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Summary
Background The impact of stroma-targeting therapy on tumor immune suppression is largely unexplored. An RNA
oligonucleotide, STNM01, has been shown to repress carbohydrate sulfotransferase 15 (CHST15) responsible for
tumor proteoglycan synthesis and matrix remodeling. This phase I/IIa study aimed to evaluate the safety and
efficacy of STNM01 in patients with unresectable pancreatic ductal adenocarcinoma (PDAC).

Methods This was an open-label, dose-escalation study of STNM01 as second-line therapy in gemcitabine plus nab-
paclitaxel-refractory PDAC. A cycle comprised three 2-weekly endoscopic ultrasound-guided locoregional injections of
STNM01 at doses of 250, 1,000, 2,500, or 10,000 nM in combination with S-1 (80–120 mg twice a day for 14 days
every 3 weeks). The primary outcome was the incidence of dose-liming toxicity (DLT). The secondary outcomes
included overall survival (OS), tumor response, changes in tumor microenvironment on immunohistopathology,
and safety (jRCT2031190055).

Findings A total of 22 patients were enrolled, and 3 cycles were repeated at maximum; no DLT was observed. The
median OS was 7.8 months. The disease control rate was 77.3%; 1 patient showed complete disappearance of visible
lesions in the pancreas and tumor-draining lymph nodes. Higher tumoral CHST15 expression was associated with
poor CD3+ and CD8+ T cell infiltration at baseline. STNM01 led to a significant reduction in CHST15, and increased
tumor-infiltrating CD3+ and CD8+ T cells in combination with S-1 at the end of cycle 1. Higher fold increase in CD3+

T cells correlated with longer OS. There were 8 grade 3 adverse events.

Interpretation Locoregional injection of STNM01 was well tolerated in patients with unresectable PDAC as combined
second-line therapy. It prolonged survival by enhancing T cell infiltration in tumor microenvironment.
Abbreviations: AMED, Japan Agency for Medical Research and Development; CHST15, carbohydrate sulfotransferase 15; CI, confidence interval; CS-E,
chondroitin sulfate E; CTCAE, Common Terminology Criteria for Adverse Events; DCR, disease control rate; DLT, dose-liming toxicity; ECM,
extracellular matrix; EMT, epithelial mesenchymal transition; EUS-FNI, endoscopic ultrasound-guided fine needle injection; FAS, full analysis set;
5-FU, fluorouracil; GM-CSF, Granulocyte-macrophage colony-stimulating factor; IQR, interquartile range; IRB, Institutional Review Board; LV, leu-
covorin; MTD, maximum tolerated dose; nal-IRI, nanoliposomal irinotecan; OS, overall survival; PDAC, pancreatic ductal adenocarcinoma; PFS,
progression free survival; sCD44v6, soluble CD44 variant 6; TEAE, treatment emergent adverse event; TGF, transforming growth factor
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Research in context

Evidence before this study
Tumor microenvironment of pancreatic ductal adenocarcinoma
(PDAC) can be characterized by desmoplastic stroma and poor
infiltration of T cells, which are obstacles for anti-tumor
immunotherapies. We searched PubMed for terms “pancreatic
cancer/ductal adenocarcinoma”, “tumor microenvironment”,
“clinical trial”, “second line chemotherapy”, “immunotherapy”,
“T cell”, “oligonucleotide”, “RNA interference”, “CHST15”,
“proteoglycan”, “stroma”, “EUS” from inception up to April
2022, with no language restrictions. In this regard, only one
clinical trial, “the COMBAT trial” (CXCR4 antagonist BL-8040 in
combination with pembrolizumab) was shown to increase
tumoral T cell infiltration with median OS of 6.6 months.
Median OS of only approved nal-IRI +5-FU/LV regimen in
second-line setting was 6.1 months.
Although the stroma represents a physical barrier for T cell
infiltration, past clinical trials of anti-stromal targeted
therapies did not show evidence for increased tumor-
infiltrating T cells via systemic approach. Locoregional
approach is currently expected to activate anti-tumor
immune response and clinical trials through endoscopic
ultrasound-guided fine needle injection (EUS-FNI) of oncolytic
virus increases, yet T cell enhancement has not been
evaluated in second-line setting.
Carbohydrate sulfotransferase 15 (CHST15) is a
proteoglycan synthesizing enzyme and responsible for

stromal remodeling. Silencing of local CHST15 has been
shown to repress matrix remodeling in patients with
Crohn’s disease and animals with pulmonary and intestinal
fibrosis. A small pilot trial of EUS-FNI of RNA
oligonucleotide against CHST15 showed evidence of actual
repression of tumoral CHST15 in patients with PDAC.
However, the effect of this anti-stromal agent on tumor-
infiltrating T cells in PDAC patients is unknown.

Added value of this study
EUS-guided intratumoral injection of STNM01, the RNA
oligonucleotide to CHST15, showed the significant
inhibition of tumoral CHST15 and led to rapid induction of
tumoral T cell accumulation at week 4 as a second-line
therapy in patients with unresectable PDAC. Median OS
was 7.8 months. The longer OS significantly correlated
with the extent of increase of tumor-infiltrating CD3+

T cells at week 4. This is the first study to show that locally
administered RNA oligonucleotide is able to enhance
intratumoral T cell accumulation in PDAC without using
immune checkpoint inhibitors or vaccinations in second-
line setting.

Implications of all the available evidence
On the basis of this study, local blockade of CHST15
expression appears to be a novel immunotherapeutic option
to enhance T cell infiltration in PDAC patients.
Introduction
Tumor extracellular matrix (ECM) remodeling induces
tumor invasion and the development of an immuno-
suppressive microenvironment; both correlate with poor
patient prognosis. This process is an obstacle for anti-
tumor therapeutics, including immune checkpoint
inhibition.1–4 Pancreatic ductal adenocarcinoma (PDAC)
is one of the most lethal tumors, and is characterized by
desmoplastic stroma and poor immunogenicity.2,5

Although first-line chemotherapy based on gemcita-
bine +/- nab-paclitaxel or FOLFIRINOX contribute to
prolonged survival, most patients require second-line
and further therapies. The median survival time in
second-line therapy remains unfavorable, at merely 4.5
months based on historical data and 6.1 months with
the currently only approved nal-IRI +5-FU/LV
regimen6–8; additional treatment strategies including
targeting of desmoplastic stroma or immunosuppres-
sive pathways are therefore desired.

Tumor-derived glycans are pivotal in the modulation
of ECM remodeling and the immune system during
tumor progression3,4; however, the clinical impact of
glycan-targeting therapeutics has not yet been fully
investigated. Chondroitin sulfate E (CS-E) is a highly
sulfated ECM glycosaminoglycan, that is solely syn-
thesized by the Golgi enzyme carbohydrate sulfo-
transferase 15 (CHST15) in malignant tumor cells.
CHST15 and CS-E have been reported to be highly
expressed in a wide range of cancers, including pro-
gressive ovarian cancer, PDAC, brain tumors, lung,
www.thelancet.com Vol 55 January, 2023
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esophageal, colorectal, and breast cancer, and osteo-
sarcoma; they are involved in tumor cell invasion and
metastasis, and correlate with poor prognosis.9–14 The
CHST15 and CS-E axes are thus potential targets for
modulation of ECM remodeling and the tumor
microenvironment.

STNM01 is a synthetic double-stranded RNA oligo-
nucleotide designed to suppress CHST15 gene expres-
sion through an RNA interference mechanism.15,16

In vitro, silencing of CHST15 has been found to
inhibit vascular endothelial growth factor signaling,
CD44-mediated invasion, and TGF-β-induced epithelial
mesenchymal transition of human tumor cell
lines.10,12,14,17 In vivo, silencing of CHST15 leads to inhi-
bition of tumor growth in xenograft models of nude
mice and suppression of ECM remodeling in animal
models.17–21 STNM01 has been shown to downregulate
CHST15 in diseased human tissues in previous clinical
trials.16,22,23 In biologics-refractory Crohn’s disease and
ulcerative colitis, STNM01 alleviates excessive fibrosis
without complete stromal depletion, thus normalizing
tissue architecture.22–24 In an investigator-initiated pilot
study on PDAC, we found that 2 of 6 patients who
achieved rapid tumor CHST15 reduction showed better
overall survival (OS).16

To overcome the hypovascular nature of PDAC, we
employed the treatment approach of endoscopic
ultrasound-guided fine needle injection (EUS-FNI) used
in clinical settings.16 Locoregional injection confers an
advantage for RNA oligonucleotides, as the injected
drug can bypass the bloodstream, be trapped by matrix
fibers, be incorporated by neighboring cells.17 Moreover,
the locoregional route offers superior drug delivery to
the regional lymph nodes, where the immune response
can be dynamically controlled.24,25 We aimed to better
characterize the efficacy of the ECM-remodeling agent
STNM01 as a second-line therapy for unresectable
PDAC, taking advantage of the immune modulation
observed with locoregional injections.
Methods
Study design
We conducted an open-label, dose-escalation, single arm
phase I/IIa study of STNM01 as second-line therapy in
gemcitabine plus nab-paclitaxel-refractory, unresectable
PDAC across 5 centers in Japan (Table S1). One cycle
consisted of three locoregional injections of STNM01 at
2-week intervals over 4 weeks (days 0, 14, and 28 of
dosing) in combination with systemic second-line
chemotherapy (Fig. S1). For phase I, a 3 + 3 dose
cohort escalation design initiated with 250 nM (n = 3)
followed by 1000 nM (n = 3), 2500 nM (n = 3), and
10,000 nM (n = 4) was used. Phase IIa was subsequently
conducted with 9 patients in parallel with the maximum
tolerated dose (MTD) or the highest dose level
(10,000 nM) determined in phase I (Fig. 1). S-1
www.thelancet.com Vol 55 January, 2023
(80–120 mg) was administered orally, twice a day for 14
days with a rest period of 7 days, repeating every 3 weeks.
Participants
We enrolled patients (aged 20 years or older) who had
histologically confirmed unresectable PDAC with disease
progression after standard first-line chemotherapy, at least
one measurable lesion, Eastern Cooperative Oncology
Group Performance Status of 0 or 1, and adequate he-
matologic, liver, and kidney function. The investigators
performed screening test after obtaining consent from the
subject and confirmed that the subjects met the eligibility
criteria by the screening test. The full eligibility criteria are
provided in the Supplementary Appendix. All the partici-
pants provided written informed consent.
Study treatment
STNM01 dosing solutions were prepared before use at
the concentrations specified (250, 1,000, 2,500, and
10,000 nM). The total dosing volume to be administered
(mL) was determined based on the tumor volume (cm3),
calculated during EUS using the following formula:
tumor volume (cm3) = (minor axis [cm]2 x major axis
[cm] x 1/2) = total dosing volume (mL). The STNM01
dosing solutions were injected into the tumors with a
22G EUS fine needle following biopsy. The detailed
treatment protocols are provided in the Supplementary
Appendix.
Efficacy and safety evaluation
The objectives of the study were to evaluate the safety
and efficacy of STNM01 as combined second-line
therapy, and to determine the optimal dose level of
STNM01 in patients with unresectable PDAC with
progression after first-line chemotherapy. The primary
outcome was the incidence of dose-limiting toxicity
(DLT) at the end of cycle 1, which was determined by
nonclinical monkey toxicokinetics studies. Grade 4 or
higher hematologic toxicities or grade 3 or higher
nonhematologic toxicities related to STNM01 were
defined as DLTs. The secondary outcomes included
OS, defined as the period from the day that consent
was obtained as an origin time to the day of death or
the day of 2 years from the consent in case of sur-
vival, tumor response assessed by the diameter of the
evaluable lesions based on RECIST v1.1, immuno-
histopathology, safety, and pharmacokinetics. Contrast
enhanced CT was performed at screening and weeks
6, 14 and 22 (Fig. S1). Progression free survival (PFS),
defined as the period from the day of consent ob-
tained to the day of first documented disease pro-
gression according to RECIST v1.1, was also assessed.
For safety, adverse events were graded using the
Common Terminology Criteria for Adverse Events
(CTCAE) ver.5.0. For histopathology of masked biopsy
3
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Fig. 1: Diagram of the TME-001 trial. enrollment and outcome of patients in the study. Reasons for screening failure and discontinuation from
the study are indicated. SAE, serious adverse events; DLT, Dose limiting toxicity; MTD, Maximal Tolerated Dose.
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specimens, CHST15, CD3, CD8, CD20, and CD44
variant 6 (CD44v6) positivity based on immunostain-
ing was quantified in a blinded manner. Serum sol-
uble CD44v6 was measured by enzyme-linked
immunosorbent assay.16 The methodology is provided
in the Supplementary Appendix.
Statistical analysis
Demographic and other baseline characteristics were
summarized by tabulating frequencies or providing
descriptive statistics stratified for each treatment group.
The number of subjects in whom TEAEs occurred and
the number of events were summarized by treatment
group. The safety population included all subjects who
received the study drug at least once (n = 22). For
continuous data, summary statistics (number of sub-
jects, mean, standard deviation, median, IQR, and 95%
confidence interval for OS, PFS, tumor diameter,
serum CA19-9, serum soluble CD44v6 and positive
staining for CHST15, CD3, CD8, CD20 and CD44v6 of
biopsy specimens) were calculated. Statistical analysis
was performed using SAS version 9.4 and GraphPad
Prism version 9 with a significant level of α = 0.05.
Normality and homogeneity of variance were assessed
by D’Agostino and Pearson omnibus test, Shapiro–
Wilk test and F-test. For comparing continuous vari-
ables, Mann–Whitney test was used for non-Gaussian
distributed data. For comparing pre- and post-values,
Wilcoxon matched-pairs signed rank test was used.
Exact 95% confidence intervals (2-sided) were calcu-
lated and provided where indicated. Median OS was
estimated by Kaplan–Meier curves in the full analysis
set (n = 22). The 95% CI for the median was calculated
using Brookmeyer and Crowley method. Long-rank test
was used for comparing the survival curves between
FAS and MTD population. For tumor size, CHST15,
CD3, CD8, CD20 and CD44v6, the percentage changes
from baseline were calculated in the evaluable popu-
lation (n = 21), unless otherwise indicated. The mean
percentage positive areas of CHST15, CD3, CD8,
CD20, or CD44v6 at baseline were compared to those
at the end of cycle 1. In the exploratory analyses, the
mean fold increases in the percentage positive area of
CD3 or CD8 at the end of cycle 1 were compared
between the patient groups who showed over 1 year
survival (n = 5) and survival of 1 year or less
(n = 13–14). For correlation analyses, the Pearson co-
efficient and the corresponding probability value (p)
were calculated. All statistical tests were considered
explorative, and emphasized on complete and adequate
descriptive statistics.
Role of the funding source
The present study was supported by the Japan Agency
for Medical Research and Development (AMED).
However, AMED was not involved in any of the
following: collection, analysis, and interpretation of the
data, writing of the report, and the decision to submit
the paper for publication. The study protocol was
designed by the study coordinating committee (N.Y. and
S.R.) and was approved by the Institutional Review
Boards (IRBs). Data were collected by all investigators
and analyzed by WDB Clinical Research Co., Ltd. All the
authors interpreted the data, helped to prepare the
manuscript, and made the decision to submit the
manuscript for publication. All the authors declare
that the study was conducted in accordance with
the protocol. Each author attests to the accuracy
and completeness of the reported data (registered as
jRCT2031190055).
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Results
Characteristics of the patients
Among 29 patients screened, 22 were enrolled and
received at least 1 dose of STNM01 (Fig. 1). De-
mographic and baseline disease characteristics were
generally balanced among the dose step groups
(Table 1). All subjects (n = 22) had been treated with
combined first-line gemcitabine and nab-paclitaxel; after
progression, they received an oral fluoropyrimidine (S-1:
tegafur/gimeracil/oteracil potassium combination
product) as second-line therapy. Among 22 patients, 21
completed 1 cycle of treatment and were evaluable for
changes from baseline; 1 discontinued due to bacter-
emia in the middle of cycle 1 (10,000 nM in the phase I
part). The maximum administration of 3 cycles was
completed in 2 patients. All patients were followed until
death (maximum time observed: 22.1 months) without 2
censored patients who were followed by 24 months
without death. A median follow-up time was 7.8 months
(IQR: 5.9 to 18.1).

The mean percentage positive area of CHST15 was
balanced, but slightly higher in the 2500 nM group
(Table 1). The correlation of CHST15 expression with
general and tumor microenvironmental measures at
baseline were evaluated for further characterization.
CHST15 did not correlate with the duration of disease
and maximum tumor diameter (Fig. 2). Serum tumor
markers CA19-9 (p = 0.3813, Pearson r = 0.21, 95%
CI: −0.27 to 0.61) and sCD44v6 (p = 0.0158, Pearson
r = 0.52, 95% CI: 0.11 to 0.78) tended to rise with
increased tumoral CHST15 expression (Fig. 2). The
average numbers of CD3+ and CD8+ T cells were 13.8
and 8.0/mm2, respectively; both values were one tenth
or less compared to those seen in resectable PDAC.5,26
250 nM (n = 3)

Male (n) 1

Female (n) 2

Mean age (years) [SD] 69.7 [11.9]

Median duration of PDAC (months) [IQR] 14.0 [5.0–17.0]

Mean tumor size (mm) [SD] 47.0 [12.53]

Location: n (%)

Head 0 (0.0)

Body 1 (33.3)

Tail 1 (33.3)

Other 1 (33.3)

Metastasis: n (%) 3 (100.0)

ECOG PS: n (%)

0 3 (100.0)

1 0 (0.0)

GEM + nab-PTX as a first-line: n (%) 3 (100.0)

Combined S-1 as a second-line: n (%) 3 (100.0)

Baseline mean % positive area for CHST15 (%) [SD] 13.4 [3.9]

GEM: gemcitabine, PTX: paclitaxel, SD: Standard Deviation. aMean value of the evaluab

Table 1: Demographic and baseline characteristics.

www.thelancet.com Vol 55 January, 2023
This supported the notion that in the second-line
setting, PDAC patients exhibit T cell immune suppres-
sion status. CHST15 negatively correlated with CD3
(p = 0.0051, Pearson r = −0.60, 95% CI: −0.82 to −0.22)
and CD8 (p = 0.0478, Pearson r = −0.45, 95% CI: −0.74
to −0.01) at baseline (Fig. 2), indicating that higher
expression of CHST15 was associated with poor T cell
infiltration. CD20 tended to decrease (p = −0.2402,
Pearson r = −0.28, 95% CI: −0.64 to 0.19), while CD44v6
tended to increase (p = 0.0616, Pearson r = 0.41, 95%
CI: −0.02 to 0.72) with higher CHST15 expression.
Safety and adverse effects
No DLT was observed, and 100 treatment emergent
adverse events (TEAEs) were observed. The major
TEAEs that developed in 2 or more patients are shown in
Table 2. The most frequent TEAE was pyrexia (22.7%),
followed by abdominal pain, hyperbilirubinemia, and
decreased white blood cell count (18.2%). There were 8
grade 3 and no grade 4 TEAEs (Table S2); 17 of 100
TEAEs, all of which were of grades 1 or 2, were consid-
ered to be drug-related (27.3%) (Table S3). A total of 8
serious TEAEs were reported in 7/22 subjects (31.8%);
none were drug-related (Table S4). The plasma level of
STNM01 was below the detection limit at all time points
after administration.
Clinical efficacy
As the MTD was not reached in phase I, phase IIa was
conducted with the highest dose of 10,000 nM, and
analyzed as an MTD population. The median OS was
7.8 months (95%CI: 5.9–17.0 months) in the entire
1000 nM (n = 3) 2500 nM (n = 3) 10,000 nM (n = 13)

0 1 6

3 2 7

66.7 [13.1] 66.3 [4.2] 65.8 [5.9]

6.0 [6.0–7.0] 6.0 [3.0–6.0] 6.0 [4.0–9.0]

29.4 [9.54] 34.0 [17.91] 42.4 [18.55]

2 (66.7) 0 (0.0) 3 (23.1)

1 (33.3) 1 (33.3) 6 (46.2)

0 (0.0) 0 (0.0) 5 (38.5)

0 (0.0) 2 (66.7) 1 (7.7)

3 (100.0) 3 (100.0) 10 (76.9)

3 (100.0) 2 (66.7) 12 (92.3)

0 (0.0) 1 (33.3) 1 (7.7)

3 (100.0) 3 (100.0) 13 (100.0)

3 (100.0) 3 (100.0) 13 (100.0)

17.8 [8.8] 28.7 [11.1] 17.0a [9.4]

le population (n = 12).

5

www.thelancet.com/digital-health


0 10 20 30 40
0

20

40

60

80

100

0 10 20 30 40
0

2000
4000
6000
8000

10000
50000

60000

0 10 20 30 40
0

10

20

30

40

50

60

0 10 20 30 40
0

5

10

15

20

25

0 10 20 30 40
0

1

2

3

4

5

6

0 10 20 30 40
0

100

200

300

400

0 10 20 30 40
0

10

20

30

40

(m
on

th
s)

(m
m

2 )

(U
/m

L)

(n
g/

m
L)

(C
el

ls
/m

m
2 )

(C
el

ls
/m

m
2 )

(C
el

ls
/m

m
2 )

(%
)

CHST15 (%)

CD3 CD8 CD20 CD44v6

sCD44v6Duration Max diameter CA19-9

CHST15 (%)

0 10 20 30 40
0

5

10

15

20

r = -0.60 (-0.82 to -0.22)
p = 0.0051

r = 0.04 (-0.40 to 0.46)
p = 0.8634

r = -0.03 (-0.46 to 0.41)
p = 0.8990

r = 0.21 (-0.27 to 0.61)
p = 0.3813

r = 0.52 (0.11 to 0.78)
p = 0.0158

r = -0.45 (-0.74 to -0.01)
p = 0.0478

r = -0.28 (-0.64 to 0.19)
p = 0.2402

r = 0.41 (-0.02 to 0.72)
p = 0.0616

Fig. 2: Negative correlation of baseline tumoral CHST15 with intratumoral T cells in patients with PDAC in the second-line setting.
Correlation analysis of percentage CHST15+ area (x-axis) with tumor-related parameters. On the y-axis, duration of disease [Duration] (months),
maximum diameter of tumor judged by enhanced CT image [Maximum diameter] (mm), serum CA19-9 (U/mL), serum sCD44v6 (ng/mL), and
positive CD3+, CD8+, CD20+, and CD44v6+ expression areas (%) are shown. The related Pearson correlation coefficients with 95%CI and cor-
responding p values are shown.
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population (n = 22) and 7.9 months (95%CI: 6.1–17.5
months) in the MTD population (n = 13) (Fig. 3a). The
6-month and 1-year survival rates of the MTD
250 nM (n = 3)

Overall (patients with at least one TEAE: n (%)) 3 (100.0)

Cancer pain 1 (33.3)

Pancreatic carcinoma 2 (66.7)

Anemia 0 (0.0)

Decreased appetite 1 (33.3)

Hyperamylasemia 0 (0.0)

Diabetes mellitus 0 (0.0)

Hypertriglyceridemia 0 (0.0)

Hypoglycemia 0 (0.0)

Abdominal pain 2 (66.7)

Nausea 0 (0.0)

Stomatitis 1 (33.3)

Ascites 1 (33.3)

Diarrhea 0 (0.0)

Hyperbilirubinemia 0 (0.0)

Pyrexia 1 (33.3)

White blood cell count decreased 0 (0.0)

Platelet count decreased 0 (0.0)

Glycosylated hemoglobin increased 0 (0.0)

Weight decreased 0 (0.0)

MedDRA/J version (23.1).

Table 2: Major treatment emergent adverse events (developed in 2 or more
population were 84.6% and 38.4%, respectively. The
median PFS was 4.3 months (95%CI: 2.0–5.3 months)
in the entire population (n = 22) and 5.1 months (95%
1000 nM (n = 3) 2500 nM (n = 3) 10,000 nM (n = 13)

3 (100.0) 3 (100.0) 13 (100.0)

1 (33.3) 0 (0.0) 1 (7.7)

0 (0.0) 0 (0.0) 0 (0.0)

0 (0.0) 0 (0.0) 2 (15.4)

1 (33.3) 0 (0.0) 1 (7.7)

0 (0.0) 0 (0.0) 3 (23.1)

1 (33.3) 0 (0.0) 1 (7.7)

0 (0.0) 0 (0.0) 2 (15.4)

0 (0.0) 0 (0.0) 2 (15.4)

1 (33.3) 0 (0.0) 1 (7.7)

0 (0.0) 0 (0.0) 3 (23.1)

0 (0.0) 0 (0.0) 2 (15.4)

0 (0.0) 0 (0.0) 1 (7.7)

0 (0.0) 0 (0.0) 1 (15.4)

0 (0.0) 0 (0.0) 4 (30.8)

0 (0.0) 1 (33.3) 3 (23.1)

0 (0.0) 0 (0.0) 4 (30.8)

0 (0.0) 0 (0.0) 3 (23.1)

0 (0.0) 0 (0.0) 2 (15.4)

1 (33.3) 0 (0.0) 1 (7.7)

patients) during the study.
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CI: 1.9–7.1 months) in the MTD population (n = 13)
(Fig. 3a). The best overall response in the evaluable le-
sions included complete response (CR), partial response
(PR), stable disease and progression in 1 (4.5%), 1
(4.5%), 15 (68.2%), and 5 (22.7%) patients, respectively,
www.thelancet.com Vol 55 January, 2023
indicating a disease control rate of 77.3% in the FAS
population (n = 22) during the observation period, that
was 2 years from the consent at the maximum (Fig. 3b
and Fig. S2). Notably, one patient showed complete
disappearance of the visible primary and regional lymph
7
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node metastatic tumors at the end of the first injection
in cycle 2; this was at week 8 after the first treatment
(Fig. 3c).

Changes in tumor microenvironmental measures
The changes in CHST15 and tumor infiltrating lym-
phocytes in the tumor microenvironment were evalu-
ated by immunohistochemical staining of biopsy
tissues. Abundant expression of CHST15 was mainly
observed in the tumor epithelial tissue at baseline
(Fig. 4a). Analysis of paired samples showed a mean
reduction in percentage positive area of CHST15 from
18.02% (95%CI: 13.55 to 22.49), 16.94% (95%CI: 10.96
to 22.92) at baseline to 10.33% (95%CI: 6.5 to 14.2),
6.81% (95%CI: 2.47 to 11.62) at the end of cycle 1, in the
FAS (p < 0.0001) and MTD (p = 0.0005), respectively
(Fig. 4b and Fig. S3). CD3+, CD8+, and CD20+ cells were
rarely observed at baseline (Fig. 4a, Figs. S4, S5, and S6).
In the MTD population, the mean percentage positive
areas of CD3 and CD8 showed a 3.2- and 3.9-fold in-
crease, respectively (p = 0.0420 and p = 0.0049, respec-
tively; n = 12), at the end of cycle 1 (0.70% (95%CI: 0.33
to 1.07), 0.67% (95%CI: 0.23 to 1.11), respectively) from
baseline (0.31% (95%CI: 0.20 to 0.41), 0.19% (95%CI:
0.11 to 0.26), respectively) (Fig. 4b). CD8+ cells actually
infiltrated the epithelial tissue of the tumor (Fig. 4a).
The mean percentage positive area of CD20 showed a
16.2-fold increase (from 0.03% (95%CI: 0.02 to 0.05) at
baseline to 0.24% (95%CI: −0.17 to 0.66) at the end of
cycle 1), but with high variability (p = 0.2334, n = 12). In
the MTD population, the mean percentage positive area
of CD44v6 changed from 5.66% (95%CI: 2.96 to 8.35) at
baseline to 3.89% (95%CI: 0.97 to 6.81) at the end of
cycle 1 and serum sCD44v6 levels changed from
155.2 ng/mL (95%CI: 136.7 to 173.6) to 145.6 ng/mL
(95%CI: 125.7 to 165.6). An example of the kinetics in a
patient who received 3 cycles of treatments in phase 2a
is shown in Fig. 4c. In this case, a reduction in CHST15
was seen at week 4; this was maintained thereafter.
CD3+ cells increased and reached a peak at week 4,
while CD8+ cells showed a peak at week 8 before start-
ing cycle 2. CD3+ and CD8+ cells tended to decrease
slightly during cycle 2, but increased again from the end
of cycle 2 to within cycle 3.
Exploratory analysis
On completion of 2-year follow-up observation in all
patients, we compared the parameters between the pa-
tient groups surviving over 1 year and 1 year or less. The
former group showed significantly higher fold increases
in CD3 (5.00 (95%CI: 1.35 to 14.53) compared to the
latter: 1.02 (95%CI: 0.64 to 3.03), p = 0.0097) and CD8
(3.58 (95%CI: 2.67 to 9.84) compared to the latter: 1.38
(95%CI: 0.80 to 3.06, p = 0.0183) at week 4 (Fig. 5a). In
addition, the correlation between OS and changes in T
cell numbers at week 4 was analyzed in all patients. The
increase in CD3+ T cells at week 4 correlated signifi-
cantly with longer OS (p = 0.0039, Pearson r = 0.63, 95%
CI: 0.25 to 0.84, n = 19, Fig. 5b).
Discussion
In the present study, higher tumoral CHST15 expres-
sion was associated with poor T cell infiltration at
baseline in patients with unresectable PDAC refractory
to gemcitabine plus nab-paclitaxel-refractory, the first-
line chemotherapy. Locoregional injection of dose-
escalated STNM01 in combination with S1, the
second-line chemotherapy significantly repressed tu-
moral CHST15. Increased CD3+ and CD8+ T cell infil-
tration was observed in the group with the highest dose
(10,000 nM); the group had a median OS of 7.9 months.
No serious drug-related toxicities or TEAEs of grade 3 or
higher were observed; STNM01 was also not observed in
the circulation in all doses.

A number of clinical trials have been conducted on
stromal-depleting agents or immune checkpoint in-
hibitors in PDAC.2 Although nonclinical findings indi-
cate that depletion of stroma may improve drug delivery
and lymphocyte infiltration, increased infiltration has
not been demonstrated in the clinic to date. In this
context, systemic hyaluronidase, a stromal-depleting
agent, has not been found to improve OS when com-
bined with standard first-line chemotherapy.27 Scant
infiltration of antitumor T cells in poorly immunogenic
PDAC remains a hurdle for immune checkpoint in-
hibitor therapy, as most studies have failed to demon-
strate an increase in T cell infiltration in microsatellite
stable population. Notably, increased T cell mobilization
obtained by combining a CXCR4 inhibitor and pem-
brolizumab confers a median OS of 6.6 months.28 This
is the longest survival in the second-line setting by im-
mune checkpoint inhibitors, and also demonstrates the
potential of tumor microenvironment modulation as an
additional therapeutic approach in PDAC for the first
time.

Reports suggest that CHST15 is preferentially
expressed by tumor cells located at the invasive front of
human PDAC tissue,13 and is highly expressed by hu-
man tumor cell lines of the EMT phenotype.17 However,
its impact on anti-tumor T cell immunity has not been
investigated. We found that tumoral CHST15 was
associated with poor infiltration of CD3+ and CD8+ T
cells in the second-line setting, and that repression of
CHST15 by STNM01 rapidly and significantly increased
intratumoral T cells. This suggests that CHST15 regu-
lates T cell exclusion status in the tumor microenvi-
ronment. A direct action of STNM01 on T cells is
unlikely, because CHST15 was not expressed in CD3+

and CD8+ T cells in the present (Fig. 4a) and previous
studies.11–14,17 STNM01 is considered to mediate indirect
signals, which augment infiltration of T cells in poorly
immunogenic PDACs.
www.thelancet.com Vol 55 January, 2023
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The suppressive effect of STNM01 on tissue
remodeling and fibrosis via CHST15 inhibition has
been previously demonstrated in diseased tissues in
both, patients22,23 and animals.17–21 This may be attrib-
uted to suppression of tumor stromal fibrosis by
STNM01, that allow CD3+ and CD8+ T lymphocyte
accumulation in the tumor. Fourteen out of evaluable 19
patients (73.7%) showed increased % positive area of
CD8+ T cells at week 4 from baseline, and finally 16
patients (84.2%) showed increased tumoral CD8+ T cells
from week 8 and thereafter (Fig. S5), suggesting the
existence of rapid as well as delayed T cell infiltration
after STNM01. Recent evidences suggest that targeting
nucleotide metabolism can enhance anti-tumor immu-
nity and its analogue therapy was shown to modulate
peri-tumoral immune response in PDAC model.24,25 In
this context, enhanced T cell infiltration is considered to
be induced by locoregional STNM01-mediated anti-
tissue remodeling effect in combination with systemic
fluoropyrimidine, although further investigation will be
required to clarify the mechanism.
Regarding the median OS in the second-line setting,
that reported from historical data was 4.5 months,6

while that of S-1 monotherapy was 4.5 months in the
original Japan Phase II trial and 4.9 months in the
current randomized trial (MPACA-3 Trial).28,29 The me-
dian OS of the recently approved nal-IRI + 5-FU/LV
combination (NAPOLI-1 Trial) was 6.1 months8; the OS
with the best immune checkpoint inhibitor combination
regimen (COMBAT Trial) was 6.6 months.30 The me-
dian OS using the present STNM01 regimen was 7.9
months in the MTD population. In this context, the
6-month survival rates in the NAPOLI-1 and COMBAT
trials were 50.4% and 56.3%, respectively,8,30 while that
of the STNM01 MTD population in this study was
84.6%. Although only limited historical data are avail-
able, the 1-year survival rate of the STNM01 MTD
population was 38.4%; this was higher than that
observed in previous studies.6–8,28–30 In addition, these
patients showed prolonged survival for at least a further
6 months after stopping STNM01 (Fig. 3a); this pattern
was not observed in the NAPOLI-1 or COMBAT trials.
www.thelancet.com Vol 55 January, 2023
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The longer survival in these patients despite locore-
gional injection is thus considered to be due in part to
rapid tumoral infiltration by T cells at only 4 weeks
during cycle 1 of treatment. Patients with long-term
survival over 1 year tended to achieve rapid infiltration
of T cells (Fig. 5a), and the fold increase in CD3+ T cells
at week 4 significantly correlated with longer survival
(Fig. 5b). These results suggest that rapid T cell infil-
tration would contribute to favorable outcomes.

The limitations of the present study included, but
were not limited to, the small number of patients
enrolled. Our results must be regarded as preliminary
and need to be confirmed in larger clinical studies. As
this was uncontrolled study, the single effect of
STNM01 cannot be completely differentiated. However,
we found higher DCR (77.3%) compared to historical
data showing 57.5% and 37% in second-line S-1 mon-
otherapy in Japan Phase II and MPACA-3 Trial,
respectively.28,29 Longer median PFS (4.3 months for
FAS, 5.1 months for MTD) was also observed compared
to 2.0 months and 2.2 months in Japan Phase II and
MPACA-3 Trial, respectively. In addition, there was no
grade 3 or more neutropenia, which is mediated by
bone marrow suppression in fluoropyrimidine-based
therapy, despite combination with S-1 in the present
study. Further studies will be needed to examine if
STNM01 compensates chemotherapy-induced bone
marrow suppression by modulating circulating CS-E, as
proteoglycans are reported to regulate the compart-
mentalization of GM-CSF and hematopoietic cells
within bone marrow.31 Together, we consider that
STNM01 provides additional effects related to infiltra-
tion of T cells, control of tumor progression and pro-
tection from grade 3 or more neutropenia, which have
not been achieved by S-1 monotherapy. Most patients
showed a rapid reduction in CHST15 and increased
infiltration at the end of cycle 1 (week 4); however, the
optimal treatment interval needs to be defined further
also from view of round feasibility of repeated EUS.

In conclusion, the data from this phase I/IIa study
showed the potential of tumoral CHST15 repression by
locally delivered RNA oligonucleotides in enhancing
tumor infiltrating T lymphocytes and improving
prognosis.
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