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Abstract

Though immune responses correlate with prognosis in pri-
mary colorectal cancer, the role of tumor immunity in meta-
static disease is less clear. We hypothesized that patient survival
and tumor recurrence correlate with transcriptional evidence of
lymphocyte proliferation/activation in resected colorectal can-
cer liver metastases (CRLM). Microarray gene analysis was
performed on liver tumor specimens from 96 patients who
underwent resection for CRLM. A Cox proportional hazards
model identified genes associated with overall survival (OS)
and recurrence-free survival (RES). Conventional gene ontology
(GO) enrichment analysis ranked biologically relevant process-
es. Survival probabilities of prioritized processes were assessed.
Protein expression was validated with immunohistochemistry
in an independent set of patients. GO analysis identified and
ranked unique biologic processes that correlated with survival.
Genes that specifically functioned in the biologic process of

Introduction

Colorectal cancer is the third leading site of new cancer cases
and the second leading source of cancer-related deaths in the
United States (1). Metastases to the liver are present in 15% to
25% of patients at the time of diagnosis and will occur in up to
50% of all patients (2, 3). Only a minority of patients will have
resectable tumors, and even when metastases can be excised, the
majority of patients will develop recurrent disease (4, 5). For these
patients with colorectal liver metastases (CRLM ), new therapeutic
strategies are needed, and immunotherapeutic approaches may
play a significant role.
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"T-cell proliferation" were significant predictors of OS (P =
0.01), and both "T-cell proliferation" and "activation" were
highly associated with RFS (P < 0.01). Analysis of genes in
these GO categories identified increased TNFSF14/LIGHT
expression to be most associated with improved OS and RFS
(P < 0.0006). Immunohistochemistry of an independent val-
idation set of CRLM confirmed that both increased tumor-
infiltrating lymphocytes (TIL) and higher LIGHT expression
on TILs were associated with improved OS and RFS. Differential
expression of genes involved in T-cell proliferation/activation
was associated with survival outcomes in a large number of
surgical patients who underwent resection of CRLM. These
biologic functions determined by GO analysis of the tumor
microenvironment have identified specific immune-related
genes that may be involved in an antitumor immune response.
Cancer Immunol Res; 1-9. ©2015 AACR.

In clinical practice, the prognosis of primary colorectal cancer is
currently predicted by the tumor-node-metastasis staging sys-
tem, though it has been suggested that patient survival and tumor
biology are more accurately governed by the type, number, and
location of lymphocytes invading the primary tumor rather than
tumor depth or the number of involved locoregional lymph
nodes (6-10). Therefore, the role of the immune system and
tumor-infiltrating lymphocytes (TIL) in determining the progno-
sis of patients with resectable CRLM is also of interest. Our
previous studies similarly suggested an association between
increased CD4 and CD8 T-cell infiltrates and improved survival
in patients with CRLM using immunohistochemical (IHC) anal-
ysis of tissue microarrays (11, 12). In primary colon tumors, it is
not the density of intratumoral T cells that is critical, but the type,
function, and location of TILs that have a greater association with
prognosis (7). Specifically, the presence of phenotypically acti-
vated and proliferating T cells within the primary tumor appears
to be associated with improved survival. Tumors from patients
without recurrence had higher immune-cell densities of CD3,
CD8, granzyme B (GZMB), and CD45RO on IHC (7, 11). In
these experiments, disease recurrence correlated with expression
of comodulated genes for Th1l adaptive immunity. Therefore,
it appears that cytokines and ligands, including TNFSF14
(LIGHT), in the tumor microenvironment may reflect or contrib-
ute to an antitumor immune response (13, 14). LIGHT in
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particular has shown promise as an immunomodulator that can
enhance T-cell and natural killer-cell proliferation, function, and
antitumor responses. Therefore, we sought to further evaluate the
nature of the immune response occurring within the tumor
microenvironment of CRLM at the transcript level.

To develop disease-specific immunologic therapies, further
characterization of the immune milieu in metastatic tumors is
needed to identify targets that can stimulate an antitumor
response. We hypothesized that an environment reflective of an
antitumor immune response is prognostic of survival and tested
this hypothesis by interrogating resectable CRLM tumors for
transcriptional evidence of an immune response in the tumor
microenvironment. Our aim was to determine if T-cell prolifer-
ation and activation were associated with survival and to identify
specific genes governing immune function for future validation
and potential therapeutic targeting (15).

Materials and Methods

Patient selection and characteristics

With the approval of the Institutional Review Board, a pro-
spectively maintained hepatobiliary database was used to retro-
spectively identify patients who underwent complete resection of
CRLM at the Memorial Sloan Kettering Cancer Center between
January 2000 and October 2007 and had fresh-frozen tissue
procured at the time of resection. Guidelines for resectability
were medical fitness for major laparotomy and a resection encom-
passing all intrahepatic disease with an adequate remnant liver for
recovery. All patients underwent liver resection with microscopic-
negative margins. Patients with extrahepatic disease were exclud-
ed. A clinical-risk score (CRS) from O to 5 was calculated for each
patient based on the presence of a node-positive primary colon
tumor, >1 liver metastasis, a liver metastasis >5 cm, serum
carcinoembryonic antigen (CEA) level >200 ng/mL, and a dis-
ease-free interval of <12 months (16). Patients with CRS < 2 have
been found to have a more favorable prognosis and improved
overall survival (OS) compared with those with CRS > 3 (5, 16).
Recurrence-free survival (RFS) and OS were calculated from the
time of resection to first disease recurrence or death, respectively.
RFS was assessed by routine radiologic follow-up every 3 to 6
months. OS was ascertained by the clinical follow-up that was
documented in the medical record. Each patient's preoperative
and postoperative course of chemotherapy was reviewed.

Tumor handling and RNA analysis

Macrodissection of resected tumors with hematoxylin-eosin
(H&E) staining confirmation was used to isolate viable hepatic
tumor and minimize stromal and necrotic elements. Specifi-
cally, the tumor cells were macrodissected from a selected
tumor-rich area of the tissue block, and the area for dissection
was selected by the dedicated gastrointestinal pathologist
(J. Shia) by histologic examination with (H&E) staining to
ensure that more than 70% of tumor cells were viable and the
stromal and necrotic elements were minimally included. This
technique was used for RNA analysis and in separate specimens
for the microarray. Total RNA was extracted from the isolated
tissue using TRIzol reagent (Invitrogen) according to the man-
ufacturer's protocol. RNA quality was assessed by direct visual
inspection of the gel electrophoresis image and by RNA integ-
rity number (RIN; 2100 Bioanalyzer; Agilent Technology;
ref. 17). Ninety-six of 187 samples contained RNA of sufficient
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quantity and quality for further analysis with RIN > 7. RNA was
reverse transcribed to ¢cDNA for hybridization.

Gene array and statistical analysis

Gene array was performed using an I[llumina HumanHT-12
expression gene chip containing a total of 47,231 annotated gene
probe sets as we have previously reported (Illumina; ref. 18).
Microarray data were entered in the ArrayExpress database (www.
ebi.ac.uk/arrayexpress, E-MTAB-1951). The microarray gene
expression data were normalized by the quantile method (19).
A Cox proportional hazards model was created to examine the
association between the expression value of each gene and patient
OS or RFS. Adjusting for multiple hypotheses testing, individual
genes associated with survival with Pvalues < 0.001 were used for
gene ontology (GO) enrichment analysis (20). Individual genes
are annotated to specific biologic processes, and GO enrichment
analysis was used to organize the data obtained from gene array
analysis to determine patterns of gene expression that correlate
with specific biologic processes. The biologic process ontology
included terms that represented collections of processes as well as
terms that represented a specific, entire process. The genetic
Expression Analysis Systematic Explorer (EASE) software was
utilized for the process of biologic process determination, as
previously described and validated (21). The reference genes in
the analysis were all the gene symbols in the microarray. Biologic
processes with an adjusted EASE score (Jackknife Fisher exact
probability) of P < 0.01 were considered statistically significant,
and multiple comparisons were corrected with the Benjamini FDR
control (22). For these biologic themes, the contributing genes to
the theme were identified, and a binary variable was created by
dichotomizing the gene expression values at the 25%, 50%, and
75% quantiles. Survival probabilities were estimated using the
Kaplan-Meier method, and the log-rank test was used to compare
the survival curves.

Immunohistochemistry

Ninety-one additional patients who underwent liver resection
with the same indications as the test set for isolated CRLM
between the period of 1997 and 2000 that had tissue blocks with
minimal necrosis and fibrosis were identified for the validation
set. Tissue microarrays (TMA) were constructed following path-
ologicreview and diagnostic confirmation as previously described
(12). Tumor tissue cores measuring 0.6 mm in diameter were
made in triplicate from paraffin blocks and processed using the
ATA-27 automated arrayer (Beecher Instruments). TMA blocks
were cut into 5-um sections and deparaffinized, rehydrated in
graded alcohol, and processed. H&E staining was performed using
standard protocols for TIL analysis. LIGHT immunostaining was
performed with an anti-LIGHT antibody (Abcam; ab57901) that
was tested, optimized, and validated on positive controls and
human tumor samples by two independent gastroenterology
pathologists. TMA sections were stained for LIGHT using the
Ventana platform with slow pH cell conditioning for 60 minutes
and an antibody dilution of 3 uL/mL. Incubation time was 32
minutes at 37°Cusing ultra DAB. Each patient's tumor sample was
prepared in triplicates. Amounts of tissue and tumor in each core
were quantified by the pathologist. Staining for LIGHT was
quantified by the pathologist and graded on a scale of 0 to
100. The total number of TILs and the number of TILs staining
for LIGHT expression were individually counted. Triplicate sam-
ples were individually read by a dedicated pathologist blinded to
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the information about replicates, location on the TMA, and
clinical data. Every effort was made to reduce variability and to
improve comparisons between patient samples. To account for
slight differences in tissue processing, staining, tumor heteroge-
neity, and proportions of tumor represented in the microdots, the
pathologist quantified the amount of tumor in the microdot. For
each microdot, the number of TILs in tumor tissue expressing
LIGHT was counted and adjusted for the percentage of tumor in
the microdot. Similarly, LIGHT expression in the whole microdot
was quantified by the pathologist and adjusted for the percentage
of tumor present in the microdot. Optimal cutoff points for cell
staining were determined using the significance of correlation
method (23) that fits Cox proportional hazard models to the
dichotomized variable and the survival variable (R version 2.15.0,
www.r-project.org in Cutoff Finder software http://molpath.char-
ite.de/cutoff). The optimal cutoff was defined as the point with the
most significant (Fisher exact test) split as has been previously
validated (23). Survival probabilities were estimated using the
Kaplan-Meier method, and the log-rank test was used to compare
the survival curves (SPSS, IBM Corp.; Version 21.0.); those with a
value of P < 0.05 considered as statistically significant.

Results

Patient demographics

Ninety-six patients with resected CRLM were included in the
study. Sixty-three of 96 patients (66%) were men. The median
number of resected liver metastases was two with an average
tumor size of the largest tumor measuring 4.2 cm. Bilobar liver
resections were performed in 46 patients (48%), and the median
number of liver segments resected was four. The median disease-
free interval from the time of presentation of the primary colo-
rectal tumor to hepatic resection was 7 months with synchronous
disease present in 44 patients (46%).

Neoadjuvant chemotherapy was administered to 69 patients
(72%), and 79 patients (82%) were treated with adjuvant
chemotherapy, of which 34 (35%) also received locoregional
hepaticintra-arterial chemotherapy. Disease recurrence occurred
in 66 of 96 (69%) patients, and the median RFS was 13 months.
Thirty-nine patients (41%) died of the disease. Median follow-
up was 30 months for all patients and 39 months for survivors.
Additional patient and tumor characteristics are outlined
in Table 1.

Gene array and GO analysis

Of 47,231 annotated gene probe sets studied, 393 genes were
significantly associated with OS (P < 0.001). GO analysis of these
genes was performed to calculate expression statistics for every
GO term with respect to all genes represented in the dataset to
identify biologic themes that were over-represented in patients
who experienced improved survival. Using the EASE software,
553 unique biologic processes/themes were ranked, of which
10 processes were significantly correlated with OS (Table 2).
One of the 10/553 processes was reflective of an antitumor
immune response within the metastatic tumors. The process
of "T-cell proliferation" was a significant predictor of OS (#10
of 553 biologic processes, P = 0.01). The category "T-cell pro-
liferation" comprised three specific genes—TNFSF14/LIGHT,
IL10, and IL18 (Table 2). Kaplan-Meier survival probabilities
confirmed that high tumor expression of LIGHT (P = 0.0002),
IL10 (P = 0.0003), and IL18 (P = 0.0005) was associated
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T-cell Proliferation in Metastases Associates with Survival

Table 1. Patient characteristics

Total number of patients 96
Age (mean) 60
Primary tumor location
Colon 73 (76%)
Rectum 23 (24%)

Metastatic liver tumor characteristics (resected)

Number (median) 2 (-1)

Size of largest tumor (mean + SEM) 42+03

Number of segments resected (median, range) 4 (1-6)

Bilobar resection 46
Disease presentation

Synchronous 44 (46%)

Metachronous 52 (54%)

Disease-free interval (median months, range) 7 (0-81)

CRS characteristics

Score (median, range) 2 (0-5)

Lymph node + primary 56 (58%)

Size >5cm 22 (23%)

Metastases > 1 tumor 58 (60%)

CEA > 200 8 (8%)

Disease-free interval < 12 months 51 (53%)
Liver condition

Steatosis 47 (49%)

with improved OS (Fig. 1). LIGHT expression was further assess-
ed based on expression quartiles, e.g, >25% expression,
median expression, and >75% expression, and in all instances,
increased LIGHT expression was associated with improved OS
(P = 0.0047, 0.0024, 0.02, respectively). Proportional hazards
regression similarly reflected that increased LIGHT expres-
sion tracked with survival with a HR of 0.43 (0.28-0.65),
P = 8.55e-5 (Table 2).

Whereas 393 unique genes were associated with OS by a Cox
proportional hazards model, 178 genes were significantly asso-
ciated with RFS. GO analysis of these genes identified and ranked
309 unique biologic processes, of which only three processes
significantly correlated with RES (Table 2). The processes were
"T-cell proliferation” (P = 0.002), "lymphocyte proliferation”
(P = 0.003), and "T-cell activation" (P = 0.01). Each of these
processes comprised the same group of three specific genes—
TNFSF14/LIGHT, IL10, and NCK1 (Table 2). LIGHT expression
was further assessed based on expression quartiles, e.g., >25%
expression, median expression, and >75% expression, and in
all instances, increased LIGHT expression was associated with
improved RFS (P = 0.0043, 0.0017, 0.0179, respectively). Pro-
portional hazards regression similarly reflected that increased
LIGHT expression tracked with recurrence with a HR of 0.47
(0.33-0.67), P = 2.42e-5 (Table 2). Kaplan-Meier survival prob-
abilities confirmed that high tumor expression of TNFSF14/
LIGHT and IL10, and low expression of NCK1, were associated
with improved RFS (all P < 0.007; Table 2; Fig. 1). Expression
of these immune-related genes associated with both OS and
RFS was further evaluated and was not found to be significantly
associated with the clinically utilized predictors of survival (size
of primary, primary tumor node status, CEA level, disease-free
interval, or number of CRLM, e.g., CRS; ref. 16) or the adminis-
tration of chemotherapy (P = NS).

Immunohistochemistry

Of the 91 patients included in an independent set of resected
CRLM represented in the TMA, 76 patients had complete clinical
data and analyzable tissue cores. Patient, tumor, and treatment

Cancer Immunol Res; 2015

OF3



Maker et al.

Table 2A. GO analysis of resected CRLM: biologic process associated with
survival

Biologic process (number of genes)
oS

P value (<0.01)

1. Biosynthesis (36) 0.0001
2. Steroid metabolism (11) 0.0002
3. Metabolism (133) 0.0004
4. Macromolecule biosynthesis (30) 0.0004
5. Lipid metabolism (21) 0.0008
6. Cell proliferation (31) 0.006
7. Steroid biosynthesis (6) 0.009
8. Lipid biosynthesis (9) 0.01
9. Alcohol metabolism (11) 0.01
10. T-cell proliferation (3) 0.01
RFS
1. T-cell proliferation (3) 0.002
2. Lymphocyte proliferation (3) 0.003
3. T-cell activation (3) 0.01

characteristics are displayed in Table 3. Because we have identified
LIGHT as the immune-related gene most likely to be associated
with both OS and RFS on Cox regression analysis, an antibody to
LIGHT was optimized for tissue staining. The amount of LIGHT
expression in the total tissue core, in the core adjusted for the
amount of tumor tissue present, and on TILs was quantified and
analyzed for associations with OS and RFS. Survival analysis was
controlled for the presence of extrahepatic disease, disease-free
interval, node status of the primary tumor, the number of liver
metastases, the size of the metastases, and the serum CEA levels
(Table 4).

LIGHT expression in tissue cores

LIGHT expression was quantified in the total tissue core (Fig. 2).
Increased LIGHT was associated with improved OS (P=0.03; HR,
0.22-0.94) on univariate analysis. This relationship with OS
persisted independent of the CRS on multivariate analysis (P =
0.002).

LIGHT expression adjusted for the amount of tumor in the core

To determine the effect the amount of tumor tissue in the core
had on LIGHT expression, the results were adjusted based on
the percentage of tumor tissue in the core. When expression of
LIGHT was adjusted for the amount of tumor tissue in the core,
there was a trend toward improved RFS (P = 0.06; 0.3-1.0) and
OS (P =0.096; 0.32-1.096) with increased LIGHT expression on
univariate analysis. On multivariate analysis, increased LIGHT
expression maintained an association with improved RFS (P =
0.02; Table 4).

Table 2B. GO analysis of resected CRLM: individual genes identified to be
involved in T-cell proliferation

Proportional hazards model

Cox
Genes associated with survival HR P value
oS
TNFSF14 (LIGHT) 0.4 0.00009
IL10 0.4 0.0001
IL18 0.25 0.0006
RFS
TNFSF14 (LIGHT) 0.47 0.00002
IL10 0.48 0.0003
NCK1 2.7 0.0002
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LIGHT expression on TILs

The number of TILs was quantified in the tumor cores.
Increased numbers of TILs in the CRLM were associated with
improved survival on univariate analysis, and this trend persisted
on multivariate analysis (P < 0.05; Table 4). Because our animal
models of CRLM have characterized the importance of LIGHT
expression specifically on T cells and T-cell activation status (24),
we specifically quantified the number of TILs expressing LIGHT.
Patients whose tumors had higher numbers of LIGHT-expressing
TILs per tumor area experienced improved OS [HR = 0.56 (0.33-
0.94), P = 0.028] and RFS [HR = 0.59 (0.35-0.98), P =
0.04; Fig. 2]. The association with improved OS persisted on
multivariate analysis (Table 4).

Discussion

In the past decade, a combination of advances in surgical
technique, perioperative care, and chemotherapy has been asso-
ciated with increased 5-year survival of patients with resectable
CRLM to up to 60% (25). However, 10-year survival is relatively
uncommon even in these highly selected patients (5). The best
current chemotherapy regimens are not curative and provide a
median OS of approximately 20 months (26-28). New strategies
are needed to improve outcomes for these patients. Our previous
studies, along with those from other groups, showed an associ-
ation between increased T-cell infiltration in resected tumors and
long-term survival (6, 7, 9-11, 29-32). Specifically, we deter-
mined that an increase in CD4"% TILs and a high number of
CD8 T cells relative to total T cells (CD8:CD3 ratio) in CRLM
predicted longer OS, whereas among a separate cohort of
10-year survivors, there was a correlation between increased
CD3", CD8", and CD8'™M8"CD4"!°% cells and long-term dis-
ease-specific survival after resection (11, 12, 33). In that cohort,
the number of CD45RO™ cells did not correlate with improved
long-term survival. Therefore, we sought to characterize further
the immune environment of CRLM by defining the immunologic
gene expression profiles for these tumors (15) to evaluate poten-
tial targets for immunotherapy.

Microarray analysis of gene expression is a powerful tool to
accomplish this because it is a direct representation of transcrip-
tional and posttranscriptional regulation occurring in the tumor
microenvironment and accurately measures RNA levels in the
cells (34, 35). The ways in which these transcripts are connected in
regulatory networks is complex, and the breadth of data generated
must be organized into defined biologic processes to accurately
identify patterns of gene expression that correlate with outcomes
(36, 37). Therefore, we utilized GO analysis to identify these
patterns to organize and rank biologic processes associated with
OS and RES (20, 38). It was determined that an intratumoral
environment reflective of "T-cell proliferation" and "activation"
significantly correlated with survival in patients with resected
CRLM. Further, genetic pathway analysis ranked "T-cell prolifer-
ation" as the most significant biologic function to correlate with
recurrence, a finding consistent with those from other groups who
identified that patient prognosis and tumor biology were associ-
ated with increased infiltration of CD4 and CD8 lymphocytes in
primary colon tumors (7, 10).

[HC analysis of an independent set of similar tumors confirmed
at the protein level that increased TILs per tumor area was
associated with increased RFS and a trend toward improved OS.
This correlated with the gene expression data in which "T-cell and
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Expression of specific immunologic genes is associated with survival. Kaplan-Meier survival curves for patients with CRLM based on the expression value (EV)
of individual genes identified through GO analysis that are involved in T-cell proliferation/activation. Left: OS. Right: RFS. All P values < 0.007, log-rank test.

lymphocyte proliferation" were the GO categories most likely to
be associated with RFS. From both the gene analysis data and IHC,
it can be inferred that OS may be a function of multiple host and
tumor variables, including T-cell infiltration, but that tumor
recurrence may be predominantly determined by the ability of
the host to mount, and the tumor to support, lymphocyte pro-
liferation, activation, and cytotoxicity.

www.aacrjournals.org

We also identified specific and interdependent immune genes
that were differentially expressed and significantly associated with
improved survival in CRLM. Of the genes that defined the biologic
processes identified through GO analysis, LIGHT expression was
found to be most likely to be associated with both OS and RFS.
LIGHT, or TNFSF-14, is a member of the TNF ligand family and
plays a key role in T-cell homeostasis and proliferation. It is a
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Table 3. Characteristics of patients evaluated with IHC analysis

Total number of patients 76
Primary tumor location
Colon 49 (64%)
Rectum 27 (36%)

Metastatic liver tumor characteristics (resected)

Number (median range) 13-17)

Size of largest tumor (mean 4+ SEM) 49+ 04
>3 segments resected (median) 44
Disease presentation
Synchronous 11(14%)
Metachronous 65 (86%)
Disease-free interval (median months, range) 13.5 (0-122)
Chemotherapy administration
Neoadjuvant 17(22%)
Adjuvant 65 (86%)
+ Hepatic arterial infusion 18 (24%)
CRS characteristics
Score (median, range) 2 (0-4)
Lymph node + primary 49 (64%)
Size >5cm 29 (38%)
Metastases > 1 tumor 34 (45%)
CEA > 200 12 (18%)?
Disease-free interval < 12 months 36 (47%)
°n = 65.

transmembrane protein produced by activated T cells that med-
iates T-cell activation, survival, and death (39-41). Though nor-
mally only transiently expressed on T cells after activation, when
this protein is constitutively expressed on T cells in transgenic
mice, there are increased circulating populations of CD4 and CD8
lymphocytes and systemic inflammatory infiltrates (42, 43).
Though it can support the expansion of CD4*"CD25" regulatory
T cells (Treg), when highly expressed, LIGHT stimulates effector T-
cell proliferation and differentiation, overcoming Treg suppres-
sion and triggering T-cell-mediated autoimmunity and antitu-
mor immunity (44). Increased expression of LIGHT on TILs in
CRLM may represent effector T-cell proliferation and an antitu-
mor response, which could slow the progression of disease and
account, in part, for increased patient survival and a prolonged
disease-free interval (24). We were therefore very interested in
determining if LIGHT expression, specifically in TILs, was asso-
ciated with survival. The fact that increased presence of LIGHT"
TILs per tumor area correlated with both improved OS and RFS
supports a role for LIGHT in the antitumor immune response.
Further study of the genes responsible for lymphocyte prolifera-
tion and activation in CRLM, includingIL10, IL18, and NCK1, will
better define the immunologic milieu and potentially identify

Table 4. |HC analysis of lymphocyte populations and LIGHT expression

additional targets that may be manipulated to increase the anti-
tumor immune response. For example, NCK1 recruits cytoskeletal
proteins to the T-cell receptor (TCR) that allow T-cell activation and
effector function. Though this adapter protein has many potential
interactions in the tumor environment, its overexpression in CRLM
may be related to TCR interactions with tumor antigens, as was
implied by GO analysis in these patients. NCK1 may play a key role
in modulating T-cell affinity to tumor antigens by controlling
the number of TCRs on the cell surface, so that higher expression
of the gene may lead to fewer TCRs on the T-cell surface (45). This
could account for a decreased antitumor response with high
NCK1 expression and would be consistent with our findings.
Further studies and validation are needed to clarify the complex
roles inflammation and these cytokines play in the tumor micro-
environment, as many of them have dual functionality.

In addition, it is possible that chemotherapy administration
could affect gene expression. Though this is difficult to assess in
patients from a heterogeneous population, when we assessed
chemotherapy administration as a covariate, no association was
found with LIGHT expression. Further, it is possible that chemo-
therapy may alter immunocyte function, exposure of tumor
antigens, or influence sensitivity to chemotherapy. Increased TIL
densities at the invasive margin of CRLM were found to predict
response to chemotherapy in a retrospective study; therefore, it is
also possible that increased TILs and LIGHT" TILs may be asso-
ciated with chemotherapy sensitivity (46).

This study has several limitations. Because of tumor heteroge-
neity, the tissue fragments harvested for RNA extraction may not
have been representative of the entire tumor. For this reason, we
carefully macrodissected the tumor and utilized viable tumor-rich
areas. Also, we were careful to minimize the stromal elements by
analyzing tumor samples with H&E staining after macrodissec-
tion. In addition, analysis of gene expression in the tissues is
representative of the tumor microenvironment but does not
identify the cell or cells responsible for the epigenetic changes.
Further characterization and functional studies on TILs extracted
from the tumors will help clarify the cell types responsible for the
identified gene associations. We have begun many of these studies
in a preclinical model of CRLM, and preliminary data have
identified specific TIL populations and quantified LIGHT expres-
sion on these lymphocytes (24). Furthermore, the fact that some
of the specific cytokines reflective of T-cell proliferation and
activation (e.g., IL2, IFNy) were not differentially expressed genet-
ically in the tumors studied may be a reflection of the picogram
concentrations (and the gene expression equivalents) present in

RFS [o)
Univariate P (HR) Multivariate Univariate P (HR) Multivariate

TLIGHT" expression® 0.060 (0.3-1.0) 0.02 0.096 (0.32-1.096)
Number of TIL 0.044 (0.34-0.99) 0.038 0.058 (0.36-1.0) 0.019
Number of LIGHT* TIL 0.047 (0.35-0.99) 0.12 0.041 (0.34-0.98) 0.018
EHD 0.37 (0.71-2.47) 0.068 (0.96-3.32)
Synchronous disease 0.30 (0.27-1.49) 0.91 (0.45-2.46)
CRS >3 0.13 (0.89-2.58) <0.001 (1.43-4.17) <0.001

DFI <12 months 0.82 (0.57-1.57) 0.037 (1.03-2.9)

Node + primary 0.67 (0.64-1.97) 0.082 (0.94-2.88)

>1 liver lesion 0.60 (0.69-1.9) 0.039 (1.027-2.89)

Size of liver lesion > 5 cm 0.004 (1.3-4.02) 0.003 0.19 (1.107-3.175)

CEA > 200 0.41(0.68-2.54)

0.036 (1.048-3.89)

Abbreviations: DFI, disease-free interval; EHD, extrahepatic disease.
2Adjusted for percentage of tumor tissue in microdot.
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the microenvironment, or a limitation of gene expression tech-
nology to capture chemical signals expressed by such a small
number of TILs. LIGHT was chosen to evaluate for protein
expression, as it was the most significantly expressed gene asso-
ciated with both OS and RFS, and because it also was able to be
assessed with IHC. The fact that LIGHT protein expression cor-
related with the gene array transcript data in an independent
validation set supports its potential as an immunotherapeutic
target. Importantly, we have identified other targets, e.g. NCK1,
which will require further validation.

Multiple trials have investigated nonspecific, passive, active,
and adoptive immunotherapy for CRLM (47-52); however, fur-
ther definition of the immune milieu in the tumor microenvi-
ronment is needed to design more effective therapies (53). We
have identified an immune network of genes that function in T-
cell proliferation/activation and that are associated with survival
and disease recurrence in patients who underwent resection of
CRLM for further studies. This study suggests that intratumoral T-
cell proliferation and activation may be an important process in
tumor progression within CRLM, and it introduces specific genes
governing immune function for potential therapeutic targeting.
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