of disease
and is observed even in patients who have never been treated
for CLL [7].

The main consequence of hypogammaglobulinaemia is
increased frequency of respiratory tract infections caused
by encapsulated bacteria (Streptococcus pneumoniae, Hae-
mophilus influenzae, and Staphylococcus aureus) [8). CLL
patients with antibody failure must be identified based
on immunization and monitoring, and patients who are
clinically symptomatic should be protected by administra-
tion of prophylactic antibiotics and/or immunoglobulin
substitution therapy [5, 9-11].

Common variable immunodeficiency (CVID) is a disease
(or likely group of diseases) caused by a deficiency in primary
antibody production with enormous heterogeneity in clinical
presentation. The patients are characterised by decreased IgG
levels, accompanied by decreased IgA and/or IgM levels,
and highly disturbed specific antibody responses to antigen
challenge. Other types of hypogammaglobulinaemia must be
distinguished from this type [12]. Recurrent bacterial
infections of the respiratory and gastrointestinal tracts
are common symptoms. A significant proportion of patients
also exhibit different features of immune dysregulation,
including autoimmune diseases, lung granulomatous/inter-
stitial inflammation, enteropathy, and malignancy [13, 14].
Adequate long-life immunoglobulin substitution therapy is
indicated for all established CVID patients.

Evaluation of antibody preduction capacity is important
in humoral immunodeficiency diagnostics and is a key cri-
terion for the indication of immunoglobulin substitution
therapy. Patients with hypogammaglobulinaemia should be
examined for responses to T-dependent and T-independent
antigens [11, 12]. Evaluation of natural antibodies may also
be important.

Anti-galactosyl (anti-Gal) antibodies are the most
abundant natural antibodies in humans and are naturally
produced in apes and Old World monkeys. The ligand
of anti-Gal is a carbohydrate antigen with the structure
anti-Gal: al-3Gal1-4GlcNAc-R [15]. These antibodies can
be detected in IgG, IgA, IgM, and IgE. Anti-Gal IgE is
produced in some individuals and causes allergies to red
meat, bovine gelatin, and cetuximab [16, 17]. Anti-Gal IgM
and IgG also mediate rejection of xenografts expressing the
«-gal epitope [15].

There is no detectable anti-Gal 1gM and IgA in the cord
blood of newborns, whereas anti-Gal IgG is present at similar
levels in both the neonate and mother because of transpla-
cental transfer during pregnancy. These antibodies are subse-
quently replaced by anti-Gal antibodies produced by the
neonate, and their levels increase significantly during the first
two years of life [18]. The plasma concentrations remain
mostly stable, with some interindividual varfability through-
out the patient’s life. Bernth-Jensen et al. found lower plasma
levels of these antibodies in subjects with bloed group B [19].

The aim of the study was to evaluate the diagnostic and
prognostic role of antibodies against pneumoceccal capsular
polysaccharide (anti-PCP} and natural anti-Gal antibodies in

Journal of Immunology Research

CLL patients with secondary antibody deficiencies and
patients with CVID.

2. Material and Methods

2.1. Study Design. The study protocol was approved by the
local ethics committee. Participants in this study comprised
a Czech population (Caucasian), including 59 patients with
CLL (age range, 34-88 years, mean age, 66+ 10 years; 38
men, 21 women}, 30 CVID patients (age range, 18-82 years,
mean age, 46 + 16 years; 12 men, 18 women), and 67 sex- and
age-matched healthy individuals (age range, 20-86 years,
mean age, 56+ 17 years; 37 men, 30 women).

The CLL patients did not receive any immunoglobulin
replacement therapy or chemotherapy, anti-CD-20, or ste-
roid therapy. Rai stage at the time of blood sample collection
was 0, 1, 2, 3, and 4 in 14, 8, 14, 15, and 8 patients, respec-
tively. Other characteristics of the CLL cohort are summa-
rized in Table 1. All CVID patients fulfilled the criteria
of the Pan-American Group for Immunodeficiency and
Eurepean Society for Immunodeficiencies [20]. They were
regularly administered intravenous (n = 21) or subcutaneous
(rn=19) immunoglobulins at monthly doses of 368 + 149 mg/
kg (range, 170-940 mg/kg), with intervals between adminis-
trations individualized to maintain sufficient 1gG trough
levels, CVID patients were vaccinated during the diagnostic
process for suspected immunodeficiency with the Pneumo
23 vaccine (Polysaccharidum Streptococci pneumoniae type:
1,2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,
18C, 194, 19F, 20, 22F, 23F, 33F, and 25 pg for each serotype
provided by Sanofi Pasteur, Lyon, France} between 2 and 10
years before inclusion in this study. They showed lower than
4-fold increases in anti-PCP IgG 3-4 weeks after immunisa-
tion. CLL patients and healthy controls were never vacci-
nated with any antipneumococcal vaccine.

Before intravenous immunoglobulin administration,
blood samples were collected from patients by venipuncture,
allowed to clot naturally, and then the serum was separated
and stored at —=80°C. Each sample was thawed once and
tested for total IgG, IgA, and IgM; anti-Gal IgG, IgA, and
IgM; and anti-PCP IgG and IgA in all groups. Anti-PCP
IgG2 was only assessed in controls and the B-CLL group.
The ratio of serum anti-Gal IgG, IgA, and IgM (U/mL}
to the corresponding total serum IgG, IgA, or IgM (g/L}) in
U/mg and ratio of serum anti-PCP IgG and IgA (mg/L}
to the corresponding total serum IgG, IgA, or IgM were
calculated in mg/L.

2.2, Serum IgG, IgA, and IgM Levels. Serum levels of IgG, IgA,
and IgM were determined by immunonephelometry
(Immage 800, Beckman-Coulter, Brea, CA, USA). Data were
obtained in g/L.

2.3. Serum Anti-Gal IgG, IgA, and IgM Levels. The serum
concentration of anti-aGal was determined by a sandwich
enzyme-linked immunosorbent assay (ELISA), using an
ELISA kit for human anti-alpha galactosyl IgG, IgA, and
IgM (BioVendor, Laboratorni Medicina a.s., Brno, Czech
Republic) according to the manufacturer’s instructions. The
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TasLe 1: Characteristics of CLL cohort.
Rai stage 0 I 11 it v Total
Patients’ number 14 8 14 15 8 59
IgVH mutated/unmutated/NA 10/1/3 3423 3/9/2 11945 3/3/2 20/24/15
TP33 mutated/unmutated/NA 0/6/8 0/5/3 0/12/2 1/8/6 0/5/3 1/36/22
Normal karyotype 3 0 1 5 1 10
13q deletion 7 1 4 3 0 15
12 trisomy 0 1 2 4 3 10
11q deletion 0 2 2 1 2 7
17p deletion 0 0 1 0 0 1
Other karyotype changes 1 3 4 2 1 11
No cytogenetics available 3 1 0 0 L 5
Sinusitis 0 0 vk 0 0 2
Bronchitis 2 0 0 ¢} 0 2
Pneumonia 0 0 1 0 1 2
Other bacterial infection requiring ATB therapy 2 1 1 2 2 8
Hospitalisation due to infection 0 0 1 1 1 3

IgVH: immunoglobulin heavy chain variable region gene; TP53: tumour protein 53; NA: data not available. Only prognostically worst karyotype change is
recorded; all infections were recorded in the period of one year before blood sample collection.

range of detection was 3.13-100U/mL for every kit. Serum
samples were diluted 100x, and absorbance was read at
450 nm using a Multiskan RC ELISA reader (Thermo Fisher
Scientific, Waltham, MA, USA).

2.4. Serum Anti-PCP IgG, IgG2, and IgA Levels. The serum
levels of anti-PCP were determined by ELISA using specific
VaccZyme™ ELISA kits for human anti-PCP IgG, 1gG2,
and IgA (Binding Site, Birmingham, UK}, according to the
manufacturer’s instructions. The range of detection was
3.3-270 mg/L for the IgG kit, 1.1-90 mg/L for the 1gG2 kit,
and 0-270 U/mL for the IgA kit. Serum samples were diluted
100x, and the absorbance was read at 450 nm using a Multis-
kan RC ELISA reader (Thermo Fisher Scientific}.

2.5. Data Analysis. Nonparametric tests were used to analyse
the data because of insufficient numbers of observations and
skewed readings. Spearman’s rank correlation coefficient
was used to determine the dependency of each parameter
on age and, for CLL patients, disease stage. The Kruskal-
Wallis test was used to compare all groups, followed by
the Wilcoxon two-sample rank sum test to compare each
group by two when the Kruskal-Wallis test rejected the null
hypothesis. All p values were adjusted using Bonferroni
correction, and p < 0.05 was considered significant. Statistical
analysis and other computations were performed using R
language (Core Team, Vienna, Austria, 2016)

3. Results

Descriptive statistical data for all parameters are shown in
Tables 2 and 3. There was no statistically significant correla-
tion with age for any parameters in our cohort (data not
shown). Comparisons between groups are shown in Table 4
and Figures 1, 2, and 3 using box plots with the median, first

and the third quartiles, and whiskers with 1.5 times the inter-
quartile range marked with the statistically significant pairs.

In the CLL group, we observed a decrease below the
normal range for age in at least one of the immunoglobu-
lin classes in 38/59 (64.4%) CLL patients: IgG<7.3 g/L in
18/59 (30.5%) patients; IgA <0.8g/L in 27/59 (45.7%)
patients; and IgM < 0.4g/L 28/59 (47.5%) patients. An IgG
level less than 4g/L was only observed in 4/59 (6.7%)
patients. Although, anti-PCP IgG and anti-PCP IgG2 (CLL)
did not differ significantly from controls, 15/59 (25.4%)
CLL patients had anti-PCP IgG lower than 20U/mL.
The levels of IgA (p=0.0118; r=-0.4306), anti-Gal IgA
(p=0.0286; r=-0.3982), anti-PCP IgA (p=0.0085; r=
—0.4374), and anti-PCP IgG2 (p=0.0363; r=—0.3898)
were negatively correlated with disease stage.

The ratio to the serum immunoglobulin level was
measured. In CVID patients, the ratio of anti-PCP IgG
(p < 0.00001) to serum IgG level was significantly higher than
that in controls. In the CLL group, the ratios of anti-Gal IgA
(p=0.0004) and anti-Gal IgM (p = 0.0012} to total IgA/IgM
were already lower than those in controls. No significant dif-
ference in the anti-Gal IgG to total IgG ratio in all groups
and anti-PCP IgG2 and IgA to total IgG/IgA ratios between
CLL patients and controls (data not shown}. In CVID group,
this comparison was not made for IgA and IgM because of
the significant number of small values in most parameters
in CVID patients.

4. Discussion

Hypogammaglobulinaemia is the most common immuno-
deficiency in CLL and occurs in more than 85% patients
at some point during the disease [5] and in 25% of newly
diagnosed patients [21]. Its prevalence and extent correlate
with disease duration, advancing stage, and infection fre-
quency [21-26]. Hypogammaglobulinaemia occurs in 10%
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TanLe 2: Descriptive statistics (all groups).
CLL (n=59) CVID (n =30) Controls (n= 67)
Median Ql Q3 Median Q1 Q3 Median Q1 Q3
IgG (g/L) 8.26 5.84 10.75 6.85 5.80 7.88 12.80 10.75 14.95
IgA (g/L) 0.82 0.48 1.69 0.07 0.07 0.14 258 1.96 3.12
IgM (g/L) 0.46 0.26 0.81 0.11 0.07 0.20 16 0.84 1.42
Anti-Gal IgG (U/mL) 45.88 13.69 80.21 3160 27.50 39.50 64.01 30.80 144.90
Anti-Gal IgA (U/mL) 5.35 293 11.16 0.01 0.01 1.50 25.00 16.12 36.80
Anti-Gal IgM (U/mlL) 570 1.97 11.31 1.60 0.50 6.68 27.80 14,90 48.68
Anti-PCP IgG (mg/L) 41.10 19.9 68.17 65.05 52.70 79.47 58.30 30.76 108.70
Anti-PCP IgG2 (mg/L) 13.73 7.5 24.49 — — — 15.24 7.26 33.10
Anti-PCP IgA (mg/L} 7.58 4.16 17.52 0.63 0.20 218 27.00 12.50 55.65
Because the data were not normally distributed, they are shown as the median, QL (first quartile), and Q3 (third guartile).
TasLe 3: Descriptive statistics CLL (Rai staging).
Stadium (Rai) 0 I I jung v Total
10.14 6.80 8.22 7.94 5.80 8.26
IgG (g/L)
(8.68; 13.18) (5.36; 8.82) {7.08; 10.07) (6.29; 11.15) (4.15; 7.64) (5.84; 10.75)
L75 0.43 1.21 0.73 0.45 0.82
IgAlg/L)
(1.17; 2.09) (0.38; 053) (0.76; 1.72) (0.49; 0.91) (0.35; 0.83) (0.48; 1.69)
0.79 0.29 0.43 0.30 0.24 0.46
IgMig/L) ) ) -
(0.57 ;0.83) (0.21; 0.45) (0.33 :0.65) (0.20; 0.62) (0.12; 0.47) (0.26; 0.81)
65.32 35.80 29.70 49.78 10.42 45.88
Anti-Gal IgG (U/L) .
(18.73; 132.10) (2.73; 50.51) (0.78; 57.09) (4.38; 85.90) (1.78; 86.15) (13.69; 80.21)
11.80 2.37 5.9 4.70 2.84 535
Anti-Gal IgA (U/mL)
(8.23; 16.39) (1.56; 6.31) (3.05; 8.33) (3.38; 9.19) (1.07; 5.19) (2.93; 11.16)
i 10.22 9.41 3.74 6.87 1.89 57
Anti-Gal IgM (U/mL)
(6.19; 20.05) (2.42; 13.97) (1.75; 7.57) (1.59; 11.96) (1.25; 3.35) (1.97; 11.31)
62.66 45.72 30.4 42,58 20.86 41.10
Anti-PCP IgG (mg/L) )
(38.18; 89.64) (36.57; 57.67) (15.69; 56.08) (15.42; 73.97) (17.32; 37.50) (19.09; 68.17)
Anti-PCP [gG2 (mg/L) 2428 19.10 10.86 10,19 7.14 13.75
& (13.96; 29.86) (14.80; 23.43) (5.32; 18.38) (4.48; 21.35) (6.60; 11.43) (7.05; 24.49)
i 15.64 6.41 10.57 6.97 3.74 758
Anti-PCP TgA (mg/L)
(9.62; 22.58) (4.205 10,30} (5.65; 24.78) (3.79; 9.37) (3.23; 4.67) (4.16; 17.52)

Because the data were not normally distributed, they are shown as the median, Q1 (first quartile), and Q3 (third quartile).

TasLe 4: Comparison between groups.

CLL x controls CLLxCVID CVID x controls

IgG <0.0001 1 <0.0001

IgA <0.0001 <0.0001 <0.0001
IgM <0.0001 0.0001 <0.0001
Anti-Gal IgG 0.3303 1 0.0180
Anti-Gal TgA <0.0001 0.0002 <0.0001
Anti-Gal IgM <0.0001 0.3504 <0.0001
Anti-PCP [gG ND ND ND
Anti-PCP IgG2 ND ND ND
Anti-PCP IgA <0.0001 <0.0001 <0.0001

ND: Wilcoxon two-sample rank-sum test was not performed because the
p value was more than 0.05 in Kruskal-Wallis test.

of patients with Binet stage A [27] and up to 100% of patients
with Binet stage C [28]. Its aetiology is multifactorial because
of a combination of disease-related immune defects and
iatrogenic immunosuppression that affects both humoral
and cellular immunity [5, 25].

The prognostic significance of hypogammaglobulinae-
mia in terms of morbidity, mortality, and overall survival of
CLL patients remains controversial. In a study by Rozman
et al,, the only immunoglobulin class assoctated with shorter
survival in multivariate analysis was IgA [29]. Similarly, in a
study by Shvidel et al., IgA was associated with shortened
survival, but only in univariate analysis. In multivariate anal-
ysis, there was no association between survival and any
immunoglobulin class [27]. Andersen et al. described the
negative prognostic impact of hypogammaglobulinaemia in

127



Journal of Immunology Research

oo

o
G

T

- oo

400 - FEHF
300 +
=3
E
a 200 -
e
100
+
0 -
:
CLL

T T
CVID Controls

Ficure 1: Comparison of anti-Gal IgA (U/mL) in peripheral blood. Results are presented as box plots with the median, first and third
quartiles, and whiskers with 1.5 times the interquartile range marked with statistically significant pairs of groups. All groups showed

significant differences (p*** < 0.001) for anti-Gal IgA.
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Ficure 2: Comparison of anti-Gal IgM (U/mL) in peripheral blood. Results are presented as box plots with the median, first and third
quartiles, and whiskers with 1.5 times the interquartile range marked with statistically significant pairs of groups. CLL and CVID groups
showed significantly lower anti-Gal IgM level than healthy controls did (p*** <0.001).

all classes on overall survival. However, the largest study on
this topic conducted at the Mayo Clinic revealed no such
association (although this study tested only IgG) [21]. Morri-
son et al. focused not on overall survival but on the frequency
of infectious complications. In this study, only the levels of
IgA were found to be significant [30].

Whereas immunoglobulin substitution therapy is indi-
cated strictly in all CVIDs, in secondary immunodeficiencies,
there is a lack of specific markers for identifying patients at
higher risk of infections and for determining preemptive
1gG replacement therapy. An Italian multicentre prospective
cohort study identified specific CVID clinical phenotype
characterised by a high pneumonia risk: low IgG and IgA
levels at the time of diagnosis, an IgA level < 7mg/dL, and
bronchiectasis [31]. The same increased risk was identified
in poor responders to the 23-valent pneumococcal polysac-
charide vaccine in the IgA class [32].

Notably, some CLL patients with sufficient immunoglob-
ulin concentrations suffer from recurrent infections, whereas
some with hypogammaglobulinaemia do not. Therefore, not
only the quantity of immunoglobulins but also the relative
levels of IgG subclasses [33, 34] and the ability potential of
B cells to form specific immune response are important
[35]. Vinsentin et al. examined the best protective cutoff for
each immunoglobulin isotype across disease stages, regard-
less of the therapy provided, with the following results:
744 g/1. for 1gG, 0.79 g/L for IgA, and 0.21 g/ for IgM [22].

As expected, we observed lower levels of all immunoglob-
ulin classes in CLL patients than in healthy controls. How-
ever, most patients had IgG levels within the normal range
(69.5%), and only 6.7% had IgG levels below 4g/L. This
was expected because a significant proportion of patients
had early or indelent disease, and none had been treated
for their disease at the time of blood sample collection.
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Ficure 3: Comparison of anti-PCP IgA (mg/L) in peripheral blood. Results are presented as box plots with the median, first and third
quartiles, and whiskers with 1.5 times the interquartile range marked with statistically significant pairs of groups. All groups showed

significant differences (p*** < 0.001) in anti-PCP IgA.

Serious bacterial infections (requiring hospitalization
and/or administration of intravenous antibiotics} in our
CLL cohort were observed only in 3 of 59 (5%) patients.
Thus, we considered analysis of the causal link with immuno-
globulin levels statistically meaningless. Although the
decreased levels of IgG and anti-PCP 1gG did not differ from
those in healthy controls, only 12 of 59 (20%) CLL patients
had been treated with one (9/59, 15%) or more (3/59, 5%)
antibiotic courses due to bacterial infection in the last year.
Thus, despite their lower 1gG levels and higher anti-PCP
levels, these patients had fewer infections. In contrast, low
levels of pneumococcal antibodies are associated with severe
or multiple infections [23].

Antipnenmococcal vaccination is recommended in CLL
patients because 8. pneumoniae is considered a dominant
pathogen related to humoral immunodeficiency [11]. The
response against polysaccharide antigens may not be suffi-
cient in CLL patients, while conjugate vaccines appear to be
more effective [36]. Pasiarski et al. found a statistically signif-
icant increase in the titres of specific antipneumococcal 1gG
following administration of 13-valent pneumococcal conju-
gate vaccine in CLL patients, although the titres were still
much lower in the CLL group than in the control group
[28]. Previous studies showed that vaccination can suppress
disease progression [37, 38]. B-CLL patients in our study
were not vaccinated. Their anti- PCP IgG and anti-PCP
IgG2 levels were similar to that of healthy controls, but
anti-PCP 1gG2 was negatively correlated with disease stage.
Although anti-PCP 1gG reflects immunoglobulin substitu-
tion therapy in CVIDs, anti-PCP IgA levels in this group cor-
responded with primary immunodeficiency.

There may be a very important vaccination response not
only in the IgG class but also in IgA. Our original data
revealed lower levels of anti-PCP IgA in nonvaccinated CLL
patients than in healthy controls. Total IgA and anti-PCP
IgA were negatively correlated with disease stage. The post-
vaccination response in the IgA class remains unknown. It
was not surprising that anti-PCP IgA level in CVID patients

was lower than that in healthy controls and the CLL cohort
because of more profound defects in humoral immunity.

Re-evaluation of actual antibody production is limited
affer initiation of substitution immunoglobulin therapy.
Specific anti-PCP IgA responses and measured titres of
isohaemagglutinins (naturally occurring antibodies mainly
of IgM isotypes to polysaccharide blood group antigens)
may be an alternative clinically relevant method for asses-
sing T cell-independent antibody production in patients
who have already been started on IgG therapy [12].

Natural anti-Gal antibodies represent another helpful
marker which can be exploited in assessing antibody produc-
tion ability. The possibility of determining levels of not only
anti-Gal IgG, but also IgA and IgM, allows for evaluation in
immunoglobulin-substituted patients. In contrast to specific
antipneumococcal antibodies produced in relatively low
amount, regarding the specificity, anti-Gal is the most
abundant natural antibody in humans. As many as 1%
of human B cells can produce anti-Gal, and those along the
gastrointestinal tract produce this antibody in response to
continuous antigenic stimulation by gastrointestinal bacteria
[15]. Mucosal stimulation and production of antibodies in
classes IgM as well as IgA are important in defence against
infections. These antibodies could serve forassessment of spe-
cific humoral immune response in immunodeficient patients.

Little is known regarding anti-Gal production in
immunodeficient patients. Subjects with defects in T cell-
dependent antibody synthesis may have normal levels of
xenoreactive natural antibodies, most of which are specific
for Gal alpha 1-3 Gal. Parker et al. described the case of
one agammaglobulinaemic patient with undetectable anti-
Gal IgM concentration, three patients with severe combined
immunodeficiency, and four Wiskott-Aldrich patients with
the same findings [39].

We present here the first report of a cohort of 30 CVID
patients treated with immunoglobulin substitution therapy
and 59 CLL nonsubstituted patients with confirmed decrease
inanti-Gal IgA and IgM. The decrease likely depended on the
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severity of the immunity defect. The level of anti-Gal IgA in
the CLL cohort was negatively correlated with disease
stage. IgG and anti-Gal IgG levels may be influenced by
immunoglobulin substitution therapy. We found no differ-
ence between the CVID and CLL groups in the levels of
anti-Gal IgM. Our CLL patients were laboratory assessed
early after the clinical diagnosis with only low numbers of
infections in all clinical stages (Table 1). Therefore, the longer
time of follow-up and recruitment of new CLL patients will
allow the statistical correlation analysis regarding sinusitis,
bronchitis, and pneumonia, thus requiring ATB and the ratio
of anti-Gal IgA and IgM to total IgA and IgM, respectively.
This is the next point for further investigations.

Moreover, our data suggest that anti-Gal IgA and anti-
Gal IgM are highly sensitive markers that can be used to
investigate the ability of specific antibody production in
patients with primary and secondary immunodeficiency.
The results for both isotypes (IgA and IgM) agreed with
those for anti-PCP antibodies in immunodeficient patients
([32, 40], Figure 3). Notably, immunization of patients is
not required for anti-Gal antibody production, and thus
the examination is vaccine-independent and noninvasive.

5. Conclusions

Evaluation of antibody production plays a key role in the
diagnosis and management of humoral immunodeficiencies.
We suggest the use of anti-Gal antibodies in routine testing as
an alternative to isohaemagglutinins for the diagnosis of
hypogammaglobulinaemia. Significant reductions mainly in
anti-Gal IgA, anti-Gal IgM, and anti-PCP IgA may have
prognostic importance in immunodeficiency related to
CLL. These tests are suitable even in cases of regular immu-
noglobulin substitution therapy.
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Koncept navazujici prace s tématikou protilatkové odpovédi u nemocnych s

hematologickymi malignitami p¥ipravovany k podani do ¢asopisu s IF:

Riziko infekci u nemocnych s nové diagnostikovanou chronickou lymfatickou
leukémii a u nemocnych s mnohocetnym myelomem v pribéhu indukéni 1é€by neni spojeno

s mnoZstvim antipneumokokovych ani antigalaktosylovych (alfa-Gal) protilatek.

Uvod

Chronicka lymfaticka leukemie (CLL) je onemocnéni charakterizované progresivni
akumulaci perifernich monoklonalnich morfologicky zralych CD5+ B lymfocytl v kostni
dieni, periferni krvi a lymfatickych organech, kdy zakladnim patofyziologickym defektem je

rezistence patologickych bunék k apoptoéze a rovnéz i jejich proliferace [129] 4 heterogenni

klinicky prubéh, ktery zavisi na genetickych faktorech [201], Vyskyt infek¢nich komplikaci je
u nemocnych s CLL vyznamné zvySen. Divodem je imunodeficience komplexni povahy
provazejici vlastni onemocnéni, imunosuprese navozena léky i pfitomnosti komplikujicich
internich onemocnéni. Komorbidity vyplyvaji z vys$siho véku nemocnych, nejcastéji zahrnuji

diabetes melitus a chronick4 ledvinna i kardiovaskuldrni onemocnéni [209].

Infekce ptedstavuji hlavni ptic¢inu morbidity i mortality. Zahrnuji 50-60 % vSech Gmrti
[136] Hypogamaglobulinémie, ktera onemocnéni provazi, predisponuje k repiraCnim
onemocnénim nejéastéji zpusobenych opouzdienymi bakteriemi (Streptococcus pneumoniae,
Haemophilus influenzae, Staphylococcus aureus). V ptipadé septickych komplikaci jsou

nejcastéj$imi ptivodci Escherichia coli, S. pneumoniae, Pseudomonas aeruginosa, S. aureus a

[108]

viridujici ~ streptokoky Snizeni sérovych koncentraci jakékoli hlavni ti¥idy

imunoglobulint je ve studiich uvadéno mezi 20-70 % [61.175.209] 7 4vaznost se prohlubuje se
stadiem onemocnéni (2%, Vztah k riziku rozvoje infekci, stejné jako k moznosti zkracené
. [10,45,61,208,221]

doby preziti zatim zlstavaji kontroverzni

Mnohocetny myelom (MM) je onemocnéni charakterizované klonélni proliferaci a
akumulaci neoplasticky transformovanych plazmatickych bunék v kostni dfeni, Gtlakem

fyziologické krvetvorby, pfitomnosti monoklonalniho imunoglobulinu v séru a/nebo v moci a
osteolytickym postizenim skeletu [129] 74vazné infekee u MM zasadnim zptisobem ovliviiuji

pteziti nemocnych. Vrchol vyskytu infekei byl zaznamenan 4-6 mésict po stanoveni diagnozy
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MM, s druhym vrcholem mezi 64-66 mésicem. Za vétSinu infekci (54,5 %) v priabéhu
indukéni terapie jsou odpovédné Gram-pozitivni bakterie, naopak v obdobi progrese
onemocnéni pievazuji Gram-negativni druhy (57,7 %). Obecné byva nejcetnéji zachycena E.
coli, nasledovana S. pneumoniae (6 % vsech zavaznych bakterialnich infekci) s medianem 7,5
meésice od stanoveni diagnozy [211], Casny vyskyt infekce byva spojovan se zkracenim doby
preziti (&%,

Na zéklad€ doporu¢eni EMA predstavuje zhodnoceni schopnosti produkce protilatek
(spolecné se sérovou koncentraci celkového 1gG) klicové kritérium, ke kterému je nezbytné
piihlédnout pfed zavedenim substitucni 1é€by imunoglobuliny u symptomatickych
nemocnych se sekundarnimi protilatkovymi imunodeficiencemi [236]  pomocné ukazatele
mohou piedstavovat specifické antipneumokokové protilatky (anti-PCP) v tfidach IgA a IgG2
¢1 ptirozené protilatky.

Anti-galaktosylové (anti-Gal) protilatky piestavuji u clovéka nejvice zastoupené
prirozené protilatky. Pfirozené jsou produkovany lidoopy a opicemi Starého svéta. Liganda
anti-Gal je tvofena cukernym antigenem o struktufe ol-3Galpl-4GIcNAC-R 661 3s0u
detekovatelné v tfidach IgG, IgA, IgM a IgE. Zatimco v pupecnikové krvi novorozence se
nenachazeji v tiidach IgA a IgM, tfida IgG je pfitomna v obdobnych koncentracich jak u
matky, tak u novorozence diky transplacentarnimu pifenosu v prib¢hu tchotenstvi. Tyto
protilatky jsou nasledné postupné nahrazovany anti-Gal IgG protilaitkami produkovanymi
novorozencem. Vyznamné¢ se zvySuji v prubéhu prvnich dvou let Zivota a nasledné ziistavaji,
s interindividualni variabilitou, pomérné stabilni po cely zZivot [70] Lidé¢, kteti jsou nositeli

krevni skupiny B, mohou mit koncentrace pfirozené nizsi [22]

Cilem studie bylo vyhodnotit diagnostickou a zejména prognostickou roli anti-PCP a
anti-GAL protilatek v riznych ttidach ve vztahu k riziku vzniku infekce u nemocnych s CLL
a MM s cilem identifikovat podskupinu nemocnych s vysokym rizikem, aby u ni mohla byt

vCasné zahdjena preventivni opatieni.

Material a metodika

Design studie. Protokol studie byl schvalen lokalni etickou komisi. VSichni u¢astnici
souhlasili se vstupem do studie a podepsali informovany souhlas. Celkem se Ucastnilo 96
nemocnych s chronickou lymfatickou leukémii (v€kové rozmezi 43-88 let, primérného veéku

+ smérodatnd odchylka 66,70 = 9,33; 37 zen a 59 muzl), 23 nemocnych s mnohocetnym
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myelomem (54-70; 61,17 + 6,34; 9 zen a 14 muzi) a 76 zdravych kontrol (41-86, 66,62 +
11,11; 42 Zen a 34 muzu).

Nemocni s CLL nebyli doposud 1é¢eni chemoterapii, anti CD-20 ani steroidni terapii.
Dle modifikované klasifikace dle Raie (v dobé odbéru vzorku) zahrnovala skupina 22
nemocnych s nizkym rizikem, 36 se stiednim a 38 s vysokym rizikem. Blizsi charakteristiky

shrnuje tab ¢. 9.

U nemocnych s mnoho¢etnym myelomem probéhl krevni odbér tésné pred zahdjenim
autologni transplantace kostni dfen¢, po absolvovani stejné induk¢ni terapie 4 cyklt 4 21 dni
chemoterapie VTD ve slozeni bortezomib 1,3 mg/m2 den 1, 4, 8, 15, dexamethason 40 mg
den1,2,4,5,8,9, 15, 16 a thalidomid 100 mg denné. V tvodu onemocnéni Se jednalo o 10
nemocnych stadia I1A, 11 stadia IIIA a 2 nemocni stadia IIIB pti ISS (International Scoring

Systém) 11 nemocnych ISS 1, 8 ISS 2 a 4 nemocni ISS 3.

U 7Z4dného ucastnika studie neprobihala substituéni [é€ba imunoglobuliny a

anamnesticky nebyl vakcinovan zadnou antipneumokokovou vakcinou.

Sérové koncentrace a typ paraproteinu v dob¢ a diagndzy a dobé odbéru zobrazuje tab

¢. 10.
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Modifikované stadium dle Nizké Stiedni Vysoké Celkem
Raie riziko riziko riziko
pocet nemocnych 22 36 38 96
IgVH
14/3/5 8/21/7 10/23/5 32/47/17
mutovany/nemutovany/NA
T53
3/28/7 0/31/5 0/12/10 3/71/22
mutovany/nemutovany/NA
normalni karotyp 4 4 10 18
13q delece 13 9 9 31
12 trisomie 7 10 17
11q delece 6 6 12
dalsi zmény karyotypu 1 9 3 13
netické vySetieni
cytogeneticke vysetreni 4 1 0 5
neprovedeno
sinusitida 0 1 1 2
bronchitida 5 11 8 24
pneumonie 1 0 1 2
dalsi bakterialni infekce 0 9 9 4
vyzadujici ATB
celkem pacientli se
6 13 11 30
sledovanymi infekcemi
hospitalizace pro infekci 0 0 0 0

Tab €. 9: Charakteristika CLL kohorty nemocnym rozdélena dle modifikovaného
stadia dle Raie

IgVH: immunoglobulin heavy chain variable region gene; TP53: tumour protein 53;
NA: data nedostupné; Zaznamendny pouze prognosticky zdvazné zmény karyotypu. VSechny

infekce byly zaznamenany v ¢asovém obdobi 1 roku pted provedenym odbérem krve pro

vySetieni protilatek antiGal.
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Typ Pocet Sérova koncentrace v dobé | Sérova koncentrace
paraproteinu nemocnych | diagnézy [g/I]* vV dobé odbéru (pied
transplantaci) [g/I]*
1gG lambda 6 40,65 (14,00-65,60) 1,03 (0-3,90)
1gG kappa 6 29,30 (9,20-51,80) 1,55 (0-3,70)
IgA lambda 2 17,70 (2,20-33,20) 4,85 (0-9,70)
IgA kappa 3 38,27 (12,60-55,90) 5,10 (0-8,50)
volné lehké 5 7,00 (0,64-10,08) 1,10 (0-5,39)
retézce kappa
volné lehké 1 16,00 038
fetézce lambda

Tab €. 10: Sérové koncentrace a typ paraproteinu v dobé a diagndzy a dobé odbéru
(pted BMT) ve skupin¢ MM

* aritmericky pramér (rozsah hodnot)

Metodika

Krevni vzorky ziskané venepunkci byly ponechany ptirozené se srazit. Nasledné bylo
separovano sérum, které bylo uskladnéno pii -80°C. Kazdy vzorek byl rozmrazen pouze
jedenkrat a testovan soucasné s ostatnimi. Byly stanoveny sérové koncentrace celkového IgG,

IgA a IgM; anti-Gal 1gG, IgA, IgM; anti-PCP IgG, 1gG2 a IgA.

Sérové koncentrace IgG, IgA a IgM. Sérové koncentrace byly stanoveny
imunonefelometricky na piistroji Immage 800, Beckman-coulter, Brea, CA, USA. Kvantita

udana v g/l.

Sérové koncentrace anti-Gal 1gG, IgA, IgM. Sérové koncentrace anti-Gal protilatek
byly stanoveny pomoci sendvicového ELISA testu (enzyme-linked immunosorbent assay), za
pouziti kitu pro lidské anti-alfa galaktosy IgG, IgA a IgM (BioVendor, Laboratorni Medicina
a.s. Brno, Ceska republika) dle pokynti vyrobce. Rozmezi pro detekci bylo 3,13 — 100 U/ml
pro kazdy kit. Vzorky séra byly 100x zfedény a absorbance byla ¢tena na vinové délce 450nm
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za pouziti Multiskan RC ELISA reader (Thermo Fischer Scientific, Waltham, MA, USA).
Vysledné jednotky U/ml.

Sérové koncentrace anti-PCP 1gG, 1gG2 a IgA. Sérové koncentrace anti-PCP
protilatek byly stanoveny ELISA metodou za pouziti VaccZyme TM ELISA kitu pro lidské
anti-PCP 1gG, 1gG2 a IgA (Binding Site, Birmingham, UK) dle instrukci vyrobce. Rozsah
detelce hodnot byl 3,3-270 mg/l pro 1gG kit, 1,1-90 mg/l pro 1gG2 kit a 0-270 U/ml pro IgA
kit. Vzorky séra byly 100x zfedény a absorbance byla c¢tena na vinové délce 450 nm za
pouziti Multiskan RC ELISA reader (Thermo Fischer Scientific, Waltham, MA, USA).
Vysledné jednotky mg/1 pro anti-PCP 1gG a 1gG2 a U/ml pro anti-PCP IgA.

Sérové koncentrace paraproteinu a lehkych retézcii. Sérova koncentrace paraproteinu
byla stanovena multikapilarni elektroforézou na piistroji Capillarys 2 (Sebia, France). Typ
paraproteinu byl urCen imunofixaci za pomoci poloautomatického, multiparametrického
systému pro elektroforézu na agarozovém gelu HydrasysSCAN Focusing (Sebia, France),

vysledek uvadén g/l.

Kvantita kappa a lambda volnych retézeu v séru (FLC) byla stanovena
imunoturbidimetricky na automatickém analyzatoru Optilite (Thermo Fischer Scientific,
Waltham, MA, USA) pomoci diagnostické soupravy Freelite (The Binding Site Group Ltd.,
Birmingham, GB) LKO018.OPT a LK016.0OPT, referen¢ni rozmezi: kappa:3,30 - 19,40 mg/l,
lambda: 5,71 - 26,30 mg/l, index kappa/lambda: 0,26 - 1,65.

Statistické zpracovani

Vsechny uvazované proménné byly testovany na normalitu pomoci Shapirova-
Wilkova testu pro viechny uvazované skupiny. Zadna z proménnych nevykazovala normalni
rozdeleni az na nékolik vyjimek, proto byly dale pouZzity pouze neparametrické testy. Pro
zjisténi, zda jsou proménné zavislé na véku, byl pouzit Spearmantiv koeficient poradové
korelace. Tento koeficient byl také pouzir na uréeni zavislosti Kruskalliv-Wallistv test byl
pouzit pro porovnani stadii a genetickych mutaci u pacientli s CLL. Tento test byl také pouZit
pro porovnani pacienti s CLL a MM s kontrolni skupinou. V ptipadé¢, ze byl Kruskalltv-
Wallisiiv test statisticky vyznamny, byla pomoci Wilcoxonova testu porovnana kontrolni
skupina s jednotlivymi skupinami pacientli. Pro porovnani zavislosti mezi genetickym
profilem a infekcemi a mezi genetickym profilem a IgVH mutaci u pacienti s CLL byl pouzit

Fishertiv exaktni test. Pfi opakovaném testovani byla pouzita metoda "False discovery rate" k
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upravé vyslednych p-hodnot. Pokud neni uvedeno jinak, byla uvazovana hladina vyznamnosti

5 %.

Vysledky

Nebyla shledana statisticky vyznamna korelace mezi zddnym parametrem a vékem ci
pohlavim (data neuvadéna). Zakladni statistika jednotlivych sledovanych parametrti pro
hlavni skupiny je znazornéna v tabulce ¢. 11. Zakladni statisticka data pro skupinu CLL
rozdélend na  zdkladé  modifikovanych  stddiich dle Raie, karyotypu a

mutovaného/nemutovaného IgVH je zobrazena v tabulkach ¢. 12-14.

Ve skupiné nemocnych s CLL byla zjiSténa negativni korelace mezi vétSinou
sledovanych parametri (IgG, IgA, IgM, anti-Gal IgA, anti-Gal IgM, anti PCP IgG, anti-PCP
IgG2 a anti-PCP IgA) a stadiem onemocnéni, a to bez rozdilu pfi rozdéleni na stadia dle Raie,
Bineta ¢i modifikovanych stadii dle Raie (grafy ¢. 1-9). S vy$Sim stadiem jednotlivé hodnoty
klesaji. Rozdil mezi skupinami nebyl zjistén pouze v ptipad¢ anti-Gal 1gG (tab ¢. 15, graf ¢.
4). Dale nebyl shledan statisticky vyznamny rozdil pfi rozdéleni nemocnych s CLL na zakladé

zmén karyotypu, pritomnosti/nepiitomnosti mutace IgVH (data neuvadéna).

Nemocni s CLL vykazovali sérové koncentrace vSech parametrti (krom¢ anti-PCP
IgG2) statisticky signifikantné nizsi nez kontrolni skupina zdravych osob (tab ¢. 16, grafy €.
10-12). Hypogamaglobulinémie (hodnoty IgG <7,3 g/l, IgA <0,80 g/, IgM <0,40 g/l)
minimalné v jedné tfidé byla naméfena u 65,7 % pacientl, koncentrace celkového IgG pod
hodnotu 4 g/l byla zjiSténa u 9,4 % nemocnych (tab €. 17, 18). Nedostatecné protektivni
hodnoty protilatek anti-PCP 1gG se vyskytly u 21,9 % nemocnych (bez rozdilu stadia) v
porovnani se zdravymi (vékové shodného rozlozeni) kontrolami (15,8 %). U nemocnych
vysokého a stfedniho rizika dle Raie neprotektivni hodnoty pievysovaly 30 % (tab ¢. 18). |
pfes tyto nalezy, nebyl v CLL skuping shledan statisticky vyznamny rozdil mezi podskupinou
S historii infekce v poslednim kalenddinim roce (sinustitida, bronchitida, pneumonie ¢i jiné
zavazné bakteridlni infekce) a podskupiny bez prodélané infekce (IgG, IgA, IgM, podtiida
1gG2, anti-Gal i anti-PCP protilatky, zmény karyotypu, pfitomnost/neptitomnost mutace
IgVH).

Zakladni statistickd data pro skupinu MM jsou shrnuta v tab ¢. 11. Ve skupiné
nemocnych s MM byla zjiSténa hodnota vSech sledovanych parametrii v obdobi pted
provedenim transplantace kostni difen¢ vyznamné niz$i nez u zdravych kontrol, hodnoty
hlavnich tfid nepostizenych imunoglobulint jiz v dobé diagnézy MM byly vyznamné niz§i
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(tab ¢. 16, grafy ¢. 10-12). V porovnani hodnot IgG, IgA a IgM v obdobi diagnézy a v
predtransplantacnim obdobi se sice statisticky vyznamné neliSily (maly pocet zatazenych
nemocnych), ale bylo mozné sledovat snizeni zavaznosti hypogamaglobulinémie. Zatimco Vv
dobé¢ diagnozy postihovalo snizeni sérovych koncentraci prevazné dvé ¢i téi hlavni téidy (34,8
% resp. 21,7 %), v piedtransplantacnim obdobi pievazovalo postiZzeni pouze jedné téidy (39,1
%) (tab ¢. 17).

Hypogamaglobulinémie minimélné€ v jedné tfidé byla zaznamenana v dobé diagndzy
MM u 74,3 % a ptedtransplantacné u 60,8 %. Neprotektivni hodnoty anti-PCP IgG byly
zjistény u 34,8 % (predtransplantacn€). Ani v tomto ptipadé nebyl identifikovan faktor, ktery
by charakterizoval nemocné s prodélanou bakteridlni infekci jeden kalenddini rok pied
transplantaci kostni difené. Nemocni s prod€lanou infekci v. bez prodélané infekce se

vzajemné nelisili v zddném hodnoceném parametru.
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Zdravé kontroly CLL Mnohocetny myelom
Median | Q1 Q3 Median Q1 Q3 Medién Q1 Q3
19G (g/l) 12,30 9,98 14,4 8,15 5,49 10,30 7,55 6,36 10,43
1gA (g/l) 2,53 1,80 3,10 0,80 0,46 1,44 0,89 0,55 1,37
IgM (g/l) 1,14 0,83 1,0 0,43 0,26 0,73 0,56 0,50 0,80
anti-Gal 1gG (U/l) 55,22 25,78 126,85 35,89 12,06 73,23 22,50 11,59 34,81
anti-Gal IgA (U/ml) 19,50 12,41 34,09 4,13 2,52 11,14 5,36 2,31 11,99
anti-Gal IgM (U/ml) | 18,73 10,05 33,67 3,92 1,73 10,00 5,42 2,89 15,02
anti-PCP 1gG (mg/l) | 48,08 26,90 106,25 40,00 21,11 71,85 23,43 16,92 31,84
anti-PCP 1gG2 (mg/l) | 16,95 8,72 35,21 14,57 7,36 25,06 9,81 6,13 15,41
anti-PCP IgA (U/ml) | 15,81 9,70 35,20 8,58 513 17,30 7,31 5,63 8,50

Tab ¢. 11: Zakladni statisticka data pro sledované parametry ve skupiné nemocnych s CLL, s mnoho¢etnym myelomem pied transplantaci kostni

dfené a u zdravych kontrol.

Nizké riziko (n = 22) Stiredni riziko (n = 36) Vysokeé riziko (n = 38)
Median Q1 Q3 Median Q1 Q3 Mediian Q1 Q3
19G (g/1) 9,86 8,22 10,70 8,51 6,75 10,15 6,14 4,43 8,18
I9A (g/l) 1,37 1,16 1,90 0,82 0,61 1,71 0,47 0,37 0,82
IgM (g/l) 0,59 0,50 0,81 0,40 0,32 0,71 0,26 0,13 0,54
anti-Gal 1gG (U/l) 42,07 19,93 91,71 31,70 12,47 59,12 32,49 9,33 71,79
anti-Gal IgA (U/ml) 11,16 4,71 16,39 4,66 2,70 10,76 3,07 1,35 5,10
anti-Gal IgM (U/ml) 9,07 3,98 21,05 4,28 2,20 8,68 2,07 1,09 4,66
anti-PCP 1gG (mg/l) 62,67 33,90 108,47 41,01 25,58 67,86 28,46 16,30 47,22
anti-PCP 1gG2 (mg/l) 24,28 13,97 53,70 18,08 8,84 24,71 9,38 6,48 17,71
anti-PCP IgA (U/ml) 12,08 8,65 22,58 10,22 6,21 20,09 5,29 3,67 8,57

Tab ¢. 12: Zakladni statisticka data pro sledované parametry ve skupiné¢ nemocnych s CLL podle modifikovaného stagingu dle Raie
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del 11q del 13q normal karyotyp tri 12
Mediin Q1 Q3 Median Q1 Q3 Medidn Q1 Q3 Mediin Q1 Q3
19G (g/l) 8,30 7,0 9,04 8,15 5,18 10,30 6,74 4,73 10,65 7,84 6,69 10,10
IgA (g/l) 0,60 0,46 0,76 1,08 0,69 1,80 0,912 0,45 1,40 0,50 0,288 1,03
IgM (g/l) 0,44 0,34 0,74 0,51 0,32 0,77 0,38 0,15 0,64 0,26 0,205 0,74
anti-Gal 1gG (U/l) 42,77 20,76 56,23 34,04 10,36 63,18 28,89 5,55 71,79 28,95 18,31 83,34
anti-Gal IgA (U/ml) 3,16 2,69 4,47 5,46 3,04 16,18 4,54 2,83 9,51 2,55 1,63 19,88
anti-Gal IgM (U/ml) 3,17 2,20 3,50 4,70 1,89 10,53 2,07 1,15 26,06 4,45 1,77 7,36
anti-PCP 1gG (mg/l) 31,98 21,11 43,35 40,78 28,4 72,88 30,89 15,25 76,56 44,93 25,55 78,85
anti-PCP 1gG2 (mgl/l) 11,68 6,79 18,49 17,74 10,56 27,85 10,56 4,40 24,97 17,61 8,57 25,09
anti-PCP IgA (U/ml) 5,28 3,53 10,00 9,41 5,86 19,06 8,75 4,05 14,97 8,53 5,53 16,62

Tab ¢. 13: Zakladni statisticka data pro vybrané zmény karyotypu
Mutovany IgVH Nemutovany IgVH

Median Q1 Q3 Mediian Q1 Q3

19G (g/l) 8,13 5,10 10,33 7,94 6,33 10,30

IgA (g/l) 1,13 0,53 1,61 0,701 0,45 0,91

IgM (g/l) 0,43 0,22 0,81 0,40 0,26 0,70

anti-Gal 1gG 32,55 11,24 70,52 36,49 12,05 78,05

anti-Gal IgA 5,41 3,00 15,26 3,29 2,14 6,55

anti-Gal IgM 4,28 2,02 13,06 3,12 1,71 7,23

anti-PCP I1gG 36,00 25,51 67,95 40,91 17,31 65,71

anti-PCP 1gG2 16,06 9,75 24,81 14,02 6,60 24,84

anti-PCP IgA 10,22 6,07 19,96 7,58 4,49 13,22

Tab €. 14: Zakladni statisticka data pro IgVH
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109G IgA IgM
Modified Rai
risk staging I's -0,405 -0,500 -0,393
p-value <0,0001 <0,0001 <0,0001
Rai staging I's -0,402 -0,489 -0,403
p-value <0,0001 <0,0001 <0,0001
Binet staging I's -0,243 -0,385 -0,352
p-value 0,019 <0,0001 0,001
(A)
Anti-Gal IgG | Anti-Gal IgA | Anti-Gal IgM
Modified Rai
risk staging I's -0,094 -0,412 -0,424
p-value 0,360 <0,0001 <0,0001
Rai staging I's -0,123 -0,417 -0,451
p-value 0,234 <0,0001 <0,0001
Binet staging I's -0,106 -0,349 -0,424
p-value 0,305 0,001 <0,0001
(B)
Anti-PCP 1gG |Anti-PCP 1gG2 | Anti-PCP IgA
Modified Rai
risk staging I's -0,346 -0,375 -0,443
p-value 0,001 <0,0001 <0,0001
Rai staging I's -0,367 -0,393 -0,446
p-value <0,0001 <0,0001 <0,0001
Binet staging I's -0,442 -0,449 -0,382
p-value <0,0001 <0,0001 <0,0001

(©)

Tab &. 15 (A-C): Korelace stadia stagovacého systému a sledovanych parametri. Ve
vSech piipadech (kromé& antiGal IgG) byla zaznamenéna statisticky vyznamna negativni
korelace (se zvySujicim se stupném stadia, dochazelo k poklesu jednotlivych hodnot). U anti-
Gal protilatek nebyl zaznamenan statisticky vyznamny rozdil mezi jednotlivymi stadii u vSech
uvedenych skorovacich systémi.
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Kontroly Kontrola x MM Kontroly x MM
x CLL v dobé diagnosy pred TKD

1gG (g/l) <0,0001 0,006 <0,0001
1gA (g/1) <0,0001 <0,0001 <0,0001
IgM (g/l) <0,0001 <0,0001 <0,0001
anti-Gal 1gG (U/l) 0,002 NA 0,0014
anti-Gal IgA (U/ml) 0,002 NA <0,0001
anti-Gal IgM (U/ml) <0,0001 NA <0,0001
anti-PCP 1gG (mg/l) 0,0177 NA 0,0002
anti-PCP 1gG2 (mg/l) 0,2117 NA 0,0135
anti-PCP IgA (U/ml) <0,0001 NA <0,0001

*NA (nelze hodnotit)

Tab ¢. 16: Porovnani skupiny nemocnych s CLL a MM se skupinou zdravych kontrol. Ve v§ech sledovanych piipadech (kromé hodnot anti-

PCP 1gG2 ve skupin¢ CLL), byly vS§echny naméfené hodnoty u nemocnych s CLL a MM signifikantné niZ§i nez u zdravych kontrol.
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CLL Modifikovany staging dle Raie Mnohocetny myelom
snizeni celkem riziko stfedni nizké doba dg. | predtranspl
Ig (n=96) vysoké (n=36) (n=22) (n=23) (n=23)

3 tiidy 23 (24 %) | 17 (44,7 %) | 6(16,7%) |O 5(21,0 %) 2 (8,7 %)
2tridy | 18 (18,8 %) | 8 (21,1 %) 7(19,4%) | 3 (13,6 %)| 8(34,8%) | 3(13,0%)
1tiida | 22 (22,9 %) | 8 (21,1 %) 12 (33,3%)|2(9,1%) | 4(17,4%) | 9 (39,1 %)

Tab €. 17: Poc¢et nemocnych se snizenim imunoglobulinti ve 3, 2 a 1 hlavni tfidé imunoglobulinti pod dolni hranici referen¢niho rozmezi.

CLL Modifikovany staging dle Raie Mnohoc¢etny myelom Zdravé
kontroly
celkem vysoké stiedni nizké doba dg. ptredtransplanta¢né (n= 76)
(n=96
) (n=38) (n=36) (n=22) (n=23) (n=23)

1gG <4 g/l 9 (9,4 %) 8 (21,0 %) 1 (2,6 %) 0 1 (4,3 %) 2 (9,1 %) 0
1gG <7,3 g/l 36 (37,5%) | 23(60,5%) [11(30,5%) | 2(3,5%) |27 (71,0 %) 7 (30,4 %) 3(3,9%)
IgA <0,8 g/l 46 (47,9 %) | 27 (71,0 %) | 16 (44,4 %) |3 (13,6 %) | 14 (60,9 %) 10 (43,5 %) 2 (2,6 %)

IgM <0,4 g/l 46 (47,9 %) | 25 (65,8 %) | 18 (50 %) |3 (13,6 %) | 14 (60,9 %) 4 (17,4 %) 0

PCP 1gG <20 mg/l | 21 (21,9 %) | 12(31,6 %) | 7(31,8%) | 2 (9,1 %) NA 8 (34,8 %) 12 (15,8 %)

Tab €. 18: Pocty nemocnych se sérovymi koncentracemi imunoglobulinii pod dolni hranici referenéniho rozmezi.
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Graf ¢. 1 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty

19G (p=0,019, p <0,001, resp. p<0,001).
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Graf ¢. 2 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty

IgA (pro vSechny parametry p<0,001).
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Graf ¢. 3 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty

IgM (p=0,001, p <0,001, resp. p<0,001).
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Graf ¢. 4 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty alfa-Gal 1gG

(statisticky nesig. p>0,05)
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Graf ¢. 5 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty alga- Gal IgA

(p=0,001, p<0,001, resp. p<0,001)
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Graf ¢. 7 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty anti-PCP
1gG (p <0,001, p=0,001, resp. p<0,001).
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Graf ¢. 8 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty anti PCP
1gG2 (vSechny p<0,001)
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Graf ¢. 9 (A-C): Porovnani stadii CLL dle Bineta, Raie a modifikované klasifikace dle Raie pro hodnoty anti-PCP
IgA (vSechny p<0,001).
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Graf ¢. 10 (A-C): Porovnani kontrolni skupiny a skupiny nemocnych s CLL a MM v dob¢ diagndzy onemocnéni a pied

transplantaci kostni dfené pro hodnoty IgG, IgA a IgM (*** p <0.001, ** p <0,01).
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Graf €. 11 (A-C): Porovnani kontrolni skupiny a skupiny nemocnych s CLL a MM v dob¢ diagnézy onemocnéni a pied

transplantaci kostni diené pro hodnoty anti-Gal protilatek (*** p <0.001, ** p <0,01).
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Graf ¢&. 12 (A-C): Porovnani kontrolni skupiny a skupiny nemocnych s CLL a MM v dob¢ diagnézy onemocnéni a pied transplantaci

kostni dfené pro hodnoty anti-PCP protilatek (*** p <0.001, * p <0,05).
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Diskuse

Sekundarni imunodeficience u nemocnych s CLL a MM je komplexni povahy a

zahrnuje zmény v humoralni i buitkami zprostfedkované imunité, stejné jako zmény systému

komplementového i fagocytarniho [62,209]

U nemocnych s CLL byl opakované popsan defekt ve funkci T lymfocyti, NK bunék i
dendritickych bungk, s pfevahou studii in vitro. Nadorové CLL buiiky jsou schopny inhibovat
spolupraci mezi T a B lymfocyty, je narusena funkce NK bunék s redukci exprese aktivacnich

receptorti a down-regulaci transkripcnich cytotoxickych drah [156] Defekt NK bungk miize
mit prognosticky vyznam. Vys§i pocet NK bunck je patrny u pacientl v Casnych stadiich
onemocnéni, S mutovanym IgHV genem, a vyssi cytolytickou kapacitou, jak tomu je zejména
u nemocnych s monoklonalni B-lymfocyt6zou [172] " Dendritické bunky vykazuji znaky
morfologické a imunofenotypové nezralosti (chybéni exprese CD83 a CD80) a neschopnost

indukce dostate¢né prolifera¢ni odpovédi s redukei produkce 1L-12 [151],

Ditkazem defektu humoralni imunity je vysoka incidence snizeni sérovych koncentraci
jakékoli hlavni tfidy imunoglobulint (46-64 % piipadt) [61.175]  74vaznost se prohlubuje se
stidiem onemocnéni 201131 Nizké koncentrace IgG v dobé diagnozy byly pozorovany u

Ctvrtiny az pétiny pacientu, S nartistem po 6 letech na polovinu [20.154] v/ nami sledovaném
souboru nove¢ diagnostikovanych nemocnych s CLL byly zjistény hodnoty sérovych
imunoglobulini, minimalné v jedné tfidé¢ pod dolni hranici referencniho rozmezi u 65,7 %
pacientl (se vzestupem z 22,7 % u nemocnych s nizkym rizikem na 86,9 % nemocnych s
rizikem vysokym dle Raie). Snizeni celkového IgG po dolni hranici referenéniho rozmezi
postihlo 37,5 % pacientti a vyznamné nizké hodnoty IgG (mén¢ nez 4 g/1), které¢ by mohly byt
Vv piipadé vyskytu infekci impulzem k zahajeni substitu¢ni 1é¢by imunoglobuliny [236] byly v
celé kohorté detekovany u 9,4 % nemocnych, pfevazné se jednalo o nemocné ve vysokém
riziku s podilem 21 % v dané skupiné.

Kontroverzni stale ziistivd vztah nizkych hodnot imunoglobulini v séru v dobé&
diagnozy a kratsiho preziti nemocnych. Negativnim prognostickym markrem by mohla byt
nizkd hodnota sérového IgA. Rozman et al. potvrdili tento ptfedpodklad multivariacni

analyzou, zatimco Shvidel et al. pouze univaria¢ni analyzou [175.190] " Andersen et al popsali

negativni prognosticky dopad hypogamaglobulinémie na dobu preziti obecnz1%, Nejvetsi,
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doposud publikovana studie z Mayo Clinic, ktera vSak hodnotila pouze IgG, tento vztah

nepotvrdila [154],

Stejné rozporuplné jsou zavéry studii ve vztahu sérovych koncentraci hlavnich tfid
imunoglobulint a riziku vzniku infekcil1061:221] Vyznamnou prognostickou tlohu by mohl
hrat deficit podtiid 1gG. Nejcastéji byl popsan deficit 1gG3, ktery byl spojen s pokrocilym
stadiem onemocnéni a krat$i dobou do nutnosti zahajeni lééby[45’6l]. Vztah k riziku infekcei,
neni také zcela jasny. Svensson a kol. nepotvrdili riziko vyskytu zavaznych infekci ¢i sepsi
[212], zatimco v souboru Freemana et al. byly popsany opakujici se ¢i vyznamné infekce u 16
% CLL pacient, ze kterych pouze 50 % trpélo hypogamaglobulinémii, avsak 100 %
deficitem nékteré z podtiidy IgG [61],

V naSem souboru 96 nové diagnostikovanych nemocnych s CLL nebyla potvrzena
asociace mezi rizikem bakteridlnich infekei a sérovych koncentracich celkového IgG, IgA,
IgM, stejné jako podtiidy 1gG2, zatimco vSechny sledované parametry nabyvaly signifikantné
nizsich hodnot nez kontrolni skupina zdravych osob, a soucasné negativné korelovaly se

stadiem onemocnéni.

Respiraéni infekce i sepse zpusobené S. pneumoniae Cini vyznamny podil vSech
bakterialnich infekci u nemocnych s CLL obecné. Proockovanost ¢eské populace vakcinou
chranici pfed S. pneumoniae, zejména ve véku nad 50 let je pomérné nizka (1121 vze

sledovaném souboru byla zaznamenana u 16 % zdravych kontrol a u 22 % nemocnych obecné
(s nartistem z 9 % u nemocnych s nizkym rizikem dle Raie na 32 % u nemocnych ve stfednim
¢i vysokém riziku). U nemocnych s primarnimi imunodeficiencemi nizké hodnoty anti-PCP
IgA ptetrvavajici po ockovani 23valentni polysacharidovou vakcinou jsou spojeny s ¢astéjSim
vyskytem pneumonie a bronchiektaziemi. V souladu s vysledky nasi pfedchazejici studie byly
nalezeny niz§i hodnoty anti-PCP IgA u nemocnych s CLL nez u zdravych kontrol s

prohloubenim se zvysujicim se stadiem onemocnéni [113] Na rozdil od dalich autort jsme

vsak vztah k riziku infekce nepotvrdili [75]

Pfirozené anti-Gal protilatky predstavuji dal$i mozny parametr sledovani schopnosti
protilatkové odpovédi. Vyhodou dostupnych analytickych souprav je moZnost presné
kvantifikace v raznych téidach, s vyuzitim i u nemocnych s probihajici substitu¢ni 1é¢bou
imunoglobuliny. Na rozdil od specifickych anti-PCP protilatek, které jsou produkovany v
relativné nizkém mnoZstvi, jsou protilatky antiGal v lidském séru hojné zastoupeny [65],
Udaje o produkci u nemocnych s imunodeficity jsou neéetné. Nizké hodnoty piislusnych téid

byly zaznamenany u nemocnych s CVID, agamaglobulinémii, Wiscott-Aldrichovym
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syndromem a tézkou kombinovanou imunodeficienci [113,155] nemocnych s CLL se zdaji

nejdéle zachovany anti-Gal tidy IgG, na rozdil od tfid IgA a IgM, kde jejich koncentrace v

séru koreluje se zdvaznosti onemocnéni.

Riziko infekci by dale mohl ovliviiovat IgVH status %1922l U nemocnych s
nemutovanym IgVH genem byl popsan krat$i ¢as do prvni infekce a vyssi riziko S infekei
spojené mortality nez u nemocnych s mutovanym IgVH genem (31 vs. 62 mésici, p <0.001),
a to i pres fakt, Ze koncentrace imunoglobulini byly v obou sledovanych skupinach

srovnatelné [59’198].

Druh a pocet zmén v karyotypu nemocnych s CLL vyznamnym zptsobem ovliviiuje
jejich prognézu a piipadné i odpovéd na 1é¢bu. Jako vysoce rizikovi se jevi nemocni S
mnohocetnymi zménami karyotypu a deleci ¢asti chromozomu 17 a 11, nepfitomnosti genu
TP53, méné pak s trisomii 12. Naopak piiznivéjsi vyhlidky maji pacienti s deleci Casti
chromozéomu 13 a mutovanym genem pro IgVH [78] Ve sledovaném souboru bylo

diagnostikovano u 31 osob z 91 (34 %) delece 13q, u 18/91 (20 %) normalni karyotyp, 17/91
(19 %) trisomie 12 a 12/91 (13 %) delece 11q. Dalsi typy mutaci jiz nebyly dostate¢né Cetné,
aby mohla byt spolehlivé provedena statisticka analyza. Mezi t€émito skupinami nebyl shledan
statisticky vyznamny rozdil v Zadném sledovaném parametru a ani vyskyt infekci nebyl
ovlivnén. Lze shrnout, Ze v nasem souboru piedstavoval karyotyp zcela nezavisly faktor.

Ptitomnost genu TP53 nebyla hodnocena pro nizky pocet vyskytu.

Imunodeficience u nemocnych s mnohocetnym myelomem je taktéz komplexni
povahy. Nejcastéji je spojovana s hypogamaglobulinémii, porusenou funkci lymfocyt, NK i
dendritickych buné¢k, ¢i neutropenii zplsobenou infitraci kostni dien¢ malignim klonem
Riziko infekci dale zvySuje pouzita 1é¢ba, v€k pacientd, interni komorbidity i organové

komplikace spojené s vlastnim onemocnénim (rendlni insuficience, sekundarni amyloid6za)
[62],

Danska studie zahrnujici 2558 nové diagnostikovanych nemocnych s MM popsala u
90 % zucastnénych sniZzeni minimalné jedné hlavni, nepostiZzené tiidy imunoglobulint (u vice
nez 70 % byly postizeny minimalné dvé tfidy). U 81 % se jednalo o snizeni alesponi o 25 %, u
67 % o minimalni sniZeni hladiny na polovinu a u 32 % o sniZeni minimalné o 75 % [202]
nasem souboru 23 nemocnych byl podil hypogamaglobulinémie nizsi. V dobé diagnozy cinil
74 %, minimalné v jedné tfidé. V poloviné z nich byly postizeny minimélné 2 t¥idy. V
predtransplantacnim obdobi, po absolvovani indukéni terapie se jejich podil snizil na 61 %, se
snizenim minimalné ve dvou tfidach na pouze 22 %. Zavazné snizeni IgG pod hranci 4 g/
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bylo zaznamenano u 4,3 % v tvodu onemocnéni V. 9,1 % predtrasplantacné. Nicméné v
provedené analyze nebyl rozdil hladin imunoglobulinti v Gvodu a peritransplantaéné shledan

statisticky vyznamnym (maly pocet ti¢astniki).

V porovnani se skupinou zdravych osob vSechny sledované parametry (hlavni tfidy
imunoglobulint, anti-Gal i anti-PCP protilatky) dosahovaly statisticky vyznamné nizSich
hodnot. Podil nemocnych s neprotektivni hodnotou antipneumokokovych protilatek IgG

zahrnoval témér 35 % ucastniku.

Vrchol vyskytu infekci u nemocncych s MM byva mezi 4-6 mésicem [211] Navic u
nemocnych s anamnézou zavazné bakteridlni infekce do 3 mésici od stanoveni diagnozy,
bylo Huangem et al zaznamenano i zhorSeni pieziti (mortalita 50 % vs. 21 %; p <0.001). Jako
nezavislé faktory vyskytu infekei byly identifikovany pokrocilé stadium onemocnéni (III vs. I
a II) a Spatny performance status podle Eastern Cooperative Oncology group (>2). Naopak
jako nerizikové faktory byly oznaceny protilatkova imunodeficience a nizky pocet lymfocyt
891 \/ nasi kohorts nemocnych nebyl vyskyt infekci vdzan ani na zédvaznost protilatkového
imunodeficitu (sniZzeni sérovych koncentraci imunogobulint, anti-Gal, anti-PCP protilatek),
ani na stadium onemocnéni v dob¢é diagndzy ¢i ISS skore. Danska studie hodnotila pouze
overal survival (OS) a dobu do progrese onemocnéni (Progression Free Survival; PFS). V
multivariacni analyze u nemocnych se snizenim koncentraci imunoglobulini minimalné v
jedné tiid¢ byl prokazan krat$i PFS pii nezménéném OS. Zkracené OS i PFS byly c¢astéji u
nemocnych vyssiho véku, vysokym ISS skorem, vysokou hodnotou laktat dehydrogenazy a

IgA typem MM [202],

Shrnuti

Protilatkova imunodeficience, zahrnujici snizeni nejen hlavnich tfid imunoglobulind,
ale i ptirozenych anti-Gal a anti-PCP protilatek, je ¢astym laboratornim nalezem u nemocnych
s CLL i MM. Nase prace neprokazala vztah mezi vyskytem infek¢énich komplikaci a sérovych
koncentraci sledovanych protilatek. Nebyla ani zjisténa zavislost mezi infekcemi a
karyotypem ¢i pritomnosti mutovaného/nemutovaného IgVH u nemocnych s CLL, ani
stadiem MM ¢i ISS skore. Jsou potieba dalsi studie, které by identifikovaly vhodné markery
rizika rozvoje zdvaznych bakteridlnich infekci, aby byla mohla byt v¢as zahajena preventivni

opatfeni a tim sniZena morbidita i mortalita nemocnych s CLL a MM.

156



4.3. Transplantace solidnich organt a hypogamaglobulinémie

Hypogamaglobulinémie ptredstavuje jednu z moznych komplikaci provazejicich
transplantace solidnich organti. Mize vzniknout v prubéhu indukéni ¢i udrzovaci terapie nebo
1é¢by rejekce. Metaanalyza z roku 2014, a zahrnujici nemocné po transplantaci srdce a plic,
nalezla hypogamaglobulinémii (IgG méné nez 7 g/l) u 45 % transplantovanych. V 15 %
pacientii v pritbé¢hu prvniho roku po transplantaci se jednalo o zdvazny stupen (IgG méné nez
4 g/1). Nemocni s té¢zkou hypogamaglobulinémii trp€li 2,46krat Castéji infekcemi obecné vici
nemocnym s lehkou formou a 3,73krat vice nez pacienti s normalnimi sérovymi
koncentracemi imunoglobulinti. Pro respira¢ni infekce samostatné pak 4.83krat (t¢zka v. lehka
hypogamaglobulinémie). Sérové koncentrace IgG pod 4 g/l byly spojeny S vyznamnym
rizikem infekce CMV a infekcemi houbami r. Aspergillus. Nemocni s téZzkou
hypogamaglobulinémii jednozna¢né vykazovali vysoké riziko Gmrti v prvnim roce po
transplantaci, témét 22krat vys$i v porovnani s nemocnymi s lehkou formou. Studie

nezaznamenala vliv sérové koncentrace imunoglobulinti na pravdépodobnost rejekce [58],

4.4, Transplantace kostni diené a hypogamaglobulinémie

Rizikovou skupinou pro vznik hypogamaglobulinémie po alogenni transplantaci kostni
dfené tvofi pievazné nemocni s akutni GVHD (Graft versus Host Disease). Dalsimi
rizikovymi faktory jsou snizené piedtransplantacni hodnoty IgG, mladsi vek, malignita
lymfoidniho puvodu (léCend zejména rituximabem), pacienti s vysokym transplanta¢nim
rizikem, progresivnim onemocnénim v dobé transplantace, s HLA neshodou a pouzitim

mykofenolatu mofetilu, méné, pokud je pouzit cyklosporin ¢i metotrexat v profylaxi GVHD
[12,60,143],

Japonska studie zaznamenala hypogamaglobulinémii u 63 transplantovanych z
celkového poctu 278 (22,6 %). U 88 % pacientt to bylo v prub&éhu prvniho roku po
allogenni transplantaci. Sérové koncentrace IgG se zacaly sniZovat druhy tyden po
transplantaci. Minima bylo dosaZzeno za 6 mésicl a k navratu k pivodnim hodnotdm

dochazelo obvykle na konci prvniho roku po transplantaci [12]

V minulosti byla 1é€ba imunoglobuliny pausaln€ indikovana u vSech nemocnych po
transplantaci kostni dfené nejen k prevenci infekci, ale i modulaci pribéhu GvHD. V
soucasné dob¢ neni tato rutinni profylaxe jiz doporucovana. Kandidaty jsou nemocni S

chronickou GVHD a opakujicimi se zavaznymi bakterialnimi infekcemi [159).
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4.5.  Autoimunitni onemocnéni a hypogamaglobulinémie

Autoimunitni onemocnéni zahrnuji pestrou $kalu chorob diagnostikovanych a
léCenych ruznymi medicinskymi obory, revmatologie, gastroenterologie, neurologie,
nefrologie, kozni 1ékatstvi. V poslednich letech doslo k vyznamnému zlepSeni kvality Zivota
nemocnych, se snizenim morbidity i mortality, zejména diky rozvijejici se biologické 1é¢bé.
Ve vztahu ke vzniku hypogamaglobulinémie se kromé klasickych 1éC¢iv, jako jsou napf.
glukokortikoidy, azathioprin, mykofenolat, metotrexat, sulfasalazin, uplatiuji 1éky ovliviujici
tvorbu protilatek (anti-CD20, anti-CD19, anti-BAFF). V imunologickych ambulancich se
pomérné Casto setkdvame s nemocnymi dlouhodobé 1é¢enymi riznymi davkami kortikoida.
Dominujicim nalezem byva izolované sniZzeni sérovych koncentraci IgG. Pii vySetieni
bunééné imunity byva pozorovano sniZzeni pocétu cirkulujicich naivnich a transitornich B
lymfocytd pfi zachovani pamétovych B lymfocytd, a s tim byva relativné nizsi riziko
bakterialnich infekci [?%°]. Substituéni 1é¢ba imunoglobuliny v téchto ptipadech je spiSe
vyjimecna.

Pfi 1éCbe riruximabem byla zaznamenana mirné zvysend frekvence zavaznych infekci
pii léCebnych davkach 2x 1000mg [64] Naopak nebyl pozorovan vzestup oportunnich infekct,
tuberkulozy a vétSiny virovych onemocnéni. Vyjimku tvofi reaktivace viru hepatitidy B,
piredev§im nemocnych HBsAg pozitivnich [63] Udaje o vyskytu bakteridlnich infekci ve
vztahu k mife a doby deplece B lymfocytl nejsou dostateéné objasnény. Zda se, ze riziko
narusta s dobou trvajici deplece a pfi poklesu IgG pod 3,5 g/l [57.161,173.183] Rizikovi mohou
byt nemocni s preexistujici hypogamaglobulinémii navozenych piedchazejici 1écbou (napf.
cyklofosfamidem) [217] Vys§i riziko bylo popsano i u nemocnych s ANCA asociovanou
vaskulitidou v porovnani s revmatoidni artritidou ¢i onemocnénimi pojivové tkané [212],
Nutnost zahdjeni substituéni 1écby imunoglobuliny pro infekce je popisovana u 4-26%
nemocnych [27.173.217] 7 doporuceni Ceské revmatologické spolecnosti vyplyva vhodnost
stanoveni sérovych koncentraci IgG, IgA a IgM pred zahdjenim 1éCby s piipadnou kontrolou
pii vzniku infekci a dale pii opakovanych podénich. Nemocni maji byt dale vySetfeni na

ptitomnost vira hepatitid [235],
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4.6. Lécba sekundarnich protilatkovych imunodeficienci

Lécba sekundarnich protilatkovych imunodeficienci zahrnuje na prvnim misté
maximalni snahu o odstranéni vyvoléavajici pfi¢iny. Tam, kde neni toto mozné, piichdzi do

uvahy preventivni vakcinace, antibioticka profylaxe a/nebo substitu¢ni 1é¢ba imunoglobuliny.

4.6.1. Vakcinace

Vakcinace u sekundarnich protilatkovych imunodeficitd piedstavuje nejen zakladni

diagnosticky postup, ktery usnadiiuje rozhodnuti o zahdjeni substitu¢ni 1€cby imunoglobuliny

u symptomatickych nemocnych [82'196'197], ale je i1 dilezitou soucasti preventivnich opatieni

pred vyskytem zavaznych, pfedev§im pneumokokovych infekci a infekei zptisobenych virem

chiipky, i pfes prokazanou snizenou efektivitu [75]

U nemocnych s CLL, bez rozdilu stadia a piedlécenosti, byla opakované popséna

snizena vakcina¢ni odpovéd’, zejména odpovéd’ na pneumokokovou polysacharidovou

vakcinu se pohybovala v rozmezi 0-22 % [82,196,197]

[296]

se zvySenim odpovédi na 35-47 % pii
pouziti konjugované vakciny Odpovédi na konjugovanou vakcinu Haemophilus
influenzae typ b byla zaznamenana 27-43 % [82'196], a 24-65% na tetanicky toxoid [82,197]

Obdobna situace byla popsdna u nemocnych s MM. Snizend odpovéd byla
zaznamenana zejména u nemocnych IéCenych kombinovanou 1écbou v porovnani s
alkylacnimi latkami (191 7 60 nemocnych vakcinovanych 23-valentni pneumokokovou
vakcinou pred autologni transplantantaci kmenovych bunc¢k odpovédéla jedna tfetina, S

jasnym vztahem mezi stadiem choroby a odpovédi [85]

Klinickd doporuceni u dospélych nemocnych s hematologickymi malignitami
doporucuji kazdoro¢ni ockovani proti chiipce (s vyjimkou nemocnych, kterym je podévana B-
deplec¢ni terapie ¢i podstupuji intenzivni chemoterapii). O¢kovani proti pneumokokiim ma byt
poddano u nové diagnostikovanych nemocnych, v prvnim sledu konjugovand 13valentni
vakcina nasledovanid minimalné za 8 tydni polysacharidovou 23valentni vakcinou. Zivé
vakciny jsou kontraindikovany. Ockovat dale nemocného lze 3 mésice od ukonceni

chemoterapie, v piipadé B-deplecni 1é¢by pak minimalné za 6 mésict [176]

4.6.2. Antibioticka profylaxe

Antibiotickd profylaxe je diskutované téma. Klinickd praxe je velmi zavisla na
lokalnich zvyklostech. Doposud chybi dostate¢né mnoZzstvi randomizovanych studii. Plosné je

doporucovana pii pouziti 1é¢iv zvysSujicich riziko pneumocystové pneumonie
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(vysokodavkované kortikoidy, alemtuzumab). Nejcastéji je wuzivan cotrimoxazol-
trimetoprimem 960 mg 3x tydné. Pfi alergii na sulfonamidy dapson, pentamidin, atovaquone.
U nemocnych s anamnézou infekci virem herpes zoster ¢i rizikovych 1é¢iv, napt. fludarabinu,
inhibitort proteasomu, alemtuzumabu, je na misté prevence acyklovirem (200-800 mg/den) ¢i
valacyklovirem (500 mg/d). V ptipad¢ recidivujicich bakterialnich infekci se soucasnou
hypogamaglobulinémii u nemocnych s CLL a MM, je preferovana profylaxe levofloxacinem

[84,129,238]

500 mg denné symptomatickych pacientd se soucasnym vyskytem chronické

obstruk¢éni plicni nemoci a/nebo bronchiektdziemi je ke zvazeni prevence makrolidy [33’98],

mirnym omezenim mohou byt interakce s cytochromem P450 a nékterymi 1é€ivy pouzivanych

v hematoonkologii.

4.6.3. Substitu¢ni 1é¢ba imunoglobuliny

Dlouhodoba data prokazuji efektivitu substitu¢ni 1é¢by imunoglobuliny u nemocnych
se sekundarnimi protilatkovymi imunodeficiencemi [37.92,152,237] kdyz se zda, ze sérové
koncentrace imunoglobulinli samostatné nemuseji mit dostatenou prediktivni hodnotu
smérem K riziku rozvoje infekce [16,59,83,200]

Zahajeni a vedeni substitu¢ni 1é€by U nemocnych se sekundarnimi imunodeficiencemi
neméla doposud pevna pravidla. Souhrnné udaje o ptipravku (SPC) jednotlivych lé¢ivych
piipravkl se vzajemn¢ liSily na zdklad¢ rizné designovanych studii. Podle téchto pravidel
umoziiovala pouze imunoglobulinovou 1é¢bu nemocnym po alogenni transplantaci kostni
diené, pacientim S kongenitalni infekci HIV-1 s progresi do AIDS, trpicich rekurentnimi
bakterialnimi infekcemi a zejména nemocnym léCenym pro CLL ¢i MM, ktefi trpéli
zavaznymi infekcemi, a soucasné u nich selhala nebo byla kontraindikovana profylakticka
lé¢ba antibiotiky. Nekteré piipravky navic v uritych indikacich, zejména u mnohocetného
myelomu, vyzadovaly i prokazanou chabou vakcinaéni odpovéd. Tato doporuceni
nepokryvala celé spektrum sekundarnich protilatkovych imunodeficienci, zejména
navozenych lé€bou rituximabem, V jinych piipadech. Indikace substitucni 1é€by se tak ve
vétSin¢ pripadh liSila stdt od statu a casto zéleZelo jen na zvyklosti daného pracovisté.
Prikladem miiZze slouZit francouzska studie opublikovana v roce 2018, kterd zahrnovala 231
substituovanych nemocnych (1é¢nych pro MM, CLL, NHL, HL, nebo akutni leukemii). U 195
Z nich se pohybovaly sérové koncentrace IgG pod 5 g/l, vétSina nemocnych méla anamnézu
rekurujicich infekci. Antibiotika byla pfevazné podavana az pii vzniku infekce. Pouze u 5 %
nemocnych byla zavedena antibiotickd profylaxe (jind neZ antivirotiky a

trimetoprim/sulfometoxazolem). Polovina byla 1éc¢ena IVIG a polovina SCIG. Rozhodnuti o
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zahajeni substituéni 1écby se obvykle odvijelo od sérové koncentrace IgG a soucasné
anamnézy infekci, v mensSin¢ byla 1éCba zahajena preventivné pii absenci infekci (211 ve
Velké Britanii probehl dotaznikovy prizkum cileny na imunology a jejich klinickou praxi ve
vztahu k indikaci substitu¢ni 1é¢by u nemocnych, ktefi nenapliuji kritéria pro primarni
imunodeficience. Osloveni odbornici své rozhodnuti odvijeli od poctu hospitalizaci pro
infekce, mnozstvi IgG, pritomnosti bronchiektizii, radiograficky prokazanou pneumonii,
pozitivnich kultiva¢nich néalezech, mnozstvich antibiotickych kuar a vysledky imunizace. 86 %
nemocnych bylo pfed nasazeni léCby imunoglobuliny Ié¢eno antibiotickou profylaxi a

klinicky stav byl prehodnocovan mezi 6. az 12. mésicem [50]

Ke sjednoceni pravidel doslo v Evropé k 1.1 2019, kdy agentura EMA (European
Medicines Agency) vydala doporuceni k substitu¢ni 1é¢bé imunoglobuliny u nemocnych se
sekundarnimi imunodeficiencemi, bez rozdilu etiologie. Lécba je tedy urCena pro vsechny
nemocné, bez rozdilu véku, kteti prodélali zavazné nebo opakujici se infekce pii nedostatecné
efektivité antimikrobni 1é¢by a maji prokazanou poruchu tvorby specifickych protilatek, tj.
méné nez dvojnasobny vzestup koncentrace IgG protilatek po vakcinaci pneumokokovym
polysacharidovym a polypeptidovym antigenem nebo jsou jejich sérové koncentrace IgG nizsi
nez 4 g/l [236]

Substituéni 1é¢ba imunoglobuliny mize probihat cestou intravenoézni ¢i subkutanni.
Oba zpisoby jsou co do efektivity zcela rovnocenné, vztazeno K redukci poctu a zavaznosti
bakteridlnich infekci. Pacienti 1é¢eni SCIG dosahuji vysSich pfedinfiznich sérovych
koncentraci IgG za soucasného lepsiho profilu nezadoucich ucinkii a zlepseni kvality Zivota
métené indexem HRQoL (Health Related Quality of Life) diky redukovanym neZzadoucim

ucinkim a niz§imu poc¢tu navstév ve zdravotnickych zatfizenich. Farmakoekonomické studie v

tomto ohledu dosud chybgji [228] pouzivane davky se nejcastéji pohybuji mezi 200 az 400
mg/kg/mésic s individualni Gpravou dle klinického stavu [21,39,170] Udavany pokles poctu

infekei pii zavedeni 16eby je ze 77-82 % na 21-25 % (1701801,
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I nadéle vSak ziistava oteviend otazka uhrady zdravotnimi pojistovnami, pro které neni
doporudeni agentury EMA zévazné. Stejné tak neni v Ceské republice ujednoceno, kdo ma
mit tyto nemocné v péci, zda imunolog ¢i specialista oboru (hematolog, revmatolog, neurolog,
nefrolog apod.), ktery se o pacienta kmenov¢ stard ¢i staral. Podle mého nazoru miize
imunolog pfispét ke zhodnoceni indikace zahajeni 1éCby, eventudlné pomoci s edukaci
nemocného s technikou podavani. Lécbu by vSak méla poskytovat odbornost, ktera ma
nemocného v péci. Dllezité je pravidelné prehodnocovani klinického stavu i laboratornich
nalezti, s pokusy o eventualni pferuSeni substituce. Kli¢ové misto zaujimaji diagnostické

vyuziti vakcinace a dlouhodoba antibioticka profylaxe.
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5. Zavér

Primarni protilatkové imunodeficience predstavuji velmi heterogenni skupinu
onemocnéni. V poslednich dekadach v dusledku lepsiho pochopeni podstaty onemocnéni,
zlepseni a upiesnéni diagnostickych metod, stejné jako 1écebnych moznosti, doslo
k vyznamnému pozitivnimi ovlivéni prognézy nemocnych, snizeni morbidity i mortality a

zlepSeni celkové kvality jejich Zivota.

Zakladem 1écby je substituéni 1écba imunoglobuliny. Dilezita je optimalizace davky a
intervalu podani, ktera vychdzi z individudlnich potieb, aby byla zajiSténa optimalni redukce
poctu 1 zavaznosti bakteridlnich infekci. Tam, kde to neni z riznych divodi mozné, hraje
nezastupitelnou ulohu antibioticka profylaxe. Forma substitu¢ni 1é¢by je volena na zakladé
individualnich charakteristik nemocného, tj. zdravotni aspekty, socioekonomické zazemi,

osobni preference, manualni zru¢nost a motivace.

Lécba neinfekénich komplikaci odrazejici vyvoj biologické 1écby, také vyznamné
prispiva ke zlepsSeni vyhlidek nasich nemocnych. Vyzvou vsak i nadale zastava nezbytnost
dlouhodobého podavani, vyplyvajiciho z podstaty onemocnéni a s tim 1 kumulaci rizik,
zejména prohloubeni stavajicicho deficitu a rozsifeni deficience i na bunétnou slozku

imunitniho systému. Nartsta tak riziko oportunnich infekci s moznymi fatalnimi dasledky.

Pocet nemocnych se sekundarnimi protilatkovymi imunodeficiencemi strm¢ narusta,
zejména v onkologii. Diivodem je stéle ¢asté&jsi aplikace terapie cilena na B lymfocyty. Rada
pacientl trpi rekurujicimi ¢i zavaznymi bakterialnimi infekcemi vyzadujicimi opakovanou
antibiotickou lé¢bu s narGstem poctu nemocnych s indikovanou profylaktickou 1écbou
antibiotiky ¢i naslednou substitu¢ni 1écbou imunoglobuliny. Varovné jsou zvySujici se
ekonomické naroky na platce zdravotni péfe a redlné riziko nedostatku lidskych
imunoglobulinti jako takovych. V tomto ohledu je nezbytna piesna selekce pacientl v riziku a
tim optimalizace jejich 1écby. Doposud nebyly zcela uspokojivé identifikovany markery, které
by umoznily aplikovat preemtivni pfistup substituéni 1é€by imunoglobuliny a tim dale
redukovat riziko infekénich komplikaci.

Ve své praci jsem se snaZzila poukazat na komplexnost problematiky protilatkovych
imunodeficienci, piesahujici obor klinické imunologie jako takové. Za kliCové povazuji

soustfedéni nemocnych s primarnimi imunodeficiencemi do specializovanych center, kde jsou

k dispozici i dalsi zkuSeni odbornici. Nelze opomenout nezbytnost trpélivé a opakované
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edukace nasich nemocnych a jejich rodinnych pfisluSnikii s otevienim problematiky pro
sirokou vetejnost. Uloha klinického imunologa, v pozici konziliafe, je podle mého nazoru
nezastupitelna v koordinaci péce o nemocné se sekundarnimi imunodeficiencemi, zejména v

pripad¢ indikace substitu¢ni 1¢¢by imunoglobuliny.
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7. Prilohy

Priloha 1: Diagnosticka kritéria chronické lymfocytarni leukemie dle International
Workshop on CLL (IWCLL).

B-lymfocyty v periferni krvi >5x10%/1

morfologicky < 55 % atypickych bunék (napt. prolymfocyty) v periferni krvi

typicky imunofenotyp (koexprese znakii CD5, CD19 a CD23)

Piiloha 2: Charakteristika klinickych stadii.

Stadia podle Raie

0 Lymfocytoza

I lymfocytoza + lymfadenopatie

I lymfocytdza + spleno- nebo hepatomegalie

Il lymfocytoza + anémie (hemoglobin < 110 g/1)

v lymfocytoza + trombocytopenie (< 100x 10% )]
Stadia podle Bineta
A < 3 postizené skupiny uzlin >

3 postizené skupiny uzlin*

C anémie - hemoglobin < 100 g/l a/nebo trombocytopenie < 100x 1091
Modifikovana stadia dle Raie (RIZIKO)**

n stadium 0 dle Raie

S stadium [ a Il

v stadium Il a IV

* Skupiny uzlin: kréni, podpazni, tfiselné, slezina a jatra. Oboustranné postiZeni je

pocitano za jednu oblast

**Slouzi k rozhodnuti o typu 1écby

Pozn. Tabulka zpracovana na zékladé citaci:[25:168]
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Priloha 3: Diagnosticka kritéria MM

Diagnosticka kritéria (IMWG) byla aktualizovana v roce 2014 [169].

Infiltrace kostni difené¢ vice nez 10 % klondlnimi plazmatickymi buiikkami nebo
biopticky prokdzan kostni ¢i extramedularni plazmocytom a néktery (alesponi jeden), z
nasledujicich znakii poSkozeni vnitinich organti (CRAB) a myelomem spojenych znak:

1. Priikaz poskozeni vnitiniho organu, ktery pada na vrub poskozeni proliferaci

plasmatickych bunék:

a. hyperkalcémie, sérové kalcium o vice nez 0.25 mmol/l (>1mg/dl) vyssi nez
horni hranice normalnich hodnot nebo>2.75 mmol/l (>11mg/dl)

b. renalni insuficience: klearens kreatitinu mén¢ nez 40 ml/min nebo sérovy
kreatinin vice nez 177umol/l (vice nez 2mg/dl)

C. anémie: hemoglobin o vice nez 20 g/l mén¢€ nez dolni hranice normélniho
rozmezi ¢i hodnota nizsi nez 100 g/l

d. kostni 1éze: jedno ¢i vice osteolytickych lozisek na RTG, CT ¢i PET/CT. V
pfipadé¢ méné nez 10 % plazmatickych bunék v kostni dfeni je nezbytna

pritomnost vice nez jednoho osteolytického loziska

2. Pritomnost jednoho ¢i vice biomarkeru:
a. 60 % ¢i1 vice klonalnich plazmatickych bunék ve dieni
b. vice nezZ jedna lokalni 1éze na MRI (minimaln¢ 5 mm velka)

c. pomér neklondlnich/klonélnich lehkych fetézct > 100
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Priloha 4: Klinicka stadia MM
Systém stanoveni klinickych stadii mnohocetného myelomu vychézi z klasifikace
Durieho a Salmona. Rozd¢leni stadii na I-III odrdzi rozsah nddorové masy v organismu a

pokrocilost onemocnéni. Subklasifikace A-B uréuje zavaznost poskozeni ledvin [49]

I. stadium Jsou splnény vSechny niZe uvedené masa TU bun¢k:
podminky:
koncentrace Hb > 100 g/l koncentrace Ca < 0,6 x 1012/m?

<3 mmol/l normalni kostni struktura
a/nebo solitarni kostni lozisko
plazmocytomu

relativné nizka koncentrace M-Ig:

a) M-1gG < 50 g/l,

b) M-1gA < 30 g/,

¢) exkrece lehkych fetézcii v moci < 4

g/24 h.

IL. stadium Nejsou splnény podminky prvniho ani 0,6-1,2x 10%/m?
tretiho stadia.

II1. stadium Je splnéna alespon jedna z 1,2x 10%2/m?
nasledujicich podminek:

koncentrace hemoglobinu < 85 g/l
zvysena koncentrace Ca 3 mmol/l
pokrocilé postizeni skeletu s
mnohocetnymi osteolytickymi lozisky
a/nebo zlomeninami vysoké koncentrace
M-Ig: a) M-IgG > 70 g/I, b) M-IgA > 50
g/1, ¢) vylouceni 12 g lehkych fetézct

moce za 24 h.

Subklasifikace: A - kreatinin < 177 pmol/l (2 mg/ml)

B - rendlni insuficience s retenci dusikatych latek, kreatinin > 177 umol/l
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Priloha 5: Stanoveni prognostického indexu MM dle ISS (International Staging System)

Aktudlni prognosticky systém pro mnohocetny myelom [74] vychéazi ze sérovych

koncentraci albuminu a 2-mikroglobulinu stanovenych v dob¢ diagndézy. Systém je uveden v

tabulce 13.5. Systém ISS u MM je také Casto nazyvan IPI (International Prognostic Index),
jak v ceské, tak svétové literature.

Klinické stadium p2-mikroglobulin (mg/l) Albumin (g/l)
| <3,5 >35
I <3,5 <35
nebo 3,5-5,5 nezavisle na hodnoté albuminu
Il >55
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