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Abstract 
Oligonucleotides (ons) are short fragments of nucleic acids, currently 
being investigated as therapeutic agents. When administered subcuta-
neously (sc) ons cause a specific local reaction originating around the 
injection site, such as erythema, itching, discomfort and pain, including 
more severe manifestations such as ulceration or necrosis. These injec-
tion site reactions (isrs) are common, but rather poorly described in the 
literature. With this review, we aim to provide an overview on the extent 
of the problem of isrs, based on reported incidence. A structured liter-
ature search was performed to identify reported incidence and clinical 
features of isrs which yielded 70 manuscripts that contained informa-
tion regarding isrs. The data from literature was combined with data on 
file available at our institution. All sc administered ons described in liter-
ature lead to the occurrence of isrs. The percentage of trial subjects that 
developed isrs differed per on and ranged from 22 to 100%. The majority 
of ons caused isrs in more than 70% of the trial subjects. Severity of the 
observed reactions varied between different ons. Occurrence rate as well 
as severity of isrs increases with higher doses. For chemistry and target 
of the compounds no clear association regarding isr incidence or sever-
ity was identified. All ons developed to date are associated with isrs. 
Overcoming the problem of isrs might add greatly to the potential suc-
cess of sc administered ons. Knowledge of these skin reactions and their 
specific immunostimulatory properties should be increased in order to 
obtain ons that are more suitable for long-term use and clinical applica-
ble in a broader patient population.

Introduction
Oligonucleotides are fragments of 12-24 nucleic acids in a target-specific 
sequence [1]. These compounds are designed to either inhibit mrna of 
the targeted protein using the antisense principle, altering the reading 
frame by exon-skipping, directly inhibit the targeted protein (antago-
nist) or bind as an agonist on the receptor (figure 1). The latter ons are 
under investigation for their immunostimulatory properties, such as 
C-phosphate-Guanine ons (CpGs) [2]. ons are an attractive class of 
compounds since the drug synthesis and production has become fully 

automated, rapid and inexpensive, whereby every desired nucleic acid 
sequence can be generated. Over the years, different on subclasses with 
distinct molecular structures have been generated. Initial ons, dating 
from the early 1990s, were unmodified deoxyoligonucleotides. Around 
the year 2000, a phosphorothioate backbone was added to many ons. 
This led to major improvement as phosphorothioate ons are highly solu-
ble in water, have increased nuclease stability and show excellent biologic 
activity [1]. 

Despite the numerous on drug candidates identified and studied 
over the last 20 years, up to the highest clinical trial phases, only two 
ons achieved marketing approval by the fda, mipomersen (in 2013) and 
fomivirsen (in 1998, for the treatment of cmv retinitis). This discrep-
ancy may be explained by frequently untoward effects induced by ons, 
including nephrotoxicity, hepatotoxicity, thrombocytopenia and inflam-
matory responses [3-6]. Subcutaneous (sc) administration of ons also 
results in the occurrence of injection site reactions (isrs), specific local 
skin reactions originating around the injection site manifesting itself as 
erythema, induration, itching, discomfort and pain, or more severely as 
ulceration or necrosis. on-induced isrs are considered to be common, 
nonetheless detailed information in the literature regarding these skin 
effects is limited.

For example mipomersen (Kynamro®; previously isis 301012) the 
only fda-approved on currently available is known to cause isrs. 
Mipomersen targets the mrna for apolipoprotein B to treat homozygous 
familial hypercholesterolemia. Mipomersen carries a boxed warning for 
the serious risk of liver toxicity, which is considered to be an off-target 
effect [7]. Although it is known that in phase 3 trials, 5% of all treated sub-
jects discontinued mipomersen treatment due to isrs [8], detailed public 
information on isr severity, incidence and causal mechanism is scarce. 
The full prescribing information of mipomersen states that the local 
reactions typically consist of erythema, pain, tenderness, pruritus and/
or local swelling. However, no notification is made that reactions may be 
more severe, and/or lead to irreversible skin changes. The occurrence of 
isrs is unlikely to be a specific feature of mipomersen, but a class effect of 
oligonucleotides. 

With this review we aim to provide a comprehensive and detailed 
overview of the incidence, severity, clinical manifestations and patho-
physiology of on-induced isrs after sc administration. 
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Materials and Methods
A structured literature search was performed to identify reported inci-
dence and clinical features of isrs in clinical trials up to and including 
February 2015. The following databases were used: PubMed, medline, 
Embase, Embase meeting abstracts, Web of Science, Web of Science 
meeting abstracts, cochrane, central, cinahl, Academic Search 
Premier (free text), ScienceDirect (free text), Wiley, sage (free text), 
HighWire (free text), lww (free text). Search terms were injections site 
reaction or related terms and oligonucleotides or related terms. 514 hits 
were found, only original trials reporting on phosphorothioate ons were 
included. By screening of the manuscript title 255 papers were excluded 
(animal/preclinical data, oligonucleotide used as adjuvant, no oligonucle-
otide therapy, compounds with different chemistry or no subcutaneous 
administration), by abstract screening another 189 results were exclud-
ed (review articles e.g. on mipomersen and CpG-structures, and above 
mentioned reasons for exclusion). Of the 70 results the complete papers 
(when available) were studied and information regarding isrs was 
extracted and reported here. A cross-check was performed by a search 
for ons using the Integrity Database [9] (last accessed 18 February 2015). 
This yielded information on 7 additional ons clinically tested, not (yet) 
reported on in the public domain. Further, publicly available documents 
from manufacturers of ons and regulatory agencies were screened for 
relevant information on isrs. 

These data were combined with safety data on file available at the 
Centre for Human Drug Research in Leiden, the Netherlands, where a 
total of 204 subjects participated in trials with 4 different ons. These stud-
ies were conducted in accordance with good clinical practice guidelines, 
after approval by the Central Committee on Research Involving Human 
Subjects (ccmo) of the Netherlands. Two of these compounds were made 
anonymous by naming them on_chdr to protect intellectual property. 

Results
incidence

The literature search yielded no review papers on isrs. Twenty-four (24) 
different sc administered ons were identified in the papers found by the 

literature search and the information from the Integrity Database [9]. For 
19 compounds reporting was available, and for all these compounds isrs 
occurred. For the other 5 compounds identified, no reporting was (yet) 
available (pro044, pro045, pro053, Isisgccrrx and Isisttrrx). The data 
found in the search was supplemented with chdr data on file regarding 
four other ons for which also isrs were invariably noted. An overview of 
incidence of isrs associated with these ons is provided in figure 2. The 
percentage of trial subjects that develops isrs differs per on and ranged 
from 22 to 100%. The majority of ons causes isrs in more than 70% of 
the trial subjects and for two ons it was reported that all treated individ-
uals developed isrs. For almost all ons the incidence of isrs is clearly 
dose-dependent. This is illustrated by the incidence for mipomersen 
[10], on_chdr2, imo-8400 and isis325566 (figure 3). For these four ons 
higher doses are associated with higher incidence of isrs. Although the 
shape of the curve differs, the trend towards higher incidence with higher 
dose is clear and a plateau at 100% seems to occur from a certain dose 
level onwards. The only on that did not show direct dose-dependency was 
isis14803 with a 100% occurrence rate at all dose levels tested, which may 
reflect that the doses studied were too high to detect dose-dependency. 

isrs following sc injection of ons are characterized by a symmetrical 
erythemous skin lesion around the injection site, with a diameter ranging 
from 4 - 15 cm. The erythema may be accompanied by discomfort, pain, 
itch, induration and/or ulceration (figure 4), but is usually not accompa-
nied by lymphadenopathy. The erythema generally appears 24-96 hours 
after the injection. It often reaches a maximal intensity around 48 hours 
after injection. These data appear to be corroborated by publicly available 
sources reporting that the most common injection site reactions (inci-
dence between brackets) for mipomersen consisted of erythema (59%), 
pain (56%), hematoma (32%), pruritus (29%), swelling (18%) and discol-
oration (17%) [7]. Information on severity and duration of isrs is not 
readily available, but it appears that the resolution of a skin lesion differs 
greatly among individuals. A total of 204 subjects were actively treated 
with one of 4 different ons at our centre. isrs were reported in 122 (60%) 
of the subjects and complete resolution occurred in this group in over 
80% of the cases. The duration to resolution ranged from 14 to 90 days. 
Approximately 20% of the participants developed a (semi)permanent 
discoloration of the skin. This manifested itself as persistent mild ery-
thema or hypo/hyperpigmentation of the skin, which was usually smaller 
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in diameter than the original erythemous lesion (figure 5). Interestingly, 
the pooled phase iii trials with mipomersen report that 7.7% (20/261) 
of individuals experienced reactions at a previous injection site when 
subsequent injections were administered at a different site; a so-called 
injection site recall reaction.

The severity of isrs is generally described in the literature as ‘mild to 
moderate’. However, in most papers the definitions of the concepts ‘mild’ 
and ‘moderate’ are not specified and usually no information is provided 
on how many of each were reported. A notable exception was the report-
ing on the severity of the isrs occurring for pf3512676 for which a grading 
system was used (table 2) [11]. The majority of patients were reported to 
have an isr of Grade 2 or lower (mild to moderate), up to 10% of patients 
reported an isr of Grade 3 or greater which was defined as severe and 
requiring dose modification. In the combined phase iii 6-month trials 
5% of all mipomersen-treated individuals discontinued due to isrs [8]. 
Other patient drop-outs as a result of isrs were reported for pf 3512679 
and isis2302 [12]. The severity profile may differ between compounds 
and between dose levels, however this is difficult to assess as no grading 
system is consistently used throughout different studies.

histology

Little is known of the histopathology of isrs. The largest series currently 
available is from a dedicated isr study performed with mipomersen. In 
this study 32 individuals had post-treatment skin biopsies of injection 
sites. Histological analyses of these injection sites showed that 9 of the 
32 individuals had findings consistent with leukocytoclastic vasculitis 
e.g. infiltrating neutrophils, prominent nuclear dust, lymphocytes, and 
eosinophils with local macrophage infiltration [7]. The histology of a biop-
sy of an erythematous isr observed in our center showed a non-specific 
spongiotic appearance with few eosinophils (figure 6a,b,c). The inflam-
matory influx was mainly perivascular and to small extent also present in 
pre-existing collagen, and the basal layer of the epidermis. The subcuta-
neous fat tissue demonstrated necrosis and infiltration with eosinophils 
(figure 6d).

Discussion
Since detailed information on oligonucleotide-induced isrs is current-
ly lacking, we conducted a systematic review of all data available in the 
public domain, and supported the findings with relevant data collected 
in clinical studies with subcutaneously administered ons performed at 
the chdr. All sc administered ons described in literature and studied 
at the chdr resulted in the induction of isrs. on-induced isrs appear as 
symmetrical erythematous skin lesions, often accompanied by discom-
fort, pain, itch, induration and/or ulceration, variable in size, and with 
variable resolution times between compounds and individuals. This local 
immune response is in line with the general pro-inflammatory potential 
of ons in humans, since flu-like symptoms and elevated crp are common 
after sc administration of ons [7]. Also systemic adverse reactions direct-
ly following iv infusion (fever, nausea, malaise) are commonly observed 
in clinical trials with ons [13;14]. Based on the data available, it is conclud-
ed that on dose level is an important determinant for the induction of 
isrs as occurrence rate and severity increases with higher dose levels. 
ons differed mutually with respect to the incidence and severity of the 
induced isrs, although no clear association with a specific on subclass 
was observed. Although many efforts have been made to design ons 
lacking immune-stimulating effects, none of the established chemical 
modifications did result in the desired effect. The 5-methyl-cytosine sub-
stitution is claimed to reduce immune stimulation [7;15]. Locked nucleic 
acid (lna) modifications are intended to enhance the antisense binding 
affinity to the mrna target and increase its biological half-life, reducing 
the probability of off-target effects [16]. However, the observed incidence 
and severity of the skin reactions induced by these newer compounds 
does not differ from older on subclasses (table 1). It is remarkable that 
the ons with the highest isr rates, isis 14803 and mipomersen, both 
include a 5-methyl-cytosine substitution. No other potential correla-
tion between on subclass or length and isr incidence or severity was 
observed (table 1). These findings demonstrate that it is at least uncertain 
that further chemical modification of ons may result in the desired lack 
of immune-stimulating activity. Nevertheless, it appears that chemical 
modifications are pursued. Examples of this approach are to introduce a 
so-called steric bulk at 5’-position of the sugar-phosphate backbone [17], 
to conjugate the oligonucleotide with peptides, proteins, carbohydrates, 
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aptamers and small molecules [18], or introduce receptor-binding mol-
ecules such as folate, anisamide or N-acetyl galactosamine (GalNac) or 
dynamic polyconjugates to the oligonucleotide [19]. An alternative strate-
gy may be to alter the delivery of ons in a manner which may bypass local 
immune responses. Altered delivery can be obtained using chelation [20] 
or the use of nanoparticles or liposomes [21]. Moreover, avoiding isr s 
could be achieved by oral administration of ons, a concept that is current-
ly investigated [22]. Whether these strategies are safe and efficacious in 
humans remains to be determined. 

Our review demonstrates that isrs after sc administration of ons are 
a serious problem. Obviously, severe and long-lasting local inflammatory 
responses upon sc use of ons are debilitating for potential future patient 
populations. In addition, relatively mild discomfort such as itch and cos-
metic aspects like erythema and altered pigmentation may jeopardize 
adherence to therapy, particularly upon chronic use. This is illustrated 
by the relatively high percentage of participants in phase 3 mipomers-
en trials discontinuing therapy early due to the occurrence of isrs [8]. 
Ultimately, the potential value of sc on therapy is dependent on the 
severity of a particular disease and availability of alternative therapies. 
For example, isr-inducing sc on therapy may be acceptable for patients 
suffering from an otherwise untreatable malignancy or lethal muscular 
dystrophy, whereas hypercholesterolemic patients would not readily 
consider the use of such a therapy.

For the future clinical application of sc ons, detailed understanding 
of the mechanisms causing the skin reactions is essential. It is unlikely 
that the occurrence of isrs can be explained by the on target or the tar-
get distribution. For example, isis 14803 and miravirsen both target rna 
replication of the Hepatitis C Virus (hcv), however the compounds have 
the highest and second lowest isr rates (table 1). It does not seem that the 
dermal localization of the on target predisposes to a higher isr occur-
rence rate: the target of the on with the highest incidence is expressed 
hepatically (isis 14803), whereas cpg10101 that has a target in the skin 
shows a remarkably low incidence in isrs. This is interesting given the 
fact CpG ons are intended to act immunostimulatory. Unlike assumed 
earlier however, it was shown that tlr9 activation is not confined to the 
compounds containing unmethylated CpG, but depends on backbone 
structure [23;24]. In conclusion, the induction of isrs by sc administra-
tion of ons may be a class effect inherent to the physical-chemical nature 

of the compounds, which can potentially be circumvented by further 
chemical modification, although published evidence is currently lacking. 
Further, we argue that rational development of tailored on subclass-
es could benefit from in-depth knowledge on the relationship between 
chemical modifications and the molecular pathways involved in the 
immune responses causing the isrs.

molecular targets

Which molecular targets may be implied in the observed on-induced 
immune responses? The skin functions as a mechanical barrier, and also 
as a first line immune defense, comprising innate and adaptive immune 
mechanisms [25]. The skin contains a mixture of immune cells: keratino-
cytes releasing cytokines and chemokines in response to injury, resident 
dendritic cells, macrophages, innate, nk- and helper T lymphocytes, and 
mast cells in the dermis [26]. on-mediated activation of the immune 
system is likely to start in the dermis. Unfortunately, relatively limited 
information is available on the specific pathophysiology of isrs. In gen-
eral, drug-induced skin reactions are non-specific hypersensitivity-like 
responses, characterized by dermal edema with perivascular and inter-
stitial acute and chronic inflammation with involvement of neutrophils, 
eosinophils and lymphocytes [27-29]. This is compatible with the findings 
from biopsies performed upon occurrence of isrs after sc administra-
tion of mipomersen [7]. Similar histological responses were observed 
in a clinical study with a ribozyme construct, chemically resembling 
an on [30]. Specific features of on-induced isrs include the involve-
ment of immunological memory, as demonstrated by the injection site 
recall reactions related to previous exposure to the on [7]. Also, hyper- 
and hypopigmentation is incidentally observed after administration of 
mipomersen. They should be considered non-specific post-inflamma-
tory clinical sequellae, also occurring in skin diseases including acne 
vulgaris, atopic dermatitis, skin infections and allergic reactions [31]. 
The response is known to result from the activation of melanocytes with 
overproduction of melanin or an irregular dispersion of pigment, but the 
exact mechanism underlying post-inflammatory hyperpigmentation is 
unknown [32]. Some scattered histological information is available on 
immune responses in on-induced isrs, but this information does not 
tell which specific molecular pathways are driving the initial immune 

injection site reactions after subcutaneous oligonucleotide therapy – chapter 6



anti sense and sensibility – renal and skin effects of (antisense) oligonucleotides 111110

response. The innate immune system, being the first line of defense, 
comprises different subsystems for the protection of the body against 
pathogens. The most likely initial drivers of the on-induced immune 
response are innate cytosolic sensors and Toll-like receptors (tlrs) and 
the complement system, two innate immune pathways that may act syn-
ergistically [33]. The tlr system comprises different pattern recognition 
receptors sensing a variety of pathogens ranging from bacteria to fungi, 
protozoa, and viruses [34]. More particularly, the cell-membrane bound 
tlr2 and tlr4 can be activated by viruses and viral components, as are 
the endosomal tlr3, tlr7/tlr8 and tlr9, which sense double-strand 
rna, single-strand rna, and CpG dna, respectively. Since ons are short 
nucleic acid sequences, which may mimic viral sequences, they could 
theoretically trigger innate cytosolic sensors such as retinoic acid-induc-
ible gene I (rig-I), melanoma differentiation-associated gene 5 (mda-5), 
tlr3, tlr7/8, resulting in MyD88 (type I ifn) and nf-kappa-B and the 
expression of pro-inflammatory cytokines by dendritic cells and mac-
rophages [35-39]. Complement activation is known to play a key role in 
dermatological inflammatory conditions [40]. Leukocytoclastic vasculi-
tis has been demonstrated in isr biopsies of mipomersen-treated human 
subjects [7], which implies the potential involvement of complement 
since in this type of vasculitis complement complexes and perivascular 
complement deposits are commonly observed [41]. Leukocytoclastic 
vasculitis (also known as hypersensitivity vasculitis / angiitis) is com-
monly confined to the skin and is caused by vascular damage due to 
nuclear debris from infiltrating neutrophils. The most common cause 
is secondary to medications. The common clinical observations fit the 
findings for on-associated isrs as the majority of the lesions are acute 
and show resolution in weeks to months, but 10% turns into a chronic 
condition characterized by persistent lesions or intermittent recurrence. 
These chronic lesions eventually develop into morphea (also known as 
localized scleroderma or circumscribed scleroderma), a condition con-
sisting of patches of hardened skin with no internal organ involvement. 
Interestingly, the treatment for leukocytoclastic vasculitis is to stop 
the causative agent and to avoid steroids. The latter would explain why 
attempts to reduce iisr using steroids have failed. However, based on the 
data available in the public domain it remains difficult to draw firm con-
clusions on potential tlr and complement activation in the skin upon sc 
on treatment. The occurrence of isrs appears to be species-dependent, 

which is not surprising given the large differences in the immune system 
response between species [42]. For example, monkeys are more sensitive 
to oligonucleotide-induced complement activation than humans [43;44]. 
However, dedicated animal studies may shed light on the mechanisms 
underlying isrs: in mice and non-human primates immunostimulatory 
effects of ons were observed [2;45-47], which demonstrates the potential 
relevance of these animal models for mechanistic studies. Subcutaneous 
administration of phosphorothioate ons to rodents resulted in local 
swelling and induration at the injection site, with mononuclear cell infil-
trates [46;48], lymphoid hyperplasia and multiorgan lymphohistiocytic 
cell infiltrates [43;49;50]. Administration of CpG-containing ons to mice 
resulted in tlr9 activation [35]. Furthermore, experiments in non-human 
primates have shown that phosphorothioate ons may activate the alter-
native complement pathway [51;52], possibly by interaction with Factor 
H [52;53]. It is uncertain how these preclinical data translate to humans, 
but when combined with tailored preclinical studies applying human cell 
cultures or mouse models with a humanized immune system, potential-
ly involved mechanisms in on-induced isr development in man may be 
identified. The involvement of specific tlr pathways and complement in 
on-induced isrs could be systematically explored in a clinical trial with 
mipomersen, a commercially available oligonucleotide that is considered 
to be safe, but does induce isrs. Thorough investigation of biopsies from 
skin lesions with dedicated immunohistochemical staining may shed 
light on the exact immunological mechanisms involved. In addition, we 
would advocate standardized quantitative and qualitative assessments of 
skin reactions in all future clinical studies with sc administration of ons 
including immunohistochemistry and electronmicroscopy. This would 
provide more insight into the course of the development of the lesions, 
and allow a more structured comparison between different compounds. 

In summary, all ons tested in clinical studies have been reported to induce 
isrs, reflecting a drug class effect. Detailed information on isrs in the 
experimental setting is currently lacking. It is recommended to perform a 
uniform and standardized assessment of the skin reactions for all future 
studies with ons, to gain more insight and to allow comparison between 
different compounds. This assessment should include a standardized 
way of reporting the clinical features, scoring severity and reporting dura-
tion (table 3). Also performing standardized medical photography and 

injection site reactions after subcutaneous oligonucleotide therapy – chapter 6



anti sense and sensibility – renal and skin effects of (antisense) oligonucleotides 113112

references 

1 	 Dias N, Stein CA: Antisense oligonucleotides: 
basic concepts and mechanisms. Mol Cancer 
Ther 2002;1:347-355.

2 	 Krieg AM: From A to Z on cpg. Trends Immu-
nol 2002;23:64-65.

3 	 Marquis JK, Grindel JM: Toxicological eval-
uation of oligonucleotide therapeutics. Curr 
Opin Mol Ther 2000;2:258-263.

4 	 Monteith DK, Levin AA: Synthetic oligo-
nucleotides: the development of antisense 
therapeutics. Toxicol Pathol 1999;27:8-13.

5 	 Cavagnaro JA, Levin AA, Henry SP: Preclinical 
Safety Evaluation of Biopharmaceuticals. 
A Science-based Approach to Facilitating 
Clinical Trials (Toxicology of oligonucleotide 
therapeutics and understanding the relevance 
of toxicities); Hoboken, NJ, Wiley, 2008, pp 
538-574.

6 	 Crooke ST, Scott H, Kim TW, Kramer-Stick-
land K, Zanardi T, Fey RA, Levin A: Antisense 
Drug Technology: Principles, Strategies and 
Applications. 2 (Toxicologic properties of 
2’-methoxyethyl chimeric antisense inhibitors 
in animals and man); Carlsbad, ca, crc Press, 
2008, pp 327-363.

7 	 Mipomersen FDA Briefing Document nda 
203568: 2012.

8 	 unknown: highlights of prescribing informa-
tion kynamro; 2013.

9 	 Integrity Database: Thomson Reuters, 2015.
10 	 Kastelein JJ, Wedel MK, Baker BF, Su J, Brad-

ley JD, Yu RZ, Chuang E, Graham MJ, Crooke 
RM: Potent reduction of apolipoprotein B 
and low-density lipoprotein cholesterol by 
short-term administration of an antisense 
inhibitor of apolipoprotein B. Circulation 
2006;114:1729-1735.

11 	 Manegold C, van ZN, Szczesna A, Zatloukal P, 
Au JS, Blasinska-Morawiec M, Serwatowski P, 
Krzakowski M, Jassem J, Tan EH, Benner RJ, 
Ingrosso A, Meech SJ, Readett D, Thatcher N: 
A phase iii randomized study of gemcitabine 
and cisplatin with or without PF-3512676 
(tlr9 agonist) as first-line treatment of 
advanced non-small-cell lung cancer. Ann 
Oncol 2012;23:72-77.

12 	 Schreiber S, Nikolaus S, Malchow H, Kruis W, 
Lochs H, Raedler A, Hahn EG, Krummenerl T, 
Steinmann G: Absence of efficacy of subcuta-
neous antisense icam-1 treatment of chronic 
active Crohn’s disease. Gastroenterology 
2001;120:1339-1346.

13 	 van Dongen MGJ, Geerts BF, Morgan ES, 
Brandt TA, de Kam ML, Romijn JA, Cohen 
AF, Bhanot S, Burggraaf J: First proof of 
pharmacology in humans of a novel glucagon 
receptor antisense drug. The Journal of 
Clinical Pharmacology 2014;n/a.

14 	 Jansen B, Wacheck V, Heere-Ress E, 
Schlagbauer-Wadl H, Hoeller C, Lucas 
T, Hoermann M, Hollenstein U, Wolff K, 
Pehamberger H: Chemosensitisation of 
malignant melanoma by BCL2 antisense 
therapy. Lancet 2000;356:1728-1733.

15 	 McHutchison JG, Patel K, Pockros P, Nyberg 
L, Pianko S, Yu RZ, Dorr FA, Kwoh TJ: A phase 
I trial of an antisense inhibitor of hepatitis 
C virus (isis 14803), administered to chronic 
hepatitis C patients. J Hepatol 2006;44:88-96.

16 	 Veedu RN, Wengel J: Locked nucleic 
acids: promising nucleic acid analogs for 
therapeutic applications. Chem Biodivers 
2010;7:536-542.

17 	 Seth PP, Jazayeri A, Yu J, Allerson CR, Bhat B, 
Swayze EE: Structure Activity Relationships 
of alpha-L-lna Modified Phosphorothioate 
Gapmer Antisense Oligonucleotides in 
Animals. Mol Ther Nucleic Acids 2012;1:e47.

18 	 Winkler J: Oligonucleotide conjugates 
for therapeutic applications. Ther Deliv 
2013;4:791-809.

19 	 Gish RG, Yuen MF, Chan HL, Given BD, 
Lai CL, Locarnini SA, Lau JY, Wooddell 
CI, Schluep T, Lewis DL: Synthetic rnai 
triggers and their use in chronic hepatitis B 
therapies with curative intent. Antiviral Res 
2015;121:97-108.

20 	Vaillant A, Bazinet M: 2012.
21 	 Yu B, Mao Y, Bai LY, Herman SE, Wang 

X, Ramanunni A, Jin Y, Mo X, Cheney C, 
Chan KK, Jarjoura D, Marcucci G, Lee RJ, 
Byrd JC, Lee LJ, Muthusamy N: Targeted 
nanoparticle delivery overcomes off-
target immunostimulatory effects of 
oligonucleotides and improves therapeutic 
efficacy in chronic lymphocytic leukemia. 
Blood 2013;121:136-147.

22 	 van PM, Young C, van den Berg S, Pronk A, 
Hulsker M, Karnaoukh TG, Vermue R, van 
Dijk KW, de KS, Aartsma-Rus A: Preclinical 
studies on intestinal administration of 
antisense oligonucleotides as a model for oral 
delivery for treatment of duchenne muscular 
dystrophy. Mol Ther Nucleic Acids 2014;3:e211.

23 	 Haas T, Metzger J, Schmitz F, Heit A, Muller 
T, Latz E, Wagner H: The dna sugar backbone 

biopsies from affected skin could add greatly to the current knowledge. 
More recent on subclasses with specific chemical modifications aiming to 
avoid immunological skin responses have at present not been successful 
to completely prevent occurrence of isrs. The pathophysiology underly-
ing the isrs and the causative immune pathways remains speculative. 
The initial immunological activation is likely to be driven by specific tlrs 
and complement. However, the exact involvement of these pathways has 
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Figure 1  The different modes of actions for therapeutic oligonucleotides. a. activation or inhibition 
of the target protein to induce or inhibit immune activation b. exon skipping to induce alternative 
splicing. c. inhibition of mrna with antisense on, inhibits production of the protein. 

Figure 2  All 21 sc administered ons resulted in isrs. Incidence ranged from 22 to 100%. For 4 ons no 
incidence numbers were reported, namely isisApo(a)rx, isis113715, atl-03 and isisgcgr-rx.  
For ons that were studies at different dose levels and/or multiple trials, an average isr occurrence  
was calculated.
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Figure 3  Dose-dependent occurrence of isrs after administration of four different ons. Higher dose 
levels result in increased incidence of isrs up to 100% at the highest dose level. The dose levels tested 
for isis32566 and Mipomersen [10] were placebo (0), 50, 100, 200 and 400 mg. For imo-8400 dose levels 
were: placebo (o), 0.075, 0.15, 0.3 and 0.6 mg/kg, and for on_chdr2 dose levels were placebo (0), 0.5, 1.5 
and 5 mg/kg.

 
For figure 4, 5,6: see inside cover.

Table 1  Listing of clinically tested oligonucleotides. Phon = Phosphorothioate Oligonucleotide,  
lna = locked nucleid acid structure, 2moe = 2’-O-moe structure, 5mcs = 5-methyl-cytosine 
substitution, cpg = Cytosine triphosphate deoxynucleotide-Guanine triphosphate deoxynucleotide 

Name Structure Length MOA Indication N* Ref. isr %

isis 14803 phon 
5mcs

20 units Inhibits hcv rna 
synthesis

Chronic hcv 
Infection

1 (19) 100

isis 104838 phon, 
2moe

20 units Inhibits tnfα Rheumatoid  
arthritis, Crohn’s 
disease and psoriasis

1 (56) 100

Mipomersen phon, 
2moe 
5mcs

20 units apoB synthesis 
inhibitor

Hyper
cholesterolemia

19 (13; 55; 
57-73)

91.2

Drisapersen phon, 
2moe

20 units Induces Exon 51 
skipping in dmd

Duchenne’s 
Muscular Dystrophy

6 (54; 
74-78)

85.5

isis325568 phon, 
2moe

20 units Inhibits gccr Diabetes  
Mellitus Type 2

1  (79) 85

hyb 2055 nr** nr Activates tlr 9 Cancer 1 (80; 81) 81.3

imo-3100 phon 18 units Inhibits tlr 7,9 
activation

Psoriasis 1 (82) 65

pf 3512676 phon, 
cpg

24 units Activates tlr 9 As adjuvant  
of vaccination/
chemotherapy

5 (83-87) 76.3

cpg 10101 phon, 
cpg

22 units Activates tlr 9 Hepatitis C (hcv) 
Infection

3 (88-90) 74.5

on_chdr2 phon, 
lna

14 units undisclosed undisclosed - - 72.2

imo-8400 phon, 
2moe

18 units Inhibits tlr 7, 8, 9 
activation

Psoriasis 1 (91) 61.5

isis304801 phon, 
2moe

20 units Inhibits Apolipo-
protein C-iii

Dyslipidemia 1  (92; 
93)

52

on_chdr1 phon, 
2moe

12 units undisclosed undisclosed - - 42.7

isisfixrx
(Isis416858)

phon, 
2moe

20 units Reduces human 
factor xi

Prevention of 
thrombosis

2  (94; 95) 33.3

atl1102 phon, 
2moe

20 units Inhibits cd49d Relapsing-remitting 
multiple sclerosis

1 (96) 25

isis 2302 phon 20 units Inhibits icam-1 
expression

Crohn’s Disease 1 (16) 23.3

Miravirsen phon, 
lna

15 units Inhibits miR-122 hcv Infection 2 (97; 98) 22.2

isisApo(a)
rx

nr nr Inhibits apolipo
protein (a) protein

Coronary Artery 
Disease

1 (99) nr

isis113715 phon, 
2moe

20 units Inhibits ptp-1b 
protein

Diabetes Mellitus 
Type 2

2 (100; 
101)

nr

atl-03 phon, 
2moe

20 units Inhibits ghr 
Expression 

Acromegaly 1 (12; 
102)

nr

isisgccr-rx Not 
reported

nr Inhibits gccr Diabetes Mellitus 
Type 2

1 (103) nr

* # Number of Studies found in literature ** Not Reported
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Table 2  An example of an isr grading system to score the severity used for pf3512676 [11] 

 

Grade 1 mild (does not interfere with daily life)

Grade 2 moderate (interferes with daily life but no dose modification)

Grade 3 severe (requires dose modification)

Grade 4 disabling (requires drug discontinuation)

Table 3  Suggested uniform standardized isr scoring system. adl = ‘Activities of Daily Living’ and 
are defined as bathing, dressing and undressing, feeding self, using the toilet, taking medications, 
preparing meals, shopping for groceries or clothes, using the telephone etc. 

0 =  
No

1 =  
Mild

2 =  
Moderate

3 =  
Severe and undesirable

Injection 
site 
reaction

None Erythema  
or Tenderness  
or Itching

As 1 and Pain or Swelling  
or Signs of inflammation

Ulceration or necrosis

Maximal 
diameter 
isr

na Max 5 cm Max 10 cm Max 15 cm or any diame-
ter and systemic reaction 
or flare up previous IS

Duration of
symptoms

≤1 day 2-14 days 2-6 weeks, reversible Permanent

Sequelae None Minimal and tolerat-
ed by patient

Hardly tolerated or wish 
for treatment by patient

Permanent despite 
treatment  
or no treatment options

Likely 
impact on 
next dose

None Injection site can be 
used in rotation and 
no dose adaptation

Injection site should be 
avoided in rotation or 
change dose regimen

Injection site cannot be 
used anymore  
or discontinuation

adl 
limitations

None Minimal Functional Self-care limitations

discussion and 
summary


