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Abstract: Monoclonal antibodies constitute important and useful tools in clinical practice
and biotechnology for diagnosing and treating infectious, inflammatory, immunological and
neoplastic diseases. This article reviews evidence on the different acute adverse effects of
monoclonal antibodies, specifically infusion-related reactions (IRRs), and on the measures
that should be taken before and during crises. A literature search using key terms relating to
IRRs produced by monoclonal antibodies was undertaken to generate a comprehensive
narrative review of the information available. Immunomodulatory monoclonal antibodies
may produce IRRs and hypersensitivity-related reactions. Strategies to avoid or minimize the
appearance of IRRs depend on the monoclonal antibody and type of patient and reaction
(pre-medication, slowing infusion rates, infusion interruption or desensitization, etc.).
Considering the great number of available monoclonal antibodies in current practice and
those which will soon be authorized, it is mandatory to have clear guidelines that can give
support to practitioners and nurses to help them respond quickly and safely to the different
IRRs related to the use of these therapeutic drugs.

Keywords: antibodies, monoclonal, drug-related side effects and adverse reactions, nurse

practitioners

Introduction

Important recent advances in biomedical science have been associated with the
development and clinical application of biological agents based on monoclonal
antibodies (mAb)." These have been used as important tools in clinical practice
and biotechnology in diagnosing and treating infectious, inflammatory, immunolo-
gical and neoplastic diseases, and also for examining the host/pathogen interaction,
and for detecting and quantifying diverse molecules.”

Throughout the evolution from murine, chimeric, and humanized to completely
human products, there has been a significant reduction in the immunogenic risks
associated with mAbs that resemble endogenous human immunoglobulins more
closely.® Their high specificity enables achieving of very accurate targets that can
determine various cellular changes. The clinical use of nearly human or completely
human mAbs has increased their clinical tolerability.* However, an inherent risk of
generating adverse immune-mediated drug reactions in humans, such as infusion-
related reactions (IRRs), cytokine storms, immunosuppression and autoimmunity
has constituted a major obstacle for the development of an early clinical investiga-
tion of many of these immunomodulatory mAbs.?

In an analysis of FDA MedWatch safety alerts for mAbs therapeutics, Stanulovic et al
(2011) showed that premarketing clinical trials can predict more than half of safety
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concerns.® This means, however, that a high percentage of the
adverse reactions that mAbs may present will be known
through post-marketing notifications. Stanulovic et al (2015)
expanded this analysis to assess whether predictable alerts are
detected sooner than unpredictable alerts. It was demonstrated
that placing the focus on such predictable reactions defined as
potential risks may play a role in detecting important safety
concerns earlier.”

In recent years, regulatory agencies have approved the
merchandising of new mAbs, and many more will appear
in the very near future. Nursing professionals, who are
responsible for drug administration, should be aware of
the most important characteristics of this type of therapeu-
tic tools (mechanisms of action, adverse effects, etc.).8 As
a rapid response and appropriate management of hyper-
sensitivity reactions (HR) is vital for optimal patient out-
comes, nurses dealing with infusion ought to be familiar
with the signs and symptoms of the typical infusion reac-
tions seen with monoclonal antibody treatments, as well as
the symptoms of more severe HR.’

It is very important that any facility where mAbs are
administered has all the required emergency resuscitation
equipment and medication, and that rigorously trained staff
are readily available. A basic emergency plan should be made,
and each nurse must be familiar and at ease with the protocol.'

Although IRRs are the most common adverse effects of
the majority of mAbs, these are usually easily manageable."’

This article reviews recent evidence on the different
acute adverse effects of mAbs, and more specifically
iIRRs, and on the measures that should be taken before
and during crises to control them.

Methods

Different key terms relating to IRRs produced by mAbs
were employed to undertake a literature search in order to
generate a comprehensive narrative review of the informa-
tion available. Hand-searching was carried out to find
relevant papers from the reference lists of included arti-
addition, all the
characteristics'? of mAbs in which a possible presentation

cles. In summaries of product

of IRRs is reported have been reviewed.

Results

Infusion-related reactions

IRRs are common adverse drug reactions which happen
when monoclonal antibodies are infused. Symptoms are
related in time to drug administration and may range from

symptomatic discomfort to fatalities.'> Death may occur
rapidly; thus, when dealing with severe IRRs, it is essential
that risks are understood and early signs and symptoms are
recognized quickly. All clinical staff should know about and
be well trained in managing acute adverse events.'*

IRRs may be defined as “any signs or symptoms
experienced by patients during the infusion of pharmaco-
logic or biologic agents or any event occurring on the first
day of drug administration.”'* Acute reactions can mani-
fest within 24 hrs from the first administration of the
mAbs, but they appear most frequently from 10 mins to
4 hrs after beginning the administration.'”> Clinical mani-
festations of these reactions vary; Table 1 shows the IRRs
reported in the technical files of all mAb drugs ordered
according to the ATC classification.'*'®

Immunomodulatory mAbs may also result in different
HR that include IRRs, cytokine-release reactions, type I
(IgE/mon-IgE), type III and delayed type IV reactions.'’
The symptoms of all types of immunologically mediated
infusion reactions overlap, making it difficult to pinpoint
the cause without additional laboratory work.>'*

Joint Task Force on Practice Parameters for drug
allergy defined anaphylaxis as “an immediate systemic
reaction that occurs when a previously sensitized indivi-
dual is re-exposed to an allergen.”'® The characteristics of
true anaphylactic reactions (type I IgE-mediated HR) are
dyspnea and tightness of the chest, suffocation, hypoten-
sion, bronchospasm, and urticaria; in the absence of either
of the latter two symptoms, it is unlikely that an acute
reaction is anaphylactic, and it should thus be considered
non-allergic.'”?° Since the first exposure to antigen is
required for IgE sensitization, type I HR do not occur
during the first administration of a mAbs infusion,”'
except in rare cases where patients have pre-existing anti-
bodies which cross-react with the drug.>

Non-IgE reactions are “immediate systemic reactions
that mimic anaphylaxis but are caused by non-IgE-mediated
release of mediators from mast cells and basophils.”'®
These reactions can occur at the first exposure to an antigen
and may be clinically indistinguishable from anaphylaxis.
Unlike anaphylactic reactions, non-IgE reactions become
milder upon repeated administration. However, there does
not appear to be consensus as to whether non-IgE reaction
is a separate entity from anaphylaxis.13

Complement activation-related pseudoallergy (CARPA)
CARPA is linked to adverse events evoked by several

liposomal and micellar formulations, nanoparticles,

submit your manuscript

966

Dove

Therapeutics and Clinical Risk Management 2019:15


http://www.dovepress.com
http://www.dovepress.com

Caceres et al

Dove

(panunuo))
"UOISNJUl UMOPMOIS O3 3|ESIAPE
s 31 syy| d3eaapow Jo ppiw uj Apusuewsad mespyiim A|qissod pue uoisnyul (gx1qn23p)
do3s 03 L1ojepuew S| 31 ‘UOIIdEDI BUIUSIESIYI-BJ| B JO ‘SYY| DJI9A3S JO 3SED U] uowiwodun ‘eaudsAp Jo JaA3y ‘BuliaAlyg qewnwniiuey 80
"AJBSS9I9U SB PaJSpISUOD A|[BD1IBWSISAS 10U S| UONEDIPIW-3d ‘PaJa) “3uniwoa
-siuiwpe AjPaelpswwi 14oddns pue juswies.s [edipaw a|qelins pue paddols /easneu pue 3uludAlys ‘ured 1sayd ‘uolreamiesap UuadAxo ‘uolsudluadAy (gunseay)
9q ISNW UOISNJUl Y ‘PIAIISO S| UOISNJUI BYD YIIM palejaJ uondead Aue j| uowwiod o uoisualodAy ‘ysed/ssaupad/Bulysnyy ‘yresuq jo ssaulloys/esudsiqg qewnzioeAsg 10
‘paddoas aq asnw uoisnjul ay3 ‘UONEBJISIUIWPE ISJly Y JO
sulw G| 3sd1y Y3 SulINp PaAISsqO S| UOISNjUl YD YIIM PaIEJa] uondead Aue j| (a40n3s)
'SAY T 1Se3| J€ U0} paJojluow dJe suis [eIIA uowwiod
3)Iym ulw/Bw G< 3q 30U Isnw paads pue pasnjul A|MO|s 3G ISNW ISOP ISl [C2LAT)
9| 'Papaau 3q Aew saunseaw Jo juauneasd Aduadiswy Apusuewaad melp -pow pue pjiw) “|20Ys JO SSaUSNOIdSUOD (gxn1q43)
-yum A|qissod pue uoisnjui dois 01 A10IBPUBLU SI 31 ‘SYY| J9ASS JO IsBD U| uowwod AJ3A | Jo sso| ‘aunssaud poojq paseaJdap Jo paseaddul ‘eliednun ‘wisedsoyduoug qewIxniaD) 90
‘uone.sasiuiwpe
940J9q Jy | PSpUSWIWODA S| |owelddeled pue SulWeISIYIUE ‘Plo
-J91SOD1140D B YIIM UonedIpaw-aud a4mesadwal pue aunssaid poojq ‘asind A@w.auo_x_\,_v
Jo [0.au0d Zuipnpaul ‘uoisiagadns [edlul> 3so|d Japun uoisnjiad w.osy uowwoD ‘'swoldwiAs A1oredidsad pue elpaedAydel ‘uoisualodAy ‘s|jiyd> UaAd4 qewnzZmuwan) S0
'SPIOJ1U0d puE sisiuoSe-e19q ‘UadAxo se yons saunseaw doddns
YaIM paneaul AJ01DBJSIIES D4aMm SYY| 949A3S (sulweapAyusydip) juade diuiw
-BISIYNUE UE SE ||oMm se ‘|joweradeded o sulpluadow se onauddnue)disadjeue "aydepeay pue
Yam pareaan aq ued swordwAg ‘swoirdwAs paatssqo |[e jo uonnjosad SuniwoA ‘easneu ‘ysed ‘ssansip AJoledidsau ‘uoneanies UaSAXo paseatdsp A@:_un_wuLva
ay2 |un juaped syl Joluow pue UoIsNjul UMOPMOs 4o dols Yy| Jo ased u| uowwod AJ4sp | ‘eipJedAysel ‘wsedsoyduouq ‘Buizasym ‘uoisuarodAy ‘esudsAp Uaasy ‘s|jiyD qewnznised| €0
‘paads uoisnjul Suidnpad AQ PaA|OS aJe SYY| dIBJpOW JO P s+ Uonoeau proidejdydeue ‘sixejdydeue ‘smyin.ad pazifedsusd ‘ewsps dnoansu
'SYY| O A11I9ASS pue )eJ ddUSPIDUL -ol3ue ‘ewapa [eaduh.e| ‘Suizeaym ‘wisedsoyduo.q ‘Bwapa pazijetausn)
J9MO| 01 uolshjul 3yl a40§aq |NJasn aq os[e Aew ‘A’l duojosiupaidjAyas|y UOWIWODU My +-19A9) pue A@Eos._.n_m_)_v
‘8nJp sujweasiynue pue dnaJtAdnue/disaSjeus Yim PasIAPE S| UONEDIPaW-ad uowIWIOd AJoA, uoIsua1IadAY ‘BlIBOIIN ‘SAYSE ‘SSAUPY “ABOIY) JOS ‘Bulydl ‘DydepesH qewiIxmry 0

sa1poqp

SLN3IOV JDILSVIdO3INILNV ¥3H1O

uy Jeuopouoly *OX1071

X101

JUSWIIEIJ/UOIJUIAL]

A>uanbauy

sadl

(awreu

pueaq) Snaqg

apod

o1V

SLN3IOV JILSVIdO3ANILNYV °1071
SLN3IOV OSNILLVINAOWONNKWWI ANV DILSVIdOINILNY 1

s3nup qyw |[e jo sa|y [ed1uydal Y1 ul pardodausyy| | @|qeL

967

submit your manuscript

Therapeutics and Clinical Risk Management 2019:15

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Caceres et al

(panunuo))

"PoJ33sIUjWpE 3q pjnoys Juswnes.i [edpaw sielidoadde pue panun
-uodsip 9q pjnoys qewnuwi(idi YIM UOIBUIGUIOD Ul GBLUN|OAIU 4O GBWIN|OAIU

‘syy| 949A9s Jo 3sBd U] “sauljapInd Juswiestd dndejAydoud jedo| o1 Suipaodde

uonedipsw-aad pue Sulioluow 3sopd> Yum qewnuwijidi yaim uonpeuiquiod (gonpdO)
Ul BWN[OAIU O GBLUN|OAIU SAISO9J UEBD SYY| SIBISPOW IO pfiWl JO 3sBd U] uowwio) ‘paydads 10u s| qewn|oAIN /1
(sixejdydeue)
‘uoisnjtad Sulnp papaau se say 9— AJaAd uowwo?
UOIIEDIPSW SUIWEISIYIUE JO UONEJISIUIWPE 3Y) Jeadad 01 papuswwoda. (SyD pue
SI 3] "UoIsSNjul Yoea Jo 1JeIS Y3 aJ40jaq suiw o7 Aj@rewixoadde (suiweap | AianisuastadAy) (9rq1Z1ED)
-Ayuaydip 39) paJsisiulwpe aq pP|NOYS Al JIUIWEISIYIUE YIIM UONEDIPIW-3d uowwiod AJsp ‘wsedsoyduouq ‘elednJn ‘uoisusnodAy Usasy qewixmnuiq 9]
‘Aj93eladoadde pajeasy swoldwAs
3y3 puE padNpaJ 3q p|NOYs 33k UOISNJUI BYI “YY| T PUE | SIPEJD) JO 3sED 3Y)
u] "swoadwAs ay1 3911 01 USAIZ uonesipaw arelidoadde pue panunuodsip
Ajueaodwal aq pjnoys uoisnjul sy ‘syy| € SpeJo) Jo ased ay3 uj ‘Apusuewiad ‘uone||lIqy JendLINe pue ewapa [ealuke| ‘Suizasym ‘uoneirl [esd
panunuodsip jJuswiesa.l pue paddols aq pjnoys uoisnjul ay1 ‘syy|  SpeiD -ukJe| ‘wsedsoyouo.q ‘esy.Jelp pue eipJedAydel ‘sydepesy ‘uoisusiuadAy (g04rr zED)
JO 35BD B33 U] "UOISNjUI UYdBS 340§3q SJY 7| Jusunesdd aAisusztadAynue doig uowwod AJsp ‘ssaupa. ‘eaudsAp ‘Suniwon ‘eixaJAd ‘uoisusiodAy ‘BurisAlys ‘easneN qewnzmnuigQ Sl
'SYY| 9J9A3S JO 3SED Ul UMEIP (g14oPEY)
-yum pue paddols aq 3snw JUSWIIESII By "PIININASUI JUSWIESI] [EDIPSW "eIpJedAydE) pue auisuelwL
ajelidoudde pue psnunuodsip 3q pjnoys Uoisnjul 3Y3 ‘sInNdd0 Y| Ue §| uowwo?) wsedsoyououq ‘Suizasym ‘uoisuanodAy ‘eaudsAp ‘erxalAd ‘s|jiys ‘Suiysni4 qewnzmsed| yl
‘swoadwiAs aAs)aa 01 djay ued sonadidinue pue spinj ‘Al ‘saulwelsiy
-1ue ‘s1sjuoSe-e39q ‘UaSAXO YIIM JUSWIIEDI| "PIINIIISUI JUSWIIES.ID [BDIpSW ‘uniwoa (gE3aliad)
a1elidoadde pue psnunuodsip aq pjNoys uoisnjul aY3 ‘SINJJ0 YY| UE §| uowwod AJsp pue AjiqisuasiadAy ‘elusyise ‘Sydepesy ‘ssaupadn ‘SULISAIYS U9AS4 qewnzniiad €]
*(p104935021140D puE SulWEISIY
-nue ‘joweladeJed) suoisnjul SuIMO||0} Y3 40jaq paredipaw-aJd aq pjnoys
WYl snoiaud e suoSuapun aAeYy oym siusneq ‘swoldwAs jo uonnjosad Jae (g5H199pY)
97eJ JOMO[S B JB P91JBISDI 9q UBD UOISNJUI S| PINIASUI JUSWIBDI [eDIpaW ‘ured yoeq unopaA
a1elidoadde pue panunuodsip aq pNoys uoisnjul ay3 ‘SNdJ0 YY| Ue j| UowWod AJ9A | PUEB J9AS) ‘SSAUIYSNM ISDYD ‘UOIIBSUDS SSI|YIBDIQ ‘YIBaUq JO SSBUILIOYS ‘Usey qewixnmua.g Tl

"PaJalsIUlWpE 3q p|noys Juawiea.l [edipaw elidoidde pue panunuodsip aq
PINOYS Gewn|oAlu YIm uoneuiquod ul qewnuwijidi Jo qewnuwijidl jJo uoisnjul

3Y1 YY| 249A3s Jo ased u| "sauljapind Juawieaun onoejdydoud jedo| o1 Bul
-pJo22E uopedipaw-aid pue SulICIUOW 3SOD YIIM QBWN[OAIU LM UONBUIq

-wod ul qewnuwijidi 9A1933. ued sauaned syy| a1eJapow Jo pjiW Jo IsED U]

uowwiod

‘payidads 10u s)

(ghonsan)
qewnuwijid|

‘(penunuod) | alqeL

Therapeutics and Clinical Risk Management 2019:15

submit your manuscript

968

Dove


http://www.dovepress.com
http://www.dovepress.com

Caceres et al

Dove

(panunuo))

‘uoisnyiad 240Jaq sUIW )9—QE PIJSISIUILIPE 3G P|NOYS Al SUOS (goAnnaeT)
-eylawexap pue (suiweapAyuaydip 82) sulWEISIYIUB YIIM UONEIIPIW-d.g uowiwod AJap “eaudsAp Jo JsAd) ‘s|jiyD qewniele|O 1T
‘Apuauew.ad
juswiea. dois ‘uoisnjiad 01 anp suondead SulUSIESIYI-S)l| JO SNOLISS (gesuodsag)
JO 9SBD U] "SOUIWERISIYUE PUB SPIOJDIS JO UONEBIISIUILIPE Y3 U0 uoisnyiad upiwedozo
3y jo uondnuisaul aYa JSPISUOD “YY| Y3 jo AJaAss aya uo 3uipuadaQ uowiwiod AJ4ap "swa|qo.d Aioreaidsau Jo sayse)y 10y ‘uoisuarodAH qewnznjou| 97
'pasnpau
3q p|noys a1eJ uoisnyiad syl ‘pawinsad s uoisnyiad syl UBYM ‘€ Jo T ‘|
apeJD) Jo Yy| Yam sauaned uj -arelidoadde se paaninsul aq pjnoys Juswnes.n
aAnJoddns/jesipaw pue A3isusiul AUe Jo Y| AUt Je panunuodsip 3q pjnoys ‘uoisuaiiadAy
uoisnpad 9y JusWIER.I] 2.40§9q YY| JO Sl Yl SdNPaJ O PaJAISIUIWPE 3q pue ‘eixodAy ‘ewapa Aseuownd ‘ewspa [eadukue| ‘edudsAp ‘wsedsoyduouq (gx@IezIeQ)
PINOYs SPI0J21S0211410d pue sd11aJAdiUe ‘SUIWIEISIYIUE YIIM UONEDIPaW-3.d uowwod AJsp ‘easneu ‘SUnIWOoA ‘UonEILLI 1RO ‘S|[IYD ‘Y3n0od ‘Uonsazuod [eseN qewnwmeteq ¥
"(0A 3w 0001
—059) |owreisdesed qusfeAinba Jo (oA Sw G| Jo Al 3w (g) BulpnIUBS QUI)
-eAINba Jo (Al 4o oA Bw (0g—G7) suiweapAyuaydip ‘Al 8w g suoseyrswexaq (gPo1dws)
:uoisnyiad 940§2q SUIW )6—Gf PRISISIUILIPE 2q P|NOYS UOIIEBDIPaW-B.d uowwiod "uolsualiadAy pue s|jiyd> UsAa4 qewnznio|g €T
aulweIsiyiue
Ue 0} UORIPPE Ul PAPUSWIWOI3. S| D13RJAdIIUE UB pUB PlOI9ISODIIIOD B YIIM (grzZRA1104)
uonedipaw-aJd ‘7 4o | apeJ) Jo YY| 4o AuAnisuasiadAy snoiasud jo ased uj uowwiod "eaudsAp Jo JaAd) ‘s|jiyD qewnwmaN w
"Suoseyiswexsp pue [owelsdeled ‘(sulw
-eapAyuaydip) Al 3siuodeiue | sujwelsly e Ja3siuiwpe Ajsnoiaead ‘suoisnjul
SuIMO| [0} B3 J04 "7 4O | SPBILD) JO YY| pPUodas e sey usned e jI pausisiuiwpe
3q p|noys (3us[eAinbs .10) suoseylrswexa "suoisnyul 3usnbasqns ||e ul uon
-edipaw dnaJAdinue/suiwesiy snoiaaad aA19334 IsNW dYs/ay ‘g IO | dpeID) ‘uoisuaiodAy pue eipJedAyoe) JenoLa
Jo syY| sauasaud jusned e | "uonedipaw uoisnjul-aud e se papusWWOda. -uaaeJdns ‘wsedsoyduouq ‘seisayasaded pue eixodAy ‘Buizasym ‘esudsAp A@NNEE\AUV
s| (suiweapAyusydip 89) asiuoSelue |4 SUIWEISIY B JO UONEBIISIUIWPE Y| payidads 1ou s| ‘Buiysnyy ‘s|iy> ‘ssauaydi 3sayd Jo/pue ured ‘ured >oeq/swseds ‘siowsd| qewnJpnwey 1T
"SYD JO SuOnEISIHUBW B3 WOy
*9]942 yoed Jo suy g 3sdly 9ya Sulinp eixaJdAd 3up 9|qeysin3unsipul Aes1uljd> 9q Aew SUOIIEIJ UOISNU| “Ysed SNOIBWRYIAID A®o§u:__mv
-npaJ ul djay o1 papuswwodal s (joweradeled ‘89) sonsuddinue jo asn sy uowwod A43A | pue ‘uoisuaruadAy Kanfur A&suppy a1nde ‘eideAw ‘uoisuslodAy ‘SyD ‘eixaldd qewownieul|g 6l
‘panunRuodsIp
Apuauewuad aq pjnoys qewnzijoiqwad pue paddols aq pjnoys uols
-NJul 9Y3 ‘SUOIIDBD. UOISNJUI SJ49ASS U] "SUlWEIsIYUER pue sonaJAdiue yam
uonedipaw snojAdad a3 ssasse ued NoA ‘3ulJolluoW SO|d YIIM qewnzijolq A®m_u:bxwv_v
-wad aA19294 03 dNUIUOD ued sudled “Yy| S3BJOpPOW O PliW JO ISED U] uowwo) 'SYD pue “poys dndejdydeue “AaanisussiedAH | qewnzijoiquiad 8l
"(ponunuod) | a1qeL

969

submit your manuscript

Therapeutics and Clinical Risk Management 2019:15

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Caceres et al

(panunuo))
"uoisnjul JO 31 SY3 SINPaJ Y| SIeopow
Jo pjiw u] Juswiea.nn reludoadde sy usaig Jusned syr pue AjpAniuysp
pue AjSaBIpSWWI PSNURUODSIP 99 P[NOYS uoisnjul sy “yy| Suneldedesu;
Jo [erey A|[enuslod e jo sudis aue sJsaya uoisnjul aya 3ulinp J| "uoisnjui
yoes aJojeq suiw 09—0€ Aj9rewixo.dde pauspisuod aq Aew (jowersdeled ‘8s)
o9J44diue Ue Jo UONEBIISIUIWPE 3| “UOISNJUI YDBS 340)9q Sulw 09—0f€ A]9rew “eIpJe2AYdE]1 puE BISNBU ‘ssoulzzip ‘Sydepesy ‘ondie)
-1xoadde auiwelsiynue pue uoisnpiad yoes adoyaq suiw of Aj@rewixoldde ‘eIxaJAd ‘uoisus1odAy ‘sssupad ‘ewsps [eaSuhue| Jo [eaduhieyd ‘esudsAp (gsnraunQ)
(ausjeainbs Jo) Al suojosiupaadjAysw jo Sw Q| Yam uonedipaw-aid uowiwod AJap ‘ured |esduueydolo ‘UonelLL JBOIYI ‘BWSYIAIS ‘BlIBDNJN ‘Ysed ‘Buiyd| qewnzipIdO 9¢
"PaJapISUOd 3q pINoyYs uoisnjul
JO UONENUIIUODSIP S1BIPAWIWI ‘SUOIIDED UOISNJU| DIIAIS JO ISED U] JUSW
1231 dpewoldwAs apiaodd ‘sundd0 Y| Ue J| ‘paJapisuod aq Aew sonadAd ‘ured pue ssauizzip ‘eisdadsAp ‘elp
-1JUE JO/pUE SSUIWEISIYNAUE YIM Juswiea.n a4d ‘uonippe uj ‘uone.ssiuiwpe -1e2AYDE) ‘SOAIY 2IOJWODSIp 1s3Yd ‘BIsNaSsAp ‘esudsAp ‘sssupaun ‘sssupad (gEPENWST)
01 Jolid A[sreIpawiwi SploJs1sodI0d Ylim pareasd a4d aq pjnoys siusned uowwiod ‘BuriaAlys ‘ejuwosul ‘snalanad ‘elrednJn ‘essneu ‘exadAd ‘ysed ‘sydepesH qunzmuwsa|y ¥e
Rk
SJeJopOW 01 pjiw Jo AJ0ISIY B YIM siusied Jo 9sed SY3 Ul uoisnjul IXau Yl
2J0§9q (Jowrersdesed Jo/pue SUOSNIOI0IPAY ‘SSUIWIEISIYIUE) JUSWIES.ND.Id
Jopisuoy) "paieniul Juswies.d snelidoadde pue ‘umop pamojs Jo paadn.asiul
3q Aew uoisNjul 3YI “Yy| SILJSPOW 01 P|iW JO 3sed U] “(SFUIWEIsly
-nue pue auriydauids) Jusuneay aeridoadde sieniul pue Aj@elpawiwi uon “eIpJedAYdE) A®o_>x..Em_v
-BJISIUIWPE SNUPUODSIP UONDEa. dIdEjAYdeUE U0 YY| 949A3S JO JUSAS By U] uowwodun pue uojsua1iadAy ‘ysed ‘ssaupau ‘elsednn ‘wsedsoyououq ‘edudsAq qewnzijopap €€
"SYY| 4O AUJaASS B3 SZIwiuiw
Jo Adusnbauy 9onpadJ ued uonedipaw-aad JaYISYM Ysi|qeIsS 03 JUSWOoW
33 € 9|qe|IRAR 10U S| BIBP JUSIDIYNG *(9139JAdIIUR UB INOYIIM 1O UM Sulwel
-SIyIue) PaJalsiulWpE 3G UBD UONEBIIPSW-3.1d "PoININASUI JUSWIESI] [EDIpSW “e|3[eJy1Je pue ‘ssauizzip ‘uoisuaiuadAy (gBrshluag)
ajelidoudde pue psnunuodsip 3q pjnoys UoIsNjul 3Yl ‘sInNd20 Yy| Ue §| uowwoo) ‘uoisualodAy ‘eixaJAd ‘elresnun ‘ysed ‘aydepeay ‘eid[eAw ‘elpJiedApelg qewnuwijdg 9T
‘pa1mnsul 8q pjnoys uawiea.) [edipaw elidoidde pue ‘paddois aq pjnoys (gSH1108)
qeWwnNZz|NJ3 JO UONEJISIUIWPE 32 “YY| 949A3S Yum siuaned jo sased e u| uowwodun *payInads 1ou s qewnzinog ST
(AnAnisuasaadAy)
uowiwodun
(elreonun) (gMqesAL)
‘pay1dads aJe saunseaw oN| uowiwod A 'SJOW?a.J) PUE BLIBDIIN ‘B3SNeU ‘ssauizziq qewnzijeleN x4

sjyuessaiddnsounwiwil 3A1323I9S "WV 01

SLNVSSI¥YddNSONNKWMNI "'V¥01
SLNVSSIdddNSONNKWMNI +01

"(ponunuod) | a1qer

Therapeutics and Clinical Risk Management 2019:15

submit your manuscript

970

Dove


http://www.dovepress.com
http://www.dovepress.com

Caceres et al

Dove

"SWO.IPUAS 9SBS[.-9UR{0IAD) ‘SYD {UOIIIESI PoIR[SI-UOISNJU| “YY| ‘UOIIBIYISSED [edIWaYD)-d1nadelay | -dIWoleuy ‘DY S9IPOQRUY [BUO|IOUO| ‘SqyW :SUOIIRIADAGQY

7’ (sdwae) rwid Jad se ‘s1anpoug ypjesH pue ssunipaly jo Adusly ysiueds sy jo suonesyads [ealuydsn ayr 03 Suipaodde

apew ua3q sey 3|qe3 syl (%10°0>) 000°01/15 3484 AIdA pue (%]°0> PUe %10°0%) 0001/1> PUe 00001/1Z el (%I> PUe %1°02) 001/15 PUe 0001/| (3uanbayur) uowwodun (%0|> Pue %13) 01/1> Pue 001/Iz (3uanbaly) uowwo>s
“(%012) 01/12 uowwod AJap ge A PUE Il sdnoud 3upjiom SINOID Jo 2iodaa — uonipa puodas s3nup uo uonew.ojul A3djes-[edlul)d 40> Suliedaud oy saulppINg aya Jad se suondead as4aApe 3yl Jo Aduanbauy aya jo uonedyisse|D $ION

(sixejlydeue ‘8a) suonoseau AiAn
-1sUas.u9dAy paje|a.-uoIsnjul 949ASS Yam sausned ul panuiuodsIp 9q pinoys
3| "PaJapISUOD 9q ABW SPIOJ9ISOd1I0D pue UsydoUIWEISE ‘SSUIWEISIYIUE JO

uonessiujwpe dnnadetsayl ays pue a3ed Jamo| & Je uoisnjiad jo uondwnsad

SY3 ‘papIsgns Sy UOMIDEII dYI DUQ "PANUNRUODSIP S| UOISNJUl SY3 IO PIdNpal (sixejdydeue) (gueAlfs)
s 91eJ UoIsNjul 3y3 JI SAoadwil ABW SUOIIIBSJ UOISNJUl SIBISPOW O3 Plil uowwio) *3]1 [B21UYI3] SYa Ul payidads J0u sk syY| Jo swordwAs qewixni|is 1
'PaNUNUODSIP A]SARIUYSP pue A[a1BIp
-swwi paddols aq pjnoys ausunes.y ‘sund>0 uoisnyad sya 01 paiejad uon (grawa1y0Yy)
-DB3. 949A95/A1ARISUSSI9dAY 949ASS JSYI0UE JO uondEa. dndejAydeue ue | uowwo? ‘uoisusrodAy pue easneu ‘sydepesy ‘uoisusriadAH qewnz||ipo] )

payidads 10u s|

(ewapaoidue
‘sIXe|

-Aydeue) auey
(erreonJn) (grIER3)

uowwodun "BIIBDNIN ‘SEWSueX] qewnupiPIsn S0

Sup|Nal433ul Y3 JO S403qIYU] DVHOT

'$109)49
Auesodwsa) pue pjiw 3usAd.d 01 usydoujwelade o/pue SUOSNHI0d04PAY
‘Quiwelsiynue ue ‘ojdwexa 1o} ‘Yim pateaud Asnoiasad aq ueds sjusned

‘Aj9reipawwi paddols aq pjnoys uoisnjul aya YUNJ20 SUOIIDEAU INJE J|

‘BlwIdylIadAy pue ‘Bupneams ‘easneu ‘uolsualtadAy
‘uoisuanodAy ‘ayoepesy ‘Yea.q JO SSIULIOYS JO SSAUIZZIp ‘ssauIysH
IS9YD ‘SUNOY JO SAINUIW UIYIM sJeaddesip 1eys Ysed Jejndew JUadSOUBAT (ge12°pu))

uowiwiod AJ4ap 'suonoea. pakejap AljiqisuastadAy pue yooys onoedydeuy qewixiju| 70

(p-4N1-1ue) eydje 103de} sisosd3u Jown) Jo s103qiyul g0

‘(penunuod) | alqeL

971

submit your manuscript

Therapeutics and Clinical Risk Management 2019:15

Dove


http://www.dovepress.com
http://www.dovepress.com

Caceres et al

Dove

radiocontrast agents, and therapeutic antibodies.”® It has
been reported as:

a HR, the symptoms of which fit into the Coombs and
Gell’s Type I category, which is not initiated or mediated
by pre-existing IgE antibodies but arises as a consequence
of activation of the complement system.>*

MADs activate the classical complement pathway by bind-
ing to the target antigen, allowing the binding of Clq, the
recognition molecule of the activation initiator C1 com-
plex, to the Fc part of the antibodies. MAb may provoke
this feature and can be manipulated to enhance the effec-
tiveness for avoiding certain adverse effects.”> CARPA
typically appears within minutes after the start of the
infusion. However, a delay is possible, particularly in
pre-medicated patients. Almost all organs can be affected,
the most often observed symptoms being flushing, rash,
dyspnea, chest pain, back pain and subjective distress."
All currently available mAbs can be considered to be
potentially immunogenic, as their molecular size is large
enough and their structure is different from endogenous
proteins.*’

Cytokine-release syndrome (CRS) is “a potentially
life-threatening systemic inflammatory reaction which is
observed after the infusion of agents targeting different
immune effectors.””® CRS can manifest itself with a vari-
ety of symptoms that range from mild, flu-like symptoms
to severe life-threatening occurrences of the overshooting
inflammatory response. Starting out with fever and unspe-
cific symptoms, CRS might impact the majority of organ
systems (Grades III-IV cases shows signs of life-threaten-
ing cardiovascular, pulmonary, renal involvement or
neurotoxicity).”” Because events manifest during or after
the first exposure to a “new” drug, a differentiation from
anaphylaxis may be difficult. There are few allergy-speci-
fic symptoms such as urticaria or glottis edema which
could guide an allergic diagnosis here.?® In order to get a
differential diagnosis, it could be of help to obtain several
samples of serum to know the plasmatic level of tryptase
(tryptase test), it has to be done at 30 mins of the event, at
2 hrs and at 24 hrs. If this test results positive, it can
indicate the activation of mastocytes, and in case of nega-
tive, it could be compatible with a CRS or tumoral lysis.*®

Health care practitioners must differentiate between the
terms “infusion reaction” and “anaphylaxis” and give a clear
definition of which symptoms are to be labeled as “infusion-
related reaction.” “Infusion reactions” usually represent
symptoms that occur within a close time-related relationship

to an infusion and are not necessarily linked to anaphylaxis or
even hypersensitivity.'? In any case, it may be difficult to
differentiate between various types of reactions at the onset
of symptoms. Anaphylactic reactions occur within the first
few minutes of the infusion, so documenting the time of the
onset of symptoms is highly important.'®

The latest version of Common Terminology Criteria for
Adverse Events by The US Department of Health and
Human Services of the National Cancer Institute (National
Institute of Health) depicts a differentiation of all these con-
cepts, using a grading scale of adverse events (Table 2).%°

Due to the fact that current reporting practices are pre-
dominantly based on clinical presentation, researchers,
health care professionals and pharmaceutical companies are
not employing consistent terminology for reporting IRRs,
which leads to under-reporting or over-reporting of allergic
reactions, in particular, anaphylaxis.'* Terminology differs
between package inserts (eg, allergic reactions, hypersensi-
tivity and infusion reaction) which is a real obstacle. The
grading criteria used to measure the severity of the reaction
are often unclear. Inserts are vague concerning the exact
timing of the reaction. Defining terminology is essential.
Similar impediments often seen in clinical practice and med-
ical literature include variations in terminology, inadequate
documentation about time of onset of the reaction, inconsis-
tency in grading, lack of documentation on when the reaction
occurred, record of pre-medications (if any), and inadequate
citation of management actions and effectiveness.'”

Infusion-related reactions: prevention and

treatment

Considering the varied nature of infusion reactions, nurses
and other health care practitioners must recognize the
underlying nature of these events for a clear identification
of patients at risk and for providing optimal prophylactic
measures and management of symptoms.** Nursing pro-
fessionals must be aware of different strategies to tackle
with MAb HR. They have to register the onset time of
reaction and symptoms, vital signs and rate of infusion at
the time of the event. A rapid initiation of emergency
measures must be taken. As initial clinical measures are
similar to all type of reactions and the knowledge of a
standard protocol is mandatory. We provide an algorithm
(Figure 1) that shows a daily-practice guide to manage the
use of mAbs, in agreement with the Departments of
Intensive Care, Oncology and Allergy of the University
Hospital, Badajoz (Health Service of Extremadura, Spain).
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Infusion of mAb

First Time

Yes No

Premedicate po 24h before
» Acetaminophen 650mg/8h.
* Antihistamine
(dexchlorpheniramine) 6-8mg/8h.
po
* mAb: slow infusion rate

Any IRR signs or N
symptoms? <

Yes Continue

ALS cart equipment ready
Oxygen nasal cannula 4 Ipm

Stop infusion
» Consider corticosteroids iv
Methylprednisolone 40-100 mg iv
plus
» Dexchlorpheniramine iv 10-25 mg

Reassess the situation and clinical
status

No

Stable

Yes

Figure | Algorithm proposed as a daily-practice guide to manage the use of mAb.

Premedicate po 24h before
» Acetaminophen 650 mg
No + Antihistamine
(dexclorpheniramine) 6-8mg
* mAb: slow infusion rate

IRR First time

ALS cart equipment ready
Premedicate po 24h before:
* Acetaminophen 650mg
* Antihistamine
(dexchlorpheniramine) 6-10 mg po
» Corticosteroids
(Dexamethasone 8-12 mg po)
mADb: very slow infusion rate

Yes

Call Emergency Team

Stop and withdraw:

» Hypotension: infuse Normal Saline 0.9%
1000 ml rapidly.

» Hypertension: Consider Captopril 25 mg
sl or Nifedipine10-20mg.

» Bradycardia: Consider Atropine bolus
1mg iv.

» Tachycardia + normo or hypertension:
Consider propranolol po or labetalol 10-
20mg iv if hypertension).

» Rash or urticaria: Corticosteroids +
antihistamines (Methylprednisolone or
hydrocortisone 100 mg iv).

» Rash/urticaria/hypotension and
respiratory distress signs: Epinephrine
bolus 1 cc (1:10.000) sc or iv (dituted) +
Corticosteroids iv.

Continue infusion at very slow rate

Abbreviations: IRR, infusion-related reaction; ALS, advanced life support; mAbs, monoclonal antibodies; po, per oral; iv, intravenous; sl, sublingual; sc, subcutaneous.

Readministration strategies to avoid or minimize the
appearance of IRRs depending on the mAb and type of
patient and reaction may include pre-medication (parace-
tamol, NSAIDs antihistamines, and corticosteroids) to
reduce incidence or mitigate the symptoms. In addition,
it may be necessary to slowdown infusion rates, or inter-
rupt infusion, and in some cases, it could be necessary to
reinitiate the treatment. This depends on the type of mAb
and the severity of the IRR. Other measures could be to

induce pharmacological desensitization and temporary
immune tolerance'” or to fractionate the dose.'*'®

Most technical files agree that the majority of mild or
moderate IRRs are generally solved by slowing down the
speed of infusion. Nevertheless, in case of a severe IRR,
infusion must be stopped and reintroduction of treatment
needs to be assessed. The decision to recommence an
infusion will depend on the nature of the reaction and

the choices made by the clinician. Each case must be
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considered separately, taking onboard the severity of the
initial reaction, comorbidities, the aims of the therapy, and
the risk of rechallenge versus the potential benefits of
successful treatment.'®

Although the information available in technical files
with regard to the pharmacologic treatment of IRRs varies,
there is some agreement on the need to establish sympto-
matic medical treatment, which can be the use of oxygen,
beta-agonist agents, corticosteroids, intravenous fluid ther-
apy or even antipyretics. The re-establishment of the mAb
treatment may require the use of pre-medication.

Many studies have valued the efficacy of pre-medica-
tion to reduce or diminish symptoms of acute reactions
due to mAbs. In the vast majority of the technical files,
this is specifically recommended (with some exceptions as
in the case of bevacizumab where the use of pre-medica-
tion is not systematically recommended).

Dotson et al (2016) carried out a study of which the
main objective was to assess the safety and feasibility of a
60-min rituximab rapid infusion protocol (in B cell non-
Hodgkin’s lymphoma patients) in the outpatient infusion
center of a comprehensive cancer center. The conclusion
of the study was that infusions can be safely administered
over 60 mins and without steroid pre-medication in an
experienced outpatient infusion center where patients are
appropriately screened. The more rapid infusions can
reduce the use of resources and increase satisfaction
among nursing personnel.’’

Ikegawa et al (2017) evaluated IRRs associated with
cetuximab combination chemotherapy comprising an
H1-receptor antagonist plus dexamethasone as anti-allergy
pre-medications for patients with head and neck cancer.
They reported that the occurrence of IRRs was lower
compared with previous studies. Dexamethasone com-
bined with an Hl-receptor antagonist was useful for pre-
venting allergic responses.’”

When evaluating the first dose of trastuzumab, IRRs
happened more commonly when patients were not admini-
strated pre-medication compared to those who were.
Previously unknown risk factors associated with the devel-
opment of trastuzumab-associated IRRs have also been
identified, more specifically the issues of obesity and
advanced stage breast cancer, which may enable clinicians
to identify patients at high risk for IRRs who could poten-
tially benefit from pre-medication, although this hypoth-
esis needs to be further validated.>

In patients with IRRs observed during previous obinu-
tuzumab infusions, pre-medication with an oral analgesic

such as acetaminophen or paracetamol and antihistamine
before obinutuzumab treatment is required. In addition, pre-
medication with corticosteroids should be considered as an
option in patients with a high risk of severe IRRs.''~*

In dermatologic subjects with mild to moderate infu-
sion reactions to infliximab, the prophylactic treatment of
oral diphenhydramine and paracetamol should be adminis-
tered at subsequent infusions, 90 mins before the start of
each infusion. In patients who have manifested severe
infusion reactions, pre-medication with IV hydrocortisone
acetate 100 mg 20 mins before the infusion or with oral
prednisone the day before the infusion is optional, accord-
ing to the opinion of the clinician involved.'® Bartoli et al
(2016) led a study which aimed to evaluate the incidence
of IRRs in patients with joint inflammatory diseases (rheu-
matoid arthritis, psoriatic arthritis, and ankylosing spondy-
litis) receiving treatment with infliximab with and without
pre-medication. The combination of paracetamol, hydro-
xyzine, 6-methylprednisolone and ranitidine was more
effective than paracetamol, esomeprazole, hydrocortisone,
and chlorpheniramine maleate combination protocol to
reduce the number of IRRs due to infliximab.*

Pre-medications are considered as standard procedure
for keeping the risk for IRRs with mAbs to a minimum.
However, due to the fact that most infusion reactions with
mAbs take place following the first or second infusion, the
value of pre medication on subsequent infusions may
decrease.

For the type of patients that receive treatment with mAbs,
a change or swift to second-line drugs after a HR can have a
negative impact for their quality of life and life expectancy.*®
New guidelines in the management and treatment of reac-
tions, creating a new standard of care for mAb
desensitization.'” There exist different protocols for desensi-
tization that even allow a single day outpatient performance
with trained 1-to-1 nursing. The protocol of Brenann et al
(2009) proposes single day outpatient desensitization per-
formed in a hospital associated infusion center with specially
trained 1-to-1 nursing.’” Until now, it has been successfully
desensitized mAb HSR to rituximab, ofatumumab, obinutu-
zumab, trastuzumab, cetuximab, tocilizumab, infliximab,
etanercept, adalimumab, golimumab, certolizumab, brentux-
imab, bevacizumab and omalizumab.*®

Conclusion

To conclude, mAbs can give rise to HR, such as anaphy-
laxis, IRRs, CRS or CARPA. Nurses responsible for the
administration of mAbs should be able to promptly
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identify and grade IRRs, and to rapidly manage any
adverse reaction linked with the use of these drugs in
order to prevent dangerous risks for patients.

Although recommendations or published protocols exist
on the management of IRRs caused by some mAbs, such as
infliximab in dermatologic patients,' obinutuzumab in
chronic lymphocytic leukemia patients,*® natalizumab in
multiple sclerosis,” much remains to be known about the
correct way to manage IRRs. In addition to this, the lack of
uniform terminology entails an obstacle for clinical practice.

Considering the great number of mAbs available in current
practice and those which will soon be authorized, it is manda-
tory to have clear guidelines that can give support to practi-
tioners and nurses to help them respond quickly and safely to
the different IRRs related to the use of these therapeutic drugs.
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