
1 of 8Clinical and Translational Science, 2025; 18:e70431
https://doi.org/10.1111/cts.70431

Clinical and Translational Science

ARTICLE OPEN ACCESS

No Effect of Immunogenicity on Pharmacokinetics, 
Efficacy, and Safety of the Oligonucleotide 
Telomerase Inhibitor Imetelstat in Lower-Risk 
Myelodysplastic Syndromes
Ashley L. Lennox1  |  Fei Huang1  |  Mario González-Sales2,3  |  Ying Wan1  |  Libo Sun1  |  Tymara Berry1  |  Faye Feller1  |  
Peter N. Morcos4

1Geron Corporation, Foster City, California, USA  |  2Modeling Great Solutions Pharmaceutical Research & Studies, FZE, Dubai, UAE  |  3Allucent, Cary, 
North Carolina, USA  |  4Morcos Pharmaceutical Consulting, LLC, Marlboro, New Jersey, USA

Correspondence: Ashley L. Lennox (alennox@geron.com)

Received: 1 August 2025  |  Revised: 12 November 2025  |  Accepted: 14 November 2025

Keywords: imetelstat | immunogenicity | myelodysplastic syndromes | myelofibrosis | pharmacokinetics | telomerase inhibitor

ABSTRACT
Imetelstat is a first-in-class, 13-mer oligonucleotide telomerase inhibitor approved in the United States and European 
Union for the treatment of certain adult patients with lower-risk myelodysplastic syndromes (LR-MDS) with red blood cell 
(RBC) transfusion-dependent anemia. This post hoc analysis evaluated imetelstat immunogenicity and its association with 
the pharmacokinetics (PK), efficacy, and safety of imetelstat in patients with LR-MDS from the phase II/III IMerge study 
(NCT02598661). A validated, semi-quantitative 3-tiered method evaluated anti-drug antibodies (ADAs). Graphical and de-
scriptive analyses evaluated ADA incidence and association with clinical outcomes. Of 166 evaluable patients who received 
7.1 mg/kg imetelstat via a 2-h intravenous infusion every 4 weeks, 16.9% developed imetelstat ADAs (median [range] time to 
onset, 38 weeks [12–109]; ~8 treatment cycles). In ADA-positive patients, peak titer was low (median [range], 30 [10–160]). 
Evaluations showed no association of ADA positivity with imetelstat PK, nor any negative association with efficacy responses, 
including ≥ 8-week RBC-transfusion independence (TI), ≥ 24-week RBC-TI, hematologic improvement-erythroid, or duration 
of RBC-TI response. There was no apparent relationship between the onset of ADAs and loss of RBC-TI. The rates of any-grade 
or grade ≥ 3 treatment-emergent adverse events (TEAEs) were similar for both ADA groups, with no reported serious TEAEs 
or TEAEs causing death in ADA-positive patients. Infusion-related TEAEs were more frequent in ADA-positive patients, 
although the sample size was small. Overall, imetelstat ADAs did not appear to impact imetelstat benefit/risk profile in the 
LR-MDS population of IMerge, although the analysis is limited by the low incidence of imetelstat ADAs, resulting in a small 
ADA-positive group.

1   |   Introduction

Imetelstat (GRN163L; RYTELO) is a novel, first-in-class, 13-
mer N3′ → P5′ thio-phosphoramidate oligonucleotide with a 

covalently attached palmitoyl lipid group [1, 2]. Imetelstat acts 
by binding with high affinity to the template region of the RNA 
component of human telomerase, which lies in the active or cat-
alytic site of human telomerase reverse transcriptase (hTERT), 
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resulting in competitive inhibition of hTERT enzymatic activ-
ity  [1, 2]. Thus, while imetelstat shares structural similarities 
with other oligonucleotide classes, its mechanism of action is 
through direct active site enzyme inhibition rather than an 
antisense-based mechanism. Inhibition of telomerase, which is 
involved in the regulation of cell division, by imetelstat leads to 
inhibition of cell proliferation, induction of apoptosis, and elim-
ination of malignant hematopoietic stem and progenitor cells 
(HSC/HPC) while having minimal effect on normal HSCs/HPCs 
[2–8]. In preclinical models, imetelstat demonstrated potent 
in vitro and in vivo activity across various neoplasms, including 
acute myeloid leukemia [7, 9, 10], multiple myeloma [5], myelofi-
brosis [8, 11], and essential thrombocythemia [12]. In lower-risk 
myelodysplastic syndromes (LR-MDS), elimination of malignant 
HSCs/HPCs from the bone marrow could allow for restoration of 
normal hematopoiesis and improvement of anemia.

The benefit/risk of imetelstat in the LR-MDS population was 
established in the randomized, double-blind, phase III IMerge 
study (NCT02598661) [13, 14]. Patients who received imetelstat 
at 7.1 mg/kg active dose (equivalent to 7.5 mg/kg imetelstat so-
dium), administered via 2-h intravenous infusion every 4 weeks, 
achieved a statistically significant and clinically meaningful 
improvement in red blood cell (RBC) transfusion independence 
(TI) compared with placebo as follows: 40% (95% confidence 

interval [CI] 30.9–49.3) of imetelstat-treated patients had an 
RBC-TI of ≥ 8 weeks versus 15% [95% CI 7.1–26.6] in the placebo 
group, with a rate difference of 25% [95% CI 9.9–36.9]; p = 0.0008 
[13, 14]. Imetelstat also demonstrated an acceptable tolerability 
profile with transient neutropenia and thrombocytopenia being 
the most frequent grade 3/4 treatment-emergent adverse events 
(TEAEs) with imetelstat treatment [13, 14]. Based on these re-
sults, imetelstat was recently approved by the United States Food 
and Drug Administration (FDA) and the European Commission 
for the treatment of certain adult patients with LR-MDS and 
RBC transfusion-dependent anemia who were ineligible for 
erythropoiesis-stimulating agents or had relapsed or refractory/
unsatisfactory response to erythropoiesis-stimulating agents 
[15, 16]. In addition, the randomized, phase III IMpactMF study 
(NCT04576156) is ongoing to assess the benefit/risk of imetel-
stat in patients with intermediate-2 or high-risk myelofibrosis 
who are relapsed/refractory to Janus kinase-inhibitor treatment.

Since synthetic oligonucleotide therapies are an emergent treat-
ment modality, further investigation of their immunogenic po-
tential to elicit anti-drug antibodies (ADAs) is crucial to inform 
their optimal clinical use [17]. Indeed, recent FDA guidance rec-
ommends that clinical and non-clinical immunogenicity assess-
ment for an oligonucleotide therapeutic should be considered 
based on a product-specific immunogenicity risk assessment 
[18]. This analysis evaluated the immunogenicity of imetelstat 
in the combined phase II and phase III portions of the pivotal 
IMerge study [13, 14], and the association of ADAs with clinical 
pharmacokinetics (PK), efficacy, and safety.

2   |   Methods

2.1   |   Clinical Studies

Imetelstat immunogenicity was evaluated using plasma samples 
from patients with LR-MDS in the combined phase II/phase III 
IMerge study [13, 14], in which patients had a median treatment 
duration of 35.1 weeks (primary analysis data cutoff of October 13, 
2022) [14]. The starting dosage of imetelstat was 7.1 mg/kg via 2-h 
intravenous infusion every 4 weeks; dose escalations to 8.9 mg/kg 
every 4 weeks were allowed in phase II, and dose reductions to 
5.6 mg/kg every 4 weeks or 4.4 mg/kg every 4 weeks were em-
ployed in both phases to manage adverse events [13, 14]. Samples 
for evaluation of imetelstat immunogenicity were collected at pre-
dose at baseline (cycle 1 day 1), at predose at cycle 4 day 1, then 
every three cycles until the end of treatment, at the time of dose 
escalation, at the end of treatment, if an infusion-related reaction 
(IRR) was observed, and at the first post-treatment follow-up. The 
study design was reported previously [14], and the study was con-
ducted in accordance with Good Clinical Practice guidelines and 
the Declaration of Helsinki. Protocols were approved by institu-
tional ethics committees or independent review boards, and all 
patients provided written informed consent.

2.2   |   Immunogenicity Samples and Bioanalysis

Patient plasma samples were assessed for the presence of ime-
telstat ADAs using a validated electrochemiluminescence im-
munoassay on the Meso Scale Discovery platform (Meso Scale 

Study Highlights

•	 What is the current knowledge on the topic?
○	 Imetelstat is a first-in-class, 13-mer oligonucleotide 

telomerase inhibitor approved in the United States 
and European Union for the treatment of certain 
adult patients with lower-risk myelodysplastic syn-
dromes (LR-MDS) with transfusion-dependent ane-
mia. While immunogenicity is a known concern for 
oligonucleotide therapeutics, data on the clinical im-
pact of anti-drug antibodies (ADA) for this class of 
drugs remain limited.

•	 What question did this study address?
○	 This post hoc analysis assesses the immunogenic 

potential of imetelstat to elicit anti-drug antibodies 
(ADA) in the combined phase II and phase III por-
tions of the IMerge study, along with their associa-
tion with clinical outcomes of imetelstat.

•	 What does this study add to our knowledge?
○	 The development of imetelstat ADAs in patients 

with LR-MDS was characterized by low incidence, 
late response, low titers, and was not associated 
with meaningful differences in pharmacokinetics, 
efficacy, or the safety profile of imetelstat.

•	 How might this change clinical pharmacology or 
translational science?
○	 These results contribute to understanding the clin-

ical outcomes of synthetic oligonucleotides and 
informing their optimal clinical use. This study 
supports the continued use of imetelstat in pa-
tients with LR-MDS without the need for routine 
immunogenicity-based monitoring.
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Diagnostics; Rockville, MD). The three-tiered bioanalytical ap-
proach included a screening assay, which detected anti-imetelstat 
antibodies, a confirmatory competition assay to assess the speci-
ficity of initial positive screening results, and a titration assay for 
confirmed positive results to obtain semi-quantitative results for 
titers of detected ADAs. Assays were validated according to regu-
latory guidelines [19].

Briefly, plasma samples were diluted and incubated with a 
streptavidin plate coated with biotin-imetelstat. If present, 
ADAs bound to the immobilized antigen and were detected 
with a cocktail of SULFO-TAG secondary antibodies (mouse 
anti-human immunoglobulin G and immunoglobulin M an-
tibodies, and goat anti-rabbit IgG antibody), resulting in an 
electrochemiluminescence signal proportional to the quantity 
of ADAs present in the sample. The minimum required dilu-
tion (MRD) of the human plasma for this assay was 1/10. The 
screening and titration cut points were determined in normal 
and disease-state plasma. A custom affinity-purified rabbit poly-
clonal anti-imetelstat antibody (designated PANK1, developed 
by Cambridge Research Biochemicals, lot #6139) was used as 
the positive control to assess assay sensitivity and performance. 
This antibody was generated by immunizing rabbits with ime-
telstat, and immunoglobulin G was purified from the resulting 
anti-sera. The reported titers are inclusive of the 10-fold MRD.

No acid dissociation or immune complex dissociation step 
was included in this assay because drug-immune complexes 
were not expected to interfere with ADA detection. This is 
supported by the fact that all ADA samples were collected 
at predose time points when imetelstat concentrations were 
below the limit of quantification in plasma (0.490 μg/mL or 
0.571 μg/mL, depending on the range of the calibration curve 
and accessory standards used in each validation study) and are 
therefore considered negligible for complex formation. During 
the assay validation, imetelstat concentrations < 10.24 μg/mL 
were established to have no interference on ADA detection; 
thus, interference was not of concern given immunogenicity 
samples were collected before dosing. The imetelstat ADA 
assay had a relative sensitivity of 19.53 ng/mL in the original 
validated method and 26 ng/mL after a partial re-validation to 
assess a new plate reader and washer. This change was deemed 
acceptable, as the relative sensitivity remained within one 2-
fold dilution of the original value.

2.3   |   PK Samples and Bioanalysis

Patient samples were collected for quantification of imetelstat 
plasma concentrations at the end of infusion (EOI) and at limited 
post-dose time points on cycle 1 day 1, and at EOI on day 1 of subse-
quent cycles. Blood specimens were obtained via lavender-top (K2 
EDTA) vacutainers to separate plasma. Total imetelstat in plasma 
was assessed using a validated hybridization technique performed 
under regulations for Good Laboratory Practice. This method in-
volved competition of imetelstat with a 3′-labeled digoxigenin ana-
log for binding to a complementary oligonucleotide sequence that 
features biotin at the 3′ end. Detection was carried out through 
an enzyme-linked immunoassay, with the formed complex cap-
tured on a neutravidin-coated microtiter plate. The digoxigenin-
labeled probe was subsequently detected after reacting with an 

antidigoxigenin antibody conjugated to alkaline phosphatase, 
which catalyzed the fluorescent substrate system AttoPhos 
(Promega, Madison, WI). Fluorescence was quantified using a flu-
orescence plate reader. Since the assay operates on a competitive 
principle, the signal obtained is inversely related to the amount 
of imetelstat in the calibration standard, quality control samples, 
and experimental specimens. To assess potential antibody inter-
ference in the validated PK assay for imetelstat, a custom affinity-
purified rabbit polyclonal anti-imetelstat antibody (designated 
PANK1, developed by Cambridge Research Biochemicals, lot 
#6140) was used as a surrogate ADA reagent. This antibody was 
produced using the same immunization and purification methods 
as the reagent used in the ADA method but was generated from a 
different rabbit and is therefore a different lot. The antibody was 
spiked into matrix at concentrations up to 1.0 μg/mL and tested 
for potential impact on imetelstat recovery. No interference was 
observed across the assay range (0.490 μg/mL–1.96 μg/mL after 
100-fold pre-assay dilution). High-concentration samples may be 
further diluted with blank matrix (up to 500-fold, equivalent to 
a 50,000-fold when including the MRD) to bring results within 
the range of the standard curve. Concentrations were reported in 
terms of imetelstat sodium (molecular weight of 4896 g/mol). The 
lower limits of quantification of imetelstat in human plasma were 
0.490 μg/mL or 0.571 μg/mL, depending on the range of calibra-
tion curve and accessory standards used in each validation study.

2.4   |   ADAs Assessment

Study patients treated with imetelstat were considered imetelstat 
ADA evaluable if they had ≥ 1 immunogenicity sample obtained 
after administration of ≥ 1 dose of imetelstat. ADA-evaluable pa-
tients were categorized as ADA positive if they had ≥ 1 positive 
ADA result at any time after the first dose of imetelstat, as base-
line ADA positive if they had a positive ADA result at baseline 
(cycle 1 day 1), as treatment-induced ADA positive if they had a 
negative ADA result at baseline and ≥ 1 ADA-positive result any 
time after the first dose of imetelstat, or as ADA negative if they 
had no positive ADA results. The rates of ADA incidence and 
category were summarized overall and by modified dose level 
throughout the study period.

2.5   |   ADA Association With Imetelstat PK, 
Efficacy, and Safety

The association of ADAs with imetelstat PK was assessed 
graphically with observed EOI concentrations as well as 
analyzed in a population PK model considering both time-
invariant (patients classified as ADA positive or ADA negative, 
patient-level) and time-variant (individual records classified as 
ADA positive or ADA negative, sample-level) ADA status as 
covariates.

Binary efficacy endpoints analyzed by ADA status included 
the primary endpoint, proportion of patients who had ≥ 8-
week RBC-TI, and key secondary endpoints, rate of ≥ 24-week 
RBC-TI and rate of hematologic improvement-erythroid (HI-E) 
per International Working Group 2018 or 2006 criteria. Rates 
were summarized with counts and percentages, and 95% con-
fidence intervals (CI) were estimated with the Clopper-Pearson 
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exact method. Duration of RBC-TI was analyzed using the 
Kaplan–Meier method, with 95% CIs calculated using log–log 
transformation, and results were stratified by ADA-positive 
and ADA-negative subgroups. Potential loss of TI response was 
evaluated graphically by comparing the temporal relationship 
between RBC-TI with ADA-positive samples. The potential as-
sociation of imetelstat immunogenicity with safety outcomes 
was evaluated by comparing the incidence of selected TEAEs 
between ADA-positive and ADA-negative patients. TEAEs were 
coded using the Medical Dictionary for Regulatory Activities 
and graded per the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 4.03, in 
ADA-positive patients with those in ADA-negative patients. 
Exploratory subgroup analyses were conducted by ADA max-
imum titer category, with patients grouped as ADA negative, 
ADA positive with maximum titer<median (30), or ADA posi-
tive with maximum titer>median (30).

3   |   Results

3.1   |   Incidence of Imetelstat ADAs

Of the 175 patients treated with imetelstat in the phase II or 
phase III portions of IMerge, 166 (94.9%) were evaluable for 
immunogenicity and included in the ADA analysis. A total of 
28 patients were ADA positive (16.9%), and no patients had 
pre-existing immunogenicity before treatment (Table  1). The 
incidence of ADAs did not appear to differ between patients 
maintained at the starting dose of 7.1 mg/kg every 4 weeks  
and those with dose escalations or reductions. The median 
(range) onset of ADAs was approximately 38 weeks (12–109) 
(Table 1), or after a median (range) of 8 treatment cycles (3–
22). The peak titer of ADAs was low, with a median (range) 
of 30 (10–160) (Table 1). The time to onset and peak titer did 
not meaningfully differ between patients maintained on the 
starting dose and those with  dose modifications. The patient 
demographics and baseline disease characteristics were rela-
tively balanced in the ADA-negative and ADA-positive groups 
(Table S1).

3.2   |   Association of Immunogenicity With 
Imetelstat PK

Across all ADAs and PK-evaluable patients, graphical evalu-
ation demonstrated similar imetelstat EOI concentrations in 
ADA-positive and ADA-negative samples at both the starting 
dose and reduced dose levels (Figure  1A, Figure  S1). Within 
the ADA-positive patients, there was no indication of changes 
in EOI concentrations after ADA seroconversion (Figure  1B). 
Formal covariate analysis using a population PK model did not 
identify a significant covariate effect for either time-invariant 
or time-variant ADA status on imetelstat clearance [20], and 
there was no apparent difference in post hoc estimates of in-
dividual baseline clearance between ADA-positive and ADA-
negative patients (Figure 1C). Model diagnostic plots confirmed 
no evidence of bias in the overall data when stratified by time-
variant ADA status, confirming the results of the covariate anal-
ysis (Figures  S2 and S3). Among ADA-positive patients, ADA 
titer did not appear to impact imetelstat concentrations, as EOI 
concentrations were similar across the range of observed titers 
(Figure S4).

3.3   |   Association of Immunogenicity With 
Imetelstat Efficacy

The potential association of ADAs with imetelstat efficacy was 
evaluated by comparing the efficacy response rates, duration 
of response, and temporal relationship between response and 
ADA onset in ADA-positive and ADA-negative subgroups. 
Numerically higher response rates were observed in ADA-
positive patients compared with ADA-negative patients for the 
primary endpoint ≥ 8-week RBC-TI and key secondary endpoints 
of ≥ 24-week RBC-TI and HI-E per International Working Group 
2018 and 2006 criteria (Table  2). Notably, 17 of the 18 ADA-
positive patients who achieved ≥ 8-week RBC-TI did so before 
their first positive ADA sample (Figure  2). The temporal rela-
tionship suggests potential for reverse causality—patients deriv-
ing clinical benefit are more likely to remain on treatment longer 
(median [range] treatment duration of 78.6 weeks [13.1–260] for 

TABLE 1    |    Incidence of imetelstat ADAs, maximum titer, and time to onset of ADAs in patients with LR-MDS.

ADA status, n (%)

Escalated to 
8.9 mg/kg  

(N = 6)
Maintained at 

7.1 mg/kg (N = 72)

Reduced to 
5.6 mg/kg  

(N = 37)

Reduced to 
4.4 mg/kg  

(N = 51)

All evaluable 
patients 
(N = 166)

Negative 4 (66.7) 61 (84.7) 31 (83.8) 42 (82.3) 138 (83.1)

Positive 2 (33.3) 11 (15.3) 6 (16.2) 9 (17.6) 28 (16.9)

Baseline positive 0 0 0 0 0

Treatment-induced 
positive

2 (33.3) 11 (15.3) 6 (16.2) 9 (17.6) 28 (16.9)

Maximum titer, 
median (range)

10 (10–10) 40 (10–160) 20 (10–40) 40 (10–80) 30 (10–160)

Time to onset 
(weeks), median 
(range)

38.1 (32.0–44.3) 26.1 (15.1–84.6) 41.9 (12.1–64.1) 46.1 (25.4–109) 38.4 (12.1–109)

Note: Maximum titer and time to onset of ADA are presented for ADA-positive patients only.
Abbreviations: ADA, anti-drug antibody; LR-MDS, lower-risk myelodysplastic syndromes.
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≥ 8-week RBC-TI responders vs. 24.1 weeks [0.14–180] for non-
responders), and thus have more opportunity to develop ADAs 
over time.

To assess whether the onset of ADAs was associated with loss 
of efficacy, the duration of the longest RBC-TI interval was 
evaluated. Among ≥ 8-week RBC-TI responders, the median 
duration was 68.4 weeks (95% CI 20.6–136.9) in ADA-positive 
patients and 51.9 weeks (95% CI 26.9–76.3) in ADA-negative 
patients (Table 2), indicating that ADA positivity was not asso-
ciated with shortened response. Temporal analysis further sup-
ports this conclusion. Among the 18 ADA-positive responders, 
10 experienced onset of ADAs during their longest TI interval 
(Figure 2), yet no consistent pattern of early loss of benefit after 
detection of ADAs was observed. Efficacy response rates and 
duration of response were consistent across the range of ADA 
titers observed in the ADA-positive group, suggesting that titer 
magnitude did not impact treatment response (Table S2).

FIGURE 1    |    Effect of immunogenicity on imetelstat pharmacoki-
netics in patients with LR-MDS. (a) Observed EOI PK concentrations 
were grouped by time-variant ADA (sample-level) status and nominal 
dose level for patients with available data (N = 161 patients, n = 1377 
samples). (b) Dose-normalized EOI PK concentrations were plotted for 
ADA-positive patients over time relative to the onset of ADA (N = 18 
ADA-positive patients with PK data available after seroconversion, 
n = 261 samples). Time of 0 corresponds to the time of seroconversion. 
All nominal dose levels were pooled after dose normalization, and 
lines represent individual patient profiles. The X-axis was truncated at 
105 weeks due to limited data (N = 1 patient) at late time points. Due to 
more frequent collection of PK samples than ADA samples, PK sam-
ples that lacked an experimentally determined ADA status were im-
puted to the last available ADA status. The 8.9-mg/kg dose level was 
excluded in panels A and B due to limited PK samples (n = 4 samples). 
(c) Individual post hoc estimates of baseline CL from popPK model [20] 
by time-invariant ADA (patient-level) status. ADA, anti-drug antibody; 
CL, clearance; EOI, end of infusion; LR-MDS; lower-risk myelodysplas-
tic syndromes; PK, pharmacokinetics.

TABLE 2    |    Summary of efficacy outcomes and duration of response 
by ADA status in patients with LR-MDS.

Endpoint, n (%) 
[95% CI]

ADA negative 
(N = 138)

ADA positive 
(N = 28)

≥ 8-week RBC-TI 48 (34.8) 
[26.9–43.4]

18 (64.3) 
[44.1–81.4]

≥ 24-week RBC-TI 34 (24.6) 
[17.7–32.7]

13 (46.4) 
[27.5–66.1]

HI-E per IWG 2018 57 (41.3) 
[33.0–41.3]

19 (67.9) 
[47.6–84.1]

HI-E per IWG 2006 84 (60.9) 
[52.2–69.1]

23 (82.1) 
[63.1–93.9]

Duration of longest 
RBC-TI in ≥ 8-week 
RBC-TI responders, 
median (95% CI), 
weeks

51.9  
(26.9–76.3)

68.4 
(20.6–136.9)

Abbreviations: ADA, anti-drug antibody; CI, confidence interval; HI-E, 
hematologic improvement–erythroid; IWG, International Working Group; 
LR-MDS, lower-risk myelodysplastic syndromes; RBC, red blood cell; TI, 
transfusion independence.
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3.4   |   Association of Immunogenicity With 
Imetelstat Safety

The clinical relevance of imetelstat ADAs on safety was evaluated 
by comparing the incidence of selected TEAEs between ADA-
negative and ADA-positive patients with LR-MDS. The incidence 
of any-grade or grade ≥ 3 drug-related TEAEs was comparable be-
tween the two groups (Table 3). The rate of drug-related serious 
TEAEs was slightly lower in the ADA-positive group, while there 
were no drug-related TEAEs of fatal outcomes in either group.

TEAEs considered by the investigator to be an IRR were ob-
served at a higher frequency in ADA-positive patients than 
in ADA-negative patients (Table  3). None of the infusion-
related TEAEs were serious in ADA-positive patients, and few 
(< 10%) were grade ≥ 3. The time to the first IRR overlapped 
between the ADA subgroups; median time to the first IRR 
was 12.7 weeks (range, 0.1–171) in the ADA-negative group 
and 37.4 weeks (range, 11.1–76.6) in the ADA-positive group. 
Among the 5 ADA-positive patients with IRRs, ADA onset 
preceded the first IRR in 1 patient (by 20 weeks), while in the 
remaining 4 patients, ADAs were first detected 4.0–8.9 weeks 
after the first IRR event. These findings indicate no clear 
temporal relationship between IRRs and ADA formation, 
although interpretation is limited by the every-3-cycle im-
munogenicity sampling schedule and small sample size. No 
meaningful differences in the overall incidence of TEAEs 
were observed between ADA-positive patients with low or 
high titers (Table  S3), although there was a trend for more 
grade ≥ 3 IRRs in the high-titer group.

4   |   Discussion

Oligonucleotide therapeutics, though chemically synthesized 
like small molecules, have a relatively large molecular weight 

FIGURE 2    |    Effect of immunogenicity on imetelstat efficacy in patients with LR-MDS. Swimmer plot of RBC-TI intervals overlaid with positive 
ADA samples in ≥ 8-week RBC-TI responders who were ADA positive. Each row indicates a different patient. Gray shading indicates treatment du-
ration, black arrow indicates treatment ongoing at the last assessment as of the primary analysis cutoff (October 13, 2022), blue shading indicates TI 
intervals, light green dots indicate time points at which ADAs were detected in blood samples, and red diamonds indicate times of RBC transfusions. 
ADA, anti-drug antibody; LR-MDS; lower-risk myelodysplastic syndromes; RBC, red blood cell; TI, transfusion independence.

TABLE 3    |    Summary of TEAEs by ADA status in patients with 
LR-MDS.

TEAE category, n (%)
ADA negative 

(N = 138)
ADA positive 

(N = 28)

Any TEAE 136 (98.6) 28 (100.0)

Any drug-related TEAE 116 (84.1) 26 (92.9)

Grade ≥ 3 TEAE 123 (89.1) 26 (92.9)

Drug-related grade ≥ 3 
TEAE

103 (74.6) 21 (75.0)

Serious TEAE 47 (34.1) 13 (46.4)

Drug-related serious 
TEAE

14 (10.1) 0

TEAE leading to death 4 (2.9) 2 (7.1)

Drug-related TEAE 
leading to death

0 0

Infusion-related 
reactiona

Any infusion-related 
TEAE

10 (7.2) 5 (17.9)

Drug-related infusion-
related TEAE

10 (7.2) 5 (17.9)

Infusion-related 
serious TEAE

1 (0.7) 0

Infusion-related 
grade ≥ 3 TEAE

4 (2.9) 2 (7.1)

Abbreviations: ADA, anti-drug antibody; LR-MDS, lower-risk myelodysplastic 
syndromes; TEAE, treatment-emergent adverse event.
aInfusion-related reactions were adverse events considered by the investigator 
to be infusion-related events and the most common included headache and pain 
(back, bone, chest, and abdominal).
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(approximately 5 kDa) and immunogenic potential more akin 
to biologics. This includes the potential to induce the formation 
of ADAs, which may in turn affect PK, pharmacodynamics, ef-
ficacy, and safety. Thus, a risk-based immunogenic assessment 
is recommended for oligonucleotide therapeutics in line with 
FDA guidance [18, 21, 22]. With the rapidly evolving landscape 
of novel modalities—including diverse backbone modifica-
tions, chemical conjugates, and novel mechanisms of action for 
oligonucleotide therapeutics—robust immunogenicity testing 
is becoming increasingly critical to ensure the comprehensive 
evaluation of safety and therapeutic performance.

This post hoc analysis evaluates the immunogenic potential of 
the oligonucleotide therapeutic imetelstat by assessing ADAs 
and their association with imetelstat PK, efficacy, and safety 
in patients with LR-MDS from the pivotal phase II/phase III 
IMerge study [13, 14]. Overall, 16.9% of patients with LR-MDS 
developed imetelstat ADAs, which were characterized by a de-
layed onset (after prolonged exposure, median of 8 treatment 
cycles) and low titers. While the incidence of ADAs was limited, 
no clinically meaningful association was observed between 
ADA status and imetelstat PK, efficacy, or safety. Both graphical 
and model-based analyses demonstrated that imetelstat immu-
nogenicity was not meaningfully associated with imetelstat PK.

With respect to imetelstat efficacy, ADA-positive patients 
achieved comparable or even numerically higher response 
rates across key endpoints, including ≥ 8-week and ≥ 24-week 
RBC-TI and HI-E per International Working Group 2018 and 
2006 criteria. However, these findings should be interpreted 
with caution. The apparent differences likely reflect reverse 
causality, as patients who respond and remain on treatment 
longer are more likely to develop ADAs due to greater cumu-
lative exposure. Indeed, the temporal analysis demonstrated 
that ADA onset followed, rather than preceded, clinical ben-
efit. Importantly, there was no evidence of loss of efficacy in 
terms of shortened RBC-TI intervals in ADA-positive patients 
and no apparent relationship between the onset of ADAs and 
loss of TI response. These observations support the conclusion 
that imetelstat immunogenicity is not detrimental to efficacy.

Consistent with efficacy findings, ADAs did not negatively af-
fect the safety profile of imetelstat. The rates of drug-related 
grade ≥ 3, serious, or fatal TEAEs were similar or lower in ADA-
positive versus ADA-negative patients. While infusion-related 
TEAEs were more common in ADA-positive patients, these 
events were generally low grade, not serious, and manageable. 
Notably, hypersensitivity and IRRs are known adverse effects 
of several approved oligonucleotide therapeutics [23], although 
current evidence does not conclusively support a causal rela-
tionship between the formation of ADAs and IRRs [24]. For 
imetelstat, IRRs are mitigated with pre-infusion medications 
(antihistamines and corticosteroids) and managed through in-
fusion rate adjustments or dose modifications, as outlined in the 
prescribing information [15, 16]. This approach has markedly 
reduced IRR incidence for imetelstat (data not shown). With 
standard premedication and routine infusion monitoring, IRRs 
remain infrequent and manageable.

Our analyses suggest that imetelstat has a benign immunogenic-
ity profile in LR-MDS, with no evidence of a clinically meaningful 

association with PK, efficacy, or safety. However, several lim-
itations should be considered. First, the incidence of imetelstat 
ADAs was low, resulting in a relatively small ADA-positive sub-
group (n = 28/166), which limits the statistical power of analyses. 
Although an exploratory analysis stratified by ADA titer category 
did not identify notable differences in PK, efficacy, or safety across 
titer levels, the small sample size again limits the strength of in-
terpretation. Second, since ADAs develop after treatment initi-
ation, they cannot be used as a stratification factor, introducing 
the potential for imbalance in baseline disease characteristics. 
Although we did not adjust for baseline covariates in our analyses, 
key baseline disease characteristics and demographics were rela-
tively balanced between ADA-negative and ADA-positive groups. 
Third, the timing of ADA onset relative to clinical response intro-
duces potential for time-dependent bias, as patients who remain 
on treatment longer have greater opportunity to develop ADAs. A 
landmark analysis could help address this by evaluating clinical 
outcomes beyond a fixed time point; however, this approach was 
not feasible in our study, as nearly all ADA-positive responders 
had achieved their response before ADA detection, precluding a 
meaningful landmark comparison.

Collectively, the development of imetelstat ADAs in the LR-
MDS population was characterized by low incidence, late 
response, low titers, and was not associated with clinical 
consequences. Therefore, imetelstat immunogenicity does 
not appear to impact the benefit/risk profile of imetelstat. 
These findings align with the broader understanding of the 
immunogenic potential of oligonucleotide therapeutics; while 
immunogenicity is a theoretical concern for oligonucleotide 
therapeutics due to their structural complexity and biologic-
like properties, clinical experience to date shows that ADA 
incidence varies widely (4%–72%) across 12 FDA-approved 
oligonucleotide therapeutics, with no clinically meaningful 
impact on efficacy, safety, or PK [25]. Unlike therapeutic pro-
teins, where ADA have been reported to alter drug disposition 
and reduce efficacy [26], no such effects have been reported 
for oligonucleotide therapeutics to date. These broader class 
profiles, together with the clinical immunogenicity assess-
ment of imetelstat in LR-MDS, support its continued use with-
out the need for routine immunogenicity-based monitoring. 
Nevertheless, ongoing ADA surveillance will continue in 
other patient populations for which imetelstat is being devel-
oped, including those with Janus kinase inhibitor relapsed 
or refractory myelofibrosis, and additional immunogenicity 
assessments may be conducted as needed in the context of 
changes to manufacturing or dosing regimens.

Author Contributions

A.L.L., F.H., Y.W., L.S., T.B., F.F., and P.N.M. designed and performed 
the research, analyzed the data and wrote the manuscript. M.G.-S. per-
formed the research, analyzed the data, and wrote the manuscript.

Acknowledgments

The authors thank all the patients and caregivers for their participation 
in this study and acknowledge the collaboration and commitment of all 
investigators and their research support staff. Writing and editorial sup-
port were provided by Mohamed Abdelmegeed, MD, PhD, CMPP, of The 
Lockwood Group (Stamford, CT, USA), funded by Geron Corporation. 

 17528062, 2025, 12, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.70431, W

iley O
nline L

ibrary on [30/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 of 8 Clinical and Translational Science, 2025

A portion of these findings was presented as a poster at the American 
Society for Clinical Pharmacology and Therapeutics Annual Meeting, 
May 28–31, 2025, in Washington, DC. Additional analyses not included 
in the poster are presented in Supporting Information.

Funding

This study was funded by Geron Corporation.

Conflicts of Interest

A.L.L., F.H., Y.W., L.S., T.B., and F.F. are employees of Geron 
Corporation, the sponsor of the work, and may hold stock or stock op-
tions. M.G.-S. and P.N.M. are independent consultants and have been 
paid for the strategic and technical input into the analysis. P.N.M. 
may hold past or current employment and/or stock options in other 
organizations.

References

1. A. Asai, Y. Oshima, Y. Yamamoto, et al., “A Novel Telomerase Tem-
plate Antagonist (GRN163) as a Potential Anticancer Agent,” Cancer 
Research 63, no. 14 (2003): 3931–3939.

2. B. S. Herbert, G. C. Gellert, A. Hochreiter, et  al., “Lipid Modifica-
tion of GRN163, an N3'→P5' Thio-Phosphoramidate Oligonucleotide, 
Enhances the Potency of Telomerase Inhibition,” Oncogene 24, no. 33 
(2005): 5262–5268.

3. Z. G. Dikmen, G. C. Gellert, S. Jackson, et  al., “In Vivo Inhibition 
of Lung Cancer by GRN163L: A Novel Human Telomerase Inhibitor,” 
Cancer Research 65, no. 17 (2005): 7866–7873.

4. M. A. Shammas, H. Koley, R. C. Bertheau, et al., “Telomerase Inhibi-
tor GRN163L Inhibits Myeloma Cell Growth in Vitro and in Vivo,” Leu-
kemia 22, no. 7 (2008): 1410–1418.

5. S. K. Brennan, Q. Wang, R. Tressler, et  al., “Telomerase Inhibition 
Targets Clonogenic Multiple Myeloma Cells Through Telomere Length-
Dependent and Independent Mechanisms,” PLoS One 5, no. 9 (2010): 
e12487.

6. C. O. Marian, S. K. Cho, B. M. McEllin, et al., “The Telomerase An-
tagonist, Imetelstat, Efficiently Targets Glioblastoma Tumor-Initiating 
Cells Leading to Decreased Proliferation and Tumor Growth,” Clinical 
Cancer Research 16, no. 1 (2010): 154–163.

7. C. Bruedigam, F. O. Bagger, F. H. Heidel, et al., “Telomerase Inhibi-
tion Effectively Targets Mouse and Human AML Stem Cells and De-
lays Relapse Following Chemotherapy,” Cell Stem Cell 15, no. 6 (2014): 
775–790.

8. X. Wang, C. S. Hu, B. Petersen, et al., “Imetelstat, a Telomerase Inhib-
itor, Is Capable of Depleting Myelofibrosis Stem and Progenitor Cells,” 
Blood Advances 2, no. 18 (2018): 2378–2388.

9. S. P. Barwe, F. Huang, E. A. Kolb, and A. Gopalakrishnapillai, “Ime-
telstat Induces Leukemia Stem Cell Death in Pediatric Acute Myeloid 
Leukemia Patient-Derived Xenografts,” Journal of Clinical Medicine 11, 
no. 7 (2022): 1923.

10. C. Bruedigam, A. M. Porter, B. Wackrow, et al., “Integrated Molec-
ular Analysis Identifies Replicative Stress as Sensitizer to Imetelstat 
Therapy in AML,” Blood 130, no. suppl 1 (2017): 798.

11. C. Iancu-Rubin, G. Mosoyan, C. C. Parker, K. Eng, and R. Hoffman, 
“Imetelstat (GRN163L), a Telomerase Inhibitor Selectively Affects Ma-
lignant Megakaryopoiesis in Myeloproliferative Neoplasms (MPN),” 
Blood 124, no. 21 (2014): 4582.

12. G. M. Baerlocher, M. Haubitz, T. R. Braschler, et al., “Imetelstat In-
hibits Growth of Megakaryocyte Colony-Forming Units From Patients 
With Essential Thrombocythemia,” Blood Advances 3, no. 22 (2019): 
3724–3728.

13. D. P. Steensma, P. Fenaux, K. Van Eygen, et  al., “Imetelstat 
Achieves Meaningful and Durable Transfusion Independence in High 
Transfusion-Burden Patients With Lower-Risk Myelodysplastic Syn-
dromes in a Phase II Study,” Journal of Clinical Oncology 39, no. 1 
(2021): 48–56.

14. U. Platzbecker, V. Santini, P. Fenaux, et al., “Imetelstat in Patients 
With Lower-Risk Myelodysplastic Syndromes Who Have Relapsed or 
Are Refractory to Erythropoiesis-Stimulating Agents (IMerge): A Mul-
tinational, Randomised, Double-Blind, Placebo-Controlled, Phase 3 
Trial,” Lancet 403, no. 10423 (2024): 249–260.

15. RYTELO (Imetelstat) for Injection, for Intravenous Use. Package In-
sert (Geron Corporation, 2024).

16. RYTELO (Imetelstat) Summary of Product Characteristics (Geron 
Corporation, 2025).

17. H. Rogers, O. Adeniyi, A. Ramamoorthy, S. Bailey, and M. Pa-
canowski, “Clinical Pharmacology Studies Supporting Oligonucleotide 
Therapy Development: An Assessment of Therapies Approved and in 
Development Between 2012 and 2018,” Clinical and Translational Sci-
ence 14, no. 2 (2021): 468–475.

18. FDA, “Clinical Pharmacology Considerations for the Development 
of Oligonucleotide Therapeutics,” Guidance for Industry (2024), ac-
cessed 3 June 2025, https://​www.​fda.​gov/​media/​​159414/​download.

19. FDA, “M10 Bioanalytical Method Validation and Study Sample 
Analysis,” (2022), accessed 3 June 2025, https://​www.​fda.​gov/​regul​
atory​-​infor​mation/​searc​h-​fda-​guida​nce-​docum​ents/​m10-​bioan​alyti​cal-​
metho​d-​valid​ation​-​and-​study​-​sampl​e-​analysis.

20. M. González-Sales, A. L. Lennox, F. Huang, et al., “Population Phar-
macokinetics of Imetelstat, a First-In-Class Oligonucleotide Telomerase 
Inhibitor,” CPT: Pharmacometrics & Systems Pharmacology 13, no. 7 
(2024): 1264–1277.

21. FDA, “Immunogenicity Testing of Therapeutic Protein Products,” 
(2019) accessed 3 June 2025, https://​www.​feder​alreg​ister.​gov/​docum​
ents/​2019/​02/​01/​2019-​00666/​​immun​ogeni​city-​testi​ng-​of-​thera​peuti​c-​
prote​in-​produ​cts-​devel​oping​-​and-​valid​ating​-​assay​s-​for.

22. FDA, “Guidance for Industry. Immunogenicity Assessment of Ther-
apeutic Protein Products,” (2014), accessed 3 June 2025, https://​www.​
fda.​gov/​media/​​85017/​​download.

23. F. Alhamadani, K. Zhang, R. Parikh, et al., “Adverse Drug Reactions 
and Toxicity of the Food and Drug Administration-Approved Antisense 
Oligonucleotide Drugs,” Drug Metabolism and Disposition 50, no. 6 
(2022): 879–887.

24. Center for Drug Evaluation and Research, “NDA 211172 Tegsedi 
(Inotersen) Cross-Discipline Team Leader Review,” (2018), accessed 
3 June 2025, https://​www.​acces​sdata.​fda.​gov/​drugs​atfda_​docs/​nda/​
2018/​21117​2Orig​1s000​MedR.​pdf.

25. N. Bano, C. Ehlinger, T. Y. Yang, M. Swanson, and S. Allen, “Con-
siderations in the Immunogenicity Assessment Strategy for Oligonucle-
otide Therapeutics (ONTs),” AAPS Journal 24, no. 5 (2022): 93.

26. N. Chirmule, V. Jawa, and B. Meibohm, “Immunogenicity to Thera-
peutic Proteins: Impact on PK/PD and Efficacy,” AAPS Journal 14, no. 
2 (2012): 296–302.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: cts70431-sup-0001-Supinfo.
docx. 

 17528062, 2025, 12, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.70431, W

iley O
nline L

ibrary on [30/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.fda.gov/media/159414/download
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/m10-bioanalytical-method-validation-and-study-sample-analysis
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/m10-bioanalytical-method-validation-and-study-sample-analysis
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/m10-bioanalytical-method-validation-and-study-sample-analysis
https://www.federalregister.gov/documents/2019/02/01/2019-00666/immunogenicity-testing-of-therapeutic-protein-products-developing-and-validating-assays-for
https://www.federalregister.gov/documents/2019/02/01/2019-00666/immunogenicity-testing-of-therapeutic-protein-products-developing-and-validating-assays-for
https://www.federalregister.gov/documents/2019/02/01/2019-00666/immunogenicity-testing-of-therapeutic-protein-products-developing-and-validating-assays-for
https://www.fda.gov/media/85017/download
https://www.fda.gov/media/85017/download
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/211172Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/211172Orig1s000MedR.pdf

	No Effect of Immunogenicity on Pharmacokinetics, Efficacy, and Safety of the Oligonucleotide Telomerase Inhibitor Imetelstat in Lower-Risk Myelodysplastic Syndromes
	ABSTRACT
	Study Highlights
	1   |   Introduction
	2   |   Methods
	2.1   |   Clinical Studies
	2.2   |   Immunogenicity Samples and Bioanalysis
	2.3   |   PK Samples and Bioanalysis
	2.4   |   ADAs Assessment
	2.5   |   ADA Association With Imetelstat PK, Efficacy, and Safety

	3   |   Results
	3.1   |   Incidence of Imetelstat ADAs
	3.2   |   Association of Immunogenicity With Imetelstat PK
	3.3   |   Association of Immunogenicity With Imetelstat Efficacy
	3.4   |   Association of Immunogenicity With Imetelstat Safety

	4   |   Discussion
	Author Contributions
	Acknowledgments
	Funding
	Conflicts of Interest
	References


