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SAZETAK

Pacijenti sa hematoloskim malignitetima imaju povecan rizik od teskih formi
KOVID-19 infekcije i vecu smrtnost, u poredenju sa pacijentima sa KOVID-19 infek-
cijom u op3toj populaciji, zbog imunosupresije izazvane samom hematoloskom
boles¢u i/ili onkolo3kom terapijom, Cesto uznapredovalog Zivotnog doba, ali i
niskog nivoa serokonverzije nakon vakcinacije. Oni takode imaju povecan rizik i
od zaraZavanja, zbog potrebe za Cestim dolascima u zdravstvene ustanove i vi-
soke izlozenosti drugim bolesnicima. Rezultati publikovanih studija naglasavaju
vaznost strategija prevencije KOVID-19 infekcije kod ovih bolesnika, zasnovanih
na merama kontrole infekcije i fizickog distanciranja, kao i na pravovremenoj vak-
cinaciji. Faktori rizika, koji su se pokazali klju¢nim za razvoj teskih oblika bolesti,
jesu: starosno doba, prisustvo komorbiditeta, prisustvo maligniteta, progresivna
bolest, kao i vrsta onkoloske terapije koju je pacijent dobijao. Stoga, bolesnici sa
hematoloskim malignitetima predstavljaju prioritetnu grupu pacijenata za vak-
cinaciju, koja je preporucena od strane svih medunarodnih stru¢nih udruZenja.
Imajuci u vidu da su ovi bolesnici pod rizikom da ne razviju adekvatan imunoloski
odgovor na vakcinu, postoje dileme oko optimalnog vremenskog perioda kada
treba primeniti vakcinu, u kojoj dozi, i kakav je kapacitet razvoja imunoloskog od-
govora na vakcine kod pojedinih hematoloskih maligniteta. Studije su pokazale
da je, i pored slabijeg imunoloskog odgovora na vakcinu, smrtnost vakcinisanih
pacijenata kod hematoloskih maligniteta znacajno manja, u odnosu na nevakci-
nisane holesnike.

U ovom clanku uraden je pregled relevantnih studija, u kojima su analizirane ka-
rakteristike, morbiditet i mortalitet pacijenata sa hematoloskim malignitetima
i infekcijom KOVID-19, kao i uloga i efikasnost vakcinacije kod ovih pacijenata.
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ABSTRACT

Patients with hematologic malignancies are at increased risk of severe forms of
(OVID-19 and have higher mortality, compared to patients with COVID-19 in the
general population. The reasons for this include immunosuppression caused by
the underlying hematologic disease and/or anticancer therapy received by these
patients, advanced age, but also low levels of seroconversion after vaccination.
These patients are also at a higher risk of getting infected because of frequent
visits to health care facilities and high exposure to other patients. Results from
published studies highlight the importance of prevention strategies in these pa-
tients, based on infection control measures and physical distancing, but also on
well-timed vaccination. Risk factors which have proven to be crucial for severe
forms of COVID-19 are age, the presence of comorbidities, malignancy type, pro-
gressive disease, and the type of oncologic therapy that these patients receive.
Therefore, patients with hematologic malignancies represent a priority group for
vaccination, which is recommended by all international professional associati-
ons. Considering that these patients are at risk of not developing an adequate
immune response to the vaccine, the issues of determining the optimal time pe-
riod for receiving the vaccine, the optimal dose, and the capacity of developing an
immune response to the vaccine in specific groups of patients with hematologic
malignancies, are questions that remain unresolved. Studies have shown that,
despite the weak immune response to the vaccine, the mortality of vaccinated
patients with hematologic malignancies is significantly lower than the mortality
of unvaccinated patients.

This article provides a review of relevant studies which analyze the characteri-
stics, morbidity and mortality of patients with hematologic malignancies and
COVID-19 and the role of vaccination in these patients.
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CLINICAL CHARACTERISTICS OF COVID-19 AND THE EFFICACY OF VACCINATION IN PATIENTS WITH HEMATOLOGIC MALIGNANCIES

uvoD

KOVID-19 je infektivna bolest izazvana virusom SARS-
KoV-2, koja prvenstveno pogada respiratorni sistem, uz
mogucénost pojave sistemske bolesti. Virus SARS-KoV-2
je prvi put izolovan u gradu Vuhanu, decembra 2019.
godine, a zbog brzog Sirenja infekcije na svetskom
nivou, proglasena je pandemija, marta 2020. godine
[1]. Do decembra 2021. godine, u svetu je zabelezeno
263 miliona slucajeva zarazavanja i 5,22 miliona smrt-
nih slu¢ajeva [2]. Zbog sve vedih posledica KOVID-19
oboljenja, lekari se susre¢u sa dodatnim izazovima u
zbrinjavanju i leCenju pacijenata sa hematoloskim ma-
lignitetima (HM). Incidencija KOVID-19 infekcije kod
pacijenata sa hematoloskim malignitietima je izmedu
1 3,9% [3]. Pacijenti sa hematoloskim malignitetima
imaju povecan rizik od morbiditeta i mortaliteta od
infekcije KOVID-19 zbog imunosupresije uzrokovane
samim prisustvom maligniteta i/ili primenom onkolos-
ke terapije; zatim zbog potrebe za ¢estim dolascima u
zdravstvene ustanove gde imaju visoku izlozenost in-
fekciji; kao i zbog uznapredovalog Zivotnog doba, ali
i slabijeg imunoloskog odgovora nakon vakcinacije.
Procena rizika od KOVID-19 infekcije kod hematoloskih
pacijenata je od velikog znacaja za poboljsanje lecenja
ovih pacijenata.

STOPA MORTALITETA KOD PACIJENATA SA
HEMATOLOSKIM MALIGNITETIMA | KOVID-19
INFEKCIJOM

Najvece multicentri¢ne studije, koje su analizirale pa-
cijente sa hematoloskim malignitetima i KOVID-19 in-
fekcijom, pokazuju da stopa mortaliteta varira izmedu
31% i 50% [4,5,6,7]. Ovi rezultati pokazuju znatno vecu
stopu mortaliteta kod pacijenata sa hematoloskim
malignitetima, u poredenju sa ukupnom populacijom,
kod koje je stopa mortaliteta procenjena na izmedu
0,1% i 9,4% [8], dok kod pacijenata sa svim maligniteti-
ma ova stopa iznosi 13% [9]. U vecinu ovih studija bili
su ukljuceni hospitalizovani pacijenti. Na primer, u naj-
vecoj ovakvoj studiji, Studiji Evropskog hematolo$kog
udruzenja (engl. European Hematology Association
Survey - EPICOVIDEHA), koja je analizirala 3.801 paci-
jenta sa KOVID-19 infekcijom i hematoloskim malgni-
tetima, 73,1% pacijenata je bilo hospitalizovano [7].
Stopa mortaliteta u ovoj studiji iznosila je 31,2%. U svo-
joj multicentri¢noj studiji, Vijentira i saradnici su prija-
vili stopu mortaliteta od 34%, sa 77% hospitalizovanih
pacijenata [4]. Da bi se utvrdila stopa mortaliteta svih
pacijenata sa hematoloskim malignitetima i KOVID-19
infekcijom (ukljucujuci i nehospitalizovane pacijente),
vazno je da studije neselektivno prikupe podatke u po-
pulaciji pacijenata.

INTRODUCTION

Coronavirus disease (COVID-19), caused by the SARS-
CoV-2 virus, is primarily a respiratory disease, with pos-
sible systemic effects. First identified in Wuhan City, in
December 2019, in the ensuing months the disease
spread worldwide and was declared a pandemic by
the World Health Organization (WHO), in March 2020
[1]. As of December 2021, there had been a total of 263
million cases and 5.22 million deaths worldwide [2].
With the growing impact of COVID-19, physicians face
additional challenges when it comes to the manage-
ment and treatment of patients with hematologic ma-
lignancies (HM). The incidence of COVID-19 infection
in patients with HM ranges between 1 and 3.9% [3]. Pa-
tients with hematologic malignancies are considered
to be at increased risk of morbidity and mortality from
COVID-19, due to immunosuppression caused by the
underlying disease and/or anticancer treatment that
these patients receive; due to frequent visits to health
care facilities and high exposure to other patients; due
to advanced age; and finally, due to low levels of sero-
conversion after vaccination. It is of great importance
to estimate the risks related to COVID-19 in hemato-
logic patients, in order to inform and improve clinical
decision-making.

MORTALITY RATE IN PATIENTS WITH
HEMATOLOGIC MALIGNANCIES AND COVID-19

The largest multicenter studies analyzing patients with
hematologic malignancies and COVID-19 reported a
mortality rate ranging from 31% to 50% [4-7]. These
results show a substantially higher mortality rate in
patients with hematologic malignancies, as compared
to the overall population, for which the mortality rate
is estimated to be between 0.1% and 9.4% [8], and
patients with all cancers, whose mortality rate is esti-
mated at 13% [9]. The majority of patients included in
these studies were hospitalized patients. For example,
in the largest study analyzing patients with hemato-
logic malignancies and COVID-19, carried out by the
European Hematology Association (European He-
matology Association Survey - EPICOVIDEHA), which
included 3,801 HM patients with COVID-19, 73.1% of
patients were hospitalized [7]. The mortality rate in this
study was 31.2%. In their multicenter study, Vijenthira
et al. reported a mortality rate of 34%, with 77% hospi-
talized patients [4]. In order to determine the mortality
rate among all patients with hematologic malignan-
cies and COVID-19, it is important for studies to collect
data on an unselected population of patients.
Yigenoglu et al, from Turkey, are considered to be
the closest in estimating the true population mortality
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Smatra se da su Jinegoglu i saradnici, iz Turske, naj-
blizi u proceni pravog rizika od smrtnosti kod pacijenata
sa hematoloskim malignitetima zarazenih SARS-KoV-2
virusom. Koris¢enjem podataka zasnovanih na populaci-
ji iz baze podataka Ministarstva zdravlja Turske (188.897
laboratorijski potvrdenih pacijenata sa KOVID-19 infek-
cijom, ukljucujuci 740 pacijenata sa hematoloskim mali-
gnitetima), procenjeno je da je rizik od smrti pacijenata
sa hematoloskim malignitetima i infekcijom KOVID-19,
13,8% [10]. Rizik od smrti u opstoj populaciji ove studije
iznosio je 7%. Procena rizika od 13,8% kod pacijenata sa
hematoloskim malignitetima, koju su pokazali Jinegoglu
i saradnici, takode je uporediva sa procenjenim rizikom
od smrti od 13% kod pacijenata sa svim malignitetima [9].

Prema Vijentiri i autorima, stopa mortaliteta hospi-
talizovanih pacijenata sa hematoloskim malignitetima
i KOVID-19 infekcijom iznosila je 39%, $to je znatno vise
od stope smrtnosti kod hospitalizovanih pacijenata
bez maligniteta (17,1%) [11]. U drugom talasu (oktobar
- decembar 2020.), zabelezena je znacajno niza stopa
mortaliteta kod pacijenata sa hematoloskim maligni-
tetima i KOVID-19 infekcijom (24%), u poredenju sa
prvim talasom (mart — maj 2020.) (40%) [7]. Povoljniji
klinicki ishod u drugom talasu najverovatnije je posle-
dica boljeg poznavanja klinickog toka bolesti, boljih
zasdtitnih mera za pacijente sa hematoloskim maligni-
tetima, veceg broja asimptomatskih/blagih slucajeva
otkrivenih skrining brisevima, kao i samog napretka u
le¢enju pacijenata sa KOVID-19 infekcijom.

STOPE MORBIDITETA | MORTALITETA
PACIJENATA SA POJEDINIM HEMATOLOSKIM
MALIGNITETIMA

U svojoj multicentri¢noj studiji, koja je ukljucila 3.801
pacijenta, Pagano i saradnici su prijavili veci broj slu-
Cajeva KOVID-19 infekcije kod pacijenata sa limfopro-
liferativnim poremecajima, posebno kod pacijenata
sa Nehockinovim limfomom (1.084 pacijenta, 28,5%) i
multiplim mijelomom (684 pacijenta, 18%), $to su po-
tvrdili prethodni izvestaji [12,13], a zabelezen je i veli-
ki broj slu¢ajeva KOVID-19 infekcije kod pacijenata sa
akutnom mijeloidnom leukemijom (AML) (497 pacije-
nata, 12,5%), koja se smatra retkim malignitetom [7].
Kada su u pitanju stope mortaliteta kod odredenih
hematoloskih maligniteta, brojne studije su pokazale
da pacijenti sa mijelodisplasti¢nim sindromom (MDS) i
AML-om imaju najvecu stopu mortaliteta, koja se krece
u rasponu od 42% do 53%, za MDS, odnosno 40% do
44%, za AML (Grafikon 1) [5,7,6,14]. Vijentira i saradnici su
imali slicne rezultate. Pacijenti sa MDS-om su imali naj-
vecu stopu mortaliteta (53%); slede pacijenti sa akutnim
leukemijama (41%); potom pacijenti sa mijeloprolifera-
tivnim neoplazmama, ukljucujuci hroni¢nu mijeloidnu

risk for patients with hematologic malignancies infect-
ed with COVID-19. Based on population-based data
from the countrywide Ministry of Health database
(188.897 laboratory confirmed COVID-19 patients, in-
cluding 740 patients with hematologic malignancies),
the mortality risk for patients with HM and COVID-19
was estimated to be 13.8% [10]. The risk of death in
the control population of this study was 7%. The risk
estimate of 13.8%, reported by Yigenoglu et al., is also
comparable to the estimated risk of death of 13% in
patients with all cancers [9].

According to Vijenthira et al., the mortality rate for
hospitalized patients with HM and COVID-19 was 39%,
which is substantially higher than in hospitalized pa-
tients without malignancy (17.1%) [11]. A significantly
lower mortality rate in patients with HM and COVID-19
was observed in the second wave of the pandemic (Oc-
tober — December 2020) (24%), as compared to the first
wave of COVID-19 (March - May 2020) (40%) [7]. The
improved clinical outcome in the second wave is most
likely due to better knowledge of the clinical course
of the disease, better protective measures for HM pa-
tients, a larger number of asymptomatic/mild cases
detected by screening swabs, and improved treatment
for COVID-19.

MORBIDITY AND MORTALITY RATES IN
PATIENTS WITH SPECIFIC HEMATOLOGIC
MALIGNANCIES

In their multicenter study involving 3,801 patients,
Pagano et al. reported a larger number of COVID-19
cases among patients with lymphoproliferative disor-
ders, particularly in non-Hodgkin lymphoma patients
(1,084 patients, 28.5%) and multiple myeloma patients
(684 patients, 18%), which had also been confirmed by
previous reports [12,13], but they also found a large
number of COVID-19 cases among patients with acute
myeloid leukemia (AML) (497 patients, 12.5%), which is
considered a rare malignancy [7].

When it comes to mortality rates from specific he-
matologic malignancies, multiple studies have shown
that patients with myelodysplastic syndrome (MDS)
and AML have the highest mortality rates, ranging
from 42% - 53%, for MDS, to 40% - 44%, for AML (Fi-
gure 1) [5,7,6,14]. Vijenthira et al. observed similar re-
sults, with patients with acquired bone marrow failure
syndromes (MDS, aplastic anemia) having the high-
est mortality rate (53%); followed by patients with
acute leukemias (41%); patients with myeloprolifera-
tive neoplasms, including chronic myeloid leukemia,
polycythemia vera, essential thrombocytosis, myelo-
fibrosis (34%); patients with plasma cell dyscrasias,
such as multiple myeloma, amyloidosis, smoldering
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* AML — akutna mijeloidna leukemija; MDS — mijelodisplasti¢ni sindromi; CLL — hroni¢na
limfaticna leukemija (engl. chronic lymphatic leukemia); HL — Hockinov limfom;
NHL — Nehockinov limfom

Grafikon 1. Stopa mortaliteta pacijenata sa specificnim hematoloskim malig-
nitetima prema Paganu i saradnicima.

leukemiju, policitemiju veru, esencijalnu trombocitozu,
mijelofibrozu (34%); zatim pacijenti sa diskrazijama plaz-
mocita, kao $to su multipli mijelom, amiloidoza, tinja-
juci mijelom, monoklonalna gamopatija neutvrdenog
znacaja (33%); i na kraju pacijenti sa limfomima (32%) i
hroni¢nim limfocitnim leukemijama (31%) [4]. Pagano i
saradnici su naveli niz razloga za ovu pojavu. Pre svega,
pacijenti sa AML-om/MDS-om su ¢esto stariji od 65 go-
dina. Kao sto ¢e kasnije biti pomenuto, starosno doba je
u znacajnoj korelaciji sa mortalitetom. Nadalje, ovi paci-
jenti su takode imunosuprimirani, zbog osnovne bolesti
i onkoloske terapije. Takode, odlaganje le¢enja ¢esto nije
moguce kod ovih pacijenata, zbog hitne potrebe za za-
pocinjanjem aktivne terapije [7]. Ovaj aspekt je posebno
vazan, s obzirom na to da je uocen nizi mortalitet kod
pacijenata koji su odlozili le¢enje AML-a [15]. Pagano i
saradnici su takode primetili da je, kod pacijenata sa vi-
sokorizicnim MDS-om, lecenje demetiliraju¢im agensi-
ma povezano sa posebno visokom stopom mortaliteta,
$to govori 0 znacaju ovih agenasa u smislu njihove po-
tencijalne povezanosti sa visokim mortalitetom pacije-
nata obolelih od AML-a/MDS-a i KOVID-19 infekcije [7].

FAKTORI RIZIKA ZA TEZI OBLIK BOLESTI |
POVECANI MORTALITET KOD PACIJENATA SA
HEMATOLOSKIM MALIGNITETIMA | KOVID-19
INFEKCIJOM

Kao i u opstoj populaciji, starosno doba i prisustvo ko-
morbiditeta su u visokoj korelaciji sa mortalitetom pa-
cijenata sa hematoloskim malignitetima i KOVID-19 in-
fekcijom [4,7,16]. U svojoj multicentri¢noj studiji, koja
je analizirala rezultate preko 3,000 pacijenata, Vijentira

33% 31%

I . I
MM HL NHL

*AML — acute myeloid leukemia; MDS — myelodysplastic syndromes; CLL — chronic
lymphoid leukemia; HL — Hodgkin lymphoma; NHL — non-Hodgkin lymphoma

Figure 1. Mortality rate of patients with specific hematologic malignancies
according to Pagano et al.

myeloma, monoclonal gammopathy of undeter-
mined significance (33%); and finally patients with
lymphomas (32%) and chronic lymphocytic leukemia
(31%) [4]. Pagano et al. listed a number of reasons for
this occurrence. Firstly, patients with AML/MDS are
often over the age of 65, and, as will be mentioned
later, advanced age highly correlates with mortality.
Furthermore, these patients are also severely immu-
nocompromised, due to the underlying disease and
treatments received. Also, treatment delay is often
not possible in these patients, due to the urgent need
for starting active treatment [7]. This aspect is particu-
larly important, considering that lower mortality was
observed in patients who delayed AML treatment
[15]. Pagano et al. also observed that, in high-risk
MDS patients, treatment with demethylating agents
was associated with a particularly high mortality rate,
which highlights the role of these agents as being po-
tentially associated with high mortality in AML/MDS
patients with COVID-19 [7].

RISK FACTORS RELATED TO SEVERITY AND
INCREASED MORTALITY IN PATIENTS WITH
HEMATOLOGIC MALIGNANCIES AND COVID-19

As in the general population, increasing age and the
presence of comorbidities are highly correlated with
mortality in patients with hematologic malignan-
cies and COVID-19 [4,7,16]. In their multicenter study,
which analyzed the outcomes of over 3,000 patients,
Vijenthira et al. observed that patients aged > 60 had
a significantly higher risk of dying (47%) than those
aged <60 (25%) and <18 (4%) [4]. Why increasing age
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i saradnici su primetili da pacijenti stariji od 60 godina
imaju znacajno vedi rizik od umiranja (47%), u odnosu
na pacijente mlade od 60 godina (25%) i mlade od 18
godina (4%) [4]. Jo$ uvek nije utvrdeno zasto je staro-
sno doba usko povezano sa smrtnos¢u od KOVID-19
infekcije. Teorije uklju¢uju mogucnost da su mlade
osobe manje sklone hiperinflamatornom imunolos-
kom odgovoru, u poredenju sa starijim osobama, kao
i moguc¢nost da su od znacaja razlike u distribuciji en-
zima koji konvertuje angiotenzin 2, a koji moze uticati
na ulazak virusa i naknadnu upalu, hipoksiju i povredu
tkiva [17]. Progresivna bolest, tip maligniteta i vrsta te-
rapije takode su povezani sa viSim stopama mortalite-
ta [6]. Pacijenti koji su primali terapiju monoklonskim
antitelima su imali znacajno vedi rizik od smrtnog is-
hoda (HR 2,02), u odnosu na one koji nisu primali ovu
terapiju, dok su oni koji su primali konvencionalnu he-
mioterapiju imali 50% vecéu verovatno¢u da umru od
KOVID-19 infekcije. Nasuprot tome, pokazana je zna-
¢ajno niza stopa mortaliteta (53%) kod pacijenata koji
su primali hipometilirajuce agense [4].

Rezultati pokazuju da je rizik od smrtnog ishoda
heterogen i da se ne moze predvideti iskljuivo na
osnovu pojedinih faktora rizika, kao $to su starost pa-
cijenta i tezina osnovne bolesti. Tako, na primer, neki
stariji pacijenti sa loSom prognozom u vreme dijagnoze
KOVID-19 infekcije nisu razvili teSku bolest i oporavili su
se, dok je 13% pacijenata mladih od 40 godina sa pro-
gnozom duzom od 12 meseci imalo lo$ ishod [10,12].

U zakljuc€ku, pacijenti sa hematoloskim malignite-
tima i KOVID-19 infekcijom imaju visok rizik za razvoj
teske formi bolesti i vecu smrtnost, u poredenju sa pa-
cijentima sa KOVID-19 infekcijom u opstoj populaciji.
Starosno doba, broj komorbiditeta, vrsta maligniteta,
progresivna bolest, kao i vrsta onkoloske terapije koju
je pacijent dobijao su klju¢ni faktori rizika za tezinu
oboljenja. Rezultati ovih studija potvrduju vulnera-
bilnost hematoloskih pacijenata sa KOVID-19 infekci-
jom i naglasavaju vaznost prevencije kod pacijenata
sa hematoloskim malignitetima. Strategije prevencije
zasnovane na dokazima, kao Sto su vakcinacija, mere
kontrole infekcije, kao i fizicko distanciranje i saveti o
fizickoj zastiti od virusa, posebno su bitne za pacijen-
te sa hematoloskim malignitetima, kao i za jedinice
zdravstvene zastite u kojima se oni zbrinjavaju.

EFIKASNOST SARS-KOV-2 VAKCINE
KOD BOLESNIKA SA HEMATOLOSKIM
MALIGNITETIMA

Pored primene preventivnih mera u cilju spre¢avanja
sirenja infekcije, vakcinacija predstavlja glavnu strate-
giju u borbi protiv infekcije izazvane SARS-KoV-2 viru-
som. Cilj vakcine je da se stvori humoralni i celularni

is closely linked to COVID-19 mortality has as yet not
been determined. Theories include the possibility that
younger individuals are less prone to hyperinflamma-
tory immune response, as compared to older people,
as well as the possibility of the significance of the dif-
ferences in angiotensin-converting enzyme 2 distri-
bution, which may limit viral entry and subsequent
inflammation, hypoxia, and tissue injury [17]. Progres-
sive disease, type of malignancy, and type of antineo-
plastic treatment, as described earlier, have also been
linked to higher mortality rates [6]. Patients receiving
monoclonal antibody-based therapy had a signifi-
cantly greater (HR 2.02) risk of death, as compared to
those not receiving active antineoplastic treatment,
while those receiving active conventional chemother-
apy were 50% more likely to die from COVID-19. By
contrast, there was significantly lower mortality (53%)
among patients receiving hypomethylating agents [4].

Results have shown that the risk of mortality is het-
erogeneous and cannot be predicted solely on the ba-
sis of individual risk factors, such as patient age and the
severity of the underlying disease. For example, some
elderly patients, with a poor prognosis at the time of
diagnosis of COVID-19, did not develop severe disease
and they recovered, while 13% of patients younger
than 40, with a prognosis of more than 12 months of
survival, had a poor outcome [10,12].

In conclusion, patients with hematologic malignan-
cies and COVID-19 are at increased risk from severe dis-
ease and mortality, as compared to COVID-19 patients
in the general population. Increasing age, the number
of comorbidities, type of malignancy, progressive dis-
ease and the type of antineoplastic treatment received
are key risk factors for disease severity. The results ob-
served in these studies confirm the frailty of hemato-
logic patients with COVID-19 and highlight the impor-
tance of preventing COVID-19 among patients with
hematologic malignancy. Evidence-based prevention
strategies such as vaccination, infection-control mea-
sures, physical distancing, and appropriate shielding
advice should be emphasized for hematology patients
and the units in which they receive their care.

EFFICACY OF THE SARS-COV-2 VACCINE
IN PATIENTS WITH HEMATOLOGIC
MALIGNANCIES

In addition to other preventive measures, vaccination
against the SARS-CoV-2 virus is the main strategy in
the fight against COVID-19. Vaccines aim to induce
humoral and cell-mediated immunity against the re-
ceptor-binding domain of the spike protein and oth-
er viral epitopes of the SARS-CoV-2 virus, which bind
to the receptor of the host. To date, there have been
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Tabela 1. Tipovi vakcina protiv SARS-KoV-2 virusa koji se koriste u vecem delu
sveta

Tip vakcine / Vaccine type

mRNA1273 iRNK/ mRNA

BNT16262 iRNK / mRNA

Ad 26.C0V2.5 Virusni vektor / Viral vector
(hAdOx1 nCoV-19 Virusni vektor / Viral vector
BBIBP-CorV Inaktivisani virus / Inactivated virus
CoronaVac Inaktivisani virus / Inactivated virus
Covishield Virusni vektor / Viral vector

Covaxin Inaktivisani virus / Inactivated virus
Gam-COVID-Vac Virusni vektor / Viral vector

* Nije odobrena od strane SZ0; iRNK — informaciona RNK

odgovor protiv vezujuceg regiona S proteina i drugih
epitopa SARS-KoV-2 virusa koji se vezuju za receptor
domacina. Za sada, postoje 4 vrste pristupa pravljenju
SARS-KoV-2 vakcine. Prvi pristup koristi tehnologiju
izolovanja virusne DNK ili informacione RNK (iRNK)
(engl. mRNA); drugi pristup koristi omotace drugih vi-
rusa kao vektor za prenos proteina SARS-KoV-2; tredi
pristup je mrtva vakcina; dok Cetvrti pristup podrazu-
meva ubacivanje proteinske subjedinice antigena viru-
sa [18]. Trenutno je dostupno vise tipova vakcina, dok
se u buduc¢nosti o¢ekuje odobrenje jos nekoliko vrsta
vakcina razli¢itih proizvodaca. Svetska zdravstvena or-
ganizacija (5Z0) je do sada odobrila 8 vakcina razlicitih
proizvodaca [19]. Vakcine koje se koriste u najve¢em
delu sveta su prikazane u Tabeli 1.

Za vecinu vakcina se preporucuje primena dve
doze u razmaku od 3 do 12 nedelja, jedino se Ad26.
COV2.S vakcina daje u pojedina¢noj dozi. Od nedavno,
americki Centar za kontrolu i prevenciju bolesti prepo-
rucuje i primenu tre¢e doze vakcine kod imunokom-
promitovanih bolesnika (odnosno druge doze Ad26.
COV2.S vakcine) [20].

Efikasnost vakcine se ogleda u stvaranju dovoljnog
titra antitela i stvaranju T celijskog odgovora koji stiti
od KOVID-19 oboljenja [21,22]. U randomizovanim kli-
nickim studijama, pokazana je efikasnost vakcine od
72% - 95% u zastiti od blage i srednje teske forme, i
efikasnost od ¢ak 86% — 100% u zastiti od teske forme
KOVID-19 bolesti, u opstoj populaciji [23].

Najveca efikasnost se postize nakon primene dve
doze kod mRNA1273 vakcine (94,1%) i BNT162b2 vakci-
ne (94,6%) [22,24]. Najmanja efikasnost je pokazana na-
kon primene dve doze BBIBP-CorV vakcine (78,1%) [25].
Ovi podaci su dobijeni ispitivanjima na op3toj populaciji i
u ove studije nisu bili uklju¢eni pacijenti sa malignitetima.

Table 1. Types of vaccines against SARS-CoV-2 used in most countries of the
world

Proizvodac/ Manufacturer

MODERNA (SAD / USA)

Pfizer-BioNtech (SAD / USA)

Johnson & Johnson (SAD / USA)
Oxford-AstraZeneca (Velika Britanija / UK)
Sinopharm (Kina / China)

Sinovac (Kina / China)
Oxford-AstraZeneca (Indija / India)
Bharat-Biotech (Indija / India)

Sputnik V (Rusija / Russia)*

* Not approved by the WHO; mRNA — messenger RNA

4 approaches to developing SARS-CoV-2 vaccines. The
firstapproach uses the technology of isolating the DNA
or messenger RNA (mRNA) of the virus; the second ap-
proach uses envelopes of other viruses as vectors for
SARS-CoV-2 protein transfer; the third approach is an
inactive vaccine; while the fourth approach involves
the insertion of protein subunits of the virus antigen
[18]. Several vaccines are currently available, while sev-
eral more from different manufacturers are expected
to be approved in the future. So far, the World Health
Organization (WHO) has approved 8 vaccines from dif-
ferent manufacturers [19]. Details about the vaccines
are shown in Table 1.

For almost all vaccines, two doses administered
3 - 12 weeks apart are recommended, while, only for
the Ad26.COV2.S vaccine, just one dose is required. Re-
cently, a third dose (i.e., a second dose for the Ad26.
COV2.S vaccine) has been recommended for immuno-
compromised patients by the Centers for Disease Con-
trol and Prevention [20].

The efficacy of the vaccine is reflected in the de-
velopment of a sufficient antibody titer and the de-
velopment of a T cell response that protects against
COVID-19 [21,22]. In randomized clinical studies, vac-
cination has been shown to be 72% — 95% effective in
protecting against mild to moderate COVID-19, and as
much as 86% - 100% effective in protecting against se-
vere COVID-19, in the general population [23].

Highest efficacy is achieved after the administra-
tion of two doses of the mRNA1273 vaccine (94.1%)
and the BNT162b2 (94.6%) vaccine [22,24]. The lowest
efficacy was observed after the administration of two
doses of the BBIBP-CorV vaccine (78.1%) [25]. These
data are based on studies in the general population;
patients with malignancies were not included.
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Poznato je da pacijenti sa hematoloskim malignite-
tima predstavljaju posebno osetljivu grupu, zbog nea-
dekvatnog humoralnogi celularnog imuniteta, pa tako
predstavljaju prioritetnu grupu pacijenata za vakcina-
ciju. Kod hematoloskih bolesnika, vakcinacija protiv
virusa SARS-KoV-2 je preporucena od strane nekoliko
medunarodnih stru¢nih udruzenja [26-28]. Vakcinacija
se preporucuje kod pacijenata sa kontrolisanim hema-
toloskim malignitetom (kompletna ili parcijalna remi-
sija bolesti), zatim nakon 3 meseca od transplantacije
mati¢nih ¢elija kostane srzi, kao i kod pacijenata koji su
prethodno prelezali infekciju SARS-KoV-2 virusom. Kod
pacijenta sa loSe kontrolisanim hematoloskim maligni-
tetom ili kod pacijenta koji su u toku le€enja hemiote-
rapijom, neophodno je napraviti individualnu procenu
potrebe za vakcinacijom [23].

Do sada je objavljen mali broj publikacija koje su
ispitivale imunoloski odgovor hematoloskih pacije-
nata nakon primenjene vakcine. Preliminarni rezultati
su pokazali da se samo kod 18% - 25% pacijenata sa
hematoloskim malignitetima registruje serokonverzija
nakon primene prve doze BNT162b2 vakcine, a nakon
primenjene druge doze, kod 46,7% pacijenata. S dru-
ge strane, ako se ispituje grani¢na (engl. cut-off) vred-
nost titra antitela koja moze efikasno da neutralizuje
virus SARS-KoV-2, broj hematoloskih pacijenata koji
postize imunoloski odgovor je ispod 2% [29-31]. Slab
imunoloski odgovor kod pacijenata sa hematoloskim
malignitetima je posledica aktivnosti maligne bolesti i
primenjene imunohemioterapije, koja posebno poga-
da populaciju B limfocita, ali i transplantacije maticnih
Celija hematopoeze, koja dovodi do slabljenja humo-
ralnog i ¢elijskog odgovora [32].

Malard i sardanici su pokazali da su faktori koji uti-
Cu na seropozitivhost nakon primene druge doze BN-
T162b2 vakcine kod hematoloskih pacijenata: muski
pol, primena antitela na B celijske antigene u prethod-
nih 12 meseci, kao i niske vrednosti CD19+ B Celija. Me-
dutim, mali broj pacijenata kod kojih nije postignuta
serokonverzija je imao adekvatan T ¢elijski odgovor na
SARS-KoV-2 virus, Sto pokazuje da je kod pacijenata
koji nemaju adekvatan humoralni odgovor moguce
postic¢i neku zastitu protiv KOVID-19 infekcije [31].

Nedavno je objavljena studija koja je procenjivala
imunoloski odgovor na BBIBP-CorV vakcinu kod pacije-
nata sa malignitetima. Najlosiji rezultat serokonverzije
(61,9%) su imali pacijenti sa hematoloskim malignite-
tima [33].

Studija, koja je istrazivala smrtnost hematoloskih
pacijenata nakon vakcinacije, ukljucila je 113 bolesni-
ka koji su bili vakcinisani jednom ili dvema dozama
vakcine, u trenutku istrazivanja [34]. Vecina ispitanika
su bili muskarci (61,1%) i pacijenti stariji od 50 godina

It is known that patients with hematologic malig-
nancies represent a particularly sensitive group, due to
inadequate humoral and cellular immunity, and thus
represent a priority group for vaccination. Vaccination
against SARS-CoV-2 in hematological patients has
been recommended by several scientific associations
[26-28]. Vaccination is recommended for patients with
controlled hematologic malignancies (complete or
partial remission of the disease), also, 3 months after
bone marrow stem cell transplantation, as well as in
patients who had previously been infected with the
SARS-CoV-2 virus. For patients with poorly controlled
hematologic malignancies or patients undergoing
chemotherapy, it is necessary to make an individual as-
sessment of the need for vaccination [23].

To date, there has been a small number of publica-
tions examining the immune response of hematolog-
ical patients after vaccine administration. Preliminary
results have shown that only 18% — 25% of patients
with hematologic malignancies registered seroconver-
sion after the first dose of the BNT162b2 vaccine, while
seroconversion was registered in 46.7% patients after
the second dose. If the cut-off value of the antibody
titer that can effectively neutralize the SARS-CoV-2 vi-
rus is examined, the number of hematological patients
who achieve immune response is below 2% [29-31].
The reasons why patients with hematologic malignan-
cies may have a weak immune response are connected
to the activity of the malignant disease and the applied
immunochemotherapy, which especially affects the B
lymphocyte population, but also to the transplanta-
tion of hematopoietic cells, which leads to the weak-
ening of the humoral and cellular response [32].

Mallard et al. showed that the factors affecting
seropositivity after the administration of the second
dose of the BNT162b2 vaccine in hematological pa-
tients were the male sex, anti-B cell-targeted treat-
ment in the previous 12 months, and a low CD19 + B
cell count. However, a small number of patients with-
out seroconversion had an adequate T cell response to
SARS-CoV-2, indicating that, in patients without an ad-
equate humoral response, some protection against the
COVID-19 infection may be achieved [31].

A study evaluating the immune response to the
BBIBP-CorV vaccine, in patients with malignancy, was
recently published, with patients with hematologic
malignancies having the worst seroconversion score
(61.9%) [33].

A study investigating the mortality of hematolog-
ical patients after vaccination included 113 patients
vaccinated with one or two doses of the vaccine at the
time of the study [34]. The majority of patients were
men (61.1%) and patients older than 50 years (85.5%).
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* HLL - hroni¢na limfocitna leukemija; NHL — Nehockinov limfom; WM — Waldenstrom
makroglobulinemija; MM — multipli mijelom; ALL/AML — akutna limfoblastna/mijeloidna
leukemija; HML/MPB — hroni¢na mijeloidna leukemija/mijeloproliferativne bolesti

Slika 2. Procenat pacijenata sa razlicitim hematoloskim malignitetima kod
kojih je postignuta serokonverzija

(85,5%). Vise od 80% bolesnika je imalo dijagnozu lim-
foproliferativhog oboljenja. Sedamdeset i osam paci-
jenata (68,1%) je bilo na aktivnom lecenju, ili je proslo
manje od 3 meseca od poslednjeg ciklusa hemiotera-
pije u trenutku postavljanja dijagnoze infekcije uzroko-
vane SARS-KoV-2 virusom. Vecina pacijenata je primila
iRNK vakcinu (BNT162b2, n = 79 (69,9%), mRNA1273,
n=20(17,7%)), dok je preostalih 14 (12,4%) dobilo vek-
torsku vakcinu (ChAdOx1 nCoV-19, n = 10), ili inaktivi-
ranu vakcinu (CoronaVac, n = 4). Srednje vreme izmedu
poslednje doze vakcine i dijagnoze KOVID-19 infekcije
bilo je 64 dana. Serokonverzija je analizirana kod 40 pa-
cijenata koji su vakcinisani sa dve doze vakcine, i samo
kod 13 pacijenata je postignuta serokonverzija (kod 8
pacijenata optimalna vrednost titra, a kod 5 pacijenata
slab imunolodki odgovor), dok 27 pacijenata nije po-
stiglo imunoloski odgovor. Mortalitet kod vakcinisanih
pacijenata u navedenoj studiji je bio 12,4%, $to je zna-
¢ajno manje u odnosu na mortalitet nevakcinisanih he-
matoloskih pacijenata [34]. Serokonverzija kod razlici-
tih hematoloskih maligniteta je prikazana u Grafikonu
2[35-38].

EFIKASNOST SARS-KOV-2 VAKCINE KOD
BOLESNIKA SA POJEDINIM HEMATOLOSKIM
MALIGNITETIMA

Hroni¢na limfocitna leukemija (HLL)

Herizanu i saradnici su ispitivali serokonverziju nakon
primene druge doze BNT162b2 vakcine, kod pacije-
nata sa HLL-om. U studiju je uklju¢eno 167 pacijenata.
Medijana starosti je bila 71 godina, a 67,1% pacijenata
su bili muskarci. Serokonverzija je bila registrovana kod

81%

MM

98%
87% 88%
ALL / ALL HML/MPB  Opsta populacija
AML /ALL CML / MPB General population

*CLL - chronic lymphocytic leukemia; NHL — non-Hodgkin lymphoma; WM — Waldestrom
macroglobulinemia; MM — multiple myeloma; ALL/AML — acute myeloid/lymphoid
leukemia; CML/MPD — chronic myeloid leukemia/myeloproliferative disease

Figure 2. Seroconversion in various hematologic malignancies

More than 80% of patients were diagnosed with lymph-
oproliferative disease. Seventy-eight patients (68.1%)
were on active treatment or less than three months
had passed since their last chemotherapy at the time
of diagnosis of the COVID-19 infection. Most of the pa-
tients received the mRNA vaccine (BNT162b2, n = 79
(69.9%), mRNA1273, n = 20 (17.7%)), while the remain-
ing 14 (12.4%) received the vector vaccine (ChAdOx1
nCoV-19, n = 10) or the inactivated vaccine (CoronaVac,
n = 4). The median time between the latest dose of the
vaccine and the diagnosis of COVID-19 infection was
64 days. Seroconversion was analyzed in 40 patients
vaccinated with two doses of the vaccine. Serocon-
version was achieved in only 13 patients (optimal titer
value in 8 patients and weak immune response in 5 pa-
tients), while 27 patients did not achieve an immune
response. The mortality in vaccinated patients in this
study was 12.4%, which is significantly lower than the
mortality of unvaccinated hematological patients [34].
Seroconversion in various hematologic malignancies is
shown in Figure 2 [35-38].

SARS-COV-2 VACCINE EFFICACY IN SPECIAL
POPULATIONS WITH HEMATOLOGIC
MALIGNANCIES

Chronic lymphocytic leukemia (CLL)

Herishanu et al. examined seroconversion after the ad-
ministration of the second dose of the BNT162b2 vac-
cine in patients with CLL. The study included 167 pa-
tients; the median age was 71 years and 67.1% of the
patients were men. Seroconversion was registered in
only 66 patients (39.5%). The variables associated with
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samo 66 pacijenata (39,5%). Parametri koji su bili po-
vezani sa stvaranjem imunoloskog odgovora su: zenski
pol, pacijenti mladi od 65 godina, rani stadijum bolesti
(Binet A), pacijenti koji nisu na aktivnoj terapiji i/ili nisu
primali anti-CD20 antitela unazad 12 meseci, normalan
nivo ukupnih imunoglobulina [39].

Pacijenti koji su aktivno leceni inhibitorom Bruto-
nove tirozin-kinaze i anti-CD20 antitelima su imali zna-
¢ajno 10siji imunoloski odgovor nakon primene dve
doze iRNK vakcine [40]. Da bi se rekonstituisali B lim-
fociti, potrebno je da prode 9 — 12 meseci od primene
anti-CD20 antitela [41].

Kod pacijenata koji su bili na aktivnoj terapiji BCL-2
inhibitorom, u jednoj studiji nije doslo do serokonver-
zije nakon vakcinacije [42], a u drugoj su samo 2 od 5
pacijenata imala minimalan seroloski odgovor na vak-
cinaciju [39].

Multipli mijelom (MM)

Terpos i saradnici su poredili koncentraciju neutralisucih
antitela na virus SARS-KoV-2, dvadeset drugog dana na-
kon primene prve doze BNT162b2 vakcine, kod 48 paci-
jenata sa multiplim mijelomom (medijana starosti je bila
83 godine), u odnosu na kontrolnu grupu. Od 48 pacije-
nata sa MM-om, 35 pacijenata je bilo na hemioterapiji, 4
pacijenta je bilo u remisiji bolesti, a 9 pacijenata je imalo
dijagnozu tinjaju¢eg mijeloma. Pacijenti sa MM-om su
imali znac¢ajno manji titar neutraliSucih antitela u odno-
su na kontrolnu grupu (20,6% naspram 32,5%; p < 0,01).
Titar iznad 30% je imalo 55% ispitanika u kontrolnoj gru-
pi, dok je tu vrednost postigla samo jedna Cetvrtina pa-
cijenata sa MM-om. Pacijenti koji su postigli odgovaraju-
¢i titar antitela su bili u remisiji bolesti i imali normalnu
vrednost ukupnih imunoglobulina, dok je 8 pacijenata
koji nisu napravili serokonverziju imalo imunoparezu
[30]. Druga studija istih autora je poredila vrednosti titra
neutralisudih antitela kod pacijenata sa plazmacelijskim
malignitetom, pedesetog dana od primanja BNT162b2
vakcine i 7 nedelja nakon primene prve doze ChA-
dOx1nCoV-19 vakcine, u odnosu na kontrolnu grupu
[43]. Pacijenti sa MM-om su imali znagajno maniji titar u
odnosu na kontrolnu grupu. Parametri koji su se poka-
zali znadajnim za neadekvatni imunoloski odgovor jesu
limfopenija, primena anti-CD38 antitela i muski pol. Sli¢-
no tome, Van Ekelen i saradnici su utvrdili da su faktori
koji negativno uti¢u na serokonverziju kod pacijenata sa
MM-om limfopenija gradus 3, primena anti-CD38 terapi-
je, kao i primena vise od tri terapijske linije [38].

Mijeloproliferativne neoplazme

Studija, koja je ispitivala imunoloski odgovor u mijelo-
proliferativnim bolestima, ukljucila je 42 pacijenta (10
pacijenata sa dijagnozom mijelofibroze, 15 pacijenata

the generation of an immune response were the fol-
lowing: the female sex, patients younger than 65 years,
early-stage disease (Binet A), patients not on active
therapy and/or not receiving anti-CD20 antibodies for
12 months, normal total immunoglobulin levels [39].

Patients actively treated with Bruton’s tyrosine ki-
nase inhibitor and anti-CD20 antibodies had a signifi-
cantly poorer immune response, after receiving two
doses of an mRNA vaccine [40]. It is believed that it
takes 9 — 12 months, following the administration of
anti-CD20 antibodies, for the reconstitution of B lym-
phocytes [41].

In patients on active BCL-2 inhibitor therapy, sero-
conversion did not occur after vaccination in one study
[42], and in another study, only two patients out of five
had some serological response to vaccination [39].

Multiple myeloma (MM)

Terpos et al. analyzed the concentration of neutralizing
antibodies to SARS-CoV-2 on day 22 after the first dose
of the BNT162b2 vaccine, in 48 patients (median age 83
years) with multiple myeloma, as compared to controls.
Of the 48 patients with MM, 35 patients were on che-
motherapy, 4 patients were in remission, and 9 patients
were diagnosed with smoldering myeloma. Patients
with MM had a significantly lower titer of neutralizing
antibodies, compared to the control group (20.6% vs.
32.5%; p < 0.01). A total of 55% of subjects in the control
group had a titer above 30%, while only one quarter of
the patients with MM achieved this value. Patients who
achieved the appropriate antibody titer were in remis-
sion of the disease and had a total value of immuno-
globulins in the reference range, while the 8 patients in
whom seroconversion was not registered had immuno-
paresis [30]. Another study, by the same authors, com-
pared the titer values of neutralizing antibodies on the
50th day of the BNT162b2 vaccine and 7 weeks after the
administration of the first dose of the ChAdOx1 nCoV-19
vaccine, in patients with plasma cell malignancy, as com-
pared to the control group. It was shown that patients
with MM had significantly lower titers, as compared to
the control group, while the prognostic parameters that
proved most significant in case of inadequate immune
response were lymphopenia, use of anti-CD38 agents
and the male sex [43]. Van Oekelen et al. demonstrated
that the factors negatively affecting seroconversion in
patients with MM were the following: grade 3 lympho-
penia, application of anti-CD38 therapy, and the appli-
cation of more than 3 treatment lines in patients [38].

Myeloproliferative diseases

A study examining the immune response in myelop-
roliferative diseases included 42 patients (10 patients
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sa dijagnozom policitemije vere (PV) i 17 pacijenata sa
dijagnozom esencijalne trombocitemije (ET)). Svi paci-
jenti su bili na aktivnom le€enju. Dvadeset devet paci-
jenata je bilo na hidroksikarbamidu, 8 bolesnika je le-
¢eno ruksolitinibom, tri pacijenta su bila na anagrelidu,
dok su dva bolesnika bila na terapiji interferonom-alfa.
Pacijenti sa mijelofibrozom su imali znacajno losiju se-
rokonverziju u odnosu na pacijente sa PV-om i ET-om
(60% naspram 93,8%) [44]. Smatra se da je jedan od ra-
zloga za to primena ruksolitiniba [37,42].

Nehockinovi limfomi (NHL)

Studija koja je procenjivala imunoloski odgovor nakon
druge doze iRNK vakcine kod pacijenata sa NHL-om je
ukljucila 147 pacijenata. Agresivni tip limfoma je imalo
47% pacijenata, dok je ostatak bolesnika imao dijagno-
zu indolentnog limfoma. Na aktivhom lecenju je bilo
37% pacijenata sa rezimom primene anti-CD20 antite-
la (rituksimab ili obinutuzumab). Kod 44% pacijenata je
proslo vise od 6 meseci od primene anti-CD20 antite-
la, dok kod 19% pacijenata terapija nije primenjivana.
Najlosiji imunoloski odgovor je registrovan kod pacije-
nata na aktivnom lecenju (7,7% pacijenata je postiglo
serokonverziju), a najbolji odgovor kod pacijenata koji
nisu prethodno leceni (89% pacijenata je postiglo sero-
konverziju). Limfopenija i primena anti-CD20 antitela
su bili nezavisni prognosticki parametri za razvoj loseg
imunoloskog odgovora [45].

ZAKLJUCAK

Interpretacija imunoloskog odgovora na vakcinu kod
bolesnika sa hematolo3kim malignitetima je komplek-
sna, jer se moraju uzeti u obzir starosno doba, tip vak-
cine, osnovna bolest, primenjena terapija, kao i vreme
proteklo od poslednje terapije do vakcinacije.

Ukratko, iRNK vakcine se preporucuju kod ovih pa-
cijenata zbog sigurnosnog profila, ali efikasnost vakci-
ne se mora posmatrati kroz imunokompromitovanost
i smanjenu imunogenost vakcina kod ovih pacijenata.
S jedne strane, ovi pacijenti su pod visokim rizikom da
razviju tezak oblik KOVID-19 bolesti, a sa druge strane
su u riziku da ne razviju adekvatan imunoloski odgovor
na vakcinu, usled ve¢ spomenutih razloga imunosu-
presije. Stoga, postoje nepoznanice oko toga koji je
optimalni vremenski period kada treba primeniti vak-
cinu; u kojoj dozi je treba dati; kao i kakav je kapacitet
razvoja imunolo$kog odgovora na vakcine kod pojedi-
nih grupa pacijenata sa hematoloskim malignitetima.
Studije su pokazale da je, i pored slabijeg imunoloskog
odgovora na vakcinu, smrtnost vakcinisanih pacijena-
ta sa hematoloskim malignitetima znacajno manja u
odnosu na nevakcinisane bolesnike. Poslednji podaci
iz registra Radne grupe za infektivne bolesti Evropske

diagnosed with myelofibrosis, 15 patients diagnosed with
polycythemia vera (PV), and 17 patients diagnosed with
essential thrombocythemia (ET)). All patients were on ac-
tive treatment - 29 patients were on hydroxycarbamide,
8 patients were on ruxolitinib, three on anagrelide, while
two patients were on interferon-alpha therapy. Patients
with myelofibrosis had a significantly lower seroconver-
sion rate, as compared with patients with PV and ET (60%
vs. 93.8%) [44]. It is believed that one of the reasons why
patients with myelofibrosis have a poorer immune re-
sponse to vaccines is the use of ruxolitinib [37,42].

Non-Hodgkin Lymphoma (NHL)

A study evaluating the immune response after the
second dose of an mRNA vaccine in patients with NHL
included 147 patients. Of these patients, 47% had an
aggressive type of lymphoma, while the rest were di-
agnosed with indolent lymphoma. A total of 37% of
patients were on active treatment with the anti-CD20
antibody regimen (rituximab or obinutuzumab). In
44% of patients, more than 6 months had passed af-
ter anti-CD20 antibody administration, and 19% of pa-
tients did not receive therapy. The worst immune re-
sponse was registered in patients on active treatment
(7.7% of patients achieved seroconversion), while the
best response was registered in patients who had not
previously been treated (89% of patients achieved
seroconversion). A multivariate analysis showed that
lymphopenia and the use of anti-CD20 antibodies were
associated with a poorer serological response [45].

CONCLUSION

Interpretation of immune response to vaccination in
patients with hematologic malignancies is complex.
Age, type of vaccine, underlying disease, applied ther-
apy, and the time elapsed from the last therapy to vac-
cination must be taken into account.

In summary, mRNA vaccines are recommended in
these patients because of the safety profile, but immu-
nosuppression and reduced vaccine immunogenicity
must be considered. On the one hand, these patients
are at high risk of developing severe forms of COVID-19,
but, on the other, they are also at risk of not develop-
ing an adequate immune response to the vaccine, due
to the already mentioned reasons of immunosuppres-
sion. Therefore, the following remains unknown: what
is the optimal time for vaccine administration; which
dose should be applied; and what is the capacity of
developing an immune response to vaccines in cer-
tain groups of patients with hematologic malignancy.
A small number of studies have shown that, despite a
weaker immune response to the vaccine, the mortality
of vaccinated patients with hematologic malignancies
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hematoloske asocijacije ukazuju na znacajno smanje-
nje mortaliteta kod bolesnika sa hematoloskim ma-
lignitetima nakon vakcinacije. Naime, mortalitet kod
bolesnika obolelih od KOVID-19 sa hematoloskim mali-
gnitetima je smanjen sa 31%, u prevakcinalnom perio-
du, na 12.4%, u postvakcinalnom periodu. Neophodno
je sprovesti klinicke studije o efikasnosti drugih tipova
vakcina, ali i uvesti tre¢u dozu vakcine kod ovih paci-
jenata, radi unapredenja preporuka o vakcinaciji kod
ovih pacijenata i poboljsanja imunoloskog odgovora.

Sukob interesa: Nije prijavljen.
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