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Abstract

Purpose—Prognostic markers that identify patients with stage Il colon cancers (CC) who are
at risk of recurrence are essential to personalize therapy. We evaluated the potential of GIV/Girdin
as a predictor of recurrence risk in such patients.

Experimental Design—Expression of full-length GIV was evaluated by
immunohistochemistry (IHC) using a newly developed monoclonal antibody together with a
mismatch repair (MMR)-specific antibody panel in three stage Il CC patient cohorts, ie. a training
(n=192), test (n=317), and validation (n=181) cohort, with clinical follow-up data. Recurrence risk
stratification models were established in the training cohort of T3, proficient MMR (pMMR)
patients without chemotherapy and subsequently validated.

Results—For T3 pMMR tumors, GIV expression and the presence of lymphovascular invasion
(LVI) were the only factors predicting recurrence in both training (GIV: HR:2.78, p=0.013; LVI:
HR 2.54, p=0.025) and combined test and validation (pooled) cohorts (GIV, HR:1.85, p=0.019;
LVI, HR:2.52, p=0.0004). A risk model based on GIV expression and LVI-status classified
patients into high- or low-risk groups; 3-year recurrence-free survival was significantly lower in
the high-risk versus low-risk group across all cohorts (Training: 52.3% versus 84.8%; HR:3.74,
95%Cl: 1.50-9.32; Test: 85.9% versus 97.9%, HR:7.83, 95%CI:1.03-59.54; Validation: 59.4%
versus 84.4%, HR:3.71, 95%Cl: 1.24-11.12).
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Conclusions—GIV expression status predicts recurrence risk in patients with T3 pMMR
stage 1l CC. A risk model combining GIV expression and LVI-status information further enhances
prediction of recurrence. Further validation studies are warranted before GIV status can be
routinely included in patient management algorithms.

Keywords
GIV; prognostic marker; recurrence; MMR proficient; colon cancer

INTRODUCTION

Stage 1l colon cancer (CC) represents about 25% of all CC, and surgical resection typically
achieves cure in up to 80% of cases (1). For a group of approximately 20% of patients with
microsatellite unstable stage Il cancers, the prognosis is favourable, and these patients do not
benefit from fluoropyrimidine-based adjuvant chemotherapy (2, 3). For the remaining
approximately 80% of patients with microsatellite stable stage Il cancers, the uncertain
benefit from adjuvant treatment (4, 5) poses a management dilemma.

Despite the limited survival impact of adjuvant treatment (6), up to 38% of patients receive
adjuvant chemotherapy (7). Consequently, instead of reserving adjuvant chemotherapy for
high-risk patients that are likely to derive a greater absolute benefit from treatment, a
significant proportion of patients are exposed to potentially toxic treatment only to achieve a
modest survival advantage. Conventional high-risk clinico-pathological features include T4
extension, bowel perforation or obstruction, inadequate nodal sampling, poorly
differentiated histology, lymphovascular invasion (LV1), peri-neural invasion, and close or
positive margins (4, 8, 9). There is currently no compelling evidence that patients with these
high-risk features are more likely to benefit from chemotherapy (10). More specifically, it
has been demonstrated that the tumor size and lymph node positivity scores (TN system),
combined with all clinico-pathologic factors used today, fall short in predicting relapse,
particularly for stage 1l CC (11).

Recently, prediction of recurrence risk in stage I CC through an in-depth molecular
analyses of the resected specimen has been attempted. In particular, several gene expression-
based prognostic tests are being evaluated and are at varying stages of development (12).
Though some of these gene expression signatures have been validated in independent patient
cohorts, they are not currently recommended for use in risk assessment and in the
determination of adjuvant treatment by clinical guidelines due to the lack of prospective
study data to validate their clinical utility (13, 14). Despite a modest association with
prognosis [hazard ratios (HR) for patients with high-risk recurrence scores of around 2 to
2.5] and high costs associated with these tests [cost of Oncotype DX assay is US $3200],
cost-benefit analysis projected that the routine use of the Oncotype DX assay may reduce
adjuvant chemotherapy use by 17% without decreasing quality-adjusted life expectancy, and
that it may also decrease direct medical costs by an average of $2971 per patient (15). A less
expensive prognostic test, such as an immunohistochemistry-based (IHC) assay, with a
similar or higher HR could conceivably further improve the cost-effectiveness and
practicality of this risk stratification approach.

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.
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Ga-interacting vesicle-associated protein (GIV; also known as Girdin) is a bona fide
metastasis-related protein that modulates multiple signaling pathways triggered by diverse
classes of receptors [reviewed in (16-19)]. Among the numerous pathways that GIV affects
are the prometastatic PI3K/Akt and STAT3 signaling pathways (17, 19, 20). Mechanistically,
GIV modulates multi-receptor signaling via its fundamental ability to serve as a guanine
exchange factor (GEF) for heterotrimeric G protein, Gai. GIV couples Gai proteins to
various types of ligand-activated receptors, e.g., growth factor receptor tyrosine kinases
(RTKSs), integrins, GPCRs, toll-like receptors, etc., many of which are known to engage in
tyrosine-based signaling [reviewed in (21, 22)]. By virtue of its ability to link G proteins to
multiple receptor classes, GIV facilitates the transactivation of Gai proteins in response to
tyrosine-based signals that are initiated by a variety of external cues.

Consistent with its ability to serve as a central hub for modulation of multi-receptor/pathway
signaling, GIV is involved in a wide range of biological processes such as cancer cell
migration, tumor angiogenesis, tumor-stroma interaction during cancer progression, cancer
invasion, epithelial wound healing, organ fibrosis, neuronal migration, memory formation,
macrophage chemotaxis, and vascular repair (17, 19, 23-26). The finding that GIV and its
GEF function is essential for signal enhancement (such as PI3K/Akt) and for actin
remodeling during cancer cell migration and invasion in vitro (25, 27) led to the discoveries
that GIV is essential for tumor invasion and metastasis in murine models (27-32). Depletion
of GIV impairs metastasis and inhibits VEGF-mediated neoangiogenesis (27, 32), further
supporting GIV’s role in tumor progression. Consistent with its ability to signal at the *hub’
of multiple upstream receptors and multiple downstream pathways (17, 19) and its
ubiquitous expression pattern (33), GIV is found to be expressed in a wide range of cancers
including colorectal, breast, esophageal, gastric, glioblastoma multiforme, lung, and
hepatocellular carcinomas [reviewed in (19)]. Its expression at high levels invariably
correlates with aggressiveness across the spectrum of tumors (34-38).

In the context of colorectal cancer, full-length GIV has been found to be overexpressed in
cells with high metastatic potential and is virtually undetectable in those with poor
metastatic potential (29, 39). Furthermore, high GIV expression levels correlate with disease
progression (34, 39) and may contribute to the development of chemoresistance (40).
Although a previous exploratory study in a small cohort of stage 11 CC patients indicated
that GIV expression may be more prevalent in microsatellite stable tumors and may be
associated with a worse prognosis (39), the relevance of those findings in the clinical setting
has not been rigorously examined.

In this study, a novel rabbit monoclonal antibody against full length GIV was developed and
evaluated by IHC, alongside four other antibodies against mismatch repair (MMR) proteins,
in a training cohort of stage Il CC patients. Besides the relationship between MMR-status
and GV, the relationship between GIV expression and the gold-standard histopathologic
criteria currently used to assess tumor aggressiveness was also evaluated. To eliminate the
confounding effects of chemotherapy, recurrence risk stratification and prediction models
were developed in this training cohort using the subgroup of patients with MMR proficient
(PMMR), T3 tumors, that did not receive adjuvant chemotherapy, who have the greatest
clinical need for a prognostic biomarker. The prognostic accuracy of such risk prediction

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.
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model was further tested on an internal test cohort and subsequently validated using another
independent patient cohort.

MATERIALS AND METHODS

Patient Cohorts

For the training and internal testing cohorts, whole tissue sections and data were obtained
from 509 consecutive patients who underwent surgical resection of stage 1l CC at the Royal
Melbourne Hospital and Western Hospital, Australia, between 2001 and 2011. Patients were
identified from the prospective Australian Comprehensive Cancer Outcomes and Research
Database (ACCORD) colorectal cancer database. ACCORD is maintained and managed by
BioGrid Australia® and includes prospectively collected multi-disciplinary data relating to
diagnosis, histopathological features, patient characteristics, treatment, and outcomes for all
patients treated at participating sites. Point of care follow-up data are collected at each
clinical visit, including any cancer recurrence. Eligibility criteria for the current study
included available archived tumor tissue and follow-up data for at least 24 months. Among
the consecutive series of 509 stage 1 cases, a sub-set of 192 patients was designated as the
training cohort. To avoid problems associated with estimating parameters for strata
containing no events, the training cohort was purposefully enriched for patients who had
recurrence of disease, to bring up the overall recurrence rate to 25% (i.e. 50 patients with
recurrence and 150 patients without recurrence). The remaining 317 cases in our consecutive
series of 509 stage 11 cases (with a lower percentage with recurrence) were assigned to the
internal testing set.

As an independent validation set, we studied another 181 pMMR stage 1l CC cases provided
as cores within tumor microarrays from the EPICOLON consortium in the independent
validation set. The EPICOLON consortium, initiated in 1999 by the Gastrointestinal
Oncology Group of the Spanish Gastroenterology Association, is a prospective, multicentre,
Spanish study collecting clinical data and biological samples from consecutive, unselected,
population-based, colorectal cancer cases without personal or familial history of cancer.

Pathology data were queried including tumor site, number of lymph nodes sampled, tumor
differentiation, T stage, and lymphovascular invasion. Although the presence or absence of
lymphovascular invasion (LVI) was not centrally reviewed for all cases, these were reported
by expert pathologists at major centres that participated in this study. Only tumor tissue
samples containing more than 50 viable tumor cells were used for MMR and GIV analysis.
We assessed tumor tissue MMR status for the training and internal testing sets and GIV
status for all 3 cohorts of patients. The human research ethics committees at each hospital
approved this study.

Cell Culture and siRNA Transfection

Cos7 cells were cultured according to American Type Culture Collection guidelines.
Silencer negative control scrambled (Scr) siRNA used as control was purchased from
Ambion; a previously validated GIV siRNA sequence (31) was custom-ordered from
Dharmacon used as described previously (41).

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.
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Cell Lysis and Immunoblot Analysis

Whole cell lysates were prepared after washing cells with cold phosphate-buffered saline
solution (PBS) prior to resuspending and boiling them in sample buffer. Cell lysates for
immunoblotting were run on SDS/PAGE gels and transferred onto PVDF membranes
(Millipore, Berford, MA). Membranes were blocked with PBS containing 5% non-fat milk
before incubation with primary antibodies. GIV was detected using rabbit anti-GIV-CT
(Girdin T-13; Santa Cruz Biotechnologies, Dallas, TX) (1:500) or anti-GIV (SP173; Spring
Bioscience, Pleasanton, CA). Goat anti-rabbit and goat anti-mouse Alexa Fluor 680 or
IRDye 800 F(ab”)2 used for immunablotting were from Li-COR Biosciences (Lincoln, NE).
Images were acquired using LICOR Odyssey, processed with ImageJ software (NIH), and
assembled as figure panels using Photoshop and Illustrator software (Adobe).

Immunohistochemistry

All IHC assays were developed and performed on the VENTANA BENCHMARK XT
automated staining instrument at Ventana Medical Systems, Inc., Tucson, AZ. MMR status
was assessed using VENTANA anti-MLH1 (M1) mouse monoclonal, VENTANA anti-
MSH2 (G219-1129) mouse monoclonal, CONFIRM anti-MSH6 [clone 44] mouse
monoclonal, and VENTANA anti-PMS2 (EPR3947) rabbit monoclonal primary antibodies
(Ventana Medical Systems, Inc.).

Formalin-fixed, paraffin-embedded tissue samples (4 pm section) were deparaffinized,
pretreated with Cell Conditioning 1 for antigen retrieval (64 min for MLH1, PMS2, and
MSHBS6, and 40 min for MSH2), then treated to inactivate the endogenous peroxidases,
followed by incubation with anti-MLH1 primary antibody at room temperature, and with
PMS2, MSH2, and MSH6 primary antibodies at 37 °C for 12 min. Antigen-antibody
reactions were visualized using Optiview DAB Detection Kit (Ventana Medical Systems,
Inc.). To enhance the DAB signal of PMS2 detection, signal amplification (Optiview
Amplification Kit, Ventana Medical Systems, Inc.) was utilized for 8 min. After
chromogenic detection, all slides were counterstained with Hematoxylin 11 and Bluing
Reagent (Ventana Medical Systems, Inc.) for 4 minutes each, and coverslips were applied.

Immunostaining of MMR markers was evaluated for the unequivocal presence or absence of
nuclear protein expression in viable tumor cells in the presence of nuclear staining within
the internal control cells (lymphocytes, stromal cells, or normal colonic epithelium adjacent
to the tumor). Tumor was considered deficient (AIMMR) when the tissue lacked staining for
one or more MMR proteins; or pMMR when all four MMR proteins were present in
malignant cells (Figure 1A).

For GIV IHC expression analysis, a rabbit monoclonal, anti-G1V antibody (SP173; Spring
BioScience Corp.) was raised against the C-terminus of human GIV. To analyze GIV
expression in tumors, the tissue sections were deparaffinized, pretreated in Cell Conditioning
1 for 48 min, treated to inactivate the endogenous peroxidases, and incubated with anti-GI1V
rabbit monoclonal antibody at 37 °C for 12 min. The presence of GIV protein was detected
using Optiview DAB Detection Kit (Ventana Medical Systems, Inc.). Following

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.
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chromogenic detection, all slides were counterstained with Hematoxylin Il and Bluing
Reagent (Ventana Medical Systems, Inc.) for 4 min each and coverslips were applied.

GIV staining was scored according to the percentage of viable tumor cell immunoreactivity
and staining intensity (0-3: 0 - none; 1- weak; 2 - moderate; 3 - strong) by a subject matter
expert pathologist who remained blinded to the clinical outcome (Figure 1C). The scoring
algorithm was developed in the training cohort by evaluating several algorithms that
incorporated staining intensity and percent staining in terms of their ability to stratify
patients into distinguishable survival groups based on the HR in pMMR, chemo-naive, T3
stage patients. Tumors were considered to be GIV positive when they met one of the two
criteria: a) more than 10% of viable tumor cells demonstrated weak to moderate unequivocal
cytoplasmic and/or nuclear staining, or b) the presence of any strong (i.e. intensity=3)
cytoplasmic and/or nuclear staining in any percentage of viable tumor cells.

Statistical Analysis

Models for identifying high risk patients were developed in a training set of data from
PMMR, chemo-naive, T3 stage patients. The model using clinical variables without GIV
status (i.e. clinical model) included age, gender, lateral tumor location, number of lymph
nodes sampled, tumor differentiation and LV status. This clinical model was used as a
baseline in order to compare the potential prognostic utility of several reduced models. Such
comparative analysis led to the conclusion that this clinical model represented the maximally
informative model for these cohorts, based on available clinical data. It should be noted that
this is likely an overestimate of the utility of the clinical model, since common clinical
practice does not always include consideration of all of these variables (14, 42). Area under
the receiver operating characteristic (ROC) curve with 3-year recurrence as the outcome was
used in the training set in order to gain insight as to potential for risk stratification in
comparison to the clinical model. A 3-year end point was considered appropriate because: a)
it reduces risk of bias due to missing data; only four (<5%) patients in the cohort were
missing follow-up information at the 3-year time point; b) 3-year and 5-year survival rates
are fairly similar, 92% and 90%, respectively, among patients with Stage Il CC (11); and c)
disease-free survival outcomes after 2- or 3-year median follow-up are excellent predictors
of 5-year OS in Stage Il CC (43). A Cox Proportional Hazards (CPH) model was used to
calculate hazard ratios for risk groups in both univariate and multivariate candidate models
in the training data set and the best reduced model (GIV/LVI) was selected. For all analyses
where a HR is reported, the recurrence free survival (RFS) at 3 years is also reported to
provide additional context. Confidence limits, where reported, are for Clopper-Pearson exact
confidence intervals. Risk models that were selected based on the results obtained in the
training data set included: 1) a model with all clinical variables; 2) a model combining GIV
with all clinical variables; and 3) a reduced model with LVI and GIV only. These risk
models were then applied to the internal test and independent validation cohorts, and to
pooled data sets (i.e. combined data from the training, test and validation cohorts). Hazard
ratios were calculated to assess if the same trends were observed for these risk models, as
was seen in the training set. Hazard ratios for univariate association with survival were
calculated in test and validation data sets for descriptive purposes only, and not for further
model fitting because doing so would have nullified the independence of the validation
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process. It was assumed that univariate associations likely vary across cohorts, but the
clinical utility of the chosen risk model must be robust enough to overcome such cohort-to-
cohort variability in order to be considered generalizable. Kaplan-Meier survival curves
were plotted and a CPH model was used to calculate comparative HR for risk groups to
determine if GIV/LVI could be considered to be as informative as the clinical model in risk
stratification. Recurrence-free survival (RFS) was defined as the time from date of surgery to
date of disease relapse, or was censored at the date of last follow-up visit for recurrence-free
patients.

All risk stratifications were based on the models developed in the training set. Risk
stratification was determined in three steps: 1) Build logistic regression model with 3-year
recurrence as the response variable; 2) Each patient is given a prediction index based on the
linear predictor from this model, which describes the probability of experiencing recurrence
within 3 years, given the pattern of the variables included in the model; 3) Find the optimal
cut-off. If prediction index is less than the cut-off, the patient is assigned a low risk of
recurrence; otherwise, the patient is assigned a high risk. The optimal cut-off was chosen by
maximizing the sum of sensitivity and specificity.

The above risk stratification process was used to find optimal cut-offs for 3 models: a) a risk
model with all clinical variables; b) a risk model combining GIV with all clinical variables;
and c) a risk model combining GIV with LVI status (the GIV/LVI model). These 3 models
and the cut-offs that were developed in the training cohort were then applied to an internal
validation cohort and used to generate comparative hazard ratios and Kaplan-Meier survival
curves. An external validation data set was obtained to further assess the robustness of the
GIV/LVI risk model in stratifying risk using hazard ratios. Finally, comparative Kaplan-
Meier survival curves were used to assess the value of the GIV/LVI model relative to the
model with all clinical variables. Missing clinical information for lymph node yield
prohibited clinical model assessment in the independent validation set. All statistical
analysis was performed using the R programming environment (44) or SAS Software
(\Version 9.4 SAS System for Windows, Cary, NC), where a significance level of 0.05
indicated a potentially clinically relevant finding.

As for how the samples size for this retrospective study on a historic cohort was determined,
it was primarily based on the availability of tissue samples in the various cohorts.
Consequently, our power was low for all but those parameters that had large effects in the
training cohort (n=83) with only 26 total events. This was considered an acceptable risk
given that a large effect was of primary interest in discovering a model with utility above and
beyond current clinical practice.

RESULTS

GIV Expression Analysis by Immunohistochemistry

To validate the potential of GIV protein expression as a biomarker in stage 11 CC patients, a
rabbit monoclonal antibody was developed against the full-length GIV protein. Immunoblot
(Figure 1B) and IHC (Figure 1C) analyses of control and GIV-depleted COS-7 cells revealed
a high analytical specificity of the Spring Bioscience rabbit monoclonal SP173 clone. An
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automated GIV IHC assay was developed and applied to three clinical cohorts of stage 1l
CC. GIV IHC showed primarily cytoplasmic staining; in some instances, nuclear staining
was also observed. IHC was scored as based on the staining intensity (negative, weak,
moderate, or strong positive, see Figure 1D) and the percentage of stained tumor cells (see
full scoring algorithm in Materials and Methods).

Patient Characteristics and GIV Status

The clinico-pathological characteristics and their association with GIV status of all 690
patients included in the training, internal testing and independent validation sets are shown
in Table 1. Three hundred and seventeen out of 690 patients’ tumors (46%) were GIV
positive. Based on the MMR IHC panel testing, the deficient MMR (dMMR) rates were
similar between the training (20.8%) and internal testing (19.2%) cohorts; rates are not
reported for the independent validation cohort because recruitment included only pMMR
cases. A higher proportion of patients in the independent validation cohort received adjuvant
chemotherapy (51.9%) than the training (33.3%) and internal testing (16.4%) cohorts. The
median follow-up was 53.5 months (interquartile range (IQR): 34-65 months), and 136 of
690 patients (19.7%) experienced recurrent disease during follow-up.

Development of Risk Models Based on GIV expression and Clinico-pathological Factors

Risk stratification models using the data from 83 chemo-naive patients in the training cohort
who had pMMR T3 tumors were developed. The rationale for choosing this subgroup was
that among all stage 11 CC, this is the subgroup that continues to pose the biggest
management dilemma for oncologists. Univariate analysis of the training cohort suggested
that GIV positivity and the presence of LVI were the only two significant prognostic factors
associated with tumor recurrence within pMMR T3 CC patients (Table 2). Both GIV
expression and the presence of LVI retained prognostic significance when the data from the
training, test and independent validation cohorts were pooled (Table 2, right column).

To investigate whether combinations of GIV expression analysis, LV status, and other
clinical variables may provide a synergistic benefit over each factor alone, we developed
models with multiple covariates and compared performance of each model in pMMR, T3,
chemo-naive patients from the training set. Models included: clinical variables alone, GIV
status combined with clinical variables, and GIV combined with LVI status (Table 2). In the
analysis using clinical variables alone, LVI was the only significant prognostic factor for
recurrence. In the GIV status combined with clinical variables model, GIV status appeared
to be the strongest prognostic factor, followed by LV1 status. Based on these results, the
reduced model using GIV and LVI status was selected as the best model for further analyses.

A GIV/LVI risk stratification model was established in which patients with tumors that were
positive for either GIV, or LVI, or positive for both are classified as high risk, whereas
patients whose tumors were negative for both GIV and LV were assigned a low risk. Using
the training cohort, we assessed the prognostic ability of this GIV/LVI risk model for
recurrence at 3 years with ROC curve analysis. This was compared with the ability of the
clinical model, and GIV expression status combined with clinical model (Figure 2A). The
prognostic ability of the GIV/LVI risk model appeared to be similar to the clinical model.

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.
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GIV/LVI Risk Model and Recurrence-Free Survival in pMMR, T3, Surgery-Alone Patients

For patients in the training cohort (enriched for recurrence) with pMMR, T3 tumors, treated
with surgery alone, 3-year RFS was 63.6% (95%CI 47.8-77.6) in the GIV/LVI high-risk
group and 92.3% (95%CI 79.1-98.4) in the low-risk group (HR 3.74, 95% CI 1.50-9.32;
P=0.005; Figure 2B). In the internal test cohort, 3-year RFS was once again significantly
lower in the high-risk group compared to the low-risk group (89.3% vs 98.4%, HR 7.83,
95%Cl 1.03-59.54; P=0.047; Figure 2C). Similar results were seen also in the independent
validation cohort; 3-year RFS was again significantly lower in the high-risk group compared
to the low-risk group (78.7% vs 91.2%, HR 3.71, 95%CI 1.24-11.12; P=0.019; Figure 2D).
It is noteworthy that there was variability in the point estimates of GIV/LVI risk group
association with recurrence in the different clinico-pathological subgroups (Figure 3). The
association appeared stronger in males than in females, in patients with less than 12 versus
12 or more lymph nodes examined, and in poorly differentiated rather than well-to-
moderately differentiated tumors. However, none of these differences were statistically
significant, as evidenced by their overlapping confidence intervals.

To compare the relative performances of the GIV/LVI risk model and the clinical model, we
constructed comparative Kaplan-Meier recurrence-free survival curves and calculated HR
for risk groups for the pooled population of pMMR, T3, surgery-alone patients (Figure 4).
Patients in the clinical high-risk group had a worse outcome than the clinical low-risk group
(3-year RFS 82.44% vs 92.9%, HR 1.96, 95%CI 1.27 — 3.02; P=0.0024). Similarly, the 3-
year RFS rate for patients in the GIV/LVI high-risk group was significantly lower than the
GIV/LVI low-risk group (81.3% vs 94.9%, HR 3.44, 95%Cl 1.79 - 6.62; P=0.0002). These
findings indicate that risk stratification by GIV/LVI is at least as informative as the clinical
risk model. As noted above, due to missing information for one of the clinic-pathological
features, the independent cohort’s data are not included in the pooled assessments of the
clinical model.

DISCUSSION

The major finding in this work is the development and validation of a novel prognostic
algorithm based on GIV expression and LV status to predict recurrence risk in patients with
stage 1l CC. First, we found that patients with T3, pMMR, stage 1l CC, the subgroup of
patients who create the biggest dilemma for adjuvant treatment decision making, can be
stratified into low- and high-risk groups using the GIV/LV1 risk prediction model with a
significant difference observed in 3-year RFS. Second, we found that this GIV/LVI risk
stratification model is as good as an “all-clinical’ test model in its ability to predict the 3-
year recurrence risk; the latter accounts for all clinico-pathological risk factors. It is
noteworthy that the “all clinical’ model we used here does not represent any gold standard
clinical practice, but was used as an internal reference only because we had access to
detailed clinico-pathological information in our test cohort. Such a “all clinical” model
suffers from subjective reporting of pathological features and inter-observer variability, and
is impractical in the community setting because of missing information. Thus, the GIV/LVI
risk model offers both objectivity [GIV staining by IHC] and robustness; it is less
ambiguous and more practical. Consequently, the staining and scoring methodology we
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define here and the diagnostic antibody we validate in this work has the potential to impact
patient care in the broader community.

The decision to treat or not to treat a patient with stage 11 CC remains one of the most
challenging areas in colorectal oncology. Whilst the benefit of adjuvant chemotherapy in
stage 111 CC is well established, the benefit of adjuvant 5-fluorouracil based chemotherapy
in stage Il CC has not been clearly demonstrated. Several large pooled analyses have failed
to detect a significant overall survival benefit of adjuvant chemotherapy in stage Il CC (4, 5).
The QUASAR study, the largest randomised study to assess the benefit of adjuvant 5-
fluorouracil chemotherapy in patients at low risk of recurrence, included a rate of 91% of
patients with stage 11 CC (6). Although this trial demonstrated an overall small, but
significant survival benefit of 3.6% in favor of 5-fluorouracil chemotherapy, the benefit was
not significant in the stage 1l CC subset alone (excluding patients with stage I11 and rectal
cancer). The addition of oxaliplatin to 5-fluorouracil has not been shown to provide an
overall survival benefit in stage Il patients, despite a trend toward a greater benefit in high
risk patients (45).

Notwithstanding the modest potential overall survival benefit from adjuvant therapy in the
average risk stage 1l CC patients, most trials have demonstrated at least some RFS benefit
(4, 6, 8). This has prompted approaches to utilize clinico-pathological and molecular
features to select patient subgroups with a higher risk of recurrence who might, due to the
elevated baseline risk, derive a greater benefit from adjuvant chemotherapy. Most of the
traditional clinico-pathological risk factors suffer from lack of standardization and
prospective validation of their clinical utility, resulting in clinical guidelines using varying
definitions of “high risk” stage 1l disease. There is also little evidence in the literature to
suggest that patients with any poor prognostic features are more likely to benefit from
chemotherapy (10). For example, in a recent population-based study in 1,697 stage Il CC
patient, a recurrence-free and overall survival benefit of adjuvant chemotherapy was
observed in patients with T4 primary cancers, but not other high risk clinical features (46).

Amongst the many molecular markers and gene expression signatures examined to date,
MMR status is the most robust prognostic and predictive marker in stage 1l CC and is the
only marker recommended for clinical use at this time. Not only are AMMR tumors
associated with a better prognosis than pMMR tumors, MMR deficient status is associated
with a lack of benefit, or even a detrimental effect, from adjuvant 5-fluoropyrimidine
chemotherapy (2, 3, 47). Consequently, T4 invasion and MMR deficiency are two prognostic
factors commonly used clinically to argue in favor or against the use of adjuvant therapy. For
the remaining stage Il patients with T3, pMMR tumors, there is a strong need for a risk
prediction model to guide treatment decisions.

We developed and validated a simple IHC-based approach to stratify recurrence risk using
GIV staining and LVI status in T3, pMMR tumors. In our study, many of the conventional
features appear to have little prognostic impact within the T3, pMMR population. This is
consistent with the finding from a recent study in 416 patients comparing the ColoPrint
signature and the National Comprehensive Cancer Network (NCCN) clinical risk factors,
where additional clinical features in the NCCN guidelines did not correlate with outcome in
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the T3, pMMR subgroup (HR 1.01, P = 0.9) (48). It is notable that GIV and LVI status were
the only two significant predictors of recurrence in our study. Within the pooled T3, pMMR
subgroup, the GIV/LVI risk model identified 40% of patients with low risk of recurrence,
where the 3-year RFS of 94.9% (Figure 4A) is similar to that of patients with dIMMR tumors
(2, 47). These findings indicate that the GIV/LVI model consistently performs well in
stratifying patients into high- and low-risk groups and effectively prognosticates recurrence
risk. The 3.44-fold hazard of recurrence for the GIV/LVI risk model in our study for pMMR,
T3 tumors is comparable to or greater than the HR reported for gene expression assays. The
advantages of an IHC-based approach compared to gene expression microarray- or
quantitative PCR-based analysis are the simplicity of the test, the ability to use readily
available FFPE samples, and the relatively low cost.

This study has several limitations. First, we did not examine the predictive effect to adjuvant
chemotherapy with the GIVV/LVI risk model. The retrospective nature of our study and the
population-based cohorts impaired our ability to draw reliable conclusions about the ability
of this risk model to predict which patients are more or less likely to benefit from adjuvant
chemotherapy. This question is best addressed with samples and data from a randomised
clinical trial. Second, although we used three cohorts (training, test and validation), the size
of our training cohort was small. Consequently, the power was low for all but large effects in
the training cohort; only a large effect would likely have utility comparable to or better than
current clinical practice and be robust to the noise and potential biases of retrospective
analysis. An additional limitation of this study is the lack of lymph node yield data from the
validation cohort.

In conclusion, this study showed that the combination of GIV and LVI status can
reproducibly and effectively stratify patients with T3, pMMR, stage 1l CC into groups with a
low and high risk of recurrence. Further studies have been planned to validate these findings
in a randomised clinical trial cohort, with the additional goal of examining the value of the
GIV/LVI model in predicting benefit from adjuvant chemotherapy.
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Translational relevance

This study investigated the prognostic impact of GIV (also known as Girdin) expression
assessed by immunohistochemistry and lymphovascular invasion (LV1) in stage 11 colon
cancer. GIV is a multidomain signal transducer which enhances cellular phenotypes that
fuel metastatic progression of cancers, e.g., invasiveness, stem-ness, survival and drug
resistance. The key finding here was that patients with T3, pMMR, stage Il CC, the
subgroup of patients who create the biggest dilemma for adjuvant treatment decision
making, could be stratified into low- and high-risk groups using the GIV/LVI risk
prediction model with a significant difference observed in 3-year recurrence-free
survival. Given the modest benefit of adjuvant chemotherapy in stage Il colon cancer, the
ability to identify patients with a low risk of recurrence is clinically useful to define a
subgroup of patients who do not require adjuvant chemotherapy.
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Figure 1. Immunohistochemical staining of primary colon tumors for mismatch repair (MMR)
proteins and GIV

(A) A proficient MMR case (Case 1) shows intact nuclear staining for all four MMR
proteins in tumor and stromal tissue. Deficient MMR cases (Cases 2-5) represent loss of
MLH1, PMS2, MSH2, and/or MSH6 proteins, respectively, in tumor cells, while the intact
nuclear staining is preserved in stromal cells or normal colonic epithelium. (B) Equal
aliquots (~ 75 ug) of whole cell lysates of control or GIV-depleted Cos7 cells were analyzed
for GIV expression by immunoblotting with anti-GIV antibodies as indicated. (C) Pellets of
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control and GIV-depleted Cos7 cells were fixed, embedded in paraffin and analyzed for GIV
expression by IHC with anti-GIV antibody. (D) A representative case (Case 6) negative for
GIV expression. Cases 7-9 demonstrate weak, moderate, and strong GIV expression,
respectively, in tumor cells.
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(A) ROC curves comparing the prognostic accuracy of the GIV/LVI risk classifier (high vs
low risk) with clinical model alone, or GIV and clinical model combined. Area under the
curve (AUC) for recurrence at 3 years (shown in brackets) shows the utility of including
GI1V analysis in recurrence risk assessment. (B) Kaplan-Meier recurrence-free survival
(RFS) based on MMR status and the GIV/LVI risk classifier for T3, surgery-alone patients
in the training set. (C, D) Kaplan-Meier RFS based on the GIV/LVI risk classifier for T3,
pMMR, surgery-alone patients in the internal testing (C) and independent validation sets
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(D). ROC = receiver operator characteristics. LVI = lymphovascular invasion. dMMR/
pMMR = deficient/proficient mismatch repair.
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Figure 3. Risk of recurrence for GIV/LVI high risk versus low risk groups in different clinic-
pathological subgroups in all T3, pMMR, chemo-naive, stage Il colon cancer patients

The hazard ratios with 95% confidence intervals represent the difference in expected
recurrence free survival between high and low risk groups, as stratified by the GIV/LVI
model, in the sub-population listed to the left. Because stratifications are based on the
GIV/LVI model and all LVI+ cases were high risk, this prevented any stratification in the
LVI+ subpopulation, resulting in a hazard ratio of 1.00. The hazard ratio in the LVI-
subpopulation shows the additional contribution of GIV to the ability of LVI to classify risk.
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Figure 4. Kaplan-Meier recurrence-free survival for the pooled population of T3, pMMR,
chemo-naive stage 11 colon cancer patients according to the GIV/LVI risk classifier and clinical

(*All Clin’) model

(A) Comparative survival stratification for the entire followup perior, and (B) detailed view
for the first three years. While the GIV/LV1 stratification is shown for all cohorts pooled, the
clinical model does not include cases from the independent validation set due to missing

lymph node yield data.

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.



Page 22

Ghosh et al.

(96525) 96T (%t'€9) TOZ VN VN (9%922) 81T (%€8) 16T  (%z'22)8L  (%E0L) ¥9 2T=<
(9%€'ST) 26 (%¥'LT) S VN VN (9%t'22) € (%621)82  (w822)€C  (%L'62) L2 1>

PIBIA 8PON YdwAT

(969'62) 262 (961°08) ¥52  (%5°28) SOT  (%v'€6) LS (%9'22) 81T  (%2'SL) ¥2T  (weel) ¥. (%2 08) €L 81RI3POIA O3 |[3M
(9%¥'21) 59 (%9'8T) 65 (9%2'9) 8 (%67 € (6112) 28 (%9€2) 6  (%8¥2) Sz (%L8T) LT lood
(%62) TT (%eT) ¥ (%8°9) £ (%691T) T (%eT) 2 (%zT) e (%2) 2 (%TTT pauoday 10N

uolenuaIayIq Jowny

(9%%2'vT) 56 (%2T) 8¢ (%z'6) TT (9699) ¥ (%v91) Gz (w6€T) ez (%8'8T)6T (%ICI)TT 2
(96e'58) 8T (%088) 6.2  (%68'06) 60T  (%v'€6) LS  (%49€8) 22T (%1'98)2vT  (%2'18)28 (%6'.8) 08 €L

abe1s Jownp

(968'TY) 95T  (96L'sY) YT (%L92) e (%L'6T) 2T (987) €2 (9729 98  (%S509) 1S (%9°18) L b1y
(962'89) 212 (9%6€¥9) 2T (%€€L) 88  (%E08) 67 (9%29) 62 (6'v) 6L (%S67) 0  (%V'8Y) v ya

uoneso Jowng

(961'89) 812 (9%2'S8) ST (%£€9) 92 (%€729) 8  (2%6983) 68  (%v'95) €6 (96529) €S (%¥'8Y) vi 3N
(969TY) ST (968¥Y) 2vT (%L 98) vy (%L28) e (v TH) €9 (%69ev) 2. (%SLv) 87 (%9°1S) L¥ a|ewsS
X3S
(9%29) ¥6T  (%6895) 08T (%5729 €9  (%209) 26 (%6'G5) 68  (%Z19) 90T  (%G'Sy) 9v  (%L°0Y) L€ 0/=<
(9687) 6T  (%ezer) 16T  (%GLv) 16 (we6e) v (%Tvy) 29  (%86GE) 65  (%S1S)GS  (%E'6S) S 0/>

(saeap) aby

(%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N
-NID +AID -NID +AID -AID +AID -NID +AID
sa1siI8loeIRYD
(069=U) (18T =U) (L1E=U) (z6T =)
pajood 13S uonepleA uspuadapul 189S Bunsa] [eusaiu| 19S Buturea

Juswdojanap |apowl
Joy Bumes-gns 03 Jorad s38s pajood e pue [enpialpul ul spusired 10) SN1eIS AJS JO UOIIdUNY B Se sa1ls1aaloedeyd [ealbojoyred-021ul]d suljaseq
T 3|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.



Page 23

Ghosh et al.

"J8S UONEPIeA Juapuadapul 8y 1oy a|e|IeAr 10U sem piaiA apou ydwA| Uo UoiewIogul $18s uolepljeA Juspusdapul 8y} Ul papnjoul aJam sases YNNG AJuQ :810N

(9661) T2 (965°02) 59 (9%60¢) 9 (%6562) 8T  (%9'8) €T (%L21) T2 (%8T12) 2z (%9'82) 92 SBA
(9618) 20 (%05'6L) ¢S (9602) ¥8 (9650 (%r16) 6T  (%EL8) vWT  (%2'8L) 6L  (%¥'TL) S9 ON
uoissaiboad
(zee) ver  (%1°22)98 (%ees) v9  (%z6y) 08 (968°21) 22 (%2ST)S¢  (%wlze)ee  (%Tve) 1€ SBA
(9%68'99) 6v2 (%622 T€2  (%L9V) 95  (%80S) 1€  (%228) G2l  (%818) O¥T  (%€29) 89  (%%6'39) 09 ON
Adeaayiowsy) ueanlpy
(906°28) 82¢  (%£28) 192  (%00T) 02T  (9600T) 19  (%6728) 92T  (%8'82) 0T  (%2'18) 28  (%%6'92) 0L JuBI010Id
(wrer) sy (9%L°2T) 95 (9%60) 0 (960) 0 (%1721) 92 (%2T2) S (9%8'8T) 6T (%T'€2) 12 waryeq
snye1s Jreday yorewsiin
(960€) 21T (%%69°08) 26 (weeV) TS  (%ETY) L2 (9%€2) 5 (weLe)sy (%82 Sz (%S'L2) 52 asald
(968°2) 62 (9%€°2) €2 (9%601) 2T (%69'9) ¥ (%e9) 8 (9%62°9) TT (966'8) 6 (08'8) 8 pauoday 10N
(%zz9)zec  (%129) 16T  (%L9v)9S  (%e6v) 08 (%LTL) 60T (%T1°99) 60T  (%£99) 29  (9%2°€9) 85 Wasqy

uoiseAu| JejnaseroydwA]

(%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N
-AID +AID -AID +AID -NID +AID -AID +AID
sansiI81RIRYD
(069=U) (18T =U) (L1E=U) (z6T=U)
pajood 13S uonepijeA 1uspuadapul 189S Bunsa] eusaiu] 19S Buturea |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.



Page 24

Ghosh et al.

190 loee'ssol 6ET (818N A Blewad) x8S
1570 [20T260] 20T (1eak 1ad) snonunuod aby
GIT0  [pTs'veal 80z  (wssqy ‘Aussaid) uoiseAu] JejnaseroydwiA
1500 [sg'g'860] 6EC (8n1eBaN A 8AISOd) SMIRIS AID
[BIUND [IV + AID :SIsA[euy ajerreAnINIA
€0-a.ez  [zo€'22T] 96T »YIN ztito  [99ez801 64T €0-38Te  [60P'EET] €€ [3PON [B21UND IV
v0g0  [ere'zeol  ov'T  (sre4BPOIN/IIBM A 100d) UoleNnUaIsYId Jown ]
Gero leezivol 81T (ZT=< A ZT>) PIBIA 8PON YdwAT
670  [19evsol ovT (4371 'Aybry) uonedo Jown
9610  [sov'szol suT (318N "A Blewa) X8S
11z0  [sotT'ge0] €01 (1eak 1ad) snonunuod by
8200 [6s9TTTl TLC (3uasqVy A JUasald) uoiseAu| JejnasenoydwA
[e21UI1D 1V :SISAJeuy aleLieAl NN
8890  [sez'zs0] 9rT 2980  [voe'9T0] 02T 0e80  [z2€6T0]  S80  Tzz0  [9vvT0]  8LT  (8¥RJ4SPOIN/IIBM A 100d) LolenUaIsYId Jown ]
€680  [rprZ'150] SOT «VIN o  [9zzvool oeo0  +890  [s9z'esol 8TT (ZT=< A ZT>) PIBIA 8PON YdwAT
250 [z6T'0L0] 9T'T  TSEO [68'€'290] SST  8€L0 [szeerol  6TT 2TL0 [ogz'esol 91T (4371 'A ybry) uoneso Jowny
99T'0 [ogz'98'0] €r'T 8500 [69:6'26:0] sez  T.20 [pr1910] 670  Czro [s6z'c90] leT (8reIN A BlewaS) x8s
ess0  [s6T690] 21T 9660  [Grz'oeo]l 00T 9990  [tzeerol szt eer0 [coezoo]l €T (s1eah 02> ‘A sreak 0/=<) 8By
€800 [soT'00T] 20T ¥S8°0 [90'T'96'0] 00T  STTO [ort'660] 70T G820 [z01'86'0] 20T (4eaA 1ad) snonunuod aby
vo-ayLse  [8TV'TIST] 252 €910 [osv'sz0] 28T 6100 [1z6czT]  9c€ G200 [prgettl vSz  (wesqy ‘Aussaid) uoiseau| JejnoseoydwA
6100 [60cott]l s8T otzo  [szv'esrol 92T osto  [sziviol zez  etoo  [szoveT]l 8L (annebaN A aA11ISOd) SN1RIS AID
SISA[euy alelleAlun
anfea-d 1ID%G6  dH @njead 1D %56 dH  enjead 1D %56 dH  enpea-d D% S6  HH 3|qeLIeA
«ABEE=N) (18=N) (S2T=N) (e8=N)
pajood 19S UoIIepIjeA Juspuadapu| 195 Bunsa] [eudau| 195 Bulurea

'$19S UONEpIfeA Juapuadapul pue eussiul yog o1 patjdde uayl 18s Buiurel) sy ul sased aAleU-0wWaYd “HINING ‘€1 ul padojansp a1em S|spoiA

S|9pOLU 81RII_AN|NW 331Y) PUE PaIaPISU0D [aPOL S)BLIBAILN YIRS 10} 80Ua1iNndal Jo Aljigeqoad 1o) sonedl piezeH

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.



Page 25

Ghosh et al.

“eyep pajood ul pjaiA apou ydwA| Buipnjoul sjapow 104 85z = N ‘18S UolepljeA
JUapUadapul 8y} WO} S3SeD 3pN|aul 10U Op 185 lep pajood ul pialA apou ydwA| Buipnjoul s|apow Jo} So1les pezey ‘18s UoIIepIfeA Juapuadapul ay) Ul Passasse aq 10U PIN0d S|apow [ed1uljd asnedag

*¥

*3]qe[1eAR 10U JaM elep palk apou ydwiA| ‘18 uomnepleA wuspuadapul 8y Joy parenafed aq 1ou pinod piaiA apou ydwAj| Buipnjour s|apoin
¥

¥0-390 [299'62T] wve 6100 [ertrvet]l 12¢ w00  [pS6S'€0T] €82 €0-3eLv  [2€6'05T]  viE (Mo A yBIH) 19poIN St INTIAID
2600 [o2v'680] G0z  (ussqy ‘Alussald) UoiseAu] JejnaseAoyduiAT

veoo  [096'20T] svz (anneBaN ‘A 8AIISOd) SNTBIS AID

IAT + AID sisAjeuy sleLieAnnin

€0-302T [18€'6€T] €2 »VIN 152°0 [eee'esol 95T w0382 [259%97T] lz¢€ 19POIN [e21UI[D [IV + AID
82€0 [657°09°0] 99T  (s1eIBPOIN/IISM A 100d) UOHERUBIBHIQ Jown]

v.6'0  [09C0or0] 20T (21=<"A ZT>) PIBIA 3PON YdwA

9670 [tsevs0] 8eT (4371 A ybry) uoyesoT Jowny

anfea-d 1D%S6  dH  @nfea-d 1D %56 dH  enjead 1D %56 dH  enpead  109%G6  dH 3|qeLIeA

w5 BEE=N) (18=N) (SLT=N) (e8=N)
pajood 189S uonepljeA Juapuadapu 195 Bunsa] |eulaiu| 195 Bulurea |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Patient Cohorts
	Cell Culture and siRNA Transfection
	Cell Lysis and Immunoblot Analysis
	Immunohistochemistry
	Statistical Analysis

	RESULTS
	GIV Expression Analysis by Immunohistochemistry
	Patient Characteristics and GIV Status
	Development of Risk Models Based on GIV expression and Clinico-pathological Factors
	GIV/LVI Risk Model and Recurrence-Free Survival in pMMR, T3, Surgery-Alone Patients

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2



