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Abstract
Purpose—We have previously shown that within tumors, recombinant interleukin-2 (rIL-2,
Aldesleukin) consistently activates tumor-associated macrophages and up-regulates interferon
stimulated genes (ISGs) while inducing minimal migration, activation or proliferation of T-cells.
These effects are independent of tumor response to treatment. Here, we prospectively evaluated
transcriptional alterations induced by rIL-2 in peripheral blood mononuclear cells (PBMCs) and
within melanoma metastases.

Experimental Design—We evaluated gene expression changes by serially comparing pre- to
post-treatment samples in 14 patients and also compared transcriptional differences among lesions
displaying different responsiveness to therapy, focusing on 2 lesions decreasing in size and 2
remaining stable (responding lesions) compared to non-responding ones.

Results—As previously described, the effects of rIL-2 were dramatic within PBMC, while
effects within the tumor microenvironment were lesion-specific and limited. However, distinct
signatures specific to response could be observed in responding lesions pre-treatment that were
amplified following rIL-2 administration. These signatures match the functional profile observed
in other human or experimental models in which immune-mediated tissue-specific destruction
(TSD) occurs underlying a common pathways leading to rejection. Moreover, the signatures
observed in pre-treatment lesions were qualitatively similar to those associated with TSD
underlining a determinism to immune responsiveness that depends upon the genetic background of
the host or the intrinsic genetic makeup of individual tumors.

Conclusions—This is the first prospectively collected insight on global transcriptional events
occurring during high-dose rIL-2 therapy in melanoma metastases responding to treatment.
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Background
High-dose recombinant interleukin-2 (rIL-2, aldesleukin, Proleukin, rIL-2) was approved by
the U.S. Food and Drug Administration in 1993 for the treatment of metastatic renal cell
carcinoma and later for metastatic melanoma. Approval was based upon evidence of
objective anticancer response in 15% and durable complete remissions in 7% of patients (1,
2). However, these results are achieved at a significant price in patient toxicity since rIL-2
induces a “capillary leak syndrome” with numerous hemodynamic consequences including
fluid retention, acute renal insufficiency, and hypotension. For these reasons, rIL-2 has not
been widely adopted and is delivered only at medical centers experienced in the
management of its toxicities. Better understanding of the mechanisms of action of
systemically administered of rIL-2 relevant to successful therapy could help in patient
selection and/or in the strategy for administration of the drug by enhancing its therapeutic
window.

The identification of parameters predictive of response remains elusive. Clinical parameters
are only modestly predictive of the likelihood of response and most often are related to post-
treatment observations such as development of vitiligo or alterations in blood counts that are
of no use for predictive purposes (3). The expression of carbonic anhydrase 9 may predict
response to rIL-2 therapy in patients with renal cell cancer (4). However, carbonic anhydrase
9 is not expressed by melanomas nor is a predictor of response (5). Using a limited array
platform, we observed that response of melanoma metastases to treatment with antigen-
specific vaccination plus the systemic administration of r-IL2 was associated with the
expression in pre-treatment metastases of genes related to chronic inflammation (6). Similar
finding were reported by others in the context of r-IL-2 therapy (7) or antigen-specific
immunization (8, 9), suggesting that responsiveness is in part dependent upon the genetic
predisposition of tumors to be susceptible to immune manipulation. Interestingly, the same
signatures associated with responsiveness to immunotherapy are observed in other cancers
including colon and breast carcinoma and are predictive of good prognosis independent of
treatment (10–13). Moreover, similar signatures mark a broader aspect of immune biology
which we recently defined as the immunologic constant of rejection (ICR), as they are
observed in various types of immune-mediated tissue-specific destruction (TSD) including
tumor rejection in response to immunotherapy, allograft rejection, graft versus host disease,
flares of autoimmunity and clearance of pathogen during acute infection (14, 15).

We previously described how minimally invasive biopsies such as fine needle aspiration
biopsy (FNA) consistently draw cells from tumor sites providing sufficient material to
permit high fidelity gene expression analysis while allowing serial sampling of the same
lesion (16, 17). Because FNA can be obtained immediately without ischemia or surgical
trauma, the findings represent the tumor microenvironment more accurately than specimens
harvested surgically. Moreover, serial sampling of the same lesion allows direct comparison
of biological findings with the natural history of the same lesion, obviating correction for
lesion-specific variability within a given patient (16). Although transcriptional changes due
to the tissue disruption caused by the FNA can be expected, these are predictable and can be
accounted for during the interpretation of the results (18–20). Thus, in this pilot study, we
set out to compare, using an enhanced whole transcriptome platform, the systemic effects of
high-dose r-IL-2 to its effects within the tumor tissue. PBMC and FNA biopsies from
melanoma metastases were collected prior to and during rIL-2 administration.
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Methods
Patients

Patients at least 18 years of age with cytologically- or histologically-confirmed metastatic
malignant melanoma and with one or more metastases amenable to FNA were candidates for
this study. Patients were required to have sufficient health predictive of tolerance of high-
dose rIL-2 and an ECOG performance status of 0 or 1 (Table 1). Within 2 weeks prior to
treatment, patients were required to have an hematocrit ≥ 25%, platelet count ≥ 50,000/
cubic mm, prothrombin time INR ≤ 1.5 and to have the ability and willingness to provide
written informed consent approved by our institutional review board (University of
Virginia). Exclusion criteria included pregnancy, ischemic heart disease (negative stress test
required), brain metastasis, or requirement for corticosteroids.

Interleukin-2 administration
Patients were hospitalized in a monitored hematology-oncology unit at the University of
Virginia Medical Center and received 600,000 International Units/kg (0.037 mg/kg) of rIL-2
(Proleukin,® Prometheus Laboratories, San Diego, CA) every 8 hours by a 15-minute
intravenous infusion for a maximum of 14 doses. Following 9 days of rest, the schedule was
repeated for up to 14 doses, for a maximum of 28 doses per course, as tolerated. During
administration of therapy, doses were frequently withheld for severe toxicity. Patients were
medicated with cephalexin, famotidine, ibuprofen and acetaminophen on a scheduled basis
to reduce the risk of infection and cytokine-release symptoms.

Response criteria
The minimal period for defining stable disease was 1 month. Following treatment with high-
dose aldesleukin, serial surveillance CT scans were obtained 1 month and 2 months after
completion of therapy. Response and stable disease assignment was based on RECIST
criteria.

Blood sampling
Blood specimens were collected in CPT tubes containing sodium heparin, gel and density
gradient media (8 ml) (BD bioscience) pre-therapy and 3 hours after the sixth dose of rIL-2
to separate PBMC for RNA preparation. PBMC were pelleted by centrifugation, lysed in
700 µl of Trizol reagent (Invitrogen) and stored at −80 till use.

Tumor biopsies
FNA of melanoma metastases were obtained pre-therapy and 3 hours after the sixth dose of
rIL-2, as this was judged to be the most informative time point based on previous time-
course studies, timing of blood sampling was secondarily chosen to directly compare
differences between systemic and tumor effects (6, 17, 18). A 23 Gauge hypodermic needle
was inserted into the tumor. After insertion, multiple passes at changing angles of insertion
were made through all quadrants of the tumor. The serial sampling method had been
previously validated for its intra-lesion, intra-patient and inter-patient reproducibility by
several studies (6, 18); gene signatures are predominantly patient-specific independent of
tissue in which the metastatic lesion is hosted. Serial sampling of the same lesion within a
short time frame such as the one adopted in the study cause non treatment-specific
alterations that are, however, limited and predictable (18, 20). Gene signatures portray a
cumulative representation of functional interactions between cancer and host cells and are
not a mere reflection of the number of immune cells in the sample (6).
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Tissue collected into the needle was suspended in 10 ml cold RPMI and centrifuged at 1500
rpm for 5 minutes at 4°C. The cell pellet was harvested and red blood cells were eliminated
with ACK lysis buffer. Cells were resuspended in 1 ml cold RPMI, transferred to a 1.5 ml
Eppendorf tube, spun at 1500 rpm for 5 minutes and the supernatant was discarded. The cell
pellet was resuspended in 500 µl of Trizol (Gibco BRL) and mixed thoroughly in the lysis
buffer to ensure lysis of all cells. Lysates were frozen at −80°C until use.

Target preparation and hybridization to microarrays
Total RNA was processed by a two-cycle amplification as described elsewhere (17). Patient
samples were labeled with Cy5 and mixed with Cy3 labeled reference consisting of pooled
PBMC from 5 normal donors obtained from aphereses and hybridized to in house printed
whole-genome human 36K oligo arrays, representing 25,100 unique human genes (Operon
Human Genome Array-Ready Oligo Set version 4.0).

Sample Size considerations
This is an exploratory analysis, where sample size was based upon historical targets goals
and no statistical precision. Based upon prior experience, it was estimated that 10 responders
would be needed to assess the biomarkers in the melanoma population. Assuming
subcutaneous metastases will represent the bulk of the melanoma patients where response
rates tend to be around 20%, tissue samples from at least 50 melanoma patients and blood
samples from at least 50 melanoma patients are required. As the accrual has progressed
slower than anticipated the interim analysis (scheduled after the 25th patient accrual) was
anticipated after the first 14 cases to test whether the study should proceed. This interim
analysis represents a first step to assess the validity of this approach and support its
continuation; however, due to the critical relevance of this approach in modeling
immunotherapy monitoring of upcoming trials including those supported by the Cancer
Immunotherapy Trial Network, it was deemed useful to publish these preliminary
observations as a proof of concept.

Statistical Analysis
Statistical analyses were all performed using the NCI BRB-Array tool (21). Class
comparison was based on paired or unpaired t test adopting various stringency cutoff criteria
for gene identification or gene enrichment. Multivariate permutation test was applied to test
whether the number of genes identified by each class comparison could be due to chance.
Unsupervised sample differences were visualized as multidimensional scale (MDS) plots
based on the complete data set. Functional interpretation was based on Ingenuity Pathway
Analysis (IPA) Software (Ingenuity® Systems, Redwood City, CA). IPA computes a score
to build functional networks according to the fit of the user’s set of significant genes. The
score is derived from a p-value indicating the likelihood that genes in a network are together
due to random chance. A score of ≥ 2 (the log10 value) indicates that there is a 1 in 100 or
less probability that the genes are together due to random chance. Biological functions are
then calculated and assigned to each network.

The primary scope of class comparison was to identify genes differentially expressed
according to univariate comparison (though not always supported by multivariate analysis)
that could be used for functional interpretation; the significance of the findings resulted from
the non-random enrichment of immune pathways as described in the Results.

Results
This is a prospective study of the mechanism(s) of action of systemically administered
rIL-2. Although the study has been open for approximately 5 years, accrual has been limited
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by the requirement for tissue biopsies. Fourteen patients with metastatic malignant
melanoma have been enrolled so far. Patient characteristics are listed in Table 1. Most
patients received rIL-2 as the first systemic therapy for metastatic disease. Three patients
received either chemotherapy or multi-peptide vaccine therapy prior to rIL-2. The best
antitumor responses (RECIST criteria) observed among this group included 1 complete
response (CR), 1 partial response (PR) and 2 stable diseases (SD).

Overall effects of r-IL2 therapy
As expected, there were broad differences between the transcriptional profile of PBMC and
FNA independent of treatment (Figure 1a). When PBMC were compared separately (Figure
1b), there was a dramatic separation between pre- and post-rIL-2 administration. The same
separation was not identified between pre- and post-rIL-2 FNA samples (Figure 1c)
confirming the previously noted limited effects of rIL-2 therapy within the tumor
microenvironment compared to its systemic effects (18). In fact, for most patients, tumor
expression profiles from autologous lesions pre- and post-IL-2 tended to group together
independent of treatment (Figure 1d) demonstrating that the intrinsic genetic makeup of
individual tumors overrides the effect of rIL-2. Moreover, no differences were noted among
tumors from patients who received different previous treatments.

Systemic effects of rIL-2 on PBMCs
The effect of rIL-2 on gene expression in PBMC was measured by comparing blood drawn
after the 6th dose of IL2 to pre-therapy, with a paired t test setting as a threshold a two tailed
p2-value of < 0.001. This analysis identified 211 genes highly differentially expressed
(permutation t test p-value < 0.001). The functional interpretation of the identified
treatment-induced genes was assessed by IPA. The top biological processes affected by the
treatment included innate and adaptive immunity. These findings resonated with a previous
analysis performed on T cell subsets in vitro (22). Similarly, the ten top canonical pathways
affected by IL-2 treatment included increases in interferon (IFN) and antigen presentation
signaling (Figure 2a). To enrich for genes of potential relevance, a second less stringent
analysis was performed using as a cutoff p2-value < 0.05. This analysis identified 1,257
genes (permutation analysis p-value = 0.04) that were then applied for IPA. Similarly, the
top pathways included immune mechanisms such as IFN signaling (Figure 2b and antigen
presentation (Figure 2c). These activated pathways are of particular relevance since they are
a primary component of the ICR and their expression is a prerequisite for TSD. In fact, as
later shown by studying tumor tissue, antigen presentation was strongly and specifically
enhanced also in responding and stable lesions compared with non-responding ones (Figure
2d, see later). Comparison of the transcriptional profile of pre-treatment PBMC between
responding and non-responding patients did not identify any candidate predictor of immune
responsiveness suggesting that PBMC from different patients have similar potential to
eradicate tumors while responsiveness to rIL-2 therapy is likely dependent upon the genetic
makeup of tumors.

Effect of rIL-2 therapy on melanoma metastases
As previously observed (18), the effects of rIL-2 therapy at the tumor site were minimal
compared to those observed in PBMC; a paired analysis of all pre- vs post- treatment
biopsies independent of clinical outcome did not identify any gene differentially expressed
at the stringent cutoff p2-value of < 0.001 and only 350 genes differentially expressed at the
cutoff p2 value of < 0.05 (permutation test non significant). Of the 350 transcripts, 325 had
functional annotations and were analyzed by IPA. This analysis demonstrated activation of
immunologic pathways related to macrophage function confirming previous observations
(18). Moreover, we identified pathways associated with IL-17 signaling that were probably
missed by the previous analyses due to an incomplete representation of the transcriptome by
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those earlier platforms (Figure 3a). IFN signaling (Figure 3b) and antigen presentation
(Figure 3c) strongly activated in PBMC at the same time points were not represented within
the tumor microenvironment. This data demonstrates that the effects of the systemic
administration of rIL-2 are very limited within the tumor microenvironment in most
circumstances and this may explain in quantitative terms the lack of responsiveness of most
tumors to this therapy.

Analysis of Immune responsiveness
Pre-treatment samples

FNA were compared between patients with clinical response (CR+PR) or SD and those with
tumor progression. MDS of pre-treatment lesions based on the complete data set suggested
that lesions destined to respond to rIL-2 therapy segregate separately from those that are not,
with tumors from two patients with SD positioning in between (Figure 4a). Transcriptional
patterns from CR, PR and SD were compared to PD based on a non-paired t test using low
stringency criteria (p2 value < 0.05), which identified 262 genes; the robustness of this
finding was not supported by permutation analysis. Nevertheless, the data set was applied to
IPA to test whether response-specific pathways could be identified. The results were
striking: ranking of the top canonical pathways identified 12 significantly (Fisher test)
involved in determining the differences between the two phenotypes (Figure 4b); among
them, the top 6 were associated with TSD (14) and good prognostic significance in various
cancers (10, 12, 13, 23). The enrichment in top ranking immune-related pathways was
highly significant by Fisher test (p2-value = 0) and could not be attributed to random chance.
In fact, the top functional network identified by IPA (Figure 4c) was clearly associated with
immune effector activation, centered on IFN-γ signaling, and including enhanced expression
of Human Leukocyte Antigen (HLA) molecules. Furthermore, B cell signatures (i.e. IgG
mRNA expression) were detected which are increasingly recognized as harbingers of better
prognosis and markers of rejection (24).

Post Treatment Samples
Transcriptional differences following rIL-2 administration between congregated CR, PR and
SD lesions compared with PD lesions were strikingly consistent with those observed pre-
treatment. However they were magnified, suggesting that rejection of tumors, when it
occurs, represents an enhancement of a pre-existing biology. Applying the same statistical
criteria used for pre-treatment lesions, 393 genes were differentially expressed between the
two phenotypes. Although the permutation test was not significant, IPA demonstrated that
the largest majority was associated with effector immune responses associated with TSD.
Ten out of ten top ranking canonical pathways (Figure 5a) were associated with immune
rejection (Fisher p2 value = 0) confirming that tumor rejection follows pathways common to
other forms of rejection (14). Interestingly, the self-organizing network descriptive of
immune activation during therapy (Figure 5b) strongly reflected patterns seen in the pre-
treatment network (Figure 4c). However, a striking broadening of the repertoire of HLA
molecules was observed including HLA class II strongly dependent upon IFN-γ activation
and more specifically associated with rejection (14).

Cumulative Differences between CR, PR and SD compared to PD lesions before and
during rIL-2 administration

We then compared CR, PR and two SD with PD lesions independent of time point to
identify the most consistent patterns associated with better responsiveness to rIL-2 therapy.
This analysis identified 1,267 genes differentially expressed (permutation test p-value <
0.001). IPA (Figure 6a) demonstrated highly significant enrichment of pathways associated
with TSD and the top functional network (Figure 6b) identified HLA class II activation as a
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key component. Overall, the large majority of pathways and transcripts identified by this
study reflected previous analyses, strongly supporting the hypothesis (14, 15) that immune
rejection represents a continuum from a chronic inflammatory process insufficient to
eliminate target tissues to an acute one under the orchestration of IFN-γ.

Discussion
It has been shown that IFN-γ is required for tumor immune surveillance as mice impaired in
the secretion of this cytokine are prone to develop spontaneous tumors (25). More recently,
it was observed that an IFN-γ dependent signature and a Th1 immune environment are
associated with better prognosis in cancer (10, 12, 13, 23, 26, 27). For instance, good
prognosis of ovarian cancer is associated with enhanced Th1 infiltrates and expression of
IFN-γ, IL-2 and HLA-class I molecules (27, 28). Similarly, a coordinated cytotoxic Th1
immune phenotype expressing the transcription factor T-box protein 21 (T-bet), interferon
regulatory factor 1 (IRF-1) and IFN-γ is associated with good prognosis in colorectal cancer
(10, 23). A similar phenomenon was recently reported by our group in breast cancer (13).
Interestingly, similar signatures associated with activated IFN-γ signaling are predictive of
immune responsiveness to vaccine therapy. Gajewski et al (8, 29) observed that pre-
treatment melanoma metastases likely to respond to active specific immunization express
interferon stimulated genes. Similar findings were observed by GSK-Biologics in non small
cell lung cancer and melanoma patients undergoing vaccination with MAGE-A3 protein (9,
30). A more broadly defined inflammatory phenotype also characterizes lesions likely to
respond to rIL-2 (7), anti-CTLA-4 mAb (31) or IFN-α therapy (32).

Applying serial sampling of the same lesion, we reported a decade ago that melanoma
metastases likely to respond to systemic rIL-2 administration displayed a pre-existing status
of immune activation (6). Besides limitations in the array platform utilized at that time, the
study was hampered by the heterogeneity of the treatment received by the patients who
underwent conceptually similar yet different active-specific vaccination protocols in
combination with rIL-2. Moreover, we previously analyzed the transcriptional patterns of
tumors undergoing immunotherapy such as melanoma metastases in 6 patients treated with
high dose systemic rIL-2 administration (18) or basal cell carcinomas treated topically with
the Toll-like receptor 7 agonist Imiquimod (19). In addition, we evaluated in a mouse model
the immunologic effects of viral oncolytic therapy that leads to tumor elimination through
activation of effector innate immune responses (33). Comparison of these and others’
studies, led to the identification of a convergent pathway leading to TSD that was
independent of animal species, disease model and treatment applied. This pathway includes
the expression of a group of genes that we defined as the “immunologic constant of
rejection” (ICR). Interestingly, the ICR signature qualitatively resembles patterns predictive
of good prognosis or immune responsiveness, leading to the hypothesis that immune
manipulation of the cancer-bearing host with the purpose of inducing tumor rejection leads
to an exaggeration of a natural susceptibility to immune surveillance (15).

This study was, therefore, designed to validate previous attempts to identify predictors of
immune responsiveness. Moreover, the analysis was extended to the study of lesions during
treatment to test whether changes specific to tumor rejection represented an enhancement in
a continuum scale of baseline conditions. It should be emphasized that although this study
was proposed a decade ago (16, 34) it took extensive planning confronting conceptual,
ethical and regulatory hurdles to be approved. Although the planned accrual is larger than
what achieved so far, an interim analysis presented sufficient novel information in line with
previous hypotheses.
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This study confirmed that the effects of systemically administered rIL-2 are exponentially
higher in the peripheral circulation compared to the tumor site as postulated in a previous
study of 6 patients receiving rIL-2 (18). A time course parallel analysis of simultaneously
collected PBMC and FNA samples demonstrated that the most informative time point to
study the effects of rIL-2 was three hours after the bolus administration of the drug and the
effects were proportionately limited within the tumor site. Moreover, the effects at the tumor
site could not be ascribed to a direct activation of immune cells by rIL-2 but rather to an
indirect activation of macrophages by soluble factors secreted systemically by circulating
IL-2 receptor-bearing cells (35–37).

This study also confirms that immune responsiveness of tumors is pre-determined and the
determinant can be identified within the functional genome of individual tumors (12).
Remarkably, signatures associated with immune responsiveness are quite similar
independent of tumor type and treatment received; the findings observed here are
comparable to those observed in melanoma or lung cancer patients receiving active-specific
vaccination with tumor antigens (29, 38) (9). Experimental animal models provide a
mechanistic interpretation of these findings, suggesting a role for IFN-dependent chemokine
release guiding the homing of effector immune cells to the tumor site (39, 40). This study
also proposes that the status of immune responsiveness of growing tumors is turned into
tumor rejection through an enhancement of the same phenomenology; responding lesions
studied during rIL-2 administration were qualitatively similar but quantitatively enhanced
confirming what we term the “enhancement theory of tumor immune rejection”. Analysis of
lesions post-rIL-2 administration confirmed the ICR theory, identifying activation of
canonical pathways that are not restricted to tumor rejection but are shared by other
phenomenologies related to TSD including allograft rejection, graft versus host disease,
acute clearance of pathogen through elimination of infected cells and flares of
autoimmunity, a phenomenon originally postulated by Jonas Salk as the “delayed allergy
reaction” (41) which lead to the definition of the ICR theory (42).

We had recently the opportunity to study two rare cases of mixed response to vaccine
therapy plus systemic cytokine administration in patients with metastatic melanoma (43). In
these 2 patients some metastases decreased in size while others simultaneously grew; these
observations eliminate the genetic background of the host or environmental influences as
determinants of response since the regression or lack thereof occurred in the same individual
at the same time. The mixed response study identified in the responding lesions of both
patients’ signatures identical to those observed in responding lesions in the current study.

In summary, this interim report provides insight into the mechanism of action of the
systemic administration of rIL-2 relevant to its anti-cancer function. The study suggests that
the transcriptional program of tumors is likely responsible for immune responsiveness. This
information may lead to better patient stratification. However, because of the small sample
size, it would be difficult to justify patient selection in any future immunotherapy study on
the basis of this gene signature although the results may justify the inclusion of FNA and
gene signature analysis in future studies to confirm the present findings. This approach may
have broader implications than the understanding of how melanoma metastases respond to
rIL-2 as the same transcriptional patterns are progressively more recognized as biomarkers
of good clinical outcome in solid tumors in relation to their natural history or responsiveness
to therapy (12). We recognize that the information provided here is limited, however, this
preliminary report may galvanize a hesitant research environment currently comfortable
with more standard approaches (44).
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Statement of Translational Relevance

This is the first translational attempt to prospectively gain mechanistic insights about the
events occurring during an immunotherapy trial (systemic administration of recombinant
interleukin-2). This study was designed to address how rIL-2 treatment affects the host at
the systemic level and the target tissue. It is the culmination of a decade of work by our
groups defining the strategy and addressing its pitfalls. We believe the findings reported
here are critical for the promotion of a paradigm shift in clinical research in the field of
tumor immunology. They will give credibility to this approach to study the kinetics of
tumor behavior during therapy and provide a proof of principle and a guideline for
immune monitoring.
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Figure 1.
Multi dimensional scaling (MDS) based on the complete data set comparing all samples (a),
pre-versus during-rIL-2 PBMC (b) or FNA (c) samples. FNA sample distribution is also
shown as MDS according to patient derivation for each sample (d).
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Figure 2.
Ingenuity pathway analysis (IPA) representation of the top most significantly enriched
canonical pathways among approximately 400 included in the software that were activated
in PBMC by rIL-2 administration (a) based on 200 genes differentially expressed between
pre- and post-rIL-2 PBMC according to an unpaired t test (cut off p2-value < 0.001). IFN
signaling (b) and antigen presentation (c) enrichment analysis based on 1,257 genes
differentially expressed at a cutoff p2value <0.05 (unpaired Student t test) between pre- and
post treatment PBMC; antigen presentation enrichment analysis based on genes
differentially expressed between responding and stable disease metastases compared with
non responding ones at the same cutoff level (d).
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Figure 3.
IPA based on 325 genes with functional annotations differentially expressed (t test p2-value
cutoff < 0.05) between pre- and post-rIL-2 administration FNA samples independent of
treatment outcome (a). IFN signaling (b) and antigen presentation (c) pathways based on the
same gene set (compare to Figure 2 b and c)
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Figure 4.
MDS based on the complete gene data set (a) comparing pre treatment transcriptional
patterns of lesions from patients who subsequently responded (CR and PR referred as
overall response = OR), experienced stable (SD) or progression of disease (PD). IPA
canonical pathway analysis comparing transcriptional patterns cumulative CR, PR and SD
with PD in pre-treatment lesions (unpaired t test cutoff p2-value < 0.05, 262 genes
identified); in red is the proportion of genes up regulated in responding lesions compared
with non-responding ones (b). First self-organizing IPA network based on the same data set
(in red are genes up regulated in responding lesions, intensity of color is proportional to the
value of the ratio of expression between the two phenotypes (c)
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Figure 5.
IPA canonical pathway analysis comparing cumulative OR, PR and SD differences
compared to PD transcriptional patterns in post-treatment lesions (unpaired t test with cutoff
p2-value < 0.05, 393 genes identified); in red is the proportion of genes up regulated in
responding lesions compared with non responding ones (a). First organizing IPA network
based on the same data set (in red are genes up regulated in responding lesions, intensity of
color is proportional to the value of the ratio of expression between the two phenotypes, b).
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Figure 6.
IPA canonical pathway analysis comparing cumulative OR, PR and SD differences
compared to PD transcriptional patterns in all lesions independent of treatment (unpaired t
test with cutoff p2-value < 0.05, 393 genes identified); in red is the proportion of genes up
regulated in responding lesions compared with non responding ones (a). First organizing
IPA network based on the same data set (in red are genes up regulated in responding lesions,
intensity of color is proportional to the value of the ratio of expression between the two
phenotypes, b).
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