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1

Randomized Controlled Trial of Irinotecan Drug Eluting Beads
with Simultaneous FOLFOX and Bevacizamab for Patients with
Unresectable Colorectal Liver-limited Metastasis R. Martin,'*

M. Schreeder,’ J. Kauh,® W. Rilling,4 C. LaLing,5 T. Crocenz,’ S. Stras-
berg.® 1. University of Louisville, Louisville, KY; 2. Clearview Cancer
Center, Huntsville, AL; 3. Emory University - Winship Cancer Institute,
Atlanta, GA; 4. Froedtert Medical Colleg, Milwaukee, WI; 5. Radiolog-
ical Associates of Sacramento, Sacramento, CA; 6. Washington Univer-
sity, St Louis, MO; 7. Providence Medical Center, Portland, OR.

Background: Reports have demonstrated the activity of combining both
Irinotecan & Oxaliplatin into a FOLFOXIRI therapy. An option to gain simi-
lar benefits & less toxicity to FOLFOXIRI would be to administer the irinote-
can through an hepatic arterial apporach. The aim of this study was to assess
the maximal response and adverse event rates of Irinotecan Drug Eluting Beads
(DEBIRI) with FOLFOX & Bevacizumab(Bev) as a first line treatment for
unresectable colorectal liver metastasis (CLMs). Methods: Metachronous &
Synchronous CLMs were randomly assigned to mFOLFOX6/Bev or mFOL-
FOX6, Bev & DEBIRI (FOLFOXDEBIRI). Primary end point was optimal
response rates & adverse events. Secondary endpoints were patients(pts) con-
verted to resection & survival. Results: The intention-to-treat population com-
prised 70 pts, 40 pts randomly assigned to the FOLFOXDEBIRI arm & 30 pts
to FOLFOX/Bev arm. Both were similar with synchronous disease
(50%vs36%), extent liver involvement (35%vs31%), but greater percentage
in the FOLFOXDEBIRI arm of ECOG 1/2 (57%vs31%),p=0.04) & extra-
hepatic disease (51%vs 36%,p=0.02). Median number chemotherapy cycles
was similar in both arms of 8, with a similar Grade 3/4 adverse event rate of
54% FOLFOXDEBIRI & 46% FOLFOX/Bev arm. The overall response rate
was significantly greater in the FOLFOXDEBIRI arm vs FOLFOX/BEV at
2months (78% vs 54%, 4 mon (95%v 70%) and 6 mon (76%vs 60%)(p=0.03).
Significantly greater downsizing to resection in the FOLFOXDEBIRI arm vs
FOLFOX/Bev (35%vs16%,p=0.05), with an improved median progression
free survival (15.3 mon vs7.6 mon). Overall improvement in hepatic specific
progression free survival was seen in the treatment arm(12.8 mon vs 10.5 mon).
Conclusions: Simultaneous mFOLFOX6 with bevacizumab and hepatic arte-
rial irinotecan drug eluting beads is safe, without causing chemotherapy deliv-
ery delays and without increasing chemotherapy toxicity. Simultaneous FOL-
FOXDEBIRI leads to improved overall response rates, improved hepatic
progression free survival, and more durable overall progression free survival
in patients downsized to resection.

2

Intensified Follow-up in Colorectal Cancer Patients using Frequent
Carcinoembryonic (CEA) Measurements and CEA-triggered Imag-
ing C. Verberne,* E. Van den Heuvel, G.H. De Bock, I. Grossmann,

T. Wiggers. University Medical Center Groningen, Groningen, Nether-

lands.

Background — For colorectal cancer (CRC), there is need for an evidence-
based follow-up schedule defining frequency of blood tests and imaging to
detect recurrent disease as early as possible. The trial CEA Watch assesses the
value of frequent CEA measurements and imaging in case of a rise in CEA for
detecting recurrent disease in CRC patients and aims to increase the rate of
curable recurrences amongst all detected recurrences from 10 % to 25%. Meth-
ods — This was a randomized-controlled multicenter prospective study using
a stepped wedge cluster design. Eleven Dutch hospitals were timed one after
another to change their follow-up “care as usual” into an intensified follow-
up schedule for all patients in follow-up after non-metastasized CRC. The inter-
vention protocol consisted of CEA measurements every 2 months, with repe-
tition of the CEA measurement after 1 month in case of a 20% rise and imaging
in case of 2 subsequent rises. A sample size calculation was performed and
1,600 patients were needed given a recurrence rate of 25%. Results — 3,223
patients were included; 243 recurrences were detected (7.5%), 104 (43%) recur-
rences were found while the patient participated in the control follow-up and
139 (57%) recurrences in the intervention follow-up. In total, 90 (37.0%) of
the found recurrences could be treated with curative intent. The rate of detected
recurrences which could be treated with curative intent was significantly higher
for the intervention protocol than for the control protocol (42% v 30%, p=0.027).
Analyses of these treatments with curative intent will be added. Survival data
are to be awaited. Conclusions — The CEA Watch protocol detects recurrent

Published online: 07 February 2014

disease after colorectal cancer in a phase that a significantly higher proportion
of recurrences can be treated with curative intent.

Total Control Intervention
| of%) | n(%) | ni) |
| 243(7.5) | 104¢43) | 139(5T) | 0.015

90 (37) 31300 58 (42) 0.027

Effect (p-value)

Recurrent Disease
Curable Recurrent Discase

3
Long-term Incidence of Lymphedema after Sentinel Lymph Node
Dissection for Early Stage Breast Cancer: ACOSOG Z0010
(Alliance) M. Teshome,'* K.V. Ballman,? L.M. McCall,® J.N. Cormier,'
A.E. Giuliano,® K.K. Hunt." 1. The University of Texas M.D. Anderson
Cancer Center, Houston, TX; 2. Alliance Statistics and Data Center,
Mayo Clinic, Rochester, MN, 3. Alliance Statistics and Data Center,
Duke University, Durham, NC; 4. Samuel Oschin Comprehensive Can-
cer Institute, Cedar-Sinai Medical Center, Los Angeles, CA.

Introduction: Sentinel lymph node (SLN) dissection has an established role
as minimally invasive axillary staging with decreased morbidity in early breast
cancer. The American College of Surgeons Oncology Group (ACOSOG) Z0010
trial, a prospective multicenter study to evaluate the prognostic significance
of micrometastasis in SLNs of women with early stage breast cancer, previ-
ously reported a 7% incidence of lymphedema at 6 months. This study exam-
ines the long-term incidence of lymphedema in this cohort. Methods: Eligible
patients for ACOSOG Z0010 included women with clinical T1-2 NO MO breast
cancer. In this trial 5,210 women underwent SLN dissection; of those, 885
had completion axillary lymph node dissection (ALND) and were included for
comparison. Post-operative symptoms assessment and examination were com-
pleted at 30 days, 6 months, and annually for 5 years. Lymphedema was eval-
uated subjectively as ipsilateral arm swelling and objectively as an increase of
=2 cm from the pre-operative arm measurement. A multivariate Cox regres-
sion analysis was conducted to examine associations between clinical factors
and lymphedema. Results: The cumulative incidence of lymphedema after SLN
dissection was 3.7% at 1 year, 8.9% at 3 years and 11.9% at 5 years by sub-
jective assessment (n=3,993) and 10.5% at 1 year, 17.4% at 3 years and 24.1%
at 5 years by objective arm measurements (n= 3,918). Following ALND, the
incidence of lymphedema was 14.0% at 1 year, 32.9% at 3 years and 41.0%
at 5 years by subjective assessment (n=865) and 17.0% at 1 year, 30.6% at 3
years and 40.3% at 5 years by objective arm measurement (n= 853). On mul-
tivariate analysis, significant predictors of objective lymphedema included
increasing age (OR=1.01, [95% CI: 1.01-1.02], p<0.0001), BMI = 30 kg/m2
(OR=1.81[1.59-2.06], p<0.0001) and ALND (OR=1.74 [1.50-2.02], p<0.0001).
After axillary surgery, decreased range of motion and paresthesias occurred
more often than lymphedema. Conclusions: Lymphedema after SLN dissec-
tion in women with early stage clinically node negative breast cancer occurs
more frequently than clinically suspected and with increasing incidence over
time.

Table 1. Cumulative incidence (%) of lymphedema, decreased range of motion and axillary paresthesia in
SUN and ALND groups over time

SLN (%) ALND (%)
1 year | 3 years | 5 years 1year | 3years | 5years
Subjective lymphedema 37 89 119 14.0 329 410
Objective lymphedema 105 174 241 17.0 30.6 40.3
Decreased range of motion | 159 189 221 453 487 513
Axillary paresthesia 188 259 291 60.2 731 766
4

Efficacy of Adjuvant Radiation Therapy in the Treatment of Soft
Tissue Sarcomas of the Extremity: 20-year follow-up of a Random-
ized Prospective Trial J.D. Beane,'* J.C. Yang,1 D. White,' S. Stein-
berg,? S.A. Rosenberg,' U. Rudloff." 1. Surgery Branch, National Can-
cer Institute, Bethesda, MD, 2. Biostatistics and Data Management
Sections, National Cancer Institute, Bethesda, MD.

Background Randomized prospective trials have demonstrated the ability
of adjuvant radiation therapy (XRT) to enhance local control following limb-
sparing surgery for soft tissue sarcoma (STS), but this has not translated into
improved overall survival (OS). Patients treated with XRT are at increased risk
for developing functional deficits, and the natural history of these deficits has
not been reported. To address the effect of XRT on long term overall survival
and limb function, we present a twenty-year follow-up of our randomized
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prospective study of the benefit of adjuvant radiation in the treatment of soft
tissue sarcomas of the extremity. Methods Patients with extremity STS and a
limb-sparing surgical operation were randomized to receive postoperative XRT
or surgery alone. Initially, quality of life, functional data, and OS information
were collected in a prospective fashion. This report completes long term fol-
low up through medical records and telephone contacts. Results A total of 141
patients with extremity STS of either high or low grade were randomized to
receive postoperative XRT (n=70) or surgery alone (n=71). Median follow up
was 17.9 years. Ten and 20-year survival was 77% and 64% for patients receiv-
ing surgery alone and 82% and 71% for patients receiving adjuvant XRT
(p=0.2). There was no difference in overall survival between treatment arms
when analyzing patients with high-grade or low-grade tumors separately.
Patients treated with postoperative XRT tend to be more debilitated (4% vs
0%, p=0.8), have clinically significant edema (25% vs 12% p=0.2), and suf-
fer from late wound complications (17% vs 12%, p=0.7), but these did not
reach statistical significance when compared to patients receiving surgery alone.
Late findings included limb loss (n=2, both following XRT), pathological frac-
tures (n=4, three following XRT) and local recurrence (n=1, surgery alone).
Conclusion Adjuvant external beam radiation therapy following surgery for
soft tissue sarcoma of the extremity improves local control, is associated with
some long term limb complications and does not improve overall survival.
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Figure 1. Overall survival of all patients with STS randomized to treat-
ment with surgery and adjuvant chemotherapy versus surgery,
chemotherapy, and XRT.

5

Phase I/II Trial of Autophagy Inhibition in Combination with
Neoadjuvant Gemcitabine in High-risk Pancreatic Adenocarci-
noma: Safety, Clinical Response, and Correlative Studies

B.A. Boone,'* M.T. Lotze,' A.H. Zureikat,' N. Bahary,] A.D. Singhi,l
D.L. Bartlett,' V. Espina,” L.A. Liotta,” H.J. Zeh." 1. Surgery, University
of Pittsburgh, Pittsburgh, PA; 2. George Mason University, Manassas,
VA.

Introduction: Autophagy is a cell survival mechanism that is up-regulated
in patients with pancreatic ductal adenocarcinoma. Increased autophagy cor-
relates adversely with response to therapy and prognosis. Use of the autophagy
inhibitor hydroxychloroquine (HCQ) represents a novel treatment strategy in
pancreatic cancer. Methods: A Phase I/ trial examining pre-operative gemc-
itabine with HCQ in the treatment of patients with high-risk pancreatic ade-
nocarcinoma. Eligibility was limited to only those predicted to have limited
survival advantage following surgical resection. Two doses of fixed dose gem-
citabine (1500mg/m2) were administered with oral HCQ (200mg/day-
1200mg/day) for 31 consecutive days until day of surgery. Dose escalation fol-
lowed a Storer phase 1 design. The primary endpoint was safety and tolerability.
Secondary endpoints were clinical response as assessed by resectablility rate,
RO resection rates and CA 19-9. Measures of autophagy and apoptosis (LC3
and cleaved caspase 3) were assessed in resected tumors and correlated with
clinical response. Results: Thirty-five patients were enrolled in the trial. Two
patients withdrew consent prior to initiating treatment and two patients were
removed from the protocol due to a stroke and allergic rash, resulting in 31
patients (89%) completing treatment. There were no dose limiting toxicities

and no treatment delays. 14 patients (45%) had a decrease in CA 19-9 of more
than 50% following treatment. 29 patients (94%) underwent surgical resec-
tion as scheduled and the RO resection rate was 81%. Treatment with HCQ led
to an increase in pancreatic cancer cell LC3 staining, consistent with suppres-
sion of autophagic flux. There was a trend towards increased apoptosis with
increasing doses of HCQ. Conclusion: Pre-operative autophagy inhibition with
HCQ in combination with gemcitabine is safe and tolerable. When compared
with historical controls the regimen appears to have promise as a biologically
active strategy. Future trials will examine HCQ in combination with more active
neoadjuvant chemotherapy regimens.

6
RCT Comparing Gastrectomy (Gx) plus Chemotherapy (CTX)
with CTX Alone in Advanced Gastric Cancer (AGC) with a Single
Non-curable Factor: JCOG 0705/KGCAO01 Study K. Fujitani,"*
Y. Han-Kwang,8 J. Mizusawa,” K. Young-Woo,9 M. Terashima,’
S. Han,'’ Y. Iwasaki,* W. Hyung,11 A. Takagane,5 B. Park,’ T. Tsuji-
naka,® S. Hahn,® M. Sasako,” Y. Bang.8 1. Osaka Prefectural General
Medical Center, Osaka, Japan,; 2. JCOG Data Center, Tokyo, Japan,
3. Shizuoka Cancer Center, Shizuoka, Japan, 4. Tokyo Metropolitan
Komagome Hospital, Tokyo, Japan; 5. Hakodate Goryokaku Hospital,
Hakodate, Japan; 6. Kaizuka Municipal Hospital, Osaka, Japan;
7. Hyogo Medical College, Nishinomiya, Japan, 8. Seoul National Uni-
versity College of Medicine, Seoul, Korea, Republic of; 9. National
Cancer Center, Seoul, Korea, Republic of; 10. Ajou University College
of Medicine, Seoul, Korea, Republic of; 11. Yonsei University College of
Medicine, Seoul, Korea, Republic of.

Background: The prognosis of AGC with non-curable factors is poor. Gx
is sometimes employed, even in the absence of any serious symptoms, based
on the literature showing a survival benefit of Gx (MST 8.0—-12.2 M with Gx
vs. 2.4-6.7 M without Gx). CTX alone has recently shown MST over ly in
AGC. Based on these situations, we conducted an international RCT among
Japan, Korea, and Singapore to investigate the role of Gx for incurable AGC.
Methods: Eligibility criteria included histologically proven primary gastric
adenocarcinoma, presence of a single non-curable factor confined to either
liver (H1), peritoneum (P1), or para-aortic lymph node (16al/b2) confirmed
by both CT scan and laparoscopy/laparotomy, clinical T1-3, no other distant
metastasis than H1, P1 or LN 16al/b2, aged 20-75, PS 0-1. Eligible patients
were randomized to Gx followed by CTX or CTX alone. Gx with D1 dissec-
tion was performed without resection of metastatic lesions. Patients were placed
on a CTX regimen, S-1+CDDP (S-1 80 mg/m2/day for 3 consecutive weeks
followed by a 2-week rest, CDDP 60 mg/m2 on Day 8, repeated every 5 weeks).
The primary endpoint was OS. The planned sample size was 330, 165 cases
per arm, with one-sided alpha of 5%, and an 80% power detecting a 2y-sur-
vival difference of 10%, 20% with CTX vs. 30% with Gx. Results: Between
Feb 2008 and Apr 2013, 164 patients (82 in Japan, 82 in Korea) were ran-
domized. The first interim analysis was performed in Sep 2013, with 37%
(110/294) of the planned events observed. The 2y-survival were 25.7 (95% CL:
15.7 to 36.9) % with Gx plus CTX and 31.4 (95% CI: 20.4 to 42.9) % with
CTX alone. Hazard ratio for Gx was 1.08 (95% CI: 0.74 to 1.58) with predic-
tive probability in favor of gastrectomy of 13.2% at the final analysis. Although
some interactions favoring Gx plus CTX were suggested on nation and some
other factors, JCOG DSMC recommended early termination of the trial. Con-
clusions: In all randomized patients, Gx followed by CTX has no survival ben-
efit over CTX alone for AGC patients with a single non-curable factor. Detailed
analyses on interactions will be presented in the meeting.
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Axillary Reverse Mapping: Redefining Axillary Surgery E. Tum-
mel,* D. Ochoa, K. Gallagher, R. Betzold, L. Adkins, S. Korourian,
V. Klimberg. UAMS, Little Rock, AR.

Introduction:Axillary status in breast cancer patients continues to serve
as a major predictor of outcome while also influencing decisions for adju-
vant therapy. High morbidity rates in both sentinel lymph node biopsy
(SLNB) and axillary lymph node dissection (ALND) are thought to be due
to unrecognized variations in arm lymphatic drainage in the axilla. Axillary
reverse mapping (ARM) facilitates identification and avoidance of arm lym-
phatics which has significantly improved our rates of lymphedema. Meth-
ods:This IRB-approved study, from June 2007 to April 2013 involved patients
undergoing SLNB with or without ALND, or ALND alone. Our technique
involves subareolar injection of technetium for localization of the SLN. Lym-
phazurin (5ml) is injected in the ipsilateral upper arm for localization of non-
breast lymphatics. Data were collected on identification and preservation
of arm lymphatics, crossover rates, metastases, axillary recurrence, and lym-
phedema as measured by volume displacement. Results: 447 patients under-
went SLNB and/or ALND. 433 patients underwent a SLNB. Of those,
303/433 (70%) had a SLNB only and 130/433 (30%) went on to an ALND
due to a positive axilla. 14/447 (3.1%) had ALND due to a positive axilla
preoperatively. In 294/303 (97%) of patients with SLNB only, breast SLNs
were hot but not blue; crossover (hot and blue) was seen in 9/303 (3%)SLNB
and 20/144 (14%) ALND patients. Metastases were identified in 0/9
crossover SLN and 3/20 (15%) of ALND crossover nodes. Blue lymphatics
were identified in 101/303 (33.3%) of SLNB and in 111/144 (77%) ALND.
Median follow-up was 24 months (range 3 to 54 months). Overall lym-
phedema rates for SLNB and ALND were 0.33% and 5.5% respectively.
During the follow up, 0/303 of the SLNB patients, and 1/144 (0.7%) ALND
patients had an axillary recurrence.Conclusions: ARM allows frequent iden-
tification of arm lymphatics in the axilla which would have been transected
during surgery. Rates of metastases in crossover nodes and axillary recur-
rence are low. Lymphedema rates are dramatically reduced using ARM
when compared to accepted standards. This currently is the largest series to
date regarding ARM and its efficacy in minimizing the morbidity of
axillary surgery.

9
The Extent of Extracapsular Extension (ECE) may Influence the
Need for Axillary Lymph Node Dissection (ALND) in Patients with
T1-T2 Breast Cancer J. Gooch,* T. King, A. Eaton, M. Stempel,
A. Corben, L.T. Dengel, M. Morrow. MSKCC, New York City, NY.

Introduction: Whether or not the presence of ECE in the sentinel lymph
node (SLN) is an indication for ALND in patients managed according to
ACOSOG Z0011 criteria is controversial. In this study we examined the cor-
relation between ECE in the SLN and disease burden in the axilla. Methods:
From a prospectively maintained database of 11,730 patients treated for inva-
sive breast cancer from 2006-2013, we selected those with clinicopathologic
features meeting ACOSOG Z0011 criteria, specifically pT1-T2, clinically NO
patients with metastases in <3 SLN. Records were reviewed to document the
presence and extent of ECE. Patients receiving neoadjuvant chemotherapy
were excluded. Characteristics of patients with <2mm or >2mm ECE were
compared with Fisher’s exact test and Wilcoxon rank sum test. Results: Three
hundred seventy six (3.2%) patients had pT1-T2, clinically NO disease with
<3 positive SLN and the presence of ECE. Of these, 324 (86%) had ECE size
data available. Characteristics of patients with <2mm (n=164) and >2mm
(n=160) of ECE are compared in Table 1. Median tumor size was 1.8cm for
<2mm ECE and 2.1 cm for >2mm ECE (p=0.0003) and patients with <2mm
ECE were more likely to have only 1 positive SLN (p=0.012). ALND was
performed in 68% of patients with <2mm ECE and 79% of patients with >
2mm ECE (p=0.03), yielding a median of 0 (range 0-29) additional positive
nodes in the <2mm ECE group and a median of 2 (range 0-32) additional pos-
itive nodes in the >2mm ECE group (p<0.0001). No additional positive nodes
were found in 59% of patients with <2mm ECE versus 32% of patients with
>2mm ECE, 1-3 additional positive nodes were found in 33% and 31%, and
=4 additional positive nodes were found in 8% and 36% of patients with <2mm
and >2mm ECE respectively (p<0.0001). Conclusion: In this large series of
consecutively treated patients meeting Z0011 criteria, the extent of ECE was
significantly correlated with nodal tumor burden at ALND. Other tumor char-
acteristics were similar between groups. These data suggest that >2mm of ECE
may be an indication for ALND when applying Z0011 criteria to patients with
metastases in <3 SLNs.

Table 1
Characteristic | £2mm (n=164) | >2mm (n=160) | p-value
n | % | n | % |
Age " &
e 27 16% 25 165
<43
ko 137 |s4%| 135 [saq | 0380
pathologic T stage | | |
Pathc [“T‘l'.T T stage 100 |61%| 70 |44% |0
T2 64 (39%| 90 [s6%| -
luclear Grade (n=20 | | I
Nuclear (n:dx (n=2495) 21 14% 28 20%
» 81 52% 65 46% | 03176
; 53 34% 47 34%
Hormone Receptor Subtype (n=322) 139 85 138 {76
HR+Her2- e | o P o
HR+Her2+ A 1% . e | 0.4678
3 o 3 2%
HR-Her2+ ¢
[ 4% 9 6%
HR-/Her2 | % | [
Number of |1<Nt|lw SLN removed 126 7% 9% 60% St
- 38 23% 64 40w T
Median number positive SLN (range) 1(1-2) | 1(1-2) 0012
Median number total SLN removed (range) | 2(1-13) | | 2¢1-10) | AL E
; ey g T,
Number additional |-yml|t\; axillary nodes (n=239) 66 59% a1 1%
143 37 33% 40 31% |<0.0001
>_" 9 8% 46 36%
Median number additional positive ALN (range) | 0(0-29) [2@32) | |<0.0001
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10
The Effect of Margin Status on Local Recurrence and Cost Analysis
using a Decision Tree Model S.E. Abe,* J.S. Hill, K. Carpenter,
Y. Han, J. Symanowski, R. White. Carolinas Medical Center/Levine
Cancer Institute, Charlotte, NC.

Introduction: The definition of an adequate surgical margin for breast con-
servation therapy (BCT) continues to be controversial. Studies have not con-
sistently demonstrated that reexcision to obtain wider margins, with its atten-
dant increased cost, results in decreased local recurrence (LR). We designed a
decision tree model to analyze LR and surgical costs based on margin status.
Methods:A decision tree model was developed for the management of mar-
gins after BCT for invasive cancer. Data from 10 published studies (3,930 sub-
jects) was used to determine the proportion of patients who fall into 3 margin
status groups: positive, close (<2mm) and negative (>2mm). Data from 15 stud-
ies (6,014 subjects) was used to determine 5 year LR rate for each group. The
model assumed 140,000 initial BCT (230,000 new breast cancer patients/year
with ~60% BCT), that all patients with a positive margin underwent reexci-
sion, that only one reexcision was required to obtain negative margins, and that
mastectomy was performed after LR. Simulation cycles compared a strategy
where all patients with close margins underwent reexcision (Strategy 1) ver-
sus one where they did not (Strategy 2). Number needed to treat was calcu-
lated comparing these strategies. Surgical costs were estimated using 2013
Medicare reimbursement rates. Results: In our model, 19.6% had positive mar-
gins, 21.8% had close margins and 58.7% had negative margins. Strategy 1
resulted in overall LR of 5.1%, with total surgical cost of $45,243,228 (reex-
cision $37,932,875, mastectomy $7,310,353). Strategy 2 resulted in overall
LR of 5.5%, with total surgical cost of $25,826,684 (reexcision $17,974,347,
mastectomy $7,852,337). Excess surgical cost associated with Strategy 1 was
$19,416,544. Number of reexcisions in close margin patients needed to pre-
vent one recurrence was 57. Conclusion: In our model, LR did not markedly
differ between the two strategies. However, the strategy to obtain margin widths
>2mm resulted in total excess cost of ~$20 million. This does not include hos-
pital costs, the cost of surgical complications after reexcision, nor the reality
of multiple reexcisions or mastectomy performed to obtain negative margins.

11

Redefining the Breast Tumor Margin through Genomics of the
Cancer: Stromal Interaction S. Dhage,* A. Ernlund, J. Wang,

R. Berman, D. Axelrod, D. Roses, R. Schneider. Surgery, NYUSOM, Ny,
NY.

Objectives: Breast tumors can enact cancer-like gene expression changes
in the peri-tumoral stroma, making the stroma genomically similar to the tumor.
Genetic alterations in the tumor-free stroma may impact upon disease pro-
gression and treatment effectiveness. We characterized alterations of gene
expression in the cancer-free peri-tumoral tissue by distance from the primary
tumor. Methods: Tumor samples and stroma every Smm in two directions from
tumor-stroma interface, to 20mm from the tumor margin were analyzed and
pathologist verified as devoid of cancer cells from 32 patients undergoing mas-
tectomy for invasive ductal cancer. 108 specimens were analyzed by Affymetrix
U133A 2+ gene arrays. SVM, ANOVA and PCA were performed. Results:
Gene expression patterns demonstrated that the S mm stromal region was iden-
tical or highly related to malignant breast cancer gene expression profiles in
all patients. All stroma showed significant but reduced similarity with distance,
to tumor gene expression even up to 20 mm. Similarity in genomic expression
between stroma and tumor is most significant within Smm of the tumor edge
compared to further distances. A tumor specific gene expression profile was
distinct from the stroma at any distance. Stroma at any distance from the tumor
has a different gene expression pattern from reductive mammoplasty speci-
mens that were cancer naive. Pathway/GO analyses showed that stroma at
any distance from cancer-free margins shares tumor expression of key cell
transforming pathways, including WNT signaling, cancer progression, and
trans-endothelial migration. Conclusion: Breast tissue in the post-surgical mar-
gin devoid of tumor cells is genomically highly related to tumor, most signif-
icantly within Smm, less so but even up to 20mm. These data suggest that in
a subset of patients, cancer cell-free stromal tissue is very highly related to can-
cer in gene expression, consistent with a potential for increased recurrence or
de novo cancer development. The impact of the stromal cell gene profile, par-
ticularly at a Smm distance, may be as important for making and personaliz-
ing surgical and adjuvant therapeutic decisions as the absence of tumor cells

Fig 1. Gene expression in zones 1 and 2 (tumor&5mm) are simdar, but
different from zones 3, 4, 5 (10mm, 15mm, 20mm) but similar o each other
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Improved Survival with Contralateral Prophylactic Mastectomy
R. Kauffmann,* R. Nelson, D. Smith, S. Chen, C. Vito, J. Yim, L. Kru-
per. City of Hope, Duarte, CA.

Background: Rates of contralateral prophylactic mastectomy (CPM) in
women with breast cancer have been steadily increasing. The utility of this
procedure has been scrutinized, however, as most studies fail to show a sur-
vival benefit. We evaluated the survival differences among CPM patients com-
pared to patients undergoing single mastectomy (SM) alone for treatment of
unilateral, non-metastatic breast cancer. Methods: The Surveillance Epidemi-
ology and End Results database was used to identify newly diagnosed unilat-
eral breast cancer patients who underwent mastectomy with or without CPM
from 1998-2010. A 1:1 matched nested case-control analysis was performed
with CPM cases matched to SM controls based on age group, race/ethnicity,
grade, T stage, N status, AJCC stage, estrogen receptor (ER) status, and propen-
sity score. Survival analyses included Kaplan-Meier estimation and univari-
ate and multivariate Cox proportional hazard models to determine factors asso-
ciated with overall survival (OS). Results: 28,015 CPM patients were identified.
The CPM rate among all mastectomy patients increased from 4% in 1998 to
22% in 2010. On multivariate regression analysis, in addition to increasing T
stage and older age, African-American race (OR 1.46, 95% CI 1.32-1.62),
poorly differentiated grade (OR 1.80, 95% CI 1.60-2.01), positive nodal sta-
tus (OR 1.85, 95% CI 1.73-1.97) and ER negative status (OR 1.53, 95% CI
1.39-1.67) were associated with increased risk of death. Patients who under-
went CPM had a lower risk of death (OR 0.77, 95% CI 0.73-0.82) relative to
patients with SM alone. 10-year OS rates were greater for CPM vs. SM patients,
with the greatest effect seen in patients with stage II (79% for CPM vs. 75%
for SM p<0.0001) and stage III disease (63% for CPM vs. 60% for SM
p=0.0014). Conclusions: CPM rates continue to rise in the US. Along with
other known prognostic factors, CPM is associated with a survival benefit.
These findings support the indication for CPM in patients seeking treatment
for unilateral breast cancer.

13
Characteristics of Multifocal and Multicentric Breast Cancers
P. Kanumuri,* B. Hayse, A.B. Chagpar, N.R. Horowitz, B. Killelea,
D.R. Lannin. Yale University School of Medicine, New Haven, CT.

Introduction: Multifocal [MF] and multicentric [MC] breast cancers are
being increasingly recognized and are known to behave differently compared
to unifocal (UF) cancers. However, the significance of focality is ignored in
the current staging systems and relatively little is known about the biology of
these cancers. Most studies have combined MF and MC disease when com-
paring it to UF disease. Methods: A retrospective review was performed of
invasive breast cancers from a prospectively collected database at a tertiary
care academic medical center from 2004 — 2011. MF and MC cancers were
defined as two or more lesions in the same or different quadrants, respec-
tively, separated by normal breast tissue. Characteristics of MF and MC can-
cers were compared to UF cancers using chi-square tests and predictors of
lymph node positivity were evaluated using multivariate logistic regression.
Results: A total of 1503 cases were analyzed, of which 1231 (81.9%) were
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UF, 178 (11.8%) were MF, and 94 (6.3%) were MC cancers. There were bio-
logical differences among the groups when MF and MC cancers were com-
pared to UF cancers (Table). MC but not MF cancers were associated with
young age at diagnosis, larger tumor size and node positivity. On the other
hand, MF but not MC tumors showed differences by molecular type; they had
a greater association with ER/PR+Her2+ tumors and a smaller percent of triple
negative cancers in comparison to UF tumors. There were also differences by
histology, with MF more likely to be infiltrating ductal carcinomas with an
extensive intraductal component and MC more likely to be infiltrating lobu-
lar carcinomas. MF and MC cancers had no significant association with tumor
grade or lymphovascular invasion (LVI). When adjusted for tumor size, age at
diagnosis, grade, and LVI, multicentricity was an independent predictor of node
positivity. Conclusion: Our data infer that MF and MC tumors represent bio-
logically different diseases. MC is clinicopathologically more aggressive than
MF disease and is significantly associated with younger age and larger tumor
size. It was also noted that MC cancers are an independent predictor of node
positivity.

Characteristics of Unifocal, Multifocal and Multicentric Breast Cancers

Factor | Unifocal Multifocal Multicentric |
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| | | Unifocal | | Unifocal
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Bt | 25%) [ | - |
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s 36l |, .
2 51(29% 0 (44%
T2 .”{:r_(.l..l{_J J. .-1 14::.
| 3 (B3 (T | 13 (8%) | | 11 (12%) |
Lymph : 792 18
» Negative = 0.628 34 (38% 0.000
Nodes negatve (69%) | (T1%) | | udl
- 352 . - a
Positive 1o |48 (29%) 56 (62%)
(31%)
: o ["720 . [ [ [
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Molecular . 707 105 - .
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The Cumulative Impact of Breast Irradiation on Chest Wall
Angiosarcoma: A 40-year Outcome Study A. Mackey,'* K. Arbeev,'
1. Akushevich,' R. Greenup,' G. Georgiade,' J. Horton,' M.F. Brennan,?
E.S. Hwang.' 1. Surgery, Duke University Medical Center, Durham,
NC; 2. Memorial Sloan-Kettering Cancer Center, New York, NY.

INTRODUCTION: In the past 40 years, adjuvant radiation therapy (RT)
for breast cancer (BC) has been widely used. This study was to determine if
the burden of radiation-related angiosarcoma has increased with the use of
adjuvant RT and if this risk is greater for women undergoing lumpectomy or
mastectomy. METHODS: SEER Registry(1973-2009) used for data analyses.
Angiosarcoma cases identified using site ICD-O-3 codes (C40,C49,C50) and
histology ICD-0O-3 codes (912.0,917.0). BC cases identified using C50 codes.
For cases of multiple BC diagnoses per person, the earliest date of RT (or date
of diagnosis if no RT) was recorded. The Cox proportional hazards model was
used to evaluate angiosarcoma hazard ratio (HR) for BC patients with (vs. with-
out) RT or/and lumpectomy vs. mastectomy as a time-dependent risk. In all
cases, estimates of HRs were adjusted for age at BC diagnosis. RESULTS:
1,428 (868 female) cases of angiosarcoma were identified from 1973 to 2009.

77.5%(124/160) were associated with history of adjuvant RT for BC at least
2 years prior to diagnosis of angiosarcoma. The age adjusted incidence rate of
all angiosarcomas increased from 1973 to 2009. Median time from RT to diag-
nosis of angiosarcoma was 7 years (range:3-19 years). Among 1,070,769
women diagnosed with BC during this period, receipt of RT increased the odds
of developing angiosarcoma (HR=6.5;95% CI(4.5, 9.5)). For women who
developed angiosarcoma, the stage distribution at BC diagnosis was 3.1%,
75.5%, 21.4% for in situ, localized, and regional stages respectively. Stage
nor age at diagnosis affected odds of developing subsequent angiosarcoma.
Risk of angiosarcoma was not greater in women undergoing RT after lumpec-
tomy (HR=0.72,95% CI1(0.29,1.81)) compared with RT after mastectomy. The
median survival following diagnosis of radiation-associated breast/chest
angiosarcoma was 2.3 years. CONCLUSIONS: The incidence of angiosar-
coma has increased from 1973 to 2009 with the increasing use of adjuvant RT
for BC. Surgery type did not impact incidence of angiosarcoma. This impor-
tant, rare consequence of adjuvant RT should be considered, particularly in
patients with early stage BC with an excellent prognosis.
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Fig. 1: Age-adjusted incidence rates of all angiosarcoma in SEER data
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Loss of CD4 T Cell Response is Critically Involved in Breast
Tumorigenesis and Reversed by Immunization but not Targeted
Therapies J. Datta,* A.M. Brod, R.L. Yang, R. Mick, E. Fitzpatrick,
S. Xu, B.J. Czerniecki. Department of Surgery, University of Pennsylva-
nia Perelman School of Medicine, Philadelphia, PA.

INTRODUCTION: Anti-HER2 CD4 T cell responses (CD4resp) involved
in breast tumorigenesis are poorly understood. We (1) examined differences
in blood CD4resp between healthy donors (HD) and HER2"-DCIS or inva-
sive breast cancer (IBC) patients (pts); (2) compared CD4resp after HER2-
pulsed dendritic cell immunization or chemotherapy/Herceptin (C/H) treat-
ment in IBC pts, to those in untreated IBC pts. METHOD: CD4resp of pts
enrolled in our neoadjuvant immunization trial for HER2"-DCIS and found to
have Stage I IBC at surgery (n=12), were analyzed pre-/post-immunization and
compared with CD4resp in HD (n=10), DCIS pts (n=27), or Stage I-III IBC
pts after C/H treatment (n=31). CD4resp were generated from PBMCs pulsed
with 6 HER2 MHC class II-binding peptides, by measuring IFN-y production
using ELISPOT. CD4resp measures were: (i) overall anti-HER2 response rate,
(i1) mean number of reactive peptides (repertoire), and (iii) cumulative response
across 6 peptides (spot-forming cells/10° cells). RESULTS: Eighty subjects
with mean age 50.4x1.4 years met study criteria. Significant stepwise decre-
ments in overall response rate (100% vs 82% vs 25%; p<0.001), response reper-
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toire (5.120.3 vs 1.920.3 vs 0.4+0.2; p<0.001), and cumulative response
(248.6+38.1 vs 125.9+£27.9 vs 41.6=14.0 SFC/106, p<0.001) were observed
among HD, DCIS, and IBC cohorts respectively (Fig). Post-hoc comparison
of HD and DCIS groups revealed a significant difference in response reper-
toire (p<0.001), but not overall or cumulative responses. DCIS and IBC groups
differed significantly in overall response rates (p=0.001) and repertoire (p=0.03),
but not cumulative response (p=0.08). After immunizing IBC pts, significant
improvements were observed in overall response rates (92% vs 25%, p=0.008),
repertoire (3.5 vs 0.4, p<0.001), and cumulative response (166.7 vs 41.6
SFC/106, p<0.001). No differences were observed between C/H-treated and
untreated IBC pts (all p=NS). CONCLUSION: Anti-HER2 CD4resp are pro-
gressively lost in breast tumorigenesis. HER2-pulsed immunization — but not
conventional therapies — restores CD4resp in IBC, providing justification for
immunization in these pts.
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response rate (%)
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Induced Immunity Correlates with and may Predict Clinical Bene-
fit in the Phase II Clinical Trial of the Anti-HER2 (GP2) Vaccine to
Prevent Recurrence in High-risk Breast Cancer Patients
A. Trappey,l* J.S. Berry,1 E. Schneble,' J. Aden,' T.J. Vreeland,'
D.F. Hale,' A. Sears,' R. Brown,' S. Perez,* G.T. Clifton,’
M. Papamichael,4 S. Ponniah,’ E. Mittendorf,* G.E. Peoples.' 1. San
Antonio Military Medical Center, Fort Sam Houston, TX; 2. MD Ander-
son Cancer Center, Houston, TX; 3. Cancer Vaccine Development Lab,
Bethesda, MD; 4. Cancer Immunology and Immunotherapy Center, St.
Savas, Greece; 5. Blanchfield Army Community Hospital, Fort Camp-
bell, KY.

BACKGROUND: A prospective, randomized, multi-center, placebo-
controlled, single-blinded, phasell trial was designed to evaluate the safety
and clinical efficacy of GP2, an HLA-A2 restricted HER2-derived peptide
vaccine, in breast cancer patients (pts). We have previously demonstrated
through immunoassay analysis that induced immunity is required for clin-
ical benefit after vaccination with the E75 peptide. Here we report analy-
sis of risk factors for recurrence using logistic regression modeling (LRM)
of immunologic factors previously shown to correlate with positive response
to E75. METHODS: Clinically disease-free, node positive or high-risk node
negative pts with any level of HER2 expression were enrolled after stan-
dard of care therapy. Pts receive 6 monthly (mo) intradermal inoculations
(RO-R6) of GP2+GM-CSF during the primary vaccine series followed by
four boosters every 6 mo. Ex-vivo immune responses were measured by
GP2:Ig dimer assay at RO and R6 and reported as mean dimer index (mdi).
Means were compared using student’s t-test and portions using Fisher’s
Exact Test. A LRM with backwards elimination of demographics and dimer
assays was used to predict recurrence. RESULTS: There were 70 pts avail-
able for analysis with a median follow-up of 30mo; 65/70 had an R6 dimer.
Mdi significantly increased from R0-R6 (0.81+/-0.09mdi v 1.124/-0.10mdji,
p<0.05). No pts with ROmdi <0.32 (n=23) recurred;6/47 patients with RO
mdi >0.32 recurred (p=0.16). No pts with Rémdi >0.61 (n=39) recurred;4/26
patients with R6 mdi < 0.61 recurred (p=0.02). There was no difference in
demographics between patients who recurred and those who did not. The
optimal modeling variables were RO and R6 dimer (table 1). CONCLU-

SION: Similar to our E75 analysis, lower pre-existing and higher post-
vaccination peptide-specific CTL levels correlate with fewer recurrences
suggesting that induction of GP2 immunity correlates with clinical outcome
in the adjuvant setting. These correlations have been difficult to prove
with vaccines in the metastatic setting, but may be predictive in the adju-
vant setting.

Table 1
O ati g e s 1
Variables in the Optimal Model Iﬂ‘_’:_ilg?‘ Sensitivity, Specificity Area Under the Curve
[ | 100% . 34% [ |
0 37 5 0.62
R [ 1HTO | (R0=0.32 mdi) 4
100% ,65%
(i 248 (0, : 0.80
ko 1 (R6=(.61 mdi)
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Tyrosine-kinase Expression Predicts Response to Sunitinib in
Breast Cancer P.M. Spanheimer,* M.V. Kulak, J.C. Carr, G.W. Wood-
field, J.P. De Andrade, S.L. Sugg, R.J. Weigel. Surgery, University of
lowa, lowa City, IA.

Introduction: Tyrosine kinase inhibitors (TKI) reduce Erk phosphoryla-
tion and proliferation. Preliminary data indicate that TKIs function through
RET in breast cancer, however, TKIs are not specific and can block several
receptor tyrosine kinases (RTK). We used cell lines and primary breast can-
cer specimens to determine factors associated with TKI response. Methods:
Proliferation was assessed after siRNA knockdown with or without suni-
tinib in breast cancer cell lines by MTT. Breast cancer tissue and matched
normal breast was obtained from 30 women with invasive breast carcinoma.
Gene expression was assessed by RT-PCR. Fresh tissue was treated in vitro
with sunitinib or control media for 30 minutes and response was assessed by
phosphorylation specific western blot. Results: Gene knockdown of EGFR,
VEGFRI, or VEGFR2 had no effect on proliferation in MCF-7 or BT-474.
Sunitinib treatment caused a similar reduction in proliferation independent
of gene knockdown in both cell lines. Twenty primary tumors were ER pos-
itive, eight triple negative (TN), and four over-expressed HER2. Expression
of FGFR1 was highest in ER+ tumors compared to other tumors and normal
breast (p=0.03). Expression of EGFR and VEGFR1 were increased in TN
tumors compared to normal breast (p<0.05). FGFR4 was expressed highest
in HER2+ tumors (p=0.02). The Erk phosphatase DUSP4 was under-expressed
in all subtypes compared to normal breast, with the lowest expression in TN
tumors (p=0.01). Reduction in Erk activation with in vitro sunitinib was sig-
nificantly higher in tumors compared to normal tissue (p<0.001). ER posi-
tivity and low EGFR expression were associated with reduction in Erk acti-
vation after sunitinib treatment (p<0.05). Clinical variables including stage
and nodal status were not associated with response to sunitinib. Conclusion:
Breast cancer subtypes have characteristic RTK expression patterns. Knock-
out of EGFR, VEGFR1 or VEGFR2 did not affect growth or TKI respon-
siveness in luminal breast cancer cell lines and expression in primary breast
cancer did not correlate with in vitro sunitinib response. Based on these
data, RET remains the most predictive marker of TKI response in breast
cancer.
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Isolated Tumor Cells are a Negative Prognostic Factor for Disease-
free and Overall Survival in Stage I & II Colon Cancer Patients: A
Propensity Score Analysis B. Weixler,"* R. Warschkow,’ U. Gueller,’
A. Zettl,* B.M. Schmied,® C.T. Viehl,! U. Von Holzen,' M. Zuber.”

1. Department of Surgery, University Hospital Basel, Basel, Switzer-
land; 2. Department of Surgery Cantonal Hospital Olten, Olten,
Switzerland; 3. Divsion of Oncology & Hematology, Cantonal Hospital
St. Gallen, St. Gallen, Switzerland; 4. Viollier AG,
Histopathology/Cytology, Basel, Switzerland; 5. Institute of Medical
Biometry and Informatics, University of Heidelberg, Heidelberg, Ger-
many; 6. Department of Surgery, Cantonal Hospital St. Gallen, St.
Gallen, Switzerland.

Background: Lymph node (LN) involvement is the most important prog-
nostic factor in stage I & II colon cancer patients. Despite complete surgical
resection up to 20% of these allegedly curatively treated patients will develop
disease recurrence within five years. The objective of the present prospective
investigation was to assess the prognostic impact of isolated tumor cells (ITC)
in sentinel lymph nodes of stage I & II colon cancer patients. Methods: In this
prospective single center study 74 stage I & IT colon cancer patients were oper-
ated between 2005 - 2011. LN at highest risk of harboring ITC were identified
via the in vivo sentinel lymph node procedure. LN were analyzed with multi-
level sectionning, conventional H&E, and immunohistochemical CK-19 stain-
ing. The correlation between ITC and survival was assessed using Cox regres-
sion and propensity score analyses. Results: The median follow-up was 4.6
years. ITC were detected in 23 patients (31.1%). ITC in sentinel lymph nodes
were associated with an increased risk for disease recurrence in unadjusted
(hazard ratio [HR] = 2.82, p=0.043), in risk-adjusted (HR =4.73, p=0.005) and
in propensity score-adjusted analyses (HR = 5.24, p=0.022). Similarly, ITC
were an independent significant prognostic factor for overall survival after risk-
adjusting in multivariable Cox regression analysis (HR = 3.50, p=0.043), in a
backward variable selection procedure (HR = 4.48, p=0.010), and in propen-
sity score adjusted analysis (HR =4.12, p=0.041). Conclusions: This is the first
prospective cohort study applying both multivariable and propensity-scoring
analyses to assess the putative impact of ITC on disease-free and overall sur-
vival in stage I & II colon cancer patients. The present investigation provides
compelling evidence that ITC represent a negative prognostic factor in stage
I & II colon cancer patients for disease-free and overall survival. The pres-
ence of ITC in SLN of stage I & II colon cancer patients should be classified
as a high risk factor and therefore may identify patients who benefit from adju-
vant chemotherapy.

19
Single Nucleotide Polymorphisms in XRCC1, XPD, and TGF §
Predict the Risk of Proctitis in Patients Receiving Radiation
Therapy for Rectal Cancer S. Milgrom,* C. Chen, J. Smith, K.A.
Goodman, J. Garcia-Aguilar. Memorial Sloan-Kettering Cancer
Center, New York, NY.

Background: Researchers have identified single nucleotide polymorphisms
(SNP’s) that are significantly associated with toxicity in patients receiving radi-
ation therapy (RT) for rectal cancer. This study aimed to validate these find-
ings in an independent cohort. Methods: Our study population consisted of
patients who received RT for rectal cancer at a single institution from 2006 to
2012. All eligible patients had banked tissue available for analysis and had tox-
icity information recorded before initiating RT and during the final 2 weeks
of RT, at a minimum. Proctitis was defined as severe if patients required opi-
oids during RT. Exclusion criteria included severe proctitis before starting RT
and treatment for recurrent disease. Ultimately, 166 patients were eligible.
DNA was extracted from normal tissue in the proctectomy specimens. iPLEX
SNP Genotyping using the MassArray platform (Sequenom) was used to eval-
uate 4 SNP’s: XRCC1 R399Q, XPD K751Q, TP53 R72P, and TGFf R25P.
Results: The median RT dose was 50.4 Gy (range 3780-5600), and 155 patients
(93%) received concurrent S-flourouracil or capecitabine. Severe proctitis dur-
ing RT occurred in 39 patients (23%). The XRCC1 Q399 allele was present in
101 patients (61%), the XPD Q751 allele in 98 (59%), the TP53 P72 allele in
68 (41%), and the TGFf3 P25 allele in 26 (16%). Severe proctitis was signifi-
cantly more likely in patients carrying the XRCC1 Q399 (p =0.018) and TGFf
P25 (p = 0.003) alleles, and less likely in patients carrying XPD Q751 (p =
0.035). In a multivariate model incorporating RT dose and self-reported eth-
nicity, the risk of toxicity imparted by each additional minor allele was 2.53

for XRCC1 Q399 (p = 0.001), 3.69 for TGFf P25 (p = 0.003), and 0.69 for
XPD Q751 (p = 0.14). Discussion: In this independent cohort of 166 rectal
cancer patients, we have validated the association of SNP’s in XRCC1, XPD,
and TGFp with radiation-induced toxicity. This information may ultimately
contribute to treatment recommendations for locally advanced rectal cancer
patients.
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Genome-wide Sequencing Reveals Signature Mutational Events
and Therapeutic Opportunities in Mucinous Carcinoma of the
Appendix (MAC) H. Alakus,'* M.L. Babicky,' S. Yost,> K. Jespen,’
P. Ghosh,’ Y. Dai,> A. Arias,” M.L. Samuels,’ E.S. Mose,'

R.B. Schwab,” M.R. Peterson,” K.A. Frazer,” O. Harismendy,2

AM. Lowy." 1. Division of Surgical Oncology, Department of Surgery,
University of California San Diego, La Jolla, CA; 2. Division of
Genome Information Sciences, University of California San Diego, La
Jolla, CA; 3. Department of Medicine, University of California San
Diego, La Jolla, CA; 4. Moores Cancer Center, University of California
San Diego, La Jolla, CA; 5. Department of Pathology, University of
California San Diego, La Jolla, CA; 6. RainDance Technologies, Lex-
ington, MA.

INTRODUCTION MAC most commonly gives rise to Pseudomyxoma
Peritonei. The primary treatment of this disease is cytoreductive surgery
(CRS)/HIPEC. Therapy for advanced MAC is poorly effective and often con-
sists of drug regimens validated in colorectal cancer (CRC). We hypothesized
that using next generation sequencing, we would identify common mutations
in MAC that could suggest novel therapeutic opportunities for PMP patients.
METHODS MAC samples were collected at CRS. Laser capture was used to
enrich tumor cell content. Matched DNA from 10 MAC’s [9 low grade (LG),
1 high grade (HG)] and peripheral blood was isolated, and whole exomes were
sequenced on a HiSeq platform. For replication, ultra-deep-targeted sequenc-
ing and digital droplet PCR were performed on 19 additional samples (14 low
grade, 5 high grade). IHC was performed on FFPE-samples to confirm acti-
vation of altered pathways. RESULTS Mutational analysis revealed an aver-
age of 54 nonsilent mutations in MAC. Nearly all MAC harbor oncogenic
mutations in KRAS (26/29) and GNAS (21/29). While KRAS mutation was
observed in LG (21/23) and HG (5/6) MAC’s, GNAS mutation was predom-
inantly seen in LG MAC’s (20/23) versus HG (1/6), p <0.05. This strongly sug-
gests MAC’s most often arise from a KRAS mutant progenitor, and that HG
MAC’s do not arise from LG. IHC revealed that canonical signaling pathways
downstream of KRAS (MEK/ERK,PI3K/AKT) and GNAS (Protein kinase
A) were activated in nearly all MAC’s. Mutations activating TGF-beta sig-
naling were observed in 70% of MAC’s. While MAC’s share some genetic
alterations with CRC, mutations in TP53 and APC, common in CRC, are rare
in MAC. CONCLUSIONS Genome-wide mutational analysis revealed signa-
ture genetic alterations in MAC that are distinct from CRC. Instead, MAC’s
share genetic features with pancreatic IPMN, a similarly indolent mucinous
lesion. Our findings; 1) suggest MEK and PKA inhibition as new therapeutic
opportunities in this disease, 2) define that HG MAC does not evolve from
LG and 3) due to the frequency of KRAS mutation, suggest that EGFR mon-
oclonal antibody therapy should be used with caution in MAC patients.
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Value of Primary Tumor Gene Signature in Colon Cancer when
National Quality Standards are Adhered to: Preliminary Results of
an International Prospective Multicenter Trial A.J. Bilchik,"*

Z.A. Wainberg,2 A. Stojadinovic,3 D.J. Slamon,” M. Protic,’ D. Halle,*
H. Chen,” A. Nissan.® . John Wayne Cancer Institute, Santa Monica,
CA; 2. University of California at Los Angeles, Los Angeles, CA;

3. United States Military Cancer Institute, Washington, DC; 4. Hadas-
sah-Hebrew University, Ein Kerem, Jerusalem, Israel.

Objective: To determine if gene signatures are informative in colon can-
cer (CC) in a multicenter prospective trial with adherence to National Quality
Standards. Several studies have demonstrated the prognostic potential of gene
signatures in primary CC. This has never been evaluated prospectively with
adherence to National Quality Standards (=12 lymph nodes [LNs]). Methods:
Eligibility criteria included: a) no evidence of metastatic disease; b) =12 LNs;
¢) no adjuvant chemotherapy for LN-negative CC; d) focused pathologic analy-
sis of LNs including immunohistochemistry (IHC) for LNs negative by H&E.
RNA extraction was done from primary frozen tumor samples and samples
were only considered reliable if RIN was >9. Using an Agilent whole human
genome array, 44,000 genes were analyzed in primary tumors for differential
gene expression. ANOVA was applied at 2-fold expression level in at least 8
experiments to obtain the differentially expressed genes. Results: Of 150
patients enrolled, molecular analysis has been completed in the first 128. Ata
median follow-up of 27 months, 14% of patients have recurred. There was a
significant differential increase in a panel of genes involved in cellular prolif-
eration and a decrease in a pro-differentiating gene panel in those that recurred
(p<0.01). The up-regulation of the cysteine protease legumain (LGMN) was
found to be significantly associated with recurrence in stage II CC patients fol-
lowing surgery (p< 0.01). These genetic signatures did not correlate with T or
N stage. Conclusions: This is the first prospective trial to evaluate gene sig-
natures in CC with adherence to the 12-node minimum quality standard. Cer-
tain molecular pathways may be prognostically relevant if both surgery and
pathology are standardized, regardless of T and N stage. Careful considera-
tion should be made to include surgical quality measures when planning clin-
ical trials to evaluate the true effect of molecular markers in CC.
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Five-year Survival after Incorporation of Pre-treatment CEA Lev-
els into AJCC Staging for Colon Cancer P. Thirunavukarasu,'*

C. Talati, S. Munjal,2 S. Singla,l K. Attwood,' V. Francescutti.! 7. Sur-
gical Oncology, Roswell Park Cancer Institute, Buffalo, NY; 2. Univer-
sity of Pittsburgh, Pittsburgh, PA.

Background: The American Joint Committee for Cancer (AJCC) has advo-
cated incorporating pre-treatment serum CEA level (C-stage) into the con-
ventional TNM staging system. The latter has been shown to result in signif-
icant prognostic stage migration between early and advanced colon cancer. We
aimed to study this effect with 5-year overall (OS) and disease-specific (DSS)
survival. Methods: We analyzed 16,619 patients diagnosed with colon cancer
diagnosed in 2004 and 2005,with a median followup of 71 months. We strat-
ified each AJCC stage as either CO(normal) or C1(elevated) based on the serum
CEA prior to first therapy. Results: C1-stage was independently associated with
a 51% and 58% increased risk of overall (HR 1.51, 1.43-1.58, p<0.001) and
disease-specific mortality (HR 1.58, 1.49-1.69, p<.001). Significant stage over-
lap and migration was seen between Cl-associated lower and C0-associated
higher AJCC stages. For example, the 5-year OS for Stage IC1(68.3%, 63.9-
72.2%; HR 2.0) was similar to IIA CO0 (63.6%, 61.1-65.9%, HR 2.2) but sig-
nificantly worse than IIA C0(76.4%,74.8-77.9%, HR 1.4) and IIIA C0(83.7%,
79.5-87.1%, HR 0.8). The 5-year DSS for Stage I C1 (91.7%, 88.7-94.0%,
HR 2.6) was similar to ITA CO (91.1%,89.9-92.2%,HR 2.7), and IIIA CO
(91.7%,88.3-94.2%, HR 2.3), but Stage IIIA C0O was significantly better than
ITA C1(84.7%,82.7-86.6%, HR 4.5), IIB C1(69.5%,61.1-76.4%,HR10.3) or
IIC C1(66.6%,58.0-73.9%, HR 10.5). Multivariate analysis of non-metastatic
colon cancers showed that 5-yr OS of NOC1 cancers (62.8%,60.8-64.7%,HR
1.8) was worse than N1aC0(70.9%,68.0-73.6%,HR 1.3) but similar to N1bCO
(64.7%, 61.5-67.7%,HR 1.6). Similarly the 5-yr DSS of N1aC0 (82.2%, 79.6-
85.5, HR 2.4) was better than N1bC1 (62.3%, 58.3-66.0, HR 5.8). Conclusion:
Cl-stage identifies a subset of patients in each AJCC stage who suffer a prog-
nosis worse than or similar to CO-stage patients of the higher AJCC stages,
resulting in significant stage overlap and migration between cancers. This dif-
ference in OS and DSS related to C-stage may have bearing on recommenda-

tions for those patients who would not routinely be offered systemic therapy,
but may potentially benefit from it.
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NSABP FC-6: Phase II Study to Determine Surgical Conversion
Rate in Patients (pts) Receiving Neoadjuvant (NA) mFOLFOX7
Plus Dose-escalating Cetuximab (C) for Unresectable K-RAS Wild-
type (WT) Colorectal Cancer with Metastases (mCRC) Confined to
the Liver L.D. Wagman,]* D.A. Geller,” S.A. Jacobs,’ N.J. Petrelli,*
C.J. Allegra,5 M. Buyse,(’ N. Wolmark,” M.J. O’Connell.® 1. National
Surgical Adjuvant Breast and Bowel Project (NSABP), and St Joseph
Hospital, Orange, CA; 2. NSABP, and the University of Pittsburgh
Medical Center, UPMC Liver Cancer Center, Pittsburgh, PA; 3. NSABP,
and the University of Pittsburgh Cancer Institute, University of Pitts-
burgh School of Medicine, Pittsburgh, PA; 4. NSABP, and Christiana
Care Health Service / Helen F. Graham Cancer Center, Newark, DE;
5. NSABP, and the University of Florida, Gainesville, FL; 6. Interna-
tional Drug Development Institute, Brussels, Belgium; 7. NSABP, and
Allegheny Cancer Center at Allegheny General Hospital, Pittsburgh,
PA; 8. NSABP, Pittsburgh, PA.

Based on pre-defined endpoints, the purpose of the FC-6 study is to deter-
mine the surgical conversion rate for liver-only metastatic CRC in KRAS WT
pts treated with neoadjuvant mFOLFOX7 plus dose-escalating cetuximab. Eli-
gibility: Untreated KRAS WT mCRC confined to liver. Initial unresectability
was determined by an experienced surgical oncologist based on liver metas-
tases that cannot be resected/ablated to RO with >40% and/or 3 uninvolved
segments of liver remaining. Prior adjuvant therapy was allowed if chemo-free
interval >6 months. Treatment: Oxaliplatin 85 mg/m?2 iv, leucovorin 400 mg/m2
iv, 5-FU 3000 mg/m2 iv continuous infusion over 46 hours, C 500 mg/m2 iv
(C escalated by 100 mg/m2 q 2 wks to max dose of 800 mg/m2) ond 1, 15,
29, and 43 of each 8-wk cycle. Prophylactic doxycycline 100 mg po bid and
application of topical emollient bid was required. A total of 3 cycles were
planned, including pre-and post-operative cycles. Pts were evaluated after each
cycle for resectability. Results: Of 20 pts enrolled, 2 had prior adjuvant ther-
apy. 17 of 20 had at least one dose of escalated C (median dose intensity 632
mg/m2/2-wk). 18 of 20 underwent attempt at surgical resection; all pts were
evaluable for toxicity. Grade 4 adverse events included neutropenia (1) and
thrombocytopenia (1), sepsis and pulmonary embolism (1). Grade 3 rash
occurred in 4 pts. Six, 8, and 4 pts were deemed resectable after cycles 1, 2,
and 3 respectively. Four were found to be unresectable at surgery. Time from
end of chemo to OR: 20-217d (median 35d). Best response to neoadjuvant
chemotherapy: CR 1, PR 15, SD 3, and PROG 1. 14 of 20 had surgical RO for
conversion rate of 70%. Surgical-specific G3/4 morbidity occurred in 2 pts.
Conclusion: mFOLFOX plus escalated C is highly active and resulted in excel-
lent conversion rate with manageable toxicity. It is too early to project long-
term survival. In selected KRAS WT pts with mCRC, mFOLFOX7 plus C ther-
apy is worthy of investigation as a first-line option. Support: BMS
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A Comparison of Rectal Cancer Clinical Practice Guidelines
Z.M. Abdelsattar,* S.L. Wong. Center for Healthcare Outcomes and
Policy, University of Michigan, Ann Arbor, MI.

BACKGROUND: Delivery of high quality cancer care involves the explicit
and judicious use of the best available evidence. Because the medical litera-
ture is so broad, clinicians often rely upon clinical practice guidelines (CPGs)
to inform decision making. For rectal cancer, there are several CPGs available,
but it is unknown which CPG is most reliable. We qualitatively and quantita-
tively compare rectal cancer CPGs. METHODS: Five rectal cancer CPGs were
selected for qualitative and quantitative analysis. The most up-to-date versions
were compared in the following 4 qualitative domains: development process,
structure, content, and dissemination strategies. Quantitative comparison was
based on the Appraisal of Guidelines Research & Evaluation (AGREE 1I), a
validated CPG appraisal tool which assesses 6 domains: scope & purpose;
stakeholder involvement; rigor of development; clarity & presentation; appli-
cability; and editorial independence. Treatment recommendations were further
analyzed to determine supporting levels of evidence and scientific agreement.
RESULTS: Rectal cancer CPGs from ASCRS, CCO, ESMO, NCCN and NICE
showed variation in all domains. The development processes included a sys-
tematic review of the literature in only 3 CPGs. Algorithms or clinical path-
ways were included in the structure of 3 CPGs. Citations ranged from 28 to
348 references, with randomized controlled trials representing a small pro-
portion of citations (median 16%, range 15-39%). AGREE Il scores were highly
variable (Figure); for example in the Rigor domain, scores ranged from 18.8
to 88.5%. Importantly, there were major disagreements in recommendations
and in the interpretation of evidence. For example, some CPGs strongly rec-
ommend adjuvant therapy for Stage II/III patients who were previously treated
with neoadjuvant therapy, while other CPGs were unable to make a recom-
mendation in this regard. CONCLUSIONS: There is variation in develop-
ment processes, evidence interpretation and recommendations between widely
used rectal cancer CPGs. These differences mean that there is no comprehen-
sive resource for the management of rectal cancer, which may pose challenges
for physicians trying to deliver high quality evidence-based care.

Comparison of Clinical Practice Guidelines
Using AGREE Il Appraisal Scale
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The American Society of Peritoneal Surface Malignancies (ASPSM)
Multi-institution Evaluation of the Peritoneal Surface Disease
Severity Score (PSDSS) in 1,048 Patients with Colorectal Cancer
with Peritoneal Carcinomatosis J. Esquivel,'* A.M. Lowy,’ M. Mark-
man.? 1. St Agnes Hospital, Baltimore, MD; 2. Cancer Treatment Cen-
ters of America, Philadelphia, PA; 3. University of California, San
Diego, San Diego, CA.

Background Extensive clinical experience suggests that hyperthermic
intraperitoneal chemotherapy (HIPEC) may play an important role in the man-
agement of colorectal cancer patients with peritoneal carcinomatosis (CRCPC).
However, there remains no established non-surgical process to rationally select
patients for this management, either for inclusion/stratification in clinical tri-
als or as a component of standard-of-care. The Peritoneal Surface Disease
Severity Score (PSDSS) was introduced as a basis to improve patient selec-

tion. Materials and Methods The ASPSM conducted a retrospective review of
1,048 CRCPC patients. The PSDSS was evaluated on 3 specific criteria obtained
before surgery (symptoms; extent of peritoneal dissemination; and primary
tumor histology). Overall survival was analyzed according to four tiers of dis-
ease severity and a comparison was made between patients who underwent
cytoreductive surgery + HIPEC and those who did not undergo HIPEC. Results
The PSDSS was calculated on 903 patients (81%). Median survival of 293
patients not undergoing HIPEC based on their PSDSS: I (n=9), II (n=100), III
(n=62) and IV (n=122) was 39, 21, 7, and 6 months, respectively. Median sur-
vival of 610 patients who underwent HIPEC based on their PSDSS: I (n=78),
II (n=302), III (n=79) and IV (n=151) was 81, 49, 33 and 27 months, respec-
tively. Conclusion These data support that the PSDSS, undertaken prior to sur-
gery, is capable of defining CRCPC populations who have a statistically-defined
high or considerably lower likelihood of long-term survival following HIPEC.
The PSDSS can be quite useful in the decision to enter CRCPC patients into,
and their stratification within, clinical trials.

26
Evaluation of a New Staging Classification and a Peritoneal Surface
Disease Severity Score (PSDSS) in 210 Patients with Mucinous
Appendiceal Neoplasms with or without Peritoneal Dissemination
J. Esquivel,'* S. Sanchez-Garcia,” W. Hicken." 1. St Agnes Hospital,
Baltimore, MD; 2. Hospital Universitario, Ciudad Real, Spain.

Introduction There exists a wide variety of classifications of mucinous
appendiceal neoplasms (MAN). Most of them are based on the type of peri-
toneal dissemination and do not take into consideration the type or primary
tumor or the burden of peritoneal disease. The Peritoneal Surface Disease Sever-
ity Score (PSDSS) was introduced as a basis to improve patient selection for
current therapies in patients with colorectal cancer with peritoneal dissemina-
tion. Materials and methods We conducted a retrospective evaluation of 210
patients with MAN. The severity of their disease (PSDSS) was analyzed on a
3-point scale that included: 1) The primary appendiceal tumor, 2) The type of
peritoneal dissemination, and 3) The burden of disease. Overall survival was
analyzed according to 5 tiers of estimated disease severity based on the above
parameters. Results There were 13, 59, 59, 40, and 39 patients with PSDSS 0,
I, 1L, 111, and IV respectively. One hundred and sixty five patients underwent
cytoreductive surgery (CRS) and HIPEC. Overall survival was 78 months in
this group with 5-yr survival of 100%, 82%, 28%, and 5% in patients with
PSDSS I 1L, 111, and IV respectively (p<0.001). On multivariate analysis, female
sex (HR 0.4), PSDSS stage (HR 2.4) and type of peritoneal dissemination
(HR 5.6), were identified as independent predictors of survival. Conclusions
The PSDSS appears to be an important prognostic indicator in patients with
mucinous appendiceal neoplasms with or without peritoneal dissemination and
may improve selection of patients for appropriate therapy from the time of
diagnosis.

27

Pharmacological Modulation of Tumor Interstitial Fluid Pressure
to Enhance Tissue Penetration of Intraperitoneal Chemotherapy in
a Mouse Colorectal Carcinomatosis Model F. Gremonprez,'* A.
Izmer,2 F. Vanhaecke,2 W. Ceelen.' 1. GI Surgery, UZ Gent, Ghent,
Belgium; 2. Department of Analytical Chemistry, Ghent University,
Ghent, Belgium.

Background Intraperitoneal chemotherapy (IPC) utilizes a pharmacoki-
netic advantage conferred by the presence of the peritoneal-plasma barrier,
which permits the use of very high drug concentrations intraperitoneally whilst
systemic absorption (and resulting toxicity) is limited. However, the raised
interstitial fluid pressure (IFP) in tumors hinders the penetration and uptake of
cytotoxic drugs. Experimental studies have shown that reduction of the IFP
by anti-VEGF and/or anti-PDGFR therapy enhances delivery of systemic
chemotherapy. It is unknown, whether these effects could also enhance the effi-
cacy of intraperitoneally administered cytotoxic drugs. Methods Bilateral sub-
peritoneal injections of 1.5 x 106 HT-29 cells in 40 ul Matrigel were admin-
istered to 4 groups of 7 Foxnlnu nude athymic mice (Harlan). After 10 days,
pretreatment with either placebo, Imatinib (50 mg/kg daily), Pazopanib (100
mg/kg daily), and Bevacizumab (5 mg/kg 2x) was started. At day 15, each
mouse underwent an open IPC procedure with 150 mg/m2 Oxaliplatin for 60’
at 37°C. Intraoperative measurements of tumor IFP (Samba Preclin®) and pO2
(Oxylite®) were performed. Tumor, blood, and perfusate samples were taken
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postoperatively. Pt penetration (LA-ICP-MS) and IHC analysis (MVD, vessel
maturation, hypoxia) of tumor are in progress. Results Tumor IFP was signif-
icantly lower in the Bevacizumab and Pazopanib pretreatment groups (Fig.
1). Interestingly, the hypoxic fraction (pO2 <5 mmHg) was also significantly
increased in the Bevacizumab group. Mouse body weight, tumor size, and
blood Pt concentration did not differ between groups. Conclusions Treatment
with Bevacizumab and Pazopanib leads to a markedly reduced IFP in colorectal
xenograft tumors. This effect may allow for deeper penetration and higher con-
centration of Oxaliplatin in peritoneal tumors. IHC and Pt analysis are cur-
rently ongoing and the results will be presented. Further research will explore
therapy effect through a tumor growth delay study and microenvironment map-
ping with DCE-MRI.
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Figure 1

A: Bilateral peritoneal tumor nodules two weeks after subperitoneal injection with 1.5 x 10*
HT29 cells in Matrigel solution. No additional metastatic nedules were cbserved in any mice.
B: Schemalic of experimental IPC procedure in mice (open or coliseum technique).

C: IFP differed signifi ly between groups (p < 0,001; Kruskal-Wallis). Both the
Bevacizumab as the Pazopanib group showed a reduced IFP compared to placebo

(p < 0,05; Dunn's Method). D:The hypoxic fraction (percentage of measurements <5 mmHg)
also showed a significant difference (p = 0,026; Kruskal-Wallis). Compared to placebo, only
the B izumab group had an i d hypoxic fraction (p < 0,05; Dunn's Method).

28

Surgery-induced Expansion of Myeloid Derived Suppressor Cells
Leads to Natural Killer Cell Dysfunction and Postoperative Metas-
tases S.A. Bennett,'* L. Tai,” A. Alkayyal,2 S. Sahi,? J. Zhang,2

A.A. Ananth,” C. Tanese de Souza,” R.A. Auer.” 1. University of
Ottawa, Ottawa, ON, Canada; 2. Ottawa Hospital Research Institute,
Ottawa, ON, Canada.

Rationale: Surgical resection induces natural killer (NK) cell dysfunc-
tion which has been linked to the development of postoperative metastases.
Myeloid derived suppressor cells (MDSC) are a heterogeneous population
of immune regulatory cells that have been shown to expand in cancer
patients and suppress the effector function of immune cells, including NK
cells. We hypothesize that surgery-induced MDSC expansion impairs NK
cells thereby promoting the formation of postoperative metastases. Meth-
ods: Surgical stress was induced by laparotomy and nephrectomy in a
murine model of experimental (B16 melanoma) and spontaneous (4T1
breast) lung metastases. Mice were euthanized at specific time points and
metastases were quantified. The level of MDSC expansion following sur-
gery was quantified by flow cytometry and NK cell cytotoxicity by 51Cr
release assay. Murine MDSC were depleted in vivo with anti-Grl mAb. In
cancer surgery patients, MDSC quantification by flow cytometry was per-
formed pre-operatively and at various time points postoperatively. Results:
In both murine models surgery resulted in significant suppression of NK
cells in the immediate postoperative period and a 2-4 fold increase in lung
metastases. Surgery in both mice and human cancer patients also resulted
in significantly elevated MDSCs and NK cell suppression one day after
surgery. In humans, this normalized by day 3. In MDSC-depleted mice

there was a partial recovery of postoperative NK cell dysfunction as well
as a 10 fold reduction in the number of lung metastases. Conclusion: Sur-
gically-induced MDSC expansion leads to NK cell dysfunction and
increased metastases in mice. Human data demonstrate MDSC expansion
and NK cell dysfunction postoperatively. The perioperative period pres-
ents an opportunity for therapeutic attenuation of MDSCs with the poten-
tial to decrease metastases.

Depletion of MDSC rescues removal of
tumor metastases
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Fig 1. Graph demonstrating decreased tumor metastases in MDSC-
depleted mice following surgery
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Preoperative Pancreastatin Predicts Survival in Neuroendocrine
Tumors S.K. Sherman,'* J.E. Maxwell,! .M. O’Dorisio,” J.R. Howe.'
1. University of lowa Department of Surgery, lowa City, 1A, 2. Univer-
sity of lowa Department of Internal Medicine, lowa City, 1A.

Introduction: Levels of neurokininA (NKA), chromograninA (CgA),
serotonin (SHT), and pancreastatin (PT) reflect tumor burden in neuroen-
docrine tumors (NET). Levels of NKA, CgA, and PT have been reported
to correlate with outcomes, but these series included multiple primary NET
sites and patients treated with or without surgery. We set out to determine
whether preoperative (preop) levels of these markers correlate with sur-
vival in surgically-managed small bowel (SBNET) and pancreatic (PNET)
neuroendocrine tumors. Methods: Clinical data were collected with IRB
approval for patients undergoing surgery at one center. Progression-free
(PES) and overall survival (OS) were calculated from time of surgery.
Median event times were estimated by Kaplan-Meier method. Preop labo-
ratory values were log-transformed and tested as continuous and categori-
cal (normal vs. elevated) variables for correlation with outcomes using a
multivariate Cox model with adjustment for confounders. Results: Included
were 80 SBNET and 73 PNET. Median follow-up was 3.3 years; 60.8% of
cases had metastatic disease. SBNET had lower median PFS than PNET
(2.6 vs. 5.6 years, p=0.02). Median OS was 10.5 years for PNET and not
reached for SBNET. Preop NKA, CgA, PT, and SHT levels were recorded
in 52,98, 109, and 115 patients. Preop SHT and NKA did not correlate with
PFS or OS (p>0.1 for all). Preop CgA correlated with PFS but not OS
(p=0.03 and 0.09). PT most strongly correlated with outcomes, with higher
levels predicting worse PFS and OS (p<0.0001 and 0.04). After multivari-
ate adjustment for primary tumor type and presence of metastases, PT, but
not CgA, remained a significant independent predictor of worse PFS
(p<0.001) and OS (p=0.03). S5-year PFS was 58% in patients with normal
preop PT, vs. 16% in patients with elevated preop PT (Figure). Conclu-
sions: Higher preop PT, but not NKA, SHT, or CgA, is significantly asso-
ciated with worse PFS and OS in SBNET and PNET. This effect is inde-
pendent of primary tumor site and presence of metastatic disease.
Measurement of preop PT provides valuable prognostic information and
identifies surgical patients at high risk of recurrence who could benefit most
from novel or more aggressive therapies.
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SBNET and PNET patients with preoperative pancr in above the refi
range have worse 5-year progression-free survival (16 vs. 58%, p<0.001)
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SBNET and PNET patients with preoperative pancreastatin levels
above the reference range (135pg/mL) have significantly worse 5-year
progression-free survival than patients with normal preoperative pan-
creastatin levels (16 vs. 58%, p<0.001)

30
Impact of Extent of Surgery on Survival in Patients with Small
Non-functional Pancreatic Neuroendocrine Tumors in the U.S
L. Gratian,* J. Pura, S. Roman, S. Reed, J.A. Sosa. Duke University
Medical Center, Durham, NC.

Introduction: Pancreatic neuroendocrine tumors (PNETs) <2cm have
unclear malignant potential and optimal treatment remains unclear. Objec-
tives of this study were to better understand the malignant potential of
these tumors, describe national treatment patterns, and report effect of sur-
gical resection on 5-year overall survival (OS). Methods: Patients with
non-functional PNETs <2cm were identified from the National Cancer Data
Base (1998-2011). Descriptive statistics were used for patient character-
istics and surgical resection patterns. 5-year OS was estimated using
Kaplan-Meier analyses across extent of surgery and compared using the
log-rank test. Cox proportional regression modeling was used to test the
association between survival and extent to surgery. Results: 1366 patients
with non-functional PNETs =2c¢m were included. The incidence of these
increased 10 fold from 1998 to 2011. 75% of patients underwent resec-
tion of the primary tumor, and of those, 72% had lymphadenectomy; a
median of 5 lymph nodes were examined. Chemotherapy and/or radiation
was administered in 4% of patients. Based on tumor size (<0.5cm, >0.5 to
<1, and >1 to <2cm), there was no difference in rates of distant metas-
tases (11%, 9%, and13%, respectively p=0.17) or regional nodal metas-
tases (34%, 21%, and 29%, respectively p=0.11). Pancreaticoduodenec-
tomy was associated with increased risk of death compared to partial
pancreatectomy (HR: 2.68, 95% CI: 1.05-6.88, P=0.04). Positive margin
status and poorly differentiated grade were associated with decreased 5-
year OS (p=0.016 and p<0.001, respectively). OS for patients who did
not undergo surgery was 26.7% at 5 years, after excluding patients with
distant metastases and those who were not offered surgery due to patient
risk factors. There was no significant difference in OS based on the addi-
tion of regional lymphadenectomy (p=0.16). Conclusions: Small non-func-
tional PNETs have a significant risk of nodal and distant metastases. Sur-
gical resection of the primary tumor is associated with improved 5-year
overall survival. There was no significant difference in 5-year OS with the
addition of regional lymphadenectomy.

31

Incidence of Additional Malignancies in Patients with Pancreatic
Neuroendocrine and Carcinoid Tumors R. Kauffmann,' L. Wang,’
S. Phillips,” K. Idrees,” E. Liu,> N. Merchant,” A. Parikh.* /. City of
Hope Cancer Center, Duarte, CA; 2. Vanderbilt University, Nashville,
TN.

Background: It is known that the incidence of additional malignancies is
higher in patients with a prior malignancy. Although the incidence of neu-
roendocrine tumors (NET), including both pancreatic neuroendocrine tumors
(PNET) and carcinoid, is increasing, there have been no large, population-
based studies to determine the incidence of and risk factors associated with
additional malignancies in these patients. Methods: We determined the inci-
dence of additional non-NET primary cancers that developed before or after a
patient’s incident diagnosis of PNET or carcinoid (1978-2008) using the Sur-
veillance, Epidemiology, and End Results (SEER) database and compared these
to expected cancer rates among the general U.S. population. Using multivari-
able regression modeling, factors affecting the risk of an additional malignancy
were analyzed. Results: A total of 9727 patients were identified within the
SEER database (974 PNET and 8753 carcinoid); 2723 additional primary
cancers were identified in 2508 patients. The most common sites of additional
malignancies were colorectal (21.1%), prostate (14.5%), breast (13.3%), and
lung (11.6%). In patients with PNET, the incidence of nearly all cancers was
equal to or less than expected rates, while in patients with carcinoid, the
observed incidence of nearly all malignancies, especially colon (4.3x higher)
and gastric (4.1x higher) exceeded that of the general population. Age 70 vs.
50 (OR 2.08, 1.09-3.93 for PNET, OR 1.60, 1.32-1.93 for carcinoid), and early
vs. late stage NET primary (OR 3.4, 1.61-7.14 for PNET, OR 2.3, 1.82-2.78
for carcinoid) were associated with an increased risk of additional malignancy
after PNET or carcinoid. Conclusions: Approximately 25% of patients with
NET develop an additional malignancy. Patients with carcinoid are at increased
risk of additional malignancies, especially of the colon and stomach, while
patients with PNET do not appear to be at increased risk. In patients with a his-
tory of carcinoid tumor, particularly older patients or those with localized dis-
ease, increased surveillance should be considered. Further studies investigat-
ing common etiologic pathways are also warranted.

32
Octreoscan versus PET for Neuroendocrine Tumor Staging: A Bio-
logical Approach M.H. Squires,'* N. Adsay,” D.M. Schuster,
M.C. Russell,' K. Cardona,' ].M. Sarmiento,' B. El-Rayes,* C.A. Sta-
ley,' S.K. Maithel,! D.A. Kooby.! 1. Division of Surgical Oncology,
Winship Cancer Institute, Emory University, Atlanta, GA; 2. Depart-
ment of Pathology, Emory University, Atlanta, GA; 3. Division of
Nuclear Medicine, Department of Radiology and Imaging Sciences,
Emory University, Atlanta, GA; 4. Department of Hematology and Med-
ical Oncology, Winship Cancer Institute, Emory University, Atlanta,
GA.

Background: Clinicians may order Octreoscan or positron emission tomog-
raphy (PET) scan for staging patients with neuroendocrine tumors (NET).
Octreoscan identifies tumors by somatostatin receptor targeting, while PET is
based on tumor glucose metabolism. We correlated the results of each nuclear
imaging modality with pathologic tumor features of NET to clarify which test
offers greater sensitivity. Methods: We identified all patients diagnosed with
NET of gut or pancreatic origin who underwent nuclear imaging staging by
111In-Octreoscan and/or PET from 2000 to 2013. Pathology specimens were
reviewed to correlate tumor differentiation and World Health Organization
(WHO) grade (based on mitotic rate and Ki-67 index) with the sensitivity of
results by Octreoscan versus PET. Results: Nuclear imaging and pathology
results were identified for 153 patients. Of these, 131 patients underwent Octre-
oscan, 43 underwent PET, and 21 patients underwent both. Overall sensitiv-
ity of Octreoscan and PET for NET detection was similar (77% vs. 72%; p=NS).
For well-differentiated NET, Octreoscan (n=124) demonstrated sensitivity of
82%, versus only 60% (p=0.28) for PET (n=30). For poorly-differentiated NET,
Octreoscan (n=7) proved significantly less sensitive than PET (n=13), (57%
vs. 100%; p=0.02). The sensitivity of Octreoscan versus PET varied similarly
when analyzed by WHO tumor grade: Grade 1 (80% vs. 52%; p=NS), Grade
2 (85% vs. 86%; p=NS), and Grade 3 (57% vs. 100%; p=0.02). Conclusion:
Tumor differentiation can be used to guide selection of nuclear imaging
modalites for staging gastrointestinal and pancreatic neuroendocrine tumors
(NET). Octreoscan appears more sensitive than PET for well-differentiated
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NET, whereas PET demonstrates superior sensitivity for poorly-differentiated
NET.

33

Risk Factors Associated with Complications following Adrenal Sur-
gery A. Hauch,* Z. Al-Qurayshi, D. Slakey, E. Kandil. Surgery, Tulane
University School of Medicine, New Orleans, LA.

Background: Surgeon experience has been shown to result in better out-
comes following a variety of advanced operations. Less information is avail-
able regarding adrenal surgery. We sought to compare the outcomes follow-
ing adrenalectomy for a variety of indications and to determine the effect of
surgeon’s volume. Methods: Cross-sectional analysis using ICD-9 codes
included in the Nationwide Inpatient Sample (NIS) from ‘03-’09 to identify
all adult patients who underwent adrenalectomy. Logistic regression models
were used to control for confounders and to test for interaction between sur-
geon volume (low= 1, low-medium= 2-3, intermediate= 4-5, and high> 5
adrenalectomies/year). Results: 7,829 adrenalectomies were included in this
analysis. Rate of complication for low and medium-low volume surgeons was
18.8% and 18.2% respectively, and were significantly higher when compared
to high volume surgeons (11.6%, p<0.001). Bilateral adrenalectomies accounted
for only 2.9% of total procedures. Risk of complication was 23.4% while uni-
lateral procedures had a 15.0% risk (OR: 2.15, 95%CI: 1.33, 3.48). Following
unilateral surgery, higher rate of complication occurred among low and low-
medium volume surgeons compared to the high volume group (p<0.001). Malig-
nancy was associated with higher risk of complication (OR: 1.66, 95%CI: 1.35,
2.05). Low and low-medium volume surgeons had significantly higher risk of
complications following operations for non-malignant lesions (17.8% and
15.2% of complications respectively) compared to high volume surgeons
(10.4%). Low-medium and intermediate volume surgeons had higher risk for
malignant lesions (28.5%, and 24.6% respectively) compared to the high vol-
ume group (17.0%, p<0.05 for both groups). LOS was shorter for high vol-
ume surgeons compared to the other groups (3.38days vs. 6.10days for low
volume, p<0.01). Similarly, charges were less for high volume surgeons
($32,337 vs. $45,190 for low volume, p<0.01). Conclusions: Low surgeon vol-
umes and adrenal surgery for malignant or bilateral disease are associated with
increased risk of postoperative complications. LOS and charges were signifi-
cantly less following operation by high volume surgeons.

Procedure Type | Surgeon Volume | Complication Rate (%) | OR: (95% CI) | p-Value |
Low 18.2 1.86: (1.38, 2.50) < 0.0001
Unilateral Low-Medium 18.1 1.90; (1,38, 2.62) < (.00
Intermediate 1.4 1.18: (0.85, 1.64) 0.325
High | 1.0 | Reference | Reference
Low 47.2 0.62: (0.017, 21.94) 0.793
Bilateral Low -Mnl.'llim 26.1 1.05: (0.027, 41.26) 0.979
Intermediate 16.2 0.36: (0.004, 35.30) 0.65%
High 20.5 Reference Reference
34

Initial Recurrence Patterns and Survival in Patients Undergoing
Curative Resection for Adrenal Cortical Carcinoma: The Prognos-
tic Value of Local Recurrence B.R. Untch,* C.D. Jakubowski,

M. Imnadze, D. Reidy-Lagunes, P. Allen, D.G. Coit, J.A. Coleman,
M.F. Brennan, V.E. Strong. Surgery, Memorial Sloan-Kettering Cancer
Center, New York, NY.

Introduction: Adrenal cortical carcinoma (ACC) is a rare tumor with high
rates of local and distant recurrence. This study describes initial recurrence pat-
terns and subsequent survival of patients with resected ACC. Methods: Patients
were identified from a prospective adrenal resection database. Those under-
going initial curative resection at a single institution were retrospectively
reviewed. Imaging studies and/or biopsy identified initial recurrence. Local
recurrences were defined as those in the adrenal bed/retroperitoneum. Results:
Atotal of 87 patients were resected with curative intent from 1975-2013. The
overall median disease-specific survival was 67 months with a median follow-
up of 44 months. There were 49 (56%) recurrences. Initial recurrences were
local only in 17 (20%) patients and distant in 32 (37%) patients. Distant metas-
tases were identified in the lung (47%), liver (22%), bone (12%), peritoneum
(6%) and other (13%). When compared by initial recurrence patterns (local

only vs distant) there was no difference in age, gender, operative approach,
tumor size, margin positivity, or Weiss criteria. However, median recurrence-
free survival was significantly less in the local recurrence group (8 months) as
compared those with distant metastases (18 months, hazard ratio for local recur-
rence 1.8, 95% CI: 1.1-4.4, p=0.028). Additionally, median disease-specific
survival was shorter in the local recurrence group (38 months) as compared to
the distant metastases group (100 months, hazard ratio for local recurrence 2.2,
95% CI: 1.3-6, p=0.01, Figure 1). Conclusions. Patients that have undergone
curative resection for ACC are at high risk for local recurrence and distant
metastases. Initial local recurrence is a prognostic factor for aggressive dis-
ease biology.
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35
The Bethesda System for Reporting Thyroid Cytopathology: A Sin-
gle Center Experience over Five Years C.M. Kiernan,* J.T. Broome,
C.C. Solorzano. General Surgery, Vanderbilt Univeristy, Nashville, TN.

Background: The Bethesda System for Reporting Thyroid Cytopathol-
ogy (BSRTC) was developed to refine fine needle aspiration (FNA) cytol-
ogy definitions, improve communication and clinical management. This
study evaluates the impact of the BSRTC five years after its adoption at a
single institution. Methods: A total of 1625 patients undergoing thyroidec-
tomy for all indications in the pre-(group-1: 7/07-1/09) and post-BSRTC
(group-2: 2/09-9/13) periods were reviewed. Cytologic diagnoses in group-
1 included nondiagnostic, benign, follicular/Hiirthle neoplasm, suspicious
for cancer and cancer. Atypia/follicular lesion of undetermined significance
(AUS/FLUS) was included in group-2. The proportions of each FNA cate-
gory, malignancy rate per cytologic diagnosis, overall malignancy rate, and
rate of indeterminate FNAs were compared. Results: Fifty-four percent
(187/347) of group-1 patients had a preoperative FNAs vs. 61% (777/1278)
in group-2 (p=0.02). Group-1 FNA results included 3% nondiagnostic, 48%
benign, 17% follicular/Hiirthle, 13% suspicious for cancer and 19% cancer.
Group-2 results included 3% nondiagnostic, 36% benign, 9%
follicular/Hiirthle, 8% suspicious for cancer, 18% cancer and 26%
AUS/FLUS. In group-2, the proportions of benign, follicular/Hiirthle and
suspicious for cancer FNAs decreased significantly (p<0.05). In group-2,
there were more indeterminate FNA diagnoses overall (30% vs. 43%,
p<0.001). The rate of cancer in suspicious for cancer FNA lesions increased
from 44% to 65% (p=0.07) but remained stable for other categories. The
AUS/FLUS malignancy rate in patients undergoing thyroidectomy was 15%.
The overall rate of thyroid malignancy was 30% and did not change between
time periods. Conclusions: Since the adoption of the BSRTC at our institu-
tion, the rate of thyroid cancer at the time of surgery has not changed.
Although the proportion of indeterminate FNAs has increased due mostly
to AUS/FLUS lesions, the diagnostic accuracy of the suspicious for cancer
category has improved. AUS/FLUS appears to separate out a class of nod-
ules with a different malignant potential allowing better diagnostic clarity
when evaluating the malignant risk of nodules.
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36
The Use of Fine Needle Aspiration Thyroglobulin Washout for
Detecting Metastatic Disease in Patients with Recurrent Papillary
Thyroid Cancer H. Mohamed,* D. Dali, S.H. Mohamed, Z. Al-
Qurayshi, A. Deniwar, K. Moroz, E. Kandil. Surgery, Tulane University,
New orleans, LA.

Objective: For many years the standard of care for the workup of cervical
lymph nodes suspicious for metastasis has been fine-needle aspiration (FNA).
FNA- Thyroglobulin (TG) washout measurement has recently been proven to
be useful adjunct in the management of patients with suspicious lym-
phadenopathy. We hypothesize that surgeon-performed ultrasound using TG
washout for suspicious lymphadenopathy would increase the accuracy of diag-
nosing metastatic disease in patients with recurrent papillary thyroid cancer.
Methods: This is a retrospective study of prospectively collected database for
patients with thyroid cancer who underwent preoperative FNA-cytology and
FNA-TG washout followed by selective neck dissection by one surgeon at an
academic institution. Results of both preoperative FNA cytology and FNA-TG
washout were then correlated with the final pathology results of the dissected
lymph nodes. Data was then collected to compare the sensitivity and speci-
ficity of FNA-cytology alone to that of FNA-cytology in adjunct to FNA-TG.
Results: Fifty-three lymph nodes from 45 patients were included in this study.
Twenty-two modified radical neck dissection (MRND), 19 had a central lymph
node dissection (CLND), and 4 had a MRND in addition to CLND. The aver-
age serum thyroglobulin is 62.28 +/- 13.76ng/ml, however, the average FNA-
TG washout levels was 2349.5 +/- 957.73ng/ml. The FNA-cytology alone
showed a sensitivity of 80.49%, specificity of 81.82% with a negative predic-
tive value (NPV) of 52.94%. In contrast, FNA-TG had a sensitivity of 100%,
specificity of 83.33% with a NPV of 100%. FNA- TG washout led to change
in the plan of surgical management in eight patients (15%) with negative FNA-
cytology. Combination of the FNA-cytology with FNA-TG revealed a sensi-
tivity of 100%, specificity of 100% with a NPV of 100%. Conclusion: Sur-
geon Performed FNA-TG washout increases the diagnostic accuracy in detect-
ing metastatic disease in patients with recurrent papillary thyroid cancer. Routine
performance of US-guided FNA-TG as an adjunct to FNA-cytology should
be considered in-patients with suspicious metastatic lymphadenopathy.

37
Development of an Index to Predict Single Gland Parathyroid Dis-
ease and Selectively Eliminate Intraoperative Parathyroid Hor-
mone Testing M. Kukar,'* E. Cho,' T. Platz,' K. Attwood,” A. Abdel-
halim,’ S. Kumar,' W.G. Cance.! I. Roswell Park Cancer Institute,
Surgical Oncology, Buffalo, NY; 2. Roswell Park Cancer Institute, Bio-
statistics, Buffalo, NY; 3. Roswell Park Cancer Institute, Radiology,
Buffalo, NY.

Introduction: Assessing intraoperative parathyroid hormone (iPTH) helps
confirm single gland disease during minimally invasive parathyroidectomy.
With improved preoperative localization, this study may not be necessary.
Our objective was to create a predictive index using clinicopathologic, bio-
chemical and imaging characteristics to accurately predict single gland dis-
ease and avoid routine use of iPTH. Methods: Our study cohort included
150 consecutive patients with primary hyperparathyroidism (HPTH) who
underwent surgery at our institution between January 2011 and March 2013.
All patients underwent four dimensional computerized tomography (4DCT),
reviewed by a single blinded neuroradiologist. Using prospectively collected
data, a prognostic model was developed. First, the sample was stratified by
single versus multiple gland disease and logistic regression models were
used to evaluate discriminatory ability. 4DCT was identified as the most sig-
nificant predictor of single gland disease. Second, within the 4DCT posi-
tive patients, logistic regression models were used to evaluate each vari-
able’s utility. Preoperative calcium added the most prognostic utility. The
Youden index criterion was then used to identify the optimal calcium thresh-
old. Results: Stratifying by single gland versus multiple gland disease yielded
4DCT (p<0.001), preoperative calcium (p=0.005) and preoperative PTH
(p=0.0047) as significant variables. Further stratification by 4DCT status
yielded preoperative calcium {OR 4.04 (1.36-11.97), p 0.012} and PTH {OR
1.03 (1.01-1.05), p=0.007} as significant variables. Using the prognostic
model, a predictive index using specific 4DCT characteristics (intense
enhancement and rapid washout, usual anatomical location, no evidence of
multinodular goiter or thyroiditis) and preoperative calcium greater than 10.8
yielded a PPV of 100 % (92.3-100). For validation, the index was applied

to the following 30 patients undergoing surgery for primary HPTH and
yielded a 100% PPV (87.7-100.0). Conclusions: This predictive index can
accurately determine single gland parathyroid disease and avoid the use of
routine iPTH testing.

38
What Can We Learn from Failed Parathyroid Operations?
H. Wachtel,* I. Cerullo, D.R. Farquhar, E. Bartlett, G.C. Karakousis,
R.R. Kelz, D.L. Fraker. Dept. of Surgery, Hospital of the University of
Pennsylvania, Philadelphia, PA.

Introduction: Increasing emphasis is placed on the role of imaging in the
surgical management of primary hyperparathyroidism (pHPT). We studied
our large series of parathyroidectomies to identify factors associated with
failed operative intervention with attention to preoperative imaging results.
Methods: We performed a retrospective cohort study of all consecutive
patients who underwent initial parathyroidectomy for pHPT with intraop-
erative parathyroid hormone (PTH) monitoring (2002-2012). Characteris-
tics examined included age, gender, preoperative serum calcium and PTH
level, prior thyroid surgery, preoperative localization by sestamibi or ultra-
sound, histopathology, size and weight of resected gland, and ectopic gland
location. The primary outcome was biochemical cure. Univariate analysis
was performed using the rank-sum test, Student’s t-test or Fisher’s exact test,
as appropriate. A multivariable regression model was developed. Results:
1809 consecutive patients met inclusion criteria; the overall cure rate was
98.5%. On univariate analysis cured patients had higher preoperative cal-
cium levels (10.8 vs. 10.6 mg/dl, p=0.010) than patients who failed opera-
tive intervention (Table I). Cured patients also had a higher proportion of
single adenomas (82.8 vs. 32.1%, p<0.001), and a lower rate of hyperpla-
sia (8.2 vs. 25.0%, p=0.007). Median gland size and weight were greater in
cured patients (1.5 vs. 1.0 cm, p<0.001; 400.5 vs. 136 mg, p<0.001). Analy-
sis of the use of imaging showed that rates of sestamibi (94.3 vs. 96.4%,
p=1.000) and ultrasound (70.5 vs. 64.3%, p=0.532) were similar between
cohorts. Cured patients were more likely to have gland localization by ses-
tamibi (53.3 vs. 25.0%, p=0.001). Non-localized patients had a high cure
rate (97.3 vs. 99.3%). On multivariate analysis, the only preoperative fac-
tor associated with a greater likelihood of cure was localization by sestamibi
(OR=4.3, p=0.022). Conclusion: Positive sestamibi scan was associated with
a slightly higher, yet clinically insignificant difference in cure rate. As only
2.7% of non-localized patients failed surgical intervention, the decision to
operate should be based upon clinical indications and not be influenced by
localization studies.

Table I: F ¥ failures, ysis of by op
outcome
Total Cure No cure P-value
(1809) (1781) (28)

Age, years

Mean (SD) 58.5(13.1) 58.5 (13.1) 59.1 (15.3) 0.786
Gender

Female (%) 1399 (77.3) 1376 (77.3) 23 (82.1) 0.654

Male (% 410 (22.7) 405 (22.7) 5(17.9) 0.654
Redo neck (%) 26 (1.4) 25 (1.4) 1(3.6) 0.335
Imaging

Localized (%) 1127 (62.3) 1116 (62.7) 11(39.3)

Sestamibi performed (%) 1706 (94.3) 1679 (94.3) 27 (96.4) 1.000

Localized by sestamibi (%) 957 (52.9) 950 (53.3) 7 (25.0)

Ultrasound performed (%) 1274 (T0.4) 1256 (70.5) 18 (64.3) 0532

Localized by ultrasound (%) 483 (37.9) 478 (26.8) 5(17.9) 0.478

Concordant imaging (%) T44 (49.6) 731 (49.5) 13 (52.0) 0.428
Pre-op Calcium, mg/dl

Median (IQR) 08(104-112) 10.8(104-112) 106 (10.1-11.0)
Pre-op PTH, pg/ml

Median (IQR) 100 (75-135) 100 (75-1386) 87.4(69-108.7) 0.065
Pre-op Creatinine, mg/d|

Median (IQR) 08(07-10)  081(07-10) 091(0.75098) 0680
Pathology

Single Adenoma (%) 1483 (62.0) 1474 (82.8) 9(32.1)

Double Adenoma (%) 160 (8.8) 156 (8.8) 4(14.3) 0.304

Hyperplasia (%) 153 (8.5) 146 (8.2) 7(25.0) 0.007

Megative exploration (%) 13 (0.7) 5 (0.3) 8 (28.6) -
Gland size, cm

Median (IQR) 1.5 (1.1-2.0) 1.5 (1.1-2.0) 1.0 (0.8-1.5)
Gland weight, mg

Median (IQR) 395 (199-849)  400.5 (205-852) 136 (81.5-271.5)
Ectopic gland (%) 98 (5.4) 97 (5.5) 1(36) 1.000
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Genomic Profiling of Intrahepatic Cholangiocarcinoma: Refining
Prognosis and Identifying TheraPeutic Targets T. Pawlik,'*

D. Borger,2 Y. Kim,' D. Cosgrove, S. Alexandrescu,’ R.T. Groeschl,*
V. Deshpand,3 JM. Lindberg,5 C.R. Ferrone,’ C. Sempoux,6

I. Propescu,3 T. Bauer,” T.C. Gamblin,* J. Gigot,6 R. Anders,' A. Zhu.?
1. Surgery, Johns Hopkins Hospital, Baltimore, MD; 2. Massachusetts
General Hospital, Boston, MA; 3. Fundeni Clnical Institute of Disges-
tive, Bucharest, Romania; 4. Medical College of Wisconsin, Milwaukee,
WI; 5. University of Virginia, Charlottesville, VA; 6. Cliniques Univer-
sitaires Saint-Luc, Brussels, Belgium.

Background: The molecular alterations that drive tumorigenesis in intra-
hepatic cholangiocarcinoma(ICC) remain poorly defined. We sought to define
the incidence and prognostic significance of mutations associated with ICC
among patients undergoing surgical resection. Methods: 138 patients who
underwent resection at 6 centers in the United States and Europe were included.
Mutational profiling was performed using nucleic acids that were extracted
from resected ICC tumor specimens; mutations were identified using a multi-
plexed mutational profiling platform. The frequency of mutations was ascer-
tained and the impact on outcome determined. Results: Most patients had a
solitary tumor(82%) and median tumor size was 6.0cm. Most patients had RO
resection(89%); 19% patients had N1 disease, while 15% had microscopic vas-
cular invasion. A minority received adjuvant therapy(30%). The majority(55%)
of patients had no genetic mutation identified. Among the 62(45%) patients
with a genetic mutation, only a small number of gene mutations were identi-
fied with a frequency of >5%: IDH1(17.4%), KRAS(8.7%), BRAF(5.8%),
PIK3CA(5.1%). In contrast, other genetic mutations were identified in very
low frequency: IDH2(3.6%), NRAS(3.6%), TP53(2.2%), MAP2K1(1.5%),
CTNNB1(0.7%), and PTEN(0.7%). Approximately 7% of IDH1-mutant tumors
were associated with a concurrent PIK3CA gene mutation, and to a much lower
extent, a mutation in MAP2K1(2%). No concurrent mutations in IDH1 and
KRAS were noted. Compared with ICC tumors that had no identified muta-
tion, IDH1-mutant tumors were more often bilateral(OR 3.46), while KRAS-
mutant tumors were more likely to be associated with perineural invasion(OR
5.72)(both P<0.05). While clinicopathological features such as tumor number
and nodal status were associated with survival, no specific mutation was asso-
ciated with prognosis. Conclusions: Most patients with resected ICC had no
somatic mutation identified on multiplexed mutational profiling. IDHI and
KRAS were the most common mutations noted. While certain mutations were
associated with ICC clinicopathological features, mutational status did not
seemingly impact long-term prognosis.

40

Hepatic Inmunotherapy for Metastases (HITM): A Phase I Trial of
Anti-CEA Genetically Modified T Cells for Unresectable Adenocar-
cinoma S.C. Katz,* E. McCormack, R.A. Burga, L. Wang, J.W. Moor-
ing, R. Davies, B.F. Stainken, E.O. Assanah, P.D. Khare, Q. Ma,
R.P. Junghans, N. Espat. Surgery, Roger Williams Medical Center, Prov-
idence, RI.

INTRODUCTION: We tested the safety of genetically modified “designer”
T cell (dTc) hepatic artery infusions (HAI) for patients with CEA+ liver metas-
tases (LM). We hypothesized dTc HAI would limit systemic toxicity and
improve delivery to LM. METHODS: Eight patients with unresectable, pro-
gressing LM were enrolled and 6 completed the protocol. The first 3 patients
received anti-CEA dTc HAI as an intrapatient dose escalation (1e8, 1€9, and
1e10) without IL2. The last 3 patients received 3 dTc doses (1e10) with IL2
by outpatient continuous infusion. Responses were assessed by MRI and PET.
Liver biopsies were performed to score necrosis and fibrosis. RESULTS: Five
patients presented with colorectal LM and a single patient with ampullary LM.
The median age was 54.5 (51-66), 4 were men, and subjects received an aver-
age of 2.8 prior chemotherapy regimens. Three patients presented with syn-
chronous LM, the average size of the largest LM was 8.9 cm (1.7-14.4), and
4 had more than 10 LM. HAI of dTc was well tolerated, with 1.7 grade 3 adverse
events (AE) per patient. There were no grade 3 or higher hepatobiliary AEs
and no grade 4/5 AEs. DTc were not detected in the peripheral blood of any
patient and biopsies confirmed dTc within LM. Five patients died of progres-
sive disease and 1 patient is alive with disease at 11 months. The median sur-
vival time from enrollment was 4.5 months (range, 2-11). Radiographic pro-
gression was noted in 4 patients, 1 patient had stable disease, and 1 patient did
not obtain follow up imaging. An increase in tumor necrosis or fibrosis was

noted in 4 patients. The patients who did not receive IL2 had a mean CEA
increase of 63+125% from baseline. In contrast, those who received IL2 + HAI
dTc demonstrated a mean decrease in CEA of 37+9% (p=0.10). CONCLU-
SIONS: HAI of anti-CEA dTc were well tolerated in heavily pre-treated patients
with unresectable LM. Clinical activity was demonstrated serologically in
patients who received IL2 with dTc, although most patients progressed by
mRECIST. Further clinical testing is warranted to determine the efficacy of
dTc HAI for LM. Sponsored by the SSO Clinical Investigator Award.

41
Mitogen-activated Protein Kinase (MAPK) Pathway Mutations
Impact Phenotype and Survival in Colorectal Liver Metastases
T.L. Frankel,'* E. Vakiani,” R. DeMatteo,” P. Allen,” Y. Fong,2 T. King-
ham,” W. Jarnagin,” D. Solit,> M. D’ Angelica.” 1. University of Michi-
gan, Ann Arbor, MI; 2. Memorial Sloan-Kettering Cancer Center, New
York, NY.

Despite improved outcomes in patients undergoing hepatic colorectal metas-
tasectomy, little is known about the biology of those who are cured or relapse
early. We sought to determine the impact of MAPK mutation status on tumor
phenotype and survival in patients undergoing curative hepatectomy. K/NRAS,
BRAF, PIK3CA and p53 mutation analysis was performed using Sequenom
genotyping assay and Sanger sequencing on 165 surgical specimens follow-
ing RO hepatic metastasectomy. Clinical characteristics and survival data were
retrospectively analyzed from a prospective database and correlated with muta-
tion status. We identified 69 (42%) K/NRAS (55 in exon 2, 8 in exon 3 and 6
in exon 4), 5 (3%) BRAF, 18 (11%) PIK3CA and 100 (61%) p53 mutations in
resected specimens. Preoperative characteristics and operative details did not
differ significantly between various mutation subsets. There was no impact of
p53 or PIK3CA mutation on survival, however, BRAF mutant patients had sig-
nificantly shorter disease free survival compared to wild-type (median =3 vs
14 mos, p=.05). Patients with K/NRAS exon 2 mutations had similar disease
free survival to wild-type patients (12 vs 14 mos, p=NS) while exon 3 and exon
4 mutations were associated with significantly shorter (5 mos) and longer (not
reached) survivals, respectively (figure 1)(p<.05). When assessing pheno-
type, tumors with K/NRAS exon 4 mutations tended to be large (mean = 6.8cm)
and few (mean number = 2) while exon 3 mutated tumors were small (mean
= 3.3cm) and numerous (mean number = 4.7) (P<.05). Time from resection of
primary to liver metastases (disease free interval) also varied significantly with
wild-type, K/NRAS exon 2, 3, and 4 mutations recurring at a median time of
8,7, 4, and 24 months, respectively (p<.05). Using gene mutation analysis we
identified biologically unique subsets of colorectal liver metastases associ-
ated with very good (K/NRAS exon 4) and poor (BRAF and K/NRAS exon
3) oncologic outcomes. The impact of mutation status on survival as well as
phenotypic differences such as size, multiplicity and disease free interval war-
rants further investigation.
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Figure 1 - Disease free survival for wild-type and K/NRAS mutations
by exon location

42
Liver Metastases Suppress Intrahepatic B Cell Inmunostimulatory
Function M. Thorn,* R.A. Burga, C. Nguyen, N. Espat, S.C. Katz.
Roger Williams Medical Center, Providence, RI.
Background: We and others have found that liver metastases (LM) alter
the immune microenvironment to promote immunosuppression. Hepatic B
cells (HBC) make up a significant proportion of liver lymphocytes but their
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role in the progression of LM is poorly defined. Therefore, we attempted to
define the features of HBC in the setting of LM. Methods: We used a murine
model of CEA+ colorectal LM to study the effects of the tumor microenvi-
ronment on HBC. Tumor cells were injected into the portal circulation of
C57BL/6 mice to establish LM, and HBC were analyzed after two weeks.
Results: HBC comprised 46+10% of lymphocytes in normal livers, and their
absolute numbers were similar in mice with LM (see table). A significant
increase (2.2-fold, p=0.04) in the frequency of [gMlolgDhi mature B cells was
observed in mice with LM, which was associated with an increase in HBC pro-
liferation in response to TLR4, TLR9, or BCR stimulation. HBC exhibited sig-
nificant down-regulation MHCII and CD80 (2.5-fold, p=0.01, 6-fold, p=0.0006,
respectively) following in vivo exposure to tumor. HBC downregulation of
CD80 and MHCII was reversible, as these markers recovered to normal lev-
els during ex vivo culture. HBC from tumor-bearing livers that were fixed to
maintain their in vivo state induced significantly less CD4+ T cell prolifera-
tion compared to normal HBC. We implicated myeloid derived suppressor cells
(MDSC) and liver T cells derived from tumor-bearing livers as mediators of
HBC downmodulation of CD80 and MHCII, respectively. MDSC induced
CD80 downregulation was dependent on direct contact with HBC. Conclu-
sion: The immune function of HBC may be compromised in the setting of LM
as evidenced by the diminished expression of MHCII and CD80. Targeting of
MDSC and liver T cells represents a potential strategy for rescuing HBC anti-
tumor function.

Phenotype of HBC in tumor-bearing livers compared to normal HBC

Parameter NORMAL (£5EM) LM (£S5EM) | pvalue |
Overall HBC (%) | 4610 2543 L 004
Absolute HBC number 3.641x10%5 S5E1ax10rs | 04
Mature HBC (%) 24.041.5 53.349.2 | D03
CDEO+ (%) 20.8+0.7 34409 | D.0006
MHCI+ (%) 309415 313116 | 001
T cell stimulation (%) 12.340.7 5.3+1.9 0.002

HBC=hepatic B cells; LM=liver metastases.
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Minnelide as a Novel Therapy for Hepatocellular Cancer
O. Alsaied,* V. Sangwan, S. Banerjee, R. Chugh, A. Saluja, S. Vickers,
E.H. Jensen. Surgery, University of Minnesota, Minneapolis, MN.

Introduction Sorafenib is the only FDA approved therapy for metastatic
hepatocellular carcinoma (HCC) even though it provides minimal survival
benefit. In this study, we examined Minnelide (and its metobolite, triptolide)
as a novel therapy for HCC, alone and in combination with sorafanib, using
in vitro and in vivo models. Methods HuH7 and PLC cells were treated with
triptolide (T50 nM), sorafenib [S1.25 uM (HuH7) or 2.5 uM (PLC)] or com-
bination (C) of both. Cell viability assay (WST-8, Dojindo), caspase 3/7 acti-
vation (Promega), and proliferation assay (ECIS, Applied BioPhysics) were
performed. For in vivo studies, forty mice were implanted with subcutaneous
HuH7 tumors and divided into four treatment groups (n=10); saline control,
sorafenib 10 mg/kg PO daily (S), Minnelide (a prodrug of triptolide) 0.21
mg/kg IP daily (M), and combination of both (C). Treatment began 7 days
after implantation. Tumor volumes were assessed weekly. After 2 weeks,
7/10 control mice were crossed over to treatment with combination therapy.
Results In HuH7 cells, the combination of triptolide and sorafenib was supe-
rior to either drug alone in inducing caspase 3/7 activity (T=670%, S=208%,
C=1534% at 48 hours), and decreasing viability (T=45%, S=38%, C=18% at
48 hours) and proliferation (T=90%, S=90%, C=75% at 24 hours). Similarly
in the more resistant PLC cells, caspase 3/7 activity was (T=443%, S=254%,
C=1263%), and cell viability was (T=52%, S=58%, C=41%) at 48 hours.
Figure 1 shows tumor progression in our mouse model. At 2 weeks, efficacy
of Minnelide was similar to sorafanib while combination therapy was supe-
rior to either drug alone, with tumor growth inhibition rates of S=59%, M=84%,
and C=93%. Control tumor volumes were increased 9-fold. Subsequently, 7/10
control mice were crossed over to combination therapy. At 6 weeks, crossover
mice had similar tumor control as combination therapy mice. All control mice
expired by day 17. All but one crossover mouse survived until day 42 (exper-
iment end). Conclusion Minnelide is a novel therapy for HCC with similar

efficacy to sorafanib in vitro and in vivo. Combination therapy is significantly
more effective than either drug alone and may be a new option for treatment
of HCC.
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Quality of Life (QOL) Improvement and Enhanced Efficacy with
Hepatic Arterial Therapy of Doxorubicin-loaded Beads (DEBDOX)
in the Treatment of Liver Metastases from Ocular Melanoma:
Results from a Phase I Trial R. Martin,l* A. Tam,? K.M. McMasters,'
C.R. Scoggins,' S. Gupta,” T. Sato.® 1. University of Louisville,
Louisville, KY; 2. MD Anderson Cancer Center, Houston, TX;
3. Thomas Jefferson University - Kimmel Cancer Center, Philadelphia,
PA.

Background:Recent reports have demonstrated the safety & efficacy of
hepatic arterial therapy using doxorubicin drug eluting beads, Yttrium-90,
& melphalan. The aim of this study was to demonstrate the safety, effi-
cacy, & QOL of patients with unresectable hepatic metastases from
melanoma treated with drug-eluting beads loaded with doxorubicin (DEB-
DOX). Methods: A multi-center prospective FDA IDE approved (ClinTri-
als.gov G090097) Phase 1 study of DEBDOX(100-300 micron beads) in
patients with hepatic metastases from melanoma from 1/2010-9/2011.
Safety, efficacy, cardiac function & QOL(FACT-Hep and Doxorubicin Tox-
icity) were the main end-points. Results: A total of 20 patients with, 60%
men, 19 Caucasian, median age of 60 years(range 29-81), with 95% from
ocular primary, & median time of diagnosis to liver disease being 36 months
(0 to 110 months). Majority, 65% had liver only disease, with liver tumor
burden being a median of 40%(range 20-55%), median total lesion size of
11.1cm (2.8 to 31.0cm), with median ejection fraction of 67%. All patients
underwent at least 2 DEBDOX, with 75% patients undergoing at least 3 or
more for a median doxorubicin exposure of 400mg (300-625). ADEBDOX
dose limiting toxicity was not reached is this study. After a median follow
up of 9-months, overall response rates of 100%, 80% and 60% were
observed at 3,6, and 12-months respectively. Patients reported little to NO
doxorubicin QOL side effects and minimal overall QOL changes(Figure 1).
A median hepatic specific progression free survival of 9.4 months and a
overall survival of 11.8 months after initial DEBDOX treatment has been
observed(Figure 1). Conclusion:Initial results from this prospective study
of DEBDOX in metastatic melanoma to the liver are a safe & well-toler-
ated treatment option with favorable early response rates & survival. Given
the similar survival (approx 12 months) reports with monotherapy T-cell
and BRAF inhibitors, combination therapy with these active agents and
hepatic arterial therapy with DEBDOX should be considered in liver dom-
inant disease.
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Combination of Bavituximab and Sorafenib Inhibits HCC Growth:
Results of Preclinical Data and a Phase I Study A. Yopp,*
R. Brekken, X. Cheng, L. Li, P. Thorpe, X. Huang. UT Southwestern
Medical Center, Dallas, TX.

HCC, the fastest growing cause of cancer deaths, presents at advanced stage
and few therapy options. Bavituximab is a novel antibody targeting phos-
phatidylserine (PS), a membrane lipid externalized on cells promoting immune
tolerence and immunosuppression. We hypothesize that sorafenib will upreg-
ulate PS exposure on HCC tumors providing targets for bavituximab shifting
an immunosuppressive to immunoreactive milieu. In addition, we will demon-
strate combination bavituximab and sorafenib can be given safely in patients
with advanced HCC. Methods:Immunocompromised mice with orthotopic
human HCC tumors (Huh7, C3A, or LC/PRF/5), were treated with sorafenib
and tumors harvested and analyzed by IHC for vascular endothelium (anti-
CD31) and PS exposure (2aG4, murine bavituximab analogue). Efficacy of
sorafenib or 2aG4 or combination was evaluated in mice bearing LC/PRF/5
tumors. Tumor volume measured and microvascular density (anti-CD31) and
macrophage recruitment and phenotype determined by IHC. In the phase I
study, patients with advanced HCC and Child-Pugh A received escalating doses
of bavituximab weekly (0.3, 1.0, and 3.0 mg/kg) and sorafenib 400 mg bid for
28 days. Results:Sorafenib treatment of HCC xenografts increased PS expo-
sure in 1.7-2.9 fold compared to control in each model tested (p<0.01). Sorafenib
and 2aG4 inhibited tumors more then single agent therapy (p<0.01). MVD was
reduced 30% in combination therapy compared to sorafenib alone (p<0.01).
Combination therapy increased M1 (pro-inflammatory) macrophages and
sorafenib alone increased M2 (anti-inflammatory) macrophages. Phase I trial
demonstrated maximum tolerated bavituximab dose of 3.0 mg/kg weekly and
400 mg BID sorafenib with no dose limiting toxicities. Toxicities were related
to sorafenib and included hand-foot syndrome (22% grade II), fatigue (33%
grade I) and anorexia (22% grade I). Conclusions:Sorafenib increases PS expo-
sure on HCC vascular endothelium and when given in combination with the
murine bavituximab analogue inhibits tumor growth greater than sorafenib
alone by reactivating innate immunity. Bavituximab and sorafenib can be given
safely in patients with advanced HCC.
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Novel Antibody-targeted Zirconium-89 PET Imaging of Hepatocel-
lular Carcinoma J.G. Sham,* F. Kievit, J. Grierson, R. Miyaoka,

M. Yeh, M. Zhang, R. Yeung, S. Minoshima, J. Park. University of
Washington, Seattle, WA.

Introduction: Hepatocellular carcinoma (HCC) is a devastating malignancy
in which imperfect imaging plays a primary role in diagnosis. Preoperative
assessment for hepatectomy or orthotopic liver transplantation based on sub-
optimal imaging negatively impacts patient outcome. Furthermore, small, inde-
terminate lesions can lead to incorrect diagnosis, staging or delayed treat-
ment. Glypican-3 (GPC3) is an HCC-specific cell surface proteoglycan
over-expressed in the majority of HCCs. This study presents the first use of a
Zirconium-89 (89Zr) conjugated monoclonal antibody against GPC3 (aGPC3)
for intrahepatic tumor localization using micro positron emission tomography

(micro-PET). Methods: Radioactive 89Zr was conjugated to homegrown
aGPC3 using the chelator p-isothiocyanato-benzyldesferrioxamine. In vitro
binding, in vivo biodistribution and micro-PET studies using this conjugate
were performed in GPC3-expressing HepG2 and GPC3 non-expressing HLF
cells and RH7777 orthotopic xenografts established in athymic nude mice.
Tumor size was evaluated by histology. Results: 89Zr-aGPC3 demonstrated
highly sensitive, antibody-dependent and antigen-specific tumor binding.
HepG2 liver tumors exhibited high peak micro-PET signal (836.6 + 86.5%ID/g)
compared with background liver (27.5 + 1.6%ID/g). Tumor-to-liver contrast
ratio was high and peaked at 32.5 on day 3. Day 7 radioactivity was still sub-
stantial in HepG2 tumors (466.3 = 87.5%ID/g) compared with control RH7777
tumors (3.8% =1.2%ID/g, p<0.01) indicating antigen-specificity of 89Zr-
aGPC3. Animals treated with heat-denatured 89Zr-aGPC3 or co-injected with
an excess of unlabeled aGPC3 as a competition assay demonstrated markedly
lower tumor uptake (3.9 = 1.3%ID/g, 29.0 = 8.6%ID/g, respectively) con-
firming antibody-dependency. The largest tumor measured 3.8mm on histo-
logic examination. Conclusions: This study demonstrates the feasibility of
utilizing a 89Zr-aGPC3 PET imaging probe to image minute HCCs in the liver
with high specificity. Clarifying the identify of conventionally indeterminate
liver lesions would enhance the accuracy of the surgeon’s preoperative eval-
uation and therefore warrants further investigation for clinical translation.
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The Paradigm Shift of Neoadjuvant FOLFIRINOX: Surgical Out-
comes of Borderline Resectable and Unresectable Pancreatic Can-
cer D. Dias-Santos,* T.S. Hong, J. Faris, E. Kwak, V. Deshpand,

J. Wo, J. Wargo, J. Allen, L. Blaszkowsky, D. Ting, D.P. Ryan, D. For-
cione, S.P. Thayer, C. Fernandez-del Castillo, A.L. Warshaw,

K.D. Lillemoe, C.R. Ferrone. Massachusetts General Hospital, Boston,
MA.

Purpose: Neoadjuvant FOLFIRINOX followed by chemoradiation has
resulted in a paradigm shift when managing patients with locally advanced or
borderline resectable pancreatic adenocarcinoma (PDAC). This study evalu-
ates the short-term postoperative outcomes of patients undergoing surgical
resection after neoadjuvant FOLFIRINOX with or without chemoradiation.
Methods: The operative database was used to collect clinicopathologic data
for patients with PDAC surgically explored after neoadjuvant treatment with



