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Introduction

Tumor-selective viruses are a novel therapeutic approach for 
treating cancer. These viruses have been shown to directly 
lyse infected tumor cells, produce an inflammatory micro-
environment, and induce tumor-specific immune responses. 
Enadenotucirev is an investigational, chimeric, tumor-selec-
tive group B adenovirus (Ad11p/Ad3), with which over 
170 patients have been treated to date [1–3]. Additionally, 
enadenotucirev has been modified to create variants, known 
as Tumor-Specific Immuno Gene Therapy (T-SIGn) vec-
tors, which carry immunomodulatory transgenes designed 
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Tumor-selective viruses are a novel therapeutic approach for treating cancer. Tumor-Specific Immuno Gene Therapy 
(T-SIGn) vectors are tumor-selective adenoviral vectors designed to express immunomodulatory transgenes. Prolonged 
activated partial thromboplastin time (aPTT), associated with the presence of antiphospholipid antibodies (aPL), has 
been observed in patients with viral infections, and following administration of adenovirus-based medicines. aPL may 
be detected as lupus anticoagulant (LA), anti-cardiolipin (aCL) and/or anti-beta 2 glycoprotein antibodies (aβ2GPI). No 
subtype alone is definitive for development of clinical sequalae, however, patients who are ‘triple positive’ have a greater 
thrombotic risk. Additionally, isolated aCL and aβ2GPI IgM do not appear to add value in thrombotic association to aPL 
positivity, rather IgG subtypes must also be present to confer an increased risk. Here we report induction of prolonged 
aPTT and aPL in patients from eight Phase 1 studies who were treated with adenoviral vectors (n = 204). Prolonged aPTT 
(≥ Grade 2) was observed in 42% of patients, with a peak at 2–3 weeks post-treatment and resolution within ~ 2 months. 
Among patients with aPTT prolongation, LA, but not aCL IgG nor aβ2GPI IgG, was observed. The transience of the 
prolongation and discordance between positive LA and negative aCL/aβ2GPI IgG assays is not typical of a prothrombotic 
state. Among the patients with prolonged aPTT there was no evidence of an increased rate of thrombosis. These findings 
elucidate the relationship between viral exposure and aPL in the context of clinical trials. They suggest a framework in 
which hematologic changes can be monitored in patients receiving similar treatments.
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to re-program immunosuppressive tumor microenviron-
ments. Two T-SIGn vectors are in clinical development: 
NG-350A which encodes a full-length agonist anti-CD40 
agonist antibody and NG-641 which encodes a bispecific 
human fibroblast activation protein and human CD3 epsilon 
bispecific T cell activator antibody, CXC motif chemokine 
ligands (CXCL) 9 and 10, and interferon α2. Structural and 
biophysical properties of such modified vectors are indis-
tinguishable from those of enadenotucirev as the encoded 
transgenes in NG-350A and NG-641 are not components of 
the virus particle structure.

As adenoviral vectors are increasingly being used for 
a range of gene therapy applications, understanding their 
safety is critical. During clinical trials of enadenotucirev 
and T-SIGn vectors, we identified a signal of frequently pro-
longed activated partial thromboplastin time (aPTT; which 
is used as a measure of coagulability) without discernible 
clinical sequalae.

Antiphospholipid antibodies (aPL) are autoantibodies 
that are directed against phospholipid-binding proteins and 
can prolong aPTT [4, 5]. There is no single gold standard 
assay for detection of aPL. However, the standard approach 
is to rule out a coagulation factor deficiency and confirm the 
presence of an inhibitor by coagulation-based assays. Sub-
sequently, more specific coagulation tests are performed to 
identify the presence of lupus anticoagulant (LA), the term 
used to describe the coagulation-based aPL, and enzyme-
linked immunosorbent assays (ELISA) to detect specific 
aPL subtypes (typically anti-cardiolipin [aCL] and anti-
β2-glycoprotein I antibodies [aβ2GPI]; IgG and IgM) [6]. 
Patients may be positive for one, two, or three of the aPL 
assays with no one assay definitive for the development of 
clinical manifestations. As such, test results must be consid-
ered together and in view of the clinical context. Patients 
with all three positive are referred to as triple positive [7].

Antiphospholipid syndrome (APS) is characterized by 
recurrent thrombotic or obstetrical events that occur in 
patients with persistent (> 12 weeks) aPL [4, 5]. However, 
the presence of aPL may or may not be associated with APS 
and an increased risk of thrombosis or obstetric complica-
tions. While the association of thrombosis and single aPL 
positivity is debated and results from investigations in to 
this matter differ, a strong correlation between triple posi-
tivity and thrombosis has been seen [7]. Notably, research 
has shown that isolated aCL and aβ2GPI IgM does not add 
value in thrombotic association to aPL positivity, rather IgG 
subtypes must also be present to confer an increased throm-
botic risk [7–9].

Prolonged aPTT, associated with aPL, has occasionally 
been observed in patients with viral infections (most fre-
quently with hepatitis C virus and human immunodeficiency 
virus [HIV]), [10, 11] and following the administration of 

adenovirus-based vector therapeutics [12] and vaccines 
[13–15]. These aPL are generally transient in nature, but an 
acquired prolonged aPTT associated with aPL in patients 
without a bleeding history could nevertheless indicate an 
increased thrombotic risk. This is particularly of concern in 
patients with cancer, as cancer itself is associated with an 
increased risk of thrombosis [16, 17]. Here we report induc-
tion of aPL in a prospective cohort of clinical trial patients 
treated with a novel adenoviral immuno-oncology therapy 
that appears to be transient and not to be associated with 
APS nor a thrombotic tendency. In this report, we further 
characterize this signal to understand its kinetics and clini-
cal significance and to assess the potential need for monitor-
ing in patients, including in future studies.

Methods

We analyzed data from eight multicenter, open-label, non-
randomized Phase 1 studies of enadenotucirev, NG-350A or 
NG-641, with a data lock point of 8 July 2022 (Table 1). 
This included four completed studies of enadenotucirev or 
a T-SIGn vector and four ongoing studies of T-SIGn vec-
tors. All eight studies involve patients with metastatic or 
advanced epithelial cancer, except for MOAT, which is 
enrolling patients with surgically resectable squamous cell 
carcinoma of the head and neck. To be eligible for inclusion, 
patients were required to have a baseline coagulation profile 
within the normal range or ≤ 1.5 times the upper limit of 
normal, dependent on the study.

Coagulation parameters, including aPTT, were measured 
at multiple timepoints. Degree of aPTT prolongation was 
assessed using the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (CTCAE) version 
5.0. Information on incidence and degree of aPTT prolon-
gation was obtained from laboratory reports.

If aPTT was shown to be prolonged, further testing was 
conducted. To distinguish whether aPTT prolongation was 
due to a coagulation factor deficiency versus an assay inhib-
itor, we further characterized this prolonged aPTT using 1:1 
mixing studies. A lack of correction of coagulation time in 
these assays suggests the presence of an inhibitor, the most 
common of which is aPL. If the presence of an inhibitor was 
indicated on mixing studies, aPL confirmatory assays (hex-
agonal phase phospholipid neutralization [Staclot-LA] or 
Dilute Russell Viper Venom Time [dRVVT] tests) were con-
ducted. Staclot-LA tests utilize an excess of phospholipid to 
neutralize aPL whereas dRVVT tests utilize enzymes that 
directly activate coagulation factors V and X, bypassing the 
activation of factors VII, VIII, IX, XI, and XII, and there-
fore, the effect of deficiencies or inhibitors of these factors. 
dRVVT testing is comprised of three tests conducted in the 
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presence of dRVV: (1) a screening test for prolongation 
(screen), (2) a mixing test in the presence of normal plasma 
(mix), and (3) a confirmatory test in the presence of excess 
phospholipids (confirm).

If aPL was shown to be present, ELISA assays (IgG and 
IgM) for aCL and aβ2GPI were performed, as recommended 
by Scientific and Standardization Committee for lupus anti-
coagulant/antiphospholipid antibodies of the International 
Society on Thrombosis and Haemostasis (ISTH).

To further assess this signal and determine whether these 
laboratory findings resulted in clinical sequalae, the inci-
dence of bleeding and clotting events by aPTT grade were 
assessed.

Results

Patient population

A total of 204 patients are included in this report. Across 
the studies included, median age was ~ 60 years. The cancer 
types reported in the highest proportions of patients were 
colorectal cancer, ovarian cancer and squamous cell carci-
noma of the head and neck. Most patients had received at 
least 3 prior systemic therapies, including chemotherapy.

Incidence and timing of aPTT prolongation

Data on aPTT were not available for 12 patients in the 
EVOLVE study. Among the 192 patients with aPTT data 
available, maximum grade of prolongation per patient was: 
normal, 21%; Grade 1, 37%, Grade 2, 27%; Grade 3, 15%. 
There was no appreciable association between incidence 
or severity of aPTT prolongation with the dose or type of 
vector received. As shown in Fig. 1, aPTT prolongation 
typically began by Day 8, and peaked between Days 15 
and 22, following first dose of virus. Most cases resolved or 
improved to Grade 1 within 2 months.

aPTT = activated partial thromboplastin time; D = day; 
sec = seconds.

aPTT tests were performed in the following study visits: 
day (D) 1, D3, D5, D8, D15, D29, D36 and D57 (or end of 
treatment). Patients from the EVOLVE study excluded from 
this graph due to infrequent assessments of aPTT. The data 
is presented in a ‘box and whisker’ graph. The box displays 
the interquartile range (which contains the middle 50% of 
values) and includes the mean marker (X) and the median 
marker (-). The whiskers indicate the range of the non-out-
lier data. Dots represent individual patients; due to the num-
ber of patients, a dot is not included for every patient, rather 
these have been included to provide a representation of the 
spread of the data, including outlier data.

*Nine patients had an aPTT results of > 100 s at one or 
more time point (D1 n = 1; D3 n = 2; D5 n = 2; D8 n = 1; D15 
n = 4; D22 n = 1; D29 n = 1; D36 n = 2; D57 n = 1).

Characterization of aPTT prolongation

While both liver dysfunction and elevated C-reactive pro-
tein have been associated with prolonged aPTT, [25, 26] 
neither liver toxicity nor consistent patterns of C-reactive 
protein elevation have been observed with enadenotucirev 
or T-SIGn vectors. Alternatively, an acquired prolonged 
aPTT in patients without a bleeding history may be due to 
aPL.

Among patients with an aPTT prolongation, mixing 
studies suggested the presence of an inhibitor (Table 2). A 

Table 1 Enadenotucirev and T-SIGn studies included
Study name Cancer type Treatments Number of 

patients at 
data lock

EVOLVE [1]
(NCT02028442)

Metastatic 
or advanced 
epithelial 
tumors

Enadenotucirev 
(IV)

61

SPICE [18, 19]
(NCT02636036)

Metastatic 
or advanced 
epithelial 
tumors

Enadenotucirev 
(IV) in combina-
tion with a PD-1 
inhibitor

51

OCTAVE [2] 
(NCT02028117)

Platinum-
resistant epi-
thelial ovarian 
cancer

Enadenotucirev (IP 
or IV) with/without 
paclitaxel

38

FORTI-
TUDE [20] 
(NCT03852511)

Metastatic 
or advanced 
epithelial 
tumors

NG-350A (IT or 
IV) with/without 
pembrolizumab

28

FORTIFY [21] 
(NCT05165433)

Metastatic 
or advanced 
epithelial 
tumors

NG-350A (IV) with 
pembrolizumab

2

STAR [22]
(NCT04053283)

Metastatic 
or advanced 
epithelial 
tumors

NG-641 (IV) 20

MOAT [23]
(NCT04830592)

Surgically 
resectable 
squamous 
cell carci-
noma of the 
head and 
neck

NG-641 (IV)a 3

NEBULA [24]
(NCT05043714)

Metastatic 
or advanced 
epithelial 
tumors

NG-641 (IV) with 
nivolumab

1

IP = intraperitoneal; IT = intratumoral; IV = intravenous
aMOAT includes both monotherapy and pembrolizumab combina-
tion-therapy arms; however, at the time of this analysis patients had 
only been treated with monotherapy
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No association between clinical sequala and aPTT prolonga-
tion was observed. One episode of Grade 2 embolism (type 
unspecified) was classified as possibly related to enadeno-
tucirev-treatment and one event of disseminated intravascu-
lar coagulation (not associated with bleeding) was classified 
as related. All other ≥ Grade 2 bleeding/clotting events were 
deemed not related or unlikely related to study treatment.

Discussion

In this study of patients receiving adenoviral vectors, pro-
longed aPTT (≥ Grade 2) laboratory abnormalities were 
observed in 42% of patients, with a peak at 2–3 weeks after 
treatment and resolving over approximately 2 months. The 
prolonged aPTT was associated with a LA-type inhibi-
tor. Additionally, among patients with aPTT prolongation, 
presence of aCL or aβ2GPI IgG, were not observed. This 

positive result on at least one aPL test was seen in all cases 
when testing was performed (23/23 patients; Table 2). By 
contrast, aCL and aβ2GPI IgG were negative in all tested 
patients (17/17). aCL and aβ2GPI IgM were negative in 
all but 3 patients (aCL IgM n = 2; aβ2GPI IgM n = 2 [one 
patient positive for both]).

Clinical sequalae

Across the platform, there were 9 clinically significant 
(≥ Grade 2; CTCAE) treatment-emergent bleeding (n = 3) or 
thrombotic events (n = 6) in 8 patients (Table 3). This rep-
resents 4% (8/204) of the patients included in this report, 
which does not exceed what would be expected in a popula-
tion of patients with advanced cancer who have received 
multiple cytotoxic treatments [27]. Three patients expe-
rienced ≥ Grade 2 CTCAE treatment-emergent bleeding 
events, one of whom also experienced a thrombotic event. 

Fig. 1 aPTT prolongation over time
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discordance between the presence of positive LA assays and 
negative ELISA assays for aCL or aβ2GPI is not a typical 
pattern of clinically relevant APS [4]. Likewise the tran-
sient nature of the aPTT prolongation is also inconsistent 
with a diagnosis of APS; International guidelines stipulate 
that aPL should persist for > 12 weeks as a pre-requisite for 
diagnosis of APS [5]. Importantly, in the patients receiving 
enadenotucirev/T-SIGn vectors with aPTT prolongation, 
including those with positive aPL assays, there was no evi-
dence of an increased rate of thrombosis. Given the limited 
number of patients with aPL data in this study, future studies 

Table 2 Coagulation study results in patients with prolonged (≥ Grade 
2) aPTT
Coagulation test Number of patients 

with an abnormal 
result per local or 
central testing

Normal 
ranges

Median
(min, 
max)a

aPL (n = 23)
 dRVVT (confirmatory 
result; n = 8b)

8 ratio < 1.21 1.63
(1.24, 
2.01)
n = 6

 Hexagonal phase 
phospholipids (n = 15)

15 0–11 s 48
(18, 
129)
n = 15

aCL IgG (n = 17) 0 < 15 GPL
(indetermi-
nate 15–20 
GPL)

10
(10, 
10)
n = 14

aCL IgM (n = 17) 2 < 13 MPL
(indetermi-
nate 13–20 
MPL)

10
(10, 
36)
n = 14

aβ2GPI IgG (n = 17) 0 < 21 SGU 10
(10, 
12)
n = 14

aβ2GPI IgM (n = 17) 2 < 33 SMU 10
(10, 
94)
n = 14

aPL testing was not conducted for patients without prolonged aPTT. 
Testing for aCL and aβ2GPI was only conducted in patients with a 
positive aPL result. For aCL and aβ2GPI most values were reported 
as ‘<[ numeric value]’. Where available, central laboratory results 
were used in this table. For the median, numeric values after the sym-
bol have been used. In the cases of a range, the higher value has been 
selected for the median calculation
aβ2GPI = anti-β2-glycoprotein I antibodies; aCL = anticardiolipin; 
aPL = antiphospholipid antibody; aPTT = activated partial throm-
boplastin time; dRVVT = Dilute Russell Viper Venom Time; GPL/
MPL = IgG/IgM phospholipid unit; SGU/SMU = standard IgG/IgM 
aβ2GPI unit
aResults only included in median (min, max) calculations if normal 
ranges match that of the central laboratory.
bTwo patient had both dRVVT and hexagonal phase phospholipid 
tests conducted; the dRVVT results were used in this analysis.

Table 3 Clinically significant (≥ Grade 2) treatment-emergent bleeding 
or clotting events
Across 
the 
platform 
(n = 204)

Total No aPTT 
data during 
event

aPTT normal/
Grade 1 during 
event

aPTT ≥ Grade 2 
during event

Bleeding 
events

3 2 1 0
EVOLVE: 
Grade 2 
hemor-
rhoidal 
hemorrhage. 
aPTT: 
No data 
collected.

STAR: Grade 
3 perihepatic 
hemorrhage 
(post-proce-
dural). aPTT: 
Grade 1 
(36.6 s) 1 day 
after event start

SPICE: 
Grade 2 
hematuria.a 
aPTT: Grade 
1 (42.6 s) 5 
days before 
event.

Throm-
botic 
events

6 2 2 2
SPICE: 
Grade 3 
deep vein 
thrombosis.a 
aPTT: Grade 
1 (42.6 s) 38 
days before 
event

OCTAVE: 
Grade 3 throm-
boembolic pul-
monary event. 
aPTT: Grade 1 
(44.4 s) 13 days 
after event start

OCTAVE: Grade 
2 embolism.b 
aPTT:
• Grade 3 
(120 s) 21 days 
after event start
• Grade 3 
(201.6 s) 25 
days after event 
start
• Grade 2 
(69.1 s) 42 days 
after event start

STAR: 
Grade 3 
pulmonary 
embolism. 
aPTT Grade 
2 (81.8 s) 28 
days before 
event

SPICE: Grade 
3 (SAE) pulmo-
nary embolism. 
aPTT:
• Grade 1 
(42.9 s) 8 days 
after event start
• Grade 2 
(86.6 s) 22 days 
after event start
• Grade 1 
(39.2 s) 29 days 
after event start

SPICE: Grade 
2 disseminated 
intravascular 
coagulation. 
aPTT:
• Grade 2 
(73.3 s) on event 
start
• Grade 3 
(95.7 s) 15 days 
after event start
• Grade 2 
(83.5 s) 23 days 
after event start
• Grade 1 
(44.7 s) 107 
days after event 
start

aPTT = activated partial thromboplastin time; ISTH = International 
Society on Thrombosis and Haemostasis; SAE = serious adverse 
event
aIn the SPICE study, hematuria and deep vein thrombosis occurred 
in the same patient
baPTT was Grade 3 (132.9 s) one week before the event started (Day 
3). Patient also experienced a Grade 2 hepatic hemorrhage prior 
to initiation of study treatment (aPTT normal at the time of event 
[28.9 s])
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Data Availability Data are available on reasonable request. The datas-
ets generated and/or analyzed during the current study are not publicly 
available, however, any reasonable requests for access to available 
data underlying the results reported in this article will be considered. 
Such proposals should be submitted to the corresponding author.
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