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Abstract

PEGylated products were reported to suffer accelerated blood clearance (ABC) phenomenon upon injection into the same animal
twice. The PEG moiety is recognized by the immune system and induces antibodies production. Anti-PEG antibodies can bind
PEGylated products and form immune complexes. This interaction activates the complement system and attaches to the preformed
immune complex. The larger immune complexes were captured by the liver to be eliminated. Complement activation is considered
vital for the ABC phenomenon. As well, complement activation can induce allergic reactions upon injection of several approved
pharmaceutical ingredients or drug delivery systems resulting in the so-called “complement activation related pseudo allergy”.
CARPA accompanied with an injection of the approved PEGylated products is common. In this review, we tried to discover the
correlation between the ABC phenomenon and CARPA. Complement activation resembles the meeting point of the two phenomena.
Based on our investigations, we can conclude and confirm that the anti-PEG antibodies play a pivotal role in the induction of most
CARPA symptoms associated with PEGylated products. Unfortunately, naturally occurring anti-PEG antibodies have a widespread
between population which may carry potential CARPA upon consumption of PEGylated products. In conclusion, the expression of
CARPA manifestations for PEGylated products is controlled by several factors like the pre-existence of anti-PEG antibodies, anti-

PEG antibodies titer, and antigen-antibody ratio
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1. Introduction

Hypersensitivity reactions are group of immediate
adverse effects mediated by the immune system and might be
accompanied with administration of different pharmaceutical
products (1-4). The hypersensitivity reactions that might be
expressed minutes to hours after systemic, intravenous, injection
of the pharmaceutical products is usually called infusion
reactions (IRs) (5). The mechanism beyond IRs is not fully
understood but it seems that the activation of the complement
system plays the predominant role in the initiation and
exacerbation of these reactions and so-called complement
activation related pseudo allergy (CARPA). CARPA represents a
major obstacle against the proper development of several safe
intravenously injected pharmaceutical active ingredients (6).
Moreover, CARPA resembles an annoying feature of several
approved systemic medicaments as well as radiocontrast agents
(7-10). Chest pain, breathlessness, flushing, fever, and rash are
the most common symptoms for IRs (11). Occasionally,
symptoms of IRs are expressed at higher intensity and develop
anaphylactoid reactions that might be lethal (12). CARPA were
found to be common with several intravenously injected
medicaments/drug delivery systems like liposomes, emulsifiers,
micelles, contrast media agents, enzymes, monoclonal antibodies,
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iron supplements, micro and nano capsules (11, 13). Thus,
extensive in vitro and/or in vivo immune-toxicology studies
should be accomplished to predict the potential IRs of
systemically injected drugs (14).

Polymer drug/drug delivery system modification is considered an
emerging technique to improve the pharmacokinetic profile of
drugs (15, 16). PEGylation, covalent attachment to polyethylene
glycol (PEG), was used to enhance drug circulation and avoid
immune drug recognition (17). PEG, a repeated ethylene glycol
unit, is considered a non-immunogenic polymer that upon
conjugation to proteins, enzymes or drug carriers ensure its
prolonged half-lives via diminishing the systemic clearance by
reducing macrophage drug uptake, reduce their toxicity, and
prevent nonspecific adsorption (18-20). Also, PEGylation helped
in masking the potential immunogenicity of the therapeutic
proteins or drug carriers while preserving their therapeutic
effectiveness (21, 22). However, and in contrary to the general
concept that PEG is a non-immunogenic molecule, PEG might
elicit immune response, even under certain conditions. Recently,
natural “pre-existing” anti-PEG antibodies were detected
massively in healthy volunteers who had never challenged
PEGylated products (8, 9, 23, 24). Such findings could support
and build a body of evidence that PEG could be immunogenic.
Detection of pre-existing anti-PEG antibodies showed an
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increase with time. Anti-PEG antibodies were detected in about
1% at 1984 and reached about 45% at 2016 (23, 25). Such
increase in about two decades could be attributed to excessive use
of PEG in food, cosmetics and pharmaceutical industry (26) or
the increased analytical methods sensitivity (27, 28).

This review discusses with some detail’s infusion reactions
especially CARPA including the mechanism, manifestations,
factors that might control the presentation of CARPA symptoms
and CARPA animal models. The safety concerns of CARPA
were also discussed to understand and evaluate the potential
complement related threats. Also, the tests used to predict
CARPA were reviewed to help picking up the proper medicament
and/or drug delivery system for each individual case.
Accordingly, the underlying factors that might initiate and
provoke CARPA, including the role of antidrug antibodies, were
reviewed for better management of CARPA cases. Up to our
knowledge, this is the first review that discuss the role of antidrug
antibodies on the presentation and experience of CARPA
symptoms.

Mechanism of infusion reactions

Infusion reactions may occur by single or different overlapping
mechanisms. Gell and coombs (29, 30) have classified
hypersensitivity reactions into four types according to underlying
causes (Table 1). One of the best studied mechanisms that outline
infusion reactions is CARPA which is considered anaphylactoid
reactions in which IgE is not involved while mast cell activation
and cytokine release may be prompted (31). Anaphylatoxins
(C3a/C5a) released after complement activation provoked by
some liposomal formulations e.g., Doxil mediate mast cells and
basophils degranulation (13, 32). IV infusion route make the
identification of hypersensitivity type impossible at clinical
situations but type Il could be distinguished by
immunohistochemistry and histopathology of immune
complexes.

Mechanism of CARPA

The exact mechanism of IRs is not well understood but it appears
that complement activation act as the keystone in their onset and
so named “complement activation related pseudo allergy”
(CARPA) (33, 34). Unlike IgE-mediated anaphylactic reactions,
CARPA usually occurs upon the first exposure with rapid short-
term manifestations (minutes to hours) and coupled with
complement activation (13, 35-37). CARPA symptoms include
tachycardia, shortness of breath, wheezing, urticaria, fever,
sweating and respiratory distress (38). There are two proposed
mechanisms that could explain CARPA, over expression of
anaphylatoxins or double hit hypothesis. Regarding
anaphylatoxin overexpression, complement activation usually
result in massive production of anaphylatoxins (C3a and Cba)
which are well-known to have receptors on numerous cells like
blood cells and inflammatory mediators secreting cells (39).
Activation of these receptors by anaphylatoxins produce
activation of platelets, white blood cells, mast cells, macrophages,
and basophils (39, 40). Secretions of such cells result in
promotion of endothelial cells and smooth muscle cells and
finally pulmonary vasoconstriction, systemic vasodilatation,
bronchoconstriction, and coronary vasoconstriction (Figure 1)
(40). This proposed pathway outlines CARPA as trigger
“anaphylatoxin” dependent phenomenon. Such proposal is not
quite true because there are several animal species that do not
express CARPA tachyphylactic symptoms, notably pulmonary

symptoms, unless injected with lethal dose of antigen. Even
though, the same animal or animal species could express different
tachyphylactic symptoms in respond to the same antigen. In other
words, CARPA tachyphylaxis should differ in magnitude not in
subject itself if it is only anaphylatoxin dependent. Therefore,
another factor might control the expression of tachyphylactic
symptoms thus the hypothesis “double hit theory” was arisen
(Figure 2) (35, 41, 42). The double hit hypothesis propose that
there are two signals affect the inflammatory mediators secreting
cells: one signal is the anaphylatoxin binding and the other one is
the binding of the antigen molecule itself (42). PEG molecule
anchored on the surface of PEGylated liposomes can bind to
several types of receptors on the surface of inflammatory
mediators cells like pattern recognition receptors that
consequently contribute in cell degranulation and inflammatory
mediators release (35).

CARPA manifestations

Animal model has a widespread use in preclinical trials of
therapeutic drugs. However, the use of animal models in the
determination of immunogenicity of drugs or antigens is very
limited because the immunological reactions of animals and
human are quite different (43). But the situation of CARPA is
fully different because CARPA is complement dependent
syndrome which is common in most of animal models and human
as well. Typical CARPA manifestations in porcine animal model
(Figure 3) include (a) hemodynamic changes: pulmonary
hypertension and systemic hypo/hypertension, (b) hematological
changes: thrombocytopenia, (c) blood chemistry changes:
thromboxane (A2, B2) and complement cleavage products
increase (C3a, Cba, iC3b, C4d, sC5b-9), (d) skin redness and
flush (35, 38).

Factors affecting presentation of CARPA symptoms

There are several factors that might potentate the induction of
CARPA by PEGylated formulations like morphology, charge,
composition, route, and speed of administration.

The shape is a major contributor that can predict the ability of the
formulation to induce CARPA reactions upon administration.
Doxil®, PEGylated liposomes doxorubicin, is the most prominent
example which can activate complement systems extensively.
The high reactogenicity of Doxil® was attributed to the elongated
oval shape gained after remote loading of doxorubicin forming a
crystal like shape inside the liposomal systems (41). The
curvature obtained make the reaction of complement proteins on
the particles’ surface more easier (41). On the other hand,
cisplatin payload into Doxil equivalent PEGylated liposomes
(SPI-77) did not changed the spherical shape and consequently
no increase in complement activation split products or CARPA
symptoms expression (41). Doxil® is characterized by provoking
CARPA in a group of people, not all people, but the reason is not
fully understood.

Liposomal systems contain high molar concentration of
cholesterol (> 45 mol%) can extensively activate complement
system and initiate CARPA manifestations leading to circulation
collapse and sudden death in 50% of pigs used, while lower
cholesterol molar concentration liposomes had no pulmonary
reactions (44).

J. Adv. Biomed. & Pharm. Sci.



Mostafa et al. 81

Table 1: Classification of hypersensitivity reactions according to Gell and Coombs classification

Hypersensitivity type Causes and characteristics Example Ref
| IgE mediated immediate anaphylaxis resulted by histamine release Oxaliplatin (99)
from activated mast cells and basophils. Also, production of formulations

leukotrienes, prostaglandins, and thromboxane.

1 Cytotoxic autoimmune antibodies (IgG and IgM to less extent) Autoimmune (78)
against subset of cells resulting in antibody dependent mediated hemolytic anemia
cytotoxicity. Moreover, involvement of complement system, natural

killer cells, macrophages, and neutrophils.

1] Immune complex mediated (mainly IgM — antigen) anaphylactoid Anti-drug (100, 101)
manifestations accompanied with complement activation. Further help  antibodies e.g.,
from neutrophils and platelets. infliximab

v Postponed reactions require presentation of antigens by presenting Contact dermatitis (102)

cells followed by successive T-cell activation, with the help of

macrophages, and subsequent cytotoxicity.
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Figure 1: Pathway of CARPA induced by PEGylated liposomes

PEGylated liposomes interact with anti-PEG antibodies followed by complement activation with increase in anaphylatoxins (C3a and C5a) release
which have receptors on several immune cells like mast cells, WBCs, platelets, macrophages, and basophils. By anaphylatoxins receptors (ATR)
activation these cells begin to release inflammatory mediators like eicosanoids (thromboxane), leukotrienes, histamine, and platelet activating factor.
These mediators result in activation of endothelial cells and smooth muscle cell contraction and appearance of pulmonary symptoms. Modified from
(55).
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Figure 2: Schematic diagram of double hit hypothesis of CARPA.
CARPA pulmonary symptoms of PEGylated liposomes need two signals to be expressed in pigs. Pulmonary intravascular macrophages (P1M) bind

to anaphylatoxins and Doxil through anaphylatoxin and pattern recognition receptors expressed on its surface, respectively. This amplified signal
push PIMs toward degranulation and inflammatory mediators’ release. Modified from (49).
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Figure 3: CARPA syndrome in porcine animal model.

Hemodynamic changes: pulmonary hypertension and systemic hypo/hypertension, hematological changes: thrombocytopenia, blood chemistry
changes: thromboxane (A2, B2) and complement cleavage products increase (C3a, C5a, iC3b, C4d, sC5b-9), (d) skin redness and flush in porcine

animal model associated with CARPA syndrome, modified from (35).
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The proposed explanation, cholesterol higher concentration form
tiny aggregates cannot be accommodated by liposomal system
membrane and resemble complement activating points with
increased reactogenicity and CARPA expression (44). Also, net
charge of liposomal systems plays a crucial role in complement
activation. Ambisome®, anionic liposomes used for fungal
infections treatment, aggravate intense infusion reactions
(CARPA) when compared with equivalent non charged
analogues (34). Furthermore, administration of cationic
liposomes in rodents resulted in increased levels of complement
activation accompanied with hepatotoxicity and pulmonary
distress (45, 46).

Complement activation and consequently CARPA symptoms are
strictly affected by rate of infusion of nanomedicines. IV bolus
injection of non-PEGylated liposomes exerted an increased level
of complement activation and pulmonary distress over slow rate
IV infusion (44). Since rate of production of anaphylatoxins (C3a
and Cba) is dependent upon rate of administration however, rate
of clearance is independent on administration method, increased
levels of C3a and C5a produced with IV bolus tend to induce
exaggerated pulmonary symptoms over slow infusion rate (13,
47).

CARPA animal models

Rodent models (Rats and mice) are usually non sensitive to IRs
or CARPA and so need several folds of human dose to express
HSRs (34, 48). However, rodents still used in the development
and evaluation of several mechanistic studies (49). Successive
use of mice, as a model for CARPA, was accomplished by
Szebeni et.al for strong complement activators e.g., cobra venom
factor, zymosan, and amphotericin B liposomes (49). The study
was promising and predictable for human CARPA, especially for
the strong complement activators, and could be used to prevent
CARPA in man (49). Moreover, rats were successfully used as a
model for CARPA, in comparison with pigs, with different
complement activators like zymosan, Doxil and Ambisome (34).
The dog model is also valuable in screening and estimation of
CARPA accompanied with nano-drug infusion at human clinical
doses (48). Dogs were efficiently used to assess and evaluate the
biocompatibility of drug delivery systems or excipients (50, 51).
Nonetheless, CARPA studies need to use large number of
animals due to wide inter-variability between individual dogs
which may mislead to false positive/negative results (48).

Pig resembles a promising reproducible model for HSRs and
CARPA prediction at lower doses equivalent to human one (35).
However, the underlaying mechanism/s of HSRs differ from pig
to human. Usually, pulmonary intravascular macrophages (P1Ms)
which are common in pigs play a pivotal role in provoking HSRs,
but not in human (52, 53). One assumption for the role of PIMs
in human is hepatosplenic migration of macrophages to the lung
and exacerbate the common pulmonary symptoms of IRs (54).
Pig and dog models were reported as perfect models for CARPA
due to their ideal expression of CARPA manifestations (34, 35,
55). The porcine model showed highly quantitative and sensitive
model for CARPA expressing most of CARPA symptoms. A
comparison between pig and rat models revealed the superior
sensitivity of pig in reproduction of HSRs like human at clinical
doses while, rats showed some symptoms at 10-fold dose (34).
However, murine models are still used for mechanistic purposes
because they are cheaper and accessible (34, 49).

Safety aspects of CARPA

Complement activation not only play a crucial role in initiation
of infusion reactions but also represent a safety threat on
PEGylated nanomedicines (56). PEGylated liposome
doxorubicin suffered untimed release of drug in the presence of
anti-PEG antibodies and subsequent complement activation via
formation of membrane attack complex between liposomal
membrane and sC5b-9 (produced during complement activation)
when incubated with human serum from healthy volunteers (57).
Preclinical studies using rats confirmed that issue, pre-existence
of anti-PEG antibodies activate complement system upon
injection of PEGylated liposome doxorubicin and set up
membrane attack complex resulting in premature drug release
(57). These results build a growing body of evidence, at least in
animals, of complement dependent liposomal membrane damage
with increased risk of free doxorubicin cardiotoxicity leaked
from Doxil® (about 40 % of loaded dose) after complement
activation specially with the widespread of natural anti-PEG
antibodies (23, 58, 59). Complement mediated membrane
damage of Doxil® was poorly reported at clinical situations.
There are two possible reasons: first, complement membrane
damage affect small fraction of the administered dose with
negligible effect on Doxil® pharmacokinetics second, it may arise
in high anti-PEG titer sensitive people accompanied with severe
infusion reactions and unfortunately poorly reported (56). All
these studies confirmed the causal act of anti-PEG antibodies in
the development and exaggeration of infusion reactions to
PEGylated products (11). Besides, pre-existence of anti-PEG
antibodies represent a potential hazard of off target discharge of
loaded therapeutics and consequently treatment failure (56).

Prediction of CARPA

There are several tests might be used to predict the CARPA
symptoms. Prediction of CARPA and its symptoms might help
us to choose suitable therapeutic agents especially for sensitive
individuals. These tests include in vitro complement activation,
basophil, microbalance and biolayer interferometry real time
technology tests.

In vitro complement activation: complement cleavage products
(C3a, C4d, C5a, iC3b, Bb, and sC5b-9) produced in vitro could
be used as a CARPA predictor after incubation of normal human
serum, plasma, or whole blood with test formulation. However,
response of the body to the produced complement split products
specially C3a and C5a remains the major contributor in CARPA
symptoms expression (55). However, 5-10-fold increase in
cleavage product sC5b-9 could be used as a predictor for
CARPA, as this fold increase was correlated with CARPA
symptoms at several clinical situations (60).

Basophil assay: basophil activation may represent a promising
indicator and predictor of CARPA (61-63). Complement
activation and subsequent increase in sC5b-9 were correlated
with the level of basophil leucocyte activation magnitude (64).
Determination of activated basophils was successfully
accomplished through detection of CDaosc and/or CDgz marker/s
upregulation using flow cytometry (38, 64).

Microbalance real time technology: recently, quartz crystal
microbalance with dissipation was used to support lipid bilayer
and complement components were passed over the supported
bilayer (65). The attached complement components (MAC) were
detected immediately at real time and though could predict the
ability of the lipid bilayer (nanomedicine) to activate complement
system and provoke CARPA symptoms or not at real time (65).
The technology is promising and after optimization might be used
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as the major predictor of CARPA expression beside complement
activation assay.

Biolayer interferometry real time technology: biosensors were
used to bind PEG molecules and immersed in solutions
containing complement components in the presence/absence of
anti-PEG antibodies (66). The attached complement components
increase the capture level and the intensity of the signal recorded
at real time. The system could be suitable to predict the CARPA
syndrome at short time over ELISA or SDS-PAGE methods.

CARPA: causal role of antidrug antibodies

Several liposomal formulations, either PEGylated or non-
PEGylated, had been approved for clinical use and others are
under clinical trials at different phases (67, 68). Unfortunately,
several liposomal formulations, Doxil®, DaunoXome®, and
Ambisome®, activate the complement system upon systemic use
and initiate CARPA (41, 60). The reason/s behind these CARPA
symptoms is not fully understood since not all patients receiving
these liposomal systems got infusion related reactions. The
participation of antibodies in triggering CARPA symptoms was
studied three decades ago (69). Infusion of cholesterol containing
liposomes (43% molar ratio) induced severe HSRs in pigs like
cyanosis, respiratory distress, and cardiovascular hemodynamic
disturbance within minutes however, cholesterol-free liposomes
didn’t (69). Such observations supported the involvement of
cholesterol autoantibodies in the initiation and aggravation of
such infusion/hypersensitivity reactions (69). Besides, injection
of PEGylated products e.g. liposomes resulted in consumption of
pre-existing or induced anti-PEG antibodies entailing
complement activation which was correlated with elevated
pulmonary blood pressure (prominent sign of HSRs) (11). These
observations support the key role of anti-PEG antibodies, with
other minor factors like charge, polydispersity, shape, and size,
in initiation and aggravation of HSRs symptoms specially
CARPA (8, 9, 11, 13, 41, 70). As well, injection of doxorubicin
loaded PEGylated liposomes (Doxil®) in naive pigs produced
light HSRs but on the other hand resulted in life threatening/lethal
HSRs in immunized animals during seroconversion period (11).
PEG-filgrastim, PEGylated granulocyte colony stimulating
factor, was found to induce anti-PEG antibodies upon the first
dose in mice followed with accelerated clearance of subsequent
doses via complement mediated process (71). Complement
activation upon subsequent doses represents potential threatening
toward infusion related reactions (71). Regarding clinical studies,
pre-existing or induced anti-PEG antibodies may affect the
therapeutic activity of the PEGylated products. Pegloticase
(PEGylated uricase, refractory gout treatment) therapeutic
efficiency was diminished especially upon repeated dose by the
induction of anti-PEG immune response (72). Anti-PEG
antibodies induced by Pegloticase appeared in about 37% in
patients after single injection. PEGnivacogin, anticoagulant
PEGylated aptamer that blocks factors 1X and Xa, was found to
initiate and induce severe infusion reactions within minutes of
injections (8, 9). The study confirmed the involvement of anti-
PEG antibodies, pre-existed or induced, in the progress of these
infusion related reactions (8, 9). Treatment of group of acute
lymphoblastic leukemia pediatric patients using PEGylated
asparaginase resulted in detection of anti-PEG antibodies, mainly
immunoglobulin M (IgM), in about 50% of patients and loss of
activity of subsequent doses (25). Moreover, PEGylated
asparaginase developed hypersensitivity reactions (HSRs) in
about 13% of patients and leaded to drug treatment termination
(73). OMONTYS® (PEGinesatide, PEGylated erythropoiesis

stimulating factor) was withdrawn two years beyond market
release due to severe hypersensitivity reaction within half an hour
of infusion with three reported death cases (12). Moreover,
Doxil®, PEGylated doxorubicin liposomes, is well-known to
provoke infusion related reactions upon the first exposure via a
complement mediated process (60). Due to lack of
immunological profile of treated patients we cannot exclude the
involvement of anti-PEG antibodies in perception of such
reactions. Notably, anti-PEG antibodies might be involved in
induction of hypersensitivity reactions through antibody-
mediated complement activation in pigs, hypersensitivity
reaction model for human (11). Besides, several reports focused
on the prevalence of anti-PEG antibodies in human beings. In
1984, Richter et. al previewed that about 0.2% of samples had
natural anti-PEG antibodies (74). Two decades later, naturally
occurring anti-PEG antibodies were detected in about 25 % of
normal human doners (75). In one study, about 45% of the
subjects showed pre-existing anti-PEG antibodies (23). In
another survey study, about 72% of healthy volunteers were
positive to anti-PEG antibodies with about 8% exceeding 500
ng/ml barrier (7% I1gG and 1% IgM) (59). The reasons for the
increased prevalence of naturally occurring anti-PEG antibodies
were attributed to excessive exposure to PEG molecules in food,
cosmetics, and pharmaceuticals or the improvement of the
detection methods over time. Detection of anti-PEG antibodies in
plasma samples preserved at blood banks stored from 1970s to
1990s revealed the presence of anti-PEG antibodies in about 56%
of sera samples (20% IgG, 19% IgM, and 16% both) (59). That
may explain, even in part, the difference in anti-PEG antibodies
percent prevalence is due to detection method sensitivity.
Collectively, the popularity of anti-PEG antibodies in healthy
population could be problematic for proper use of PEGylated
products with high opportunity of adverse drug reaction
occurrence. Anti-PEG antibodies existence and quantitation
surveys before and after treatment using PEGylated medicament
are considered beneficial in predicting clinical activity and safety.
Therefore, in 2014 FDA recommended monitoring of anti-PEG
antibodies in an attempt to diminish clinical efficacy attenuation,
adverse consequences, and cross reactivity (76).

CARPA overcoming approaches

To subside nanomedicine induced IRs, we must have a good
knowledge about the underlying causes, mechanisms, and
effective cells. Such knowledge is not easy to obtain due to
complex environment and dual role of some immune cells at
different immune reactions. For instance, complement activation
play a crucial role in the development of CARPA, type II, and
type 111 hypersensitivity (77-79). As well, cytokines are released
at several types of hypersensitivity, CARPA, and cytokine
release syndrome (80-82). Such complexity makes understanding
of IRs mechanisms very poor and unpredictable. Furthermore,
selection of the biomarkers involved in the development of IRs
symptoms is not quite easy due to overlapping underlying
mechanisms (6, 83). Items should be taken together to get in sight
view of nanomedicine IRs (84, 85). First, diagnosis of IRs using
clinical manifestations. After that, IgE determination and mast
cell markers (histamine and tryptase) were conducted to confirm
anaphylaxis. Next, cytokines quantification (interleukin 2, 6, 8,
10, tumor necrosis factor a, and interferon y) and complement
activation split products (C3a, C5a, and sC5b-9) were used to
verify non-IgE mediated IRs and CARPA. In addition, naturally
occurring antibodies against components commonly used in
production of nanoparticles (cholesterol, phospholipids, and
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PEG) could generate IRs however, such role needs more studies
to be verified (23, 86). A recent group of studies proposed the
beneficial use of placebo vesicles (drug free) in avoidance of
infusion reactions via minor tachyphylaxis induction (42, 87).
Also, drug free vesicles attenuated the ABC phenomenon of
subsequent doses of PEGylated products (42, 87). Another group
were able to attenuate the ABC effect of anti-PEG antibodies by
antibody saturation using high molecular weight free PEG
(PEG20000) (88, 89). The diminished ABC was accompanied with
minor level of complement activation and though CARPA
symptoms (89). Current protocols used to weaken or prevent
infusion reactions of PEGylated products e.g., Doxil® include
slowing down the infusion rate and use of premeditations
(antihistamines and corticosteroids) (56, 90, 91). If all these
measures failed to prevent IRs, discontinuation of drug and
supportive measurements are required. There are some advanced
under research protocols might attenuate or overcome CARPA
manifestations (92). These protocols include sensitization using
equivalent drug free liposomes, modification of the surface
characters of liposomes, use of complement activation inhibitors,
and consumption of anti-PEG antibodies.

Sensitization via equivalent drug free liposomes: drug free
equivalent liposomes were found to induce tachyphylaxis and
prevent infusion related reactions in rodent and porcine models
(42, 87).

Modification of the surface characters of liposomes: the surface
characters greatly affect the tendency of liposomes to activate the
complement system and consequently induce CARPA. The
characters include charge and size. Charged and larger liposomes
can potentially activate the complement system (93-96).
Complement activation inhibitors: the use of complement
activation inhibitor like the naturally occurring factor H which
might attenuate complement mediated infusion reactions
however it only inhibits the alternative pathway so it might be
inefficient at several occasions at which the classical pathway is
predominant like antibody mediated complement activation (97).
Consumption of anti-PEG antibodies: the consumption of anti-
PEG antibodies might help the attenuation of antibody mediated
complement activation (42, 98).

Conclusion

In conclusion, CARPA syndrome might have a direct causal
relationship with the pre-existence of antidrug antibodies, natural
of induced. This concept might give us a great help and better
understanding of the underlying causal factors of these
undesirable features accompanied with systemic use of some
drugs and /or drug delivery systems. This causal relationship
could also explain the paradox of some patients experience
CARPA and other patients doesn’t upon injection with the same
drug or drug delivery system. It seems the experience of CARPA
manifestations is related to the antidrug antibody titer and antigen
antibody ratio
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