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Gene Expression Profiling of Peritoneal Metastases
from Appendiceal and Colon Cancer Demonstrates
Unique Biologic Signatures and Predicts
Patient Outcomes
Edward A Levine, MD, FACS, Dan G Blazer III, MD, FACS, Mickey K Kim, BS, Perry Shen, MD, FACS,
ohn H Stewart IV, MD, FACS, Cynthia Guy, MD, David S Hsu, MD, PhD

BACKGROUND: Treatment of peritoneal metastases from appendiceal and colon cancer with cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) shows great promise. Al-
though long-term disease-free survival is achieved in some cases with this procedure, many
patients have recurrence. Oncologists have treated such recurrences of appendiceal cancer
similarly to colorectal carcinoma, which has been largely ineffective. This study uses gene
expression analysis of peritoneal metastases to better understand these neoplasms.

STUDY DESIGN: From a prospectively maintained database and tissue bank, 41 snap frozen samples of peritoneal
metastases (26 appendiceal, 15 colorectal) from patients undergoing HIPEC with complete
cytoreduction and more than 3 years of follow-up underwent global gene expression analysis.
Distinct phenotypes were identified using unsupervised hierarchical clustering based on differ-
ential gene expression. Survival curves restratified by genotype were generated.

RESULTS: Three distinct phenotypes were found, 2 consisting of predominantly low grade appendiceal
samples (10 of 13 in Cluster 1 and 15 of 20 in Cluster 2) and 1 consisting of predominantly
colorectal samples (7 of 8 in Cluster 3). Cluster 1 consisted of patients with good prognosis and
Clusters 2 and 3 consisted of patients with poor prognosis (p � 0.006). Signatures predicted
survival of low- (Cluster 1) vs high-risk (Cluster 2) appendiceal (p � 0.04) and low-risk
appendiceal (Cluster 1) vs colon primary (Cluster 3) (p � 0.0002).

CONCLUSIONS: This study represents the first use of gene expression profiling for appendiceal cancer, and
demonstrates genomic signatures quite distinct from colorectal cancer, confirming their unique
biology. Consequently, therapy for appendiceal lesions extrapolated from colonic cancer regi-
mens may be unfounded. These phenotypes may predict outcomes guiding patient
management. (J Am Coll Surg 2012;214:599–607. © 2012 by the American College of

Surgeons)
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Peritoneal carcinomatosis (PC) from gastrointestinal ma-
lignancies has historically been associated with dismal out-
comes and therapeutic nihilism, with patients progressing
to death in 5 to 7 months.1-3 However, over the last 2
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ecades, an aggressive approach of surgical cytoreduction
nd hyperthermic intraperitoneal chemotherapy (HIPEC)
as emerged as a promising strategy. HIPEC has been
ound to be associated with long-term survival for patients
ith isolated peritoneal disease from gastrointestinal ma-

ignancies, including that arising from colorectal and ap-
endiceal primaries. The long-term survivorship has never
een previously reported with even the most aggressive
ystemic chemotherapy alone.4-13 Key prognostic factors
or patients undergoing HIPEC include primary tumor
ite, completeness of resection, presence of ascites, clinical
erformance status, and the experience of the operative
eam.14

Despite these results, many patients with PC from colo-

rectal and appendiceal malignancies undergoing surgical
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cytoreduction and HIPEC will suffer recurrence and ulti-
mately die from their disease. Most patients may die from
locoregional peritoneal recurrence, with a minority suc-
cumbing to distant metastatic disease. These patients may
benefit from advances in systemic chemotherapeutics and
biologic agents for the treatment of metastatic colorectal
cancer. Newer agents have resulted in median survival
times as high as 24 months, although scarce data exist on
their efficacy in patients with PC.15,16 Little is known about
ystemic treatment options and efficacy for patients with
isseminated appendiceal cancer, and these patients have
raditionally simply been given agents known to be active
gainst colorectal cancer.14

Gene expression profiling using DNA microarrays is a
powerful tool with increasing clinical application, which
allows measurement of thousands of messenger RNA
(mRNA) transcripts simultaneously. Best studied in pa-
tients with breast cancer, these data can be used to create
molecular signatures that predict oncologic outcomes and
may even predict response to various chemotherapeutics.15

Similarly, a gene expression signature was recently validated
that may predict recurrence in patients with early stage
colorectal cancer.16

Given the uncertainty of predicting outcomes in pa-
tients with disseminated appendiceal cancer, we sought to
use the tools of gene expression profiling to better under-
stand these rare malignancies at a molecular level in order
to better predict oncologic outcomes. In addition, we com-
pared profiles of peritoneal metastases from colorectal and
appendiceal primaries to better understand whether there
is biologic rationale for the similar chemotherapeutic strat-
egies traditionally used for these different malignancies.

METHODS
Patient tumor samples
One hundred thirteen samples were obtained for genomic
analysis from a prospectively maintained database and tis-
sue bank. Samples of 104 total peritoneal metastases (colon
[n � 52] and appendiceal [n � 52]) were collected under a

rotocol (Protocol BGO1�372) approved by the Institu-
ional Review Board at Wake Forest University Baptist

edical Center. Neuroendocrine sources of metastatic dis-
ase were excluded. All of the specimens from Wake Forest
nderwent a complete cytoreduction (R0 or R1) and had at

east 3 years of follow-up before analysis. They were kept in
prospectively maintained tumor/tissue bank until the

ime of analysis. A total of 9 primary colon (n � 4) and
primary appendiceal (n � 5) samples were collected under

protocol approved by the Institutional Review Board at

uke University (Protocol Pro00002435). All patients had
tissue obtained at the time of cytoreductive surgery and
HIPEC.

Our techniques for HIPEC have been described else-
where,8,10,14 but briefly consisted of cytoreductive surgery

ith a goal of complete extirpation of all gross disease. After
ytoreductive surgery and while the patient was still in the
perating room, the HIPEC treatment was performed.
wo inflow cannulae were inserted with tips placed be-
eath the hemidiaphragms and 2 outflow cannulae were
irected into the pelvis. The abdominal incision was closed
emporarily with running skin sutures. A crystalloid prime
3 L of lactated Ringer’s solution) was instilled in order to
stablish a closed perfusion circuit. Mitomycin C 30 mg
total dose) was added to the circuit once inflow tempera-
ures exceeded 38.5°C and another 10 mg (total dose) was
dded after 60 minutes of perfusion. Inflow and outflow
emperatures were monitored continuously. Plateau inflow
emperatures were restricted to 42.5°C with the modified
ardiothoracic equipment and circuit used in this study.
he perfusion was run for a total of 2 hours with a flow rate
f 1 L/minute and a target outflow temperature of 40.0°C.
he abdomen was gently massaged for the entire perfusion
eriod to improve drug distribution. The HIPEC was fol-

owed by washout with several liters of lactated Ringer’s
olution. The abdomen was reopened for inspection, re-
oval of cannulae, and completion of operation. Patients
ere monitored for 24 hours in the surgical ICU. After
ospital discharge, patients were followed with examina-
ion and CT, at 6-month intervals for 5 years, and as clin-
cally indicated thereafter.

Tumor sample and microarray data processing
Tumor samples from Wake Forest University were snap
frozen at time of resection. Tumor samples from Duke
University were frozen at optimal cutting temperature.
Before isolation of RNA, frozen sections of tumor sam-
ples were stained with hematoxylin and eosin and patho-
logically reviewed to ensure that the samples contained
at least 10% tumor. Of note, the majority of the samples
were �60% mucin. Several of the snap frozen specimens
were difficult to prepare in this fashion, which led to them
being rejected for further analysis.

For RNA extraction, tumor samples were placed in RNA
lysis buffer (Applied Biosystems) and homogenized using
FastPrep-24 (MP Biomedicals) apparatus. RNA was ex-
tracted using the mirVana miRNA isolation kit (Applied
Biosystems). The integrity and quantity of the RNA was
assessed with an Agilent 2100 Bioanalyzer using the RNA
6000 nanochip Kit (Agilent Technologies). Samples not
meeting Agilent quality control standards (distinct 18S/
28S peaks with minimal background signal) were dis-

carded. RNA from 61 tumor samples met initial quality
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control along with RNA from 10 randomly chosen match-
ing normal samples (5 appendiceal, 5 colorectal).

A total of 2 �g of total RNA from each sample meeting
uality control was biotin labeled with the Ovation Biotin
ystem (Nugen) and hybridized to Affymetrix Human Ge-
ome U133A 2.0 arrays (Affymetrix). Samples were subse-
uently analyzed using a Gene Array Scanner (Affymetrix)
ollowing the manufacturer’s instructions at the Duke Uni-
ersity Institute for Genome Sciences and Policy Microar-
ay Core Facility.

Gene expression from microarray data was generated
sing RMA and MAS5 (Affymetrix) algorithms.17 After

additional quality control (% P � 45%, scaling factor � 20,
background � 1 SD above average and glyceraldehyde-3-
phosphate dehydrogenase [GAPDH] 3’/5’ � 1 SD above
average), 55 tumor samples and 10 normal tissue samples
were subsequently used for analysis.

Data analysis
Data were analyzed using the open-source R platform
(http://www.r-project.org/) with the Bioconductor bioin-
formatics package (http://www.bioconductor.org/) and
with GenePattern (http://www.broadinstitute.org/cancer/
software/genepattern/). R was used to generate RMA data
and to perform expression data filtering using the Coeffi-
cient of Variation method (cv � standard deviation/mean)
n addition to unsupervised hierarchical clustering using
he Spearman correlation metric. Gene Pattern was used to
erform supervised Class Neighbors analysis. Statistical
ignificance was defined as a p value of �0.05. Gene set
nrichment analysis was performed to identify differen-
ially regulated pathways between 2 phenotypes (http://
ww.broad.mit/gsea/).18 Gene sets were first preprocessed

o exclude gene sets with less than 10 and more than 500
enes. Ten thousand iterations were then performed per
nalysis with a signal to noise metric used to rank genes
ased on their differential expression across the 2 classes.
or discovery, gene sets with a normalized p value � 0.05
ere identified.
Kaplan-Meier mortality curves and their significance

evel were generated to evaluate the prognostic role of the
ndividual clusters of patients with peritoneal metastasis
sing the graph pad software. The log-rank test was used to
ssess the differences between the survival curves and to
alculate the nominal p values between groups. We defined
p value of � 0.05 as statistically significant for the pur-

poses of this manuscript.

RESULTS
Patient tumor samples
From a prospectively maintained database and tissue bank,

a total of 113 peritoneal colon (n � 56) and peritoneal
appendiceal (n � 57) samples were collected at Wake For-
st University and Duke University. After initial histologic
eview, 61 samples were deemed adequate for RNA isola-
ion. Of the 61 samples from which RNA was isolated, 55
assed quality assurance/quality control for generation of
ene expression data. In order to check for normal contam-
nation in the tumor samples, both unsupervised hierarchi-
al clustering and supervised Class Neighbors analysis was
erformed on the entire data set of 55 tumor samples and
0 normal tissue samples. Tumor samples that clustered
ith the normal tissue samples and had similar Class Neigh-
ors expression profiles as the normal tissue samples were con-
idered to be normal contaminated and removed from further
nalysis. Using this method, 50 tumor samples were found not
o have significant normal contamination.

Clinical outcomes data were queried for the 50 remain-
ng tumor samples, and of these, 41 samples had analytic
linical outcomes data. The other samples were not of
ppendiceal/colorectal origin, were lost to follow-up, or the
atient did not receive HIPEC. Within this final data set of
1 samples there were 24 men and 17 women. Twenty-six
ancers were primary appendiceal and 15 were primary
olorectal. All but 2 of the appendiceal cancers were of low
istologic grade. Patient ages ranged from 38 to 76 years,
ith a mean of 53 years.

Unsupervised analysis
Expression data from the 41 samples was filtered using R
with the Coefficient of Variation method (cv � standard

eviation/mean) with a cutoff of cv � 0.8. This filtered the
number of probes down from 22,215 to 4,443. Using R,
unsupervised hierarchical clustering was then performed
on the filtered samples using the Spearman correlation
metric. This clustering produced 3 main clusters (Fig. 1); 2
clusters consisted of predominantly primary appendiceal
samples (Clusters 1 and 2), and the third consisted of pre-
dominantly primary colorectal samples (Cluster 3). Fur-
thermore, the distribution of low grade appendiceal tumors
was similar between Clusters 1 and 2. Specifically, Cluster 1
had 10 of 13 appendiceal cancers, Cluster 2 had 15 of 20,
and Cluster 3 had 1of 8. Mean follow-up for the survivors
is 39 months, 33 months, and 18 months for Clusters 1, 2,
and 3, respectively.

Survival analysis
Using the 3 clusters generated from the filtered unsuper-
vised analysis as phenotypes, survival data were plotted to
each cluster. Kaplan-Meier survival curves were then gen-
erated which revealed 3 distinct survival curves (Fig. 2A).
The survival curve with the worst prognosis consisted of pre-
dominantly colorectal samples with no survival at 5 years.The

survival curve with the best prognosis consisted of predomi-

http://www.r-project.org/
http://www.bioconductor.org/
http://www.broadinstitute.org/cancer/software/genepattern/
http://www.broadinstitute.org/cancer/software/genepattern/
http://www.broad.mit/gsea/
http://www.broad.mit/gsea/
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nantly appendiceal samples with approximately 70% survival
at the 116-month mark (the latest data point). The remaining
survival curve consisting of predominantly appendiceal
samples had about 25% survival at the 116-month mark.
These curves were given the following labels: low-risk ap-
pendiceal (Cluster 1), high-risk appendiceal (Cluster 2),
and high-risk colorectal (Cluster 3), respectively. Compar-
ison of the high-risk colorectal curve with the low-risk ap-
pendiceal curve was shown to be statistically significant
(p � 0.0060) (Fig. 2B). Comparison of the high-risk ap-

endiceal curve with the low-risk appendiceal curve was
ot statistically significant (p � 0.143), but a trend toward

survival separation can be seen, so the lack of statistical
significance may be due to modest sample size (n � 26)
(Fig. 2C). However, if only the appendiceal samples were
analyzed between the high-risk appendiceal cluster and the
low-risk appendiceal cluster, there was a statistical signifi-
cance between the two groups (p � 0.0459) (Fig. 2D).

Supervised analysis
To characterize the biologic differences between the low-
risk appendiceal (Cluster 1), high-risk appendiceal (Cluster
2), and high-risk colorectal (Cluster 3), we first used a
supervised analysis using 1-versus-all t-tests and permuta-
tion testing to identify individual genes with expression
significantly associated with the site of the primary (p �

Figure 1. Global gene expression comparison
clustering on 41 samples of peritoneal meta
distinct clusters.
0.05) (Fig. 3). Genes associated with worse prognosis in the
appendiceal tumors included mucin-related genes such as
mucin 5, mucin 2, and trefoil factors 1 and 2.

We next used gene set enrichment analysis between the
low-risk appendiceal (Cluster 1) and high-risk appendiceal
(Cluster 2)18 to identify biologic processes and pathways
associated with the poor prognosis (Fig. 4). This revealed
multiple pathways known to be involved in advanced dis-
ease (immune pathways, oncogenic pathways such as src
and myc, transforming growth factor [TGF]-�, and resis-
ance to chemotherapy).

DISCUSSION
The appendix is, of course, part of the colon. Therefore, it
seems sensible to use systemic chemotherapy regimens ex-
trapolated from cancer of the colon for cancer of the ap-
pendix.19 Currently, there is no standard approach for sys-
temic therapy for appendiceal cancer. Given the rarity of
appendiceal neoplasms, the lack of prospective randomized
trials should not be surprising, nor should the limited data
available on systemic therapy to this approach (typically
5-fluorouracil-based).19-22 This study represents the first
use of gene expression profiling for appendiceal cancer and
demonstrates genomic signatures quite distinct from colo-
rectal cancer, confirming their unique biology. Conse-
quently, therapy for appendiceal lesions extrapolated from
colonic cancer may be unfounded. These phenotypes may

eritoneal samples. Unsupervised hierarchical
(26 appendiceal, 15 colorectal) revealed 3
of p
stasis
predict outcomes guiding patient management.
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Histologic examination of appendiceal tumors has long
been known to have great prognostic value. Grading of the
lesions clearly stratifies prognosis; however, even with low-
grade lesions there are a minority of patients who fail
quickly.20,22 The gene expression profiles clearly have prognos-
tic value and were found to be prognostic without stratifica-
tion by grade as 24 of the 26 appendiceal cases were low grade.
So, we have identified, via the first genetic analysis of this
disease that we are aware of, a prognostic signature for appen-
diceal cancer. This breaks low-grade appendiceal disease (by
histology) into 2 separate groups with a 5-year survival differ-
ence of nearly 50% (Fig. 2D). In addition to pure prognosti-
cation, this has potential value in selecting patients most likely
to benefit from emerging adjuvant therapies. Clearly, not all
low grade appendiceal disease has a good prognosis.

Figure 2. Kaplan-Meier survival curves of peritoneal samples. (A)
high-risk appendiceal (Cluster 2), and high-risk colorectal (Cluster 3)
appendiceal curve (Cluster 2) and the low-risk appendiceal curve (C
toward survival separation can be seen, and the lack of statistical s
f the high-risk colorectal curve (Cluster 3) and the low-risk appen
.0060). (D) Comparison of only the appendiceal samples between
statistical significance between the 2 groups (p � 0.0459).
Furthermore, clearly defining the genetic features that
segregate the low- from the high-risk appendiceal subset is
important because this could lead to development of both
a clinically relevant prognostic and predictive marker. This
can potentially change our treatment paradigm in the treat-
ment of peritoneal metastasis by deciding who should get
operation vs chemotherapy based on the biology of the
tumor. In our initial analysis to look for the top differential
genes between the high-risk (Cluster 2) and low-risk ap-
pendiceal (Cluster 1) groups, trefoil factors 1 and 2 and
mucin-related genes were consistently observed in the top
10. Trefoil factors 1 and 2 are small, compact proteins
coexpressed with mucins in the gastrointestinal tract.23,24

The trefoil factors have been found in a variety of cancers
and appear to induce tumor genesis in gastrointestinal can-
cers.24 Furthermore, MUC-2 and MUC-5AC are clearly

lan-Meier survival curves of the low-risk appendiceal (Cluster 1),
s revealed 3 distinct survival curves. (B) Comparison of the high-risk
r 1) was not statistically significant (p � 0.1434); however, a trend
ance may be due to modest sample size (n � 26). (C) Comparison
l curve (Cluster 1) was shown to be statistically significant (p �
igh-risk appendiceal curve and low-risk appendiceal curve revealed
Kap
group
luste
ignific
dicea
the h
related to prognosis in disseminated appendiceal cancer
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and have been previously related to outcomes with perito-
neal surface disease, and its overexpression was certainly
expected because these 2 mucins confer the physicochem-
ical property of being gel-forming, a property exhibited by
pseudomyxoma peritonei grossly.25,26 The presence of these
enes suggests the importance of mucin-related pathogen-
sis in the prognosis of these cancers.

Although the first step is to identify groups of patients
ith poor prognosis, the next step is to determine potential

herapeutic options for them. It is reassuring that the gene
et enrichment analyses (which are derived experimentally
nd computationally) yielded redundant results in terms of
athways identified. Using gene set enrichment analysis,
e identified the src, TGF-�, and immune-related path-
ays that are differentially regulated in the high-risk ap-
endiceal group (Cluster 2). Src inhibitors such as dasat-
nib and vaccine-related therapy are already in clinical trials
or colorectal cancer and our findings suggest the potential
f using similar drugs for the treatment of appendiceal
ancers.

It has long been theorized that metastases at a single site
re homogeneous and similar in behavior. Gene expression

Figure 3. Supervised analysis of low-risk appendiceal (C
colorectal (Cluster 3) based on gene expression iden
clusters. Red, high gene expression; blue, low gene e
rofiling has the potential to clarify this issue for peritoneal z
etastasis specifically as well as for other sites of metastasis
enerally. Further study evaluating the expression patterns
f separate metastatic deposits would clearly be of value
nd may be helpful in guiding therapy. Peritoneal surface
isease is an excellent model to evaluate this approach in

ight of the number and distribution of metastases com-
only encountered.
We are cognizant of the weaknesses of this analysis. First,

early half of the tissue specimens submitted for analysis
ere not cellular enough to be analytic. Although this

learly could affect the result, it must be kept in mind that
ow grade appendiceal cancer is predominantly mucin,

aking any cellular analysis challenging. Second, the study
s based on a small number of patients. This is clearly so,
ut appendiceal cancer is a rare disease with a long natural
istory. We are unaware of any other large snap frozen
issue/dataset for these patients, which would demand ei-
her the analysis be performed on formalin-fixed, paraffin-
mbedded tissue or that fresh tissue start being collected for
nalysis, years from now. Further, we would like to confirm
ur findings with an additional set of tissues for validation.
nfortunately, we are unaware of a similar set of snap fro-

r 1) and high-risk appendiceal (Cluster 2) and high-risk
the top differentially regulated genes between the 3
sion.
luste
tifies
en tissues with follow-up of similar duration. Finally, the
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subset of patients with analytic tissue from a colonic pri-
mary had a poorer survival than we would have predicted
from our previous experience. This could also have had an
impact on the survival analyses, although we would predict
a small one.8,12,27

CONCLUSIONS
Despite the favorable outcomes found with cytoreductive
surgery and HIPEC for appendiceal cancer, the optimal
treatment for peritoneal dissemination from cancer of the
appendix continues to be debated.3-7,19-22,27,28 The utility of
systemic chemotherapy is not well defined, but is clearly
limited at present. Whether the HIPEC improves out-
comes compared with cytoreductive surgery alone cannot
be discerned from this analysis. However, the utility of
cytoreductive surgery seems clear. Several clinical prognos-
tic features are well defined and are valuable, but are lim-
ited. Identification of genetic signatures associated with
better outcomes has the clear potential to help define better
candidates for this procedure (and others). Given the sig-
nificant morbidity attendant to HIPEC procedures, we
believe that additional evaluation of gene expression pro-
filing must be continued and expanded.
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Discussion

DR DOUGLAS TYLER (Durham, NC): Hyperthermic intraperito-
eal chemotherapy (HIPEC) and cytoreduction surgery have been
he focus of a lot of controversy as a therapeutic intervention for
arinomatosis. As evidenced by a recent New York Times article and
national trial that was recently closed due to failure to accrue pa-

ients, there is clearly a lack of consensus regarding the role of this
ntervention within the context of our armamentarium of therapies
or patients with this form of metastatic disease, especially in the
ontext of colorectal cancer.

Frequently, the debate segregates surgeons on one side from med-

cal oncologists on the other. As our therapies of gastrointestinal
malignancies are increasingly driven by genomic and genetic factors,
it’s nice to see surgeons taking a lead to bring some rigorous correl-
ative science to this unique type of regional therapy, and ultimately
developing some objective data on which consensus therapeutic de-
cisions can be developed. But therein lie some of my concerns and
questions regarding the data presented in this manuscript.

First, I wonder about the utility or value of a predictive genomic
test that includes only 41 samples from an initial pool of 113 that
were obtained. What strategies can the authors describe that can be
used to improve the yield of biopsies from which correlative infor-
mation can be processed? And do we know anything about the out-
comes of the patients in the group that did not have tissue that could
impair the analysis?

Second, what is the genomic variability within the abdomen of
tumor samples? This is of significant importance, as obviously there
are many areas that can be biopsied in these individuals. Defining not
only the tumor heterogenicity within a given patient but also the
reproducibility or variability of gene signatures from multiple biop-
sies obtained in a single area of a tumor in a given patient can be
extremely important.

Third, while the initial data set identified some genes associated
one way or another with survival, have you attempted to validate
these gene signatures and determine whether they hold up using a
second validation set not used in the primary analysis? The impor-
tance of this exercise is that anytime you sample 40,000 genes, you
will, by chance, find significant associations. And to try to validate or
determine which ones are really important will be key, with a second-
ary set that’s not used in the first.

Finally, associating gene signatures with pre-HIPEC cytoreduc-
tion and survival can be difficult, especially in colon cancer, where
many of these patients will have received other forms of treatment,
either before or after their HIPEC cytoreduction. And that could
clearly confound the analysis. Has there been any attempt to associate
genomic profiles with a short-term outcome, like response to HIPEC
and cytoreduction?

This obviously would push the group to more clearly define how
to grade response and outcomes to this procedure in the relative
short-term and think about how to use the test to decide who should,
and potentially more importantly, who shouldn’t get this form of
treatment.

Overall, I enjoyed the paper and like where this group is going.
And I would encourage them to continue expanding their study so
that we can hopefully learn more about how to optimally manage this
group of patients in a multidisciplinary manner.

DR CHARLES SCOGGINS (Louisville, KY): I have a few questions
for the authors.

1. You noted in the manuscript that gene expression profiles may be
linked to response to specific chemotherapy agents. Do you have
any data from your study that look at the association between
response to intraperitoneal chemotherapy and specific gene ex-
pression profiles?

2. Because many, if not most, of these patients will also get systemic
chemotherapy, what about a link between gene profile and re-
sponse to systemic therapy?
3. Finally, you noted a better outcome for low-grade appendiceal
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