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Peptide Vaccination Targeting IDO in Metastatic NSCLC Patients

Figure 3. IHC staining of IDO expression in patients with NSCLC. A, grading of IDO expression in tumor biopsies by IHC method. B, examples of IHC imaging in
patients with NSCLC (Pt. #04 and #06, respectively). The blue color is representing hematoxylin and eosin (H&E) staining of tumor cell nuclei, and the brown

color is representing IDO expression in the cytoplasm of tumor cells.

Stabilization of Kyn/Trp ratio suggesting IDO
blockade

The elevated Kyn/Trp ratio has been suggested to mirror
IDO activity hence HPLC measurements of Kyn and Trp
levels from sera at baseline, fourth and sixth vaccines were
performed. In Fig. 6A, the ratio of Kyn/Trp at the different
time points is shown. In eight of 11 patients, the level at the
sixth vaccine was stable or lower than at pretreatment with
no difference between SD+PR patients (4/5) and PD
patients (4/6). However, at baseline the SD+PR patients
had nonsignificantly higher Kyn/Trp levels (mean 71.1;
95% CI, 35.9-106.3) compared with PD patients (mean
57.8; 95% CI, 32.9-82.8) shown in Fig. 6B. Overall no
significant decrease in the Kyn/Trp ratio was measurable
after the sixth vaccine (mean 68.4; 95% CI, 44.2-92.2)
compared with pretreatment (mean 67.0; 95% CI, 42.8-
91.2), as shown in Fig. 6C (N =11, SD+PR; N=5,PD; N =
6). However, only two patients [Pt. #04 (after fourth vac-
cine) and #06 (after sixth vaccine); see Fig. 6A and C]
experienced a strong augmentation of Kyn/Trp, suggesting
increased IDO activity. Interestingly, these two patients also
demonstrated high IDO expressions (grade 3) in the IHC
analyses and experienced early tumor progression. Mea-
surements of the long-term Kyn/Trp ratio were performed
from four patients with maintained SD as shown in Fig. 6D.
Long-term stabilization was demonstrated in two clinical
responders, that is, Pt. #03 (SD for 2 years) and Pt. #18 (PR
ongoing). About Pt. #03, #15, and #19, they went off study
due to progression within 3 months after the latest time
point of Kyn/Trp measurements.

Discussion

We recently described that IDO-reactive T cells are able
to recognize and kill tumor cells as well as IDO-expressing
dendritic cells, that is, one of the major immune-sup-
pressive cell populations (6, 7). Consequently, IDO may
serve as an important and widely applicable target for
anticancer immunotherapeutic strategies. We tested this

hypothesis in a first-in-man clinical phase I vaccination
trial, comprising 15 patients with advanced NSCLC were
vaccinated with an HLA-A2-restricted IDO peptide for-
mulated in Montanide. The vaccine was well tolerated
with manageable side effects and no CTCAE grade 3/4
toxicities. Only local reactions at the vaccine site were
frequently induced (90% of patients) most likely due to
Montanide (20) and imiquimod (21).

On the basis of an expected median PFS in this patient
group of approximately 6 to 7 months (22), we defined
clinical benefit as objective response or SD for at least 8.5
months, which was demonstrated in 47% of the treated
patients. The one patient with objective response (PR)
had continuous tumor regression on vaccine treatment
for 1 year before qualifying as a PR. This pattern of long-
term disease stabilization, which eventually can lead to
objective responses, has also been shown with ipilimu-
mab treatment, and has led to development of the
immune-related response criteria (23). In our study, the
median OS was more than 2 years, which was higher than
expected for this patient group and is emphasized by the
fact that six of seven of the SD patients are still alive. One
explanation could be that T-cell priming by the IDO
vaccine in some patients is of importance for response
to succeeding antineoplastic treatments or induces long-
lasting antitumor effects (24). To this end, the recently U.
S. Food and Drug Administration-approved sipuleucel T
vaccine for patients with advanced prostate cancer dem-
onstrated prolonged OS though no effect on time to
progression was demonstrated (25).

The clinical significance of HLA phenotype in patients
with cancer has been widely investigated. Importantly, it
was recently described in a large study that expression of
HLA-A2 was an unfavorable prognostic factor in stage I
NSCLC patients (26). This study underlines the potential
importance of the significantly longer OS observed in
vaccinated HLA-A2 patients compared with unvaccinated
HLA-A2-negative NSCLC patients, though these data
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Figure 4. Detection of IDO-specific CD8" T cells. A, example of IFN-y Elispot response =+ IDO peptide from Pt. #02. B, left, IFN-y Elispot responses in the
individual patients (SD+PR and PD patients marked at the graph, respectively) at different time points (mean of duplets, 6.0*10e5 PBMC/well, background
spot production is subtracted). Right, mean IFN-y Elispot response for different time points, that is, baseline (N = 15), at 4th (N = 15), at 6th (N = 15), at 9th
(N = 8, mainly SD patients), and at 12th (N = 6, only SD patients; background spot production is subtracted) vaccine. C, frequency of IDO-specific

CD8" T cells at baseline in SD versus PD patients (background spot production is subtracted). D, left, flow cytometry dot-plots of tetramer-positive IDO-
specific T cells from Pt #03 compared with a control with an irrelevant HIV peptide. Right, after T-cell culturing, cell sorting and rapid expansion effective lysis
(~20%) of IDO peptide loaded T2 cells was detected as well as effective killing (~30%) of an IDO-positive HLA-A2 cancer cell line (SW480) by

IDO-specific CD8" T cells.

need confirmation in large clinical trials. To this end, it is
important to stress that the difference in OS among the
two groups might have been influenced by differences in
baseline characteristics in terms of tumor load, distribu-
tion of metastatic lesions, and histologic subtypes thus
underscoring the need for a randomized trial. Also, it
should be noted that OS is influenced by subsequent
therapy. Available treatments other than the IDO vaccine
have been identical among HLA-A2-positive and -nega-
tive patients. Despite this, several of the vaccinated
patients have obtained long responses to succeeding
therapy; including radiation therapy, whole brain radia-
tion for multiple brain metastases and targeted therapy
such as Tarceva (erlotinib). Several cancer vaccine studies
have previously indicated a possible positive influence on
efficacy of subsequent therapy, for example, in a recent
lung cancer study (27). Thus, it cannot be ruled out that
the IDO vaccine have increased responsiveness to further
therapy.

Tumor cells expressing IDO by IHC staining have been
detected in many different carcinomas, including NSCLC
(28). The correlation between IDO expression (IHC) and
negative clinical outcome has among other tumor types
been shown in ovarian cancer (29), glioblastoma (30), and
endometrial cancer (31). Our data demonstrate that IDO
was frequently expressed in the NSCLC samples, indicating
that the tumor tissue did indeed express the targeted anti-
gen. In general, there was no correlation between the
intensity of IDO expression and the clinical response to
vaccine treatment. Furthermore, no clear correlation
between IDO expression in tumor biopsies and the Kyn/
Trp ratio in sera could be demonstrated. However, in two of
the PD patients with very short-term survival, grade 3+
expression of IDO was detected, which might implicate an
unfavorable prognosis. Also, these two patients experienced
a strong increase in the Kyn/Trp ratio.

Immune monitoring was performed by IFN-y Elispot,
which is a highly sensitive method to detect antigen-specific
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Figure 5. Flow cytometry analyses performed at pretreatment and after the fourth and the sixth vaccine in all patients (N = 15) white bars; SD+PR (N = 7), black
bars; PD (N = 8), gray bars. Gating strategy was based on lymphocytes (single cells, living, CD45") as the reference population for subtypes of immune

cells except for the Mo-MDSC in which monocytic cells were included in the gating. A, left, changes in percentage of CD8" T cells. Right, changes in

percentage of CD8" TEM cells (%CD3"CD8"CD45RA-CCR7-). B, left, changes in percentage of CD4" T cells. Right, changes in percentage of Treg cells

(%CD4"CD25"CD127-FoxP3+). C, changes in percentage of NK cells (%CD3—CD19—CD56"CD16"). D, changes in percentage of Mo-MDSC

cells (%HLA-DRIowLIN-CD33"CD11b"CD14"). * = significant P value.

T cells (magnitude and function) from PBMCs. Our data could be a suitable target for vaccination as immunity
toward IDO seems to be a general characteristic of patients

with NSCLC independent of clinical status. In two SD

demonstrate that IDO-specific T cells were indeed detect-
able in all patients. This observation indicates that IDO
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Figure 6. Ratios of Kyn and Trp levels from patient sera as determined by HPLC. A, ratio of Kyn/Trp (umol/L/mmol/L) from sera at baseline, at fourth and at sixth
vaccine, SD+PR (N = 7) white bars; PD (N = 8) black bars. From Pt. #02 only baseline level was obtained; from Pt. #4, #5, and #11 only sera at pretreatment and
at the fourth vaccine were available; and from Pt. #03, only sera at pretreatment and after the sixth vaccine were available. B, baseline levels of the Kyn/Trp ratio
in SD versus PD patients. C, ratio of Kyn/Trp at baseline compared with at sixth vaccine (N = 11). D, long-term analyses of Kyn/Trp levels in three patients with
SD and one patient with PR. This graph combines experiments performed at two different time points.

patients, an IDO-specific Elispot response was detected
during 1 year of treatment, suggesting sustained long-term
IDO reactivity. Noteworthy, we found a trend toward higher
pretreatment levels of IDO-specific T cells in the SD+PR
patients compared with the PD patients. Thus, our data
indicate that the SD+PR patients had a higher level of T cells
primed for an IDO response, which is in accordance with
previously suggested IDO immunity (7). In addition, we
utilized the MHC peptide tetramer technology to directly
visualize IDO-specific T cells. In three patients, low-frequent
tetramer-positive IDO-specific T cells were detectable,
which was fewer compared with the number of patients
with Elispot responses. Interestingly, in one patient (#03),
clinical benefit (SD in 2 years) and continuously high
numbers of IFN-y-producing IDO-specific T (Elispot) cells
were demonstrated. In addition, in the same patient, IDO-
specific T cells were demonstrated by tetramer staining and
these T cells exerted specific cytotoxicity toward IDO-expres-
sing tumor cells. Overall, although IDO-specific T-cell
responses were detectable, the vaccine, in general, did not
seem to induce strong responses (magnitude). Although we
only measured specific responses in PBMCs and not at the
site of the tumor, this suggests that IDO vaccination might
be more effective using other adjuvants that facilitate more
powerful immune responses. Hence, the administration of
ashort IDO peptide formulated in Montanide is most likely
not optimal, and research into the generation of enhanced
CTL stimulation needs further attention. Recently, it was

recognized that persisting antigen delivery at vaccine sites
using Montanide induced dysfunctional T cells (32) form-
ing the basis for development of newer rapidly degradable
adjuvants (33). Other aspects include route of administra-
tion, homing of T cells to the tumor site, entry into the
tumor microenvironment, and maintenance of function
systemically, as well as at the tumor site.

The boosting of IDO-specific immunity could have
both direct and indirect effects. First, such T cells may
directly kill IDO™ cancer cells. In addition, they may
function by eliminating suppressive immune and stromal
cells. Hence, we performed phenotypic characterization
of PBMCs to quantitate different immune cells. Notewor-
thy, we observed a significant reduction of the Treg
population after the sixth vaccine in all treated patients.
Albeit that the observed decrease in Tregs was seen in
both SD+PR and PD patients, our results show that
important pharmacodynamic changes in immune cells
during vaccine treatment can occur. The decrease in Tregs
is in accordance with our previous observation that the
"supportive" effect of IDO-specific T cells in vitro is, in
part, mediated through a decrease in the frequency of
Tregs (7). The IDO pathway is linked to Treg biology
because IDO-expressing dendritic cells induce the differ-
entiation of naive CD4" cells toward a FoxP34 pheno-
type (34, 35). The observed trend of an increase in CD8"
T cells and TEM in patients with clinical benefit might
also indicate reduced suppression.
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The role of NK cells in regard of an antineoplastic effect in
human cancer is controversial. NK cells may contribute to
antitumor activity because they recognize tumor cells inde-
pendent of MHC Ag expression (36). Recently, it has been
suggested that IDO as part of an immune-evasion strategy
does induce downregulation of cell surface NK receptor
expression (37). Interestingly, we found a trend toward an
increase in the NK cell population in all treated (both
SD+PR and PD) patients, hence no clear correla-
tion between clinical benefit and NK cell activity was
demonstrated.

Many patients with cancer have an elevated Kyn/Trp
ratio compared with healthy donors but it is still unclear
whether elevation in the Kyn/Trp ratio is indicative for
disease progression. Moreover Kyn production might
reflect IDO induction in different peripheral cells hence
blurring the picture. Because the IDO gene is sensitive for
IFN-y response elevated Kyn/Trp ratio may also reflect
unspecific inflammation (38). The presence of an
"inflamed" microenvironment might be used to consider
patients as candidates for immunotherapy likewise the
expression of PD-L1, IDO, or presence of Tregs might
necessitate agents targeting negative regulation (39). We
found eight of 11 patients demonstrating stable or lower
level of IDO activity after the sixth vaccine. The SD+PR
patients had a trend toward a higher rate of IDO-specific
T cells and higher Kyn/Trp ratio before treatment. Taken
together, this points toward a higher prevaccination IDO
activity in the SD+PR patients compared with the PD
patients. Interestingly, in two patients with long-lasting
clinical response, stable Kyn/Trp ratio was maintained at
long-term pointing toward a possible role as marker of
response.

Overall, about the induced Treg decrease, the possibly NK
cell increase, the demonstration of IDO expression in tumor
biopsies, and the Kyn/Trp ratio measurements, no clear
correlation to clinical activity could be demonstrated. How-
ever, important immune changes during vaccine treatment
have been demonstrated implying an immune modulating
capacity of the IDO vaccine and potential fundamental
immune parameters to monitor, in future, IDO-based clin-
ical trials.

The role of IDO as a novel mechanism whereby
tumors evade immune-mediated rejection and the orig-
inal idea of targeting negative regulation by IDO inhi-
bition was authored more than 10 years ago (40). Results
from the first clinical trials of IDO inhibitors such as 1-
methyl-D-tryptophan and INCB024360 in patients with
advanced cancer settings are still awaited (10, 11). Lately
combination studies of 1-DMT and docetaxel for patients
with solid tumors (NCT01191216) and the combination
of INCB024360 and ipilimumab for with melanoma
(NCT01604889) have started patient recruitment. The
targeting of IDO through small-molecule inhibitors ver-
sus the induction of cytotoxic T cells naturally differs in
several ways. One important difference is the potential
risk of inductions of toxicities by systemic treatment with
IDO inhibitors versus the localized reactions induced by

the IDO vaccine treatment. The benefit of a vaccine
strategy may be the induction of long-lasting IDO-spe-
cific memory T cells. Hence, in theory these specific
memory cells might possibly become reactivated and
attracted to tumor site when needed. The direct killing
of IDO-expressing cells may diminish IDO-mediated
immune suppression, hence boosting tumor reactivity
targeting other tumor antigens. Furthermore, IDO-posi-
tive cells may be suppressive by other means than IDO,
for example, arginase, PD-L1, or HLA-G. Hence, IDO-
specific T cells might not only reduce IDO-mediated
suppression but also additional immune suppression
mediated by IDO-positive regulatory cells.

In conclusion, we have shown that IDO inhibition
mediated by a vaccine strategy is safe and might lead to
objective tumor response as well as sustained disease
stabilization in patients with NSCLC. To further test our
findings of an IDO-based therapeutic anticancer vaccine
in a larger patient population, we recently set up a phase
IT trial combining IDO vaccine and temozolomide (41)
for patients with metastatic melanoma (NCT01543464)
at our institution.
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