




Fig. 6 (See legend on next page.)
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MEDI9197 enhances activity of IO therapies
The robust localized activation of immune cells and fur-
ther recruitment of CD8+ TILs following MEDI9197 IT
dosing indicates that this approach may compliment
other IO therapies. We found that MEDI9197 induces
an increase in gene expression for immune inhibitory
(e.g. PD-1, PD-L1) and T cell co-stimulatory molecules
(e.g. GITR and OX40) in the injected tumor (Fig. 6a and
b). Based on the ability of MEDI9197 to induce CD8+ T
cell activation and IFNγ production, as well as the in-
crease in PD-1 and PD-L1 gene expression observed in
the tumor after MEDI9197 treatment (Fig. 6a), it is not
surprising that MEDI9197 also induced a significant in-
crease in surface PD-1 expression on TILs, especially
CD8+ T cells (p < 0.05 on CD45+ cells and p = 0.0059 on
CD8+ effector T cells; Fig. 6c and d, Additional file 1:
Figure S6C). MEDI9197 also induced a significant
increase in PD-L1 on TILs including CD8+ T cells (p <
0.01 on CD45+ cells and p = 0.0012 on CD8+ effector T
cells). Although a greater proportion of CD8+ T cells in
the MEDI9197 group expressed cell surface PD-1
compared to PD-L1 (50% versus 10%), there were more
CD8+ T cells in MEDI9197-treated tumors that
expressed both cell surface PD-1 and PD-L1 (about 10%
compared to 1% in the Vehicle group).
Given the increase in co-stimulatory or inhibitory

molecules following IT dosing with MEDI9197 we
explored whether combining MEDI9197 with T cell
targeted therapies would result in enhanced anti-
tumor efficacy. Similar to previous reports in the
B16-F10 model [23], we found that MEDI9197 in-
creases median survival observed with anti-PD-L1
mAb in the B16-OVA model from 29 to 34.5 days
(Fig. 6e) and resulted in 2 out of 10 tumors regres-
sing without regrowth for 59 days post tumor cell
implantation, so we extended these findings to a hu-
man co-culture in vitro assay. Using a primary
human DC-T cell mixed lymphocyte reaction (MLR)
assay, we show that combining a PD-L1 blocking

mAb (MEDI4736, durvalumab) with MEDI9197 in-
creased IL-2 and IFNγ cytokine production versus
MEDI9197 alone (Fig. 6f).
To examine the combination potential of MEDI9197

with T cell co-stimulatory molecules, an OX40 agonist
mAb or GITRL fusion protein (FP) was combined with a
suboptimal dose of MEDI9197 in the B16-OVA model.
While neither the OX40 agonist mAb, GITRL FP, nor
MEDI9197 was efficacious as a monotherapy, significant
tumor growth inhibition was observed when combining
MEDI9197 administered IT with systemic administra-
tion of an anti-OX40 agonist (p = 0.005; compared with
anti-OX40 alone) or a GITRL FP agonist (p ≤ 0.0001;
compared with GITRL FP alone) (Fig. 7).

Discussion
We report here that MEDI9197 is a TLR7/8 agonist driving
robust activation of human adaptive and innate immune
cells including both mDC and pDC. Like TLR7/8 agonists,
TLR9 agonists and STING agonists delivered IT also
promote anti-tumor immunity in mouse models [19, 30],
and are currently being investigated in clinical trials
(NCT02675439, NCT03172936, NCT02254772). However,
we report here that these agonists have different effects on
human immune cells. In particular, MEDI9197 activates hu-
man immune cells to secrete IFNα, IL-12 and IFNγ, whereas
TLR9 and STING agonists only induced IFNα from human
PBMC. Together this broader cytokine profile may be more
effective at enhancing CD8+ T cell responses whilst inhibit-
ing MDSC and Treg cells. Note that TLR9 is not expressed
in human monocytes and myeloid dendritic cells, unlike
TLR7 and TLR8 [31], which in part may explain the reduced
ability of TLR9 ligands to enhance CD8 T cell responses in
humans [32].
Despite the potent anti-tumor activity of systemic TLR

agonists in pre-clinical models, clinical development of
these agents has been hampered by the induction of CRS,
and a lack of efficacy at tolerated doses [4, 10, 11, 33–38].
We report here that the unique structure and formulation

(See figure on previous page.)
Fig. 6 MEDI9197 enhances expression of PD1/L1 and increases immune stimulatory and anti-tumor effects of PD-L1 blockade. a and b The
tumor immune profile was evaluated by qPCR following IT dosing. B16-OVA tumors were collected 3, 7, and 11 days post IT dose (20 μg
MEDI9197 or Vehicle, n = 5). Total RNA was processed from each tumor, as described in Fig. 5a. The data indicate fold-change in gene expression
associated with (a) Inhibitory and Checkpoint, and (b) Co-stimulatory genes. Fold-change is relative to the Vehicle group. Day 6–11 post
MEDI9197 treatment results are enriched for responders. Multiple T tests were performed using dCT values to compare MEDI9197 treated versus
Vehicle group (a, b). c-d Percentage of PD-1+ and/or PD-L1+ populations from tumor cells, TILs (CD45+) (c), and effector CD8α+ cells (CD45+/
TCRβ+/CD8α+/CD44+/CD62L−) (d) measured by flow cytometry in tumors 6–8 days post-dose of MEDI9197 (n = 11) or Vehicle (n = 7). Statistical
analysis used 2-way ANOVA with Tukey’s multiple comparisons test (c) and Mann-Whitney test (unpaired, non-parametric t test) (d). Data is
representative of at least two independent experiments. e Kaplan-Meier plots of survival in the B16-OVA tumor model following MEDI9197 and
anti-PD-L1 treatment. C57BL/6 albino mice (n = 10/group) were implanted SC in the right flank with B16-OVA tumors on day 0. On day 10, mice
were dosed IT with 20 μg MEDI9197 or Vehicle, and twice weekly for 6 doses IP with 200 μg of anti-PD-L1 Ab or isotype control. CR, complete
responder. Statistical analysis was performed using the Log-rank (Mantel-Cox) test. f Cytokine production after 3 (IL-2) and 5 (IFNγ) days of co-
culture of allogeneic T cells with human Mo-DCs (10:1 ratio). DCs were primed for 18 h with a titration of MEDI9197 before medium change and
addition of T cells plus 100 nM Durvalumab or NIP228 isotype control. Data are representative of 4 donors and statistical analysis was performed
using two-way ANOVA with Bonferroni post-test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
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Fig. 7 (See legend on next page.)
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of MEDI9197 enables it to be retained within the tumor
after IT delivery, minimising systemic drug exposure and
cytokine release, and driving sustained local TLR7/8 activa-
tion in the TME. It is likely that the limited changes in cir-
culating TNFα cytokine levels observed following local
MEDI9197 treatment were due to “spill over” of cytokines
released from local immune cells at the injection site, since
no systemic TNFα gene expression was detected in the
spleen. Furthermore, retention and prolonged immune acti-
vation in the tumor by MEDI9197 appear critical for its
anti-tumor activity, since IT delivery of Resiquimod, which
rapidly disseminates and leads to systemic immune activa-
tion, failed to drive anti-tumor activity. Similarly, SC
delivery of MEDI9197 at a site distal to the tumor was inef-
fective. The variability in dose retention (such as local dis-
semination at the treatment site) and the local immune
milieu at the injection site may account for the variability
observed in response to MEDI9197.
Positive responses to ICB therapy in patients has

been shown to correlate with CD8+ T cell infiltration
[3]. Tumors with low T cell infiltrate represent a sig-
nificant unmet need. We report that activation of
TLR7/8 in the tumor results in sustained transform-
ation of the TME. In particular, MEDI9197 induced
increased immune infiltration and the formation of ec-
topic lymph node structures in B16-OVA tumors.
Type I IFN response genes were upregulated, CD8+ T
cell infiltration was enhanced, and these cells were ac-
tivated, expressing IFNγ. These data showing in-
creased presence of CD8+ T cells and IFNγ suggest
MEDI9197 IT delivery induces TME conversion to a
hot immune phenotype. A similar inflammatory influx
also correlated with tumor regression in response to
topical Aldara (5% Imiquimod cream) in patients [39].
We have also shown increased NK cell killing of target
cells and increased expression of CD69 on NK cells
from mouse TILs, suggesting a role for NK cells in the
anti-tumor activity of MEDI9197, which warrants fur-
ther investigation.
The ability of MEDI9197 treatment to convert tumors

from ‘cold’ to ‘hot’ make it an attractive co-therapy for
ICB. PD-1, PD-L1, and CTLA4 and co-stimulatory
molecules CD40, GITR, and OX40 are potential targets
since MEDI9197 upregulates their expression in the
TME. Our results confirm previous work demonstrating
enhanced anti-tumor immunity in preclinical mouse

models to the combination of MEDI9197 with PD-L1
blocking antibodies [23]. Furthermore, we go on to show
combining MEDI9197 with PD-L1 blockade enhanced
IFNγ production in a human DC/T cell MLR assay
strengthening the rationale for combining MEDI9197
with ICB therapies targeting PD-1/PD-L1 interactions.
The combination of MEDI9197 with GITRL FP or
OX40 mAb also enhanced anti-tumor activity in the
B16-OVA model. Studies in additional syngeneic models
might provide insight into how different TMEs would
impact on the activity of these combinations. These data
are in agreement with the recent findings of Sagiv-Barfi
et al [40] that in situ vaccination of an OX40 agonist
with either TLR9 agonist SD-101 or Resiquimod resulted
in an enhanced systemic anti-tumor immune response.
Similar to our observations with MEDI9197, they also
observe an increase in OX40 expression after intratu-
moral injection of SD-101. Beyond T cell-targeted
therapies, others have also reported that MEDI9197
combination with CpG ODN enhanced antitumor
immunity in mouse models. [24]. In addition, combi-
nations of MEDI9197 with standard of care treatments
for cancer, such as chemotherapy and radiotherapy,
that drive release of tumor antigens are attractive
given the observed vaccine adjuvant activity of
MEDI9197 [22, 41–43]. Indeed, TLR7 agonists have
previously been reported to enhance efficacy in com-
bination with radiotherapy and chemotherapy in syn-
geneic mouse tumor models [44, 45].

Conclusions
MEDI9197 is a TLR7/8 agonist that promotes robust
and broad activation of human immune cells. MEDI9197
is uniquely retained at or near the site of injection to
cause prolonged immune activation within the TME and
in the local draining lymph nodes. IT injection of
MEDI9197 results in tumor regression and enhanced
survival in multiple mouse tumor models. IT therapy
with MEDI9197 dramatically alters the TME by increas-
ing CD8+ T cell infiltration and activation, increasing
anti-tumor cytokines, and upregulating immune check-
point expression. Combining MEDI9197 with other im-
mune-modulatory agents can enhance anti-tumor
activity, suggesting several routes to explore the utility of
MEDI9197 in the clinic. MEDI9197 has been evaluated
in Phase I clinical trials.

(See figure on previous page.)
Fig. 7 MEDI9197 enhances efficacy when combined with I-O agents targeting OX40 or GITR. Tumor growth was measured in the single-flank
B16-OVA tumor model following IT injection of MEDI9197 and IP dosing with GITRL FP or OX40 antibody. C57BL/6 J albino mice (n = 11–12/
group) were implanted SC in the right flank with B16-OVA tumors on Day 0. On Days 8 and 15, mice were dosed IT with 0.4 μg MEDI9197 or
Vehicle, and dosed IP with 25 mg/kg GITRL FP or 12mg/kg OX40 Ab. a Tumor volume as a mean (with last observation carried forward) ± SEM up
to Day 43 and (b) spider plots of individual tumor volume. Statistical analysis was performed using two-way ANOVA with Tukey’s multiple
comparisons test. ***p = 0.0005, ****p = 0.0001
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Additional file

Additional file 1: Supplementary Information Materials and Methods.
Figure S1 In vitro characterisation of MEDI9197. Figure S2 Rat serum
MEDI9197 levels following SC or IM administration. Figure S3 Local
versus systemic cytokine induction following MEDI9197 administration in
rodents. Figure S4 Intratumoral administration is required for MEDI9197
anti-tumor effects. Figure S5 IT administration of MEDI9197 modifies the
tumor immune gene profile. Figure S6 MEDI9197 enhances NK
activation and gating strategies. (DOCX 1080 kb)
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