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ABSTRACT

Background. Peritoneal metastases portend poor progno-

sis in the setting of standard chemotherapy. Cytoreductive

surgery and hyperthermic intraperitoneal chemotherapy

(CRS/HIPEC) improves outcomes, but relapse is common.

We report a phase II trial evaluating the safety and efficacy

of adjuvant aDC1 vaccination with chemokine modulation

(CKM) after CRS/HIPEC.

Methods. Patients undergoing CRS/HIPEC for appen-

diceal cancer, colorectal cancer, or peritoneal

mesothelioma were enrolled. In addition to standard adju-

vant chemotherapy, patients received intranodal and

intradermal injections of autologous tumor-loaded aDC1

vaccine. After each vaccine booster, patients received

CKM over 4 days, consisting of celecoxib, interferon

(IFN)-a, and rintatolimod.

Results. Forty-six patients underwent CRS/HIPEC fol-

lowed by aDC1 treatment, including 24 appendiceal

primaries, 20 colorectal, and 2 mesotheliomas. DC matu-

ration was successful, with 97% expressing HLA-DR and

CD86. Tumor cell recovery from peritoneal tumors was

challenging, resulting in only 17% of patients receiving the

target dose of aDC1. The aDC1 and CKM regimen was

well tolerated. CKM successfully modulated serum

inflammatory cytokine and chemokine levels. Median

progression-free survival (PFS) for appendiceal primaries

was 50.4, 34.2, and 8.9 months for grade 1, 2, and 3

tumors, respectively, while median PFS for colorectal

cancer was 20.5 and 8.9 months for moderately and poorly

differentiated tumors, respectively.

Conclusions. Adjuvant autologous tumor antigen-loaded

aDC1 vaccine and CKM is well tolerated. The mucinous

nature of peritoneal metastases limits the feasibility of

obtaining adequate autologous tumor cells. The improve-

ment in median PFS did not meet our predefined

thresholds, leading us to conclude that aDC1 vaccination is

not appropriate for patients undergoing CRS/HIPEC for

peritoneal metastases.

Patients with peritoneal metastases from colon, appen-

diceal, and peritoneal mesothelioma have a poor prognosis

and limited therapeutic options. The best outcomes have

been reported using cytoreductive surgery and hyperther-

mic intraperitoneal chemotherapy (CRS/HIPEC) combined

with systemic chemotherapy.1–5 Despite this aggressive

treatment, relapse remains common, with a median pro-

gression-free survival (PFS) in randomized trials of 1 year

in patients with colorectal primaries.3,5 Additional adjuvant

therapy that addresses residual microscopic disease in the

systemic circulation, nodal system, and peritoneal cavity is

needed. Dendritic cell (DC) vaccine therapy may address

that need and represents a promising approach to immune

therapy due to its ability to activate T cells for immediate
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cytotoxic response and to induce memory T cells to prevent

relapse. This approach improves survival in metastatic

prostate cancer patients, leading to the first US FDA-ap-

proved DC vaccine, Sipuleucel-T (Provenge).6 We

previously reported a patient with aggressive recurrent

peritoneal metastases from colon cancer achieving long-

term cure after CRS followed by autologous DC vaccine

therapy as a participant in a previous DC trial.7 This led us

to explore a trial of DC therapy in patients with peritoneal

metastases from colon cancer, appendiceal cancer, and

peritoneal mesothelioma.

DCs are potent antigen-presenting cells that present

tumor-specific peptides for T cell activation. For effective

vaccines, the principle of functional polarization is

important with the induction of type-1 immunity—high co-

stimulatory activity of T helper (Th) 1 and cytotoxic T

lymphocytes (CTL). Ex vivo DC polarization using a

combination of interferon (IFN)-a and polyinosinic poly-

cytidylic acid (poly-I:C), in addition to tumor necrosis

factor (TNF)-a, interleukin (IL)-1b/IL-6/prostaglandin E2,

demonstrate high co-stimulatory activity and up to 30 times

greater IL-12 production after stimulation by antigen.8–14

In addition, they can be primed for tumor-specific activa-

tion by loading with tumor antigen, resulting in the

production of highly effective, tumor-specific CD8? cy-

totoxic T cells (CTL) and T-cell expansion.15–20

We have previously demonstrated that a chemokine

modulating (CKM) regimen consisting of INFa, poly I:C

(toll-like receptor [TLR] 3 agonist), and celecoxib (a

selective cyclooxygenase [COX]-2 prostaglandin inhibitor)

serves to reverse the immune suppressive chemokine pro-

file, increase the attraction of CTL, and improve effective

homing of these cells into tumors.9,13,20–27 Thus, in patients

undergoing CRS/HIPEC for peritoneal metastases, we

hypothesized that adjuvant autologous tumor-pulsed aDC1

therapy plus CKM may address residual microscopic dis-

ease and prevent relapse. This phase II study evaluated the

safety and efficacy of adjuvant autologous aDC1 vaccine

with systemic CKM consisting of celecoxib, INFa, and

rintatolimod (a TLR3 ligand derivative of poly-I:C) after

CRS/HIPEC for patients with peritoneal metastases from

appendiceal cancer, colorectal cancer, and peritoneal

mesothelioma.

METHODS

Patients

Patients were enrolled in the trial after informed consent

approvals from the University of Pittsburgh Institutional

Review Board for protocol UPCI 12-110 (NCT02151448).

Eligibility included histologically proven peritoneal

metastases from peritoneal mesothelioma, appendiceal

cancer or colorectal cancers, undergoing CRS/HIPEC.

After CRS/HIPEC, patients were screened for complete-

ness of cytoreduction (CC) scores of 0 (no residual

macroscopic disease), 1 (residual tumor nodules\ 2.5 mm

in diameter), or 2 (residual tumor nodules\ 2.5 cm in

diameter), Eastern Cooperative Oncology Group (ECOG)

performance status of 0–2, ability to swallow pills, ade-

quate laboratory parameters without evidence of renal or

hepatic dysfunction, and ability to undergo plasmapheresis

within 8 weeks of surgery. Patients with immunosuppres-

sion, autoimmune disorders, cardiac events within the

preceding 3 months, and previous allergic reaction or

hypersensitivity to celecoxib or non-steroidal anti-inflam-

matory drugs (NSAIDs) were excluded.

Sixty-three patients were enrolled, underwent CRS/

HIPEC, and received the initial vaccine priming course. Of

these patients, two had no clinical response data, seven

were lost to follow-up, and eight received a suboptimal

dose of INFa on the phase I lead-in portion of the trial. The

remaining 46 patients are the subjects of this report.

Clinical Trial Design

This single-institution phase II study was designed to

assess the toxicity of the aDC1 vaccine and CKM, evaluate

induction of an inflammatory response, and determine

clinical benefit (Fig. 1). Vaccines were delivered intrader-

mally and intranodally using ultrasound guidance, rotating

between the left and right inguinal lymph node clusters.7

After the patient recovered from CRS/HIPEC, a priming

dose of aDC1 was administered on the first week of

treatment. The priming dose consisted of both intradermal

and intranodal injections of aDC1 vaccine alone. Within

4 weeks, patients received a booster cycle consisting of

both intradermal and intranodal injections of aDC1 vaccine

followed by 4 subsequent days of CKM. The CKM con-

sisted of intravenous IFNa (20 mu/m2) on days 2–5,

intravenous rintatolimod (200 mg) on days 3 and 5, and

twice-daily oral celecoxib (200 mg) on days 2–5. In those

without adverse events (AE), two additional booster cycles

were offered every 4 weeks using the same aDC1/CKM

regimen. Patients could receive standard-of-care adjuvant

chemotherapy concurrently. Adjuvant chemotherapy was

administered between vaccine therapies but no sooner than

5 days after completing a cycle of vaccine therapy. Vari-

abilities in the timing of the vaccine and adjuvant therapy

were allowed.

Toxicity Assessment and Stopping Rules

Patients were monitored for treatment-related adverse

events (AE) using the National Cancer Institute Common
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Toxicity Criteria version 3.0. In the phase I cohort, dose-

limiting toxicity (DLT) of CKM was evaluated for the

likelihood of the following being due to the CKM treat-

ment: grade 2 or higher hypersensitivity; grade 3 or higher

non-hematologic/metabolic toxicity; and grade 3 or higher

hematologic (except for lymphopenia) or metabolic toxic-

ity that did not subside after 4 weeks’ cessation of the

CKM.

Vaccine Preparation

Our technique for generation of aDC1 has been previ-

ously described.6 For this trial, patients underwent

leukapheresis preoperatively or within 8 weeks after CRS/

HIPEC for extraction of DC. Monocytes were isolated by

the University of Pittsburgh Cancer Institute Immunologic

Monitoring and Cellular Products Laboratory (IMCPL)

using the Elutra Cell Separation System (TerumoBCT,

Lakewood, CO, USA). These were cultured in antibiotic-

free culture medium (CellGenix Technologie Transfer

GmbH, Antioch, IL, USA) supplemented with 1000 U/mL

IL-4 and 1000 U/mL granulocyte–macrophage colony

stimulating factor (GM-CSF) for 6 days to generate

immature DC. Immature DC were cryopreserved until

vaccination.

Prior to vaccination, immature DC were recovered from

cryopreservation and polarized with IL-1b (25 ng/mL;

CellGenix GmbH, Freiburg, Germany), TNFa (50 ng/mL;

CellGenix GmbH), IFNa (3000 U/mL; Merck & Co,

Whitehouse Station, NJ, USA), poly-I:C (20 mg/mL; EMD

Millipore, Philadelphia, PA, USA), and IFNc (1000 U/mL,

InterMune Inc, Brisbane, CA, USA) at 37 �C in 5% CO2

for 48 h.12

Tumor specimens were collected at the time of surgery.

Fresh tissue was minced and digested with collagenase and

DNase. Lysates were sterilized with ultraviolet B (UVB)

and treated with c-irradiation (20,000 Rads) to induce

apoptosis. Apoptotic tumor cells were added to the

immature DC cultures at day 6, during the induction of DC

maturation into polarized DC1 at a target ratio of 30:1

monocytes to tumor cells. This corresponds to an estimated

ratio of 10:1 aDC1 to tumor cells, since typically 10

monocytes yield 2–3 DCs.

Mature antigen-loaded aDC1 were harvested after 48 h

and tested for sterility and viability (endotoxin\ 5.0 EU/

kg of body weight, DC viability[ 70%). aDC1 purity was

evaluated by flow cytometry for the presence of CD83[
70% and CCR7[ 50%, and\ 10% contaminating

CD3? , CD19? , or CD14? cells. The in vitro function of

aDC1 was evaluated by the ability to release IL-12p70

following stimulation with CD40L-transfected J558 cells,

as previously described.28,29

Cytokine and Chemokine Assays

Luminex-based assays were performed by UPCI Cancer

Biomarkers Facility to evaluate in vivo activity of the

aDC1 and CKM. Cytokine and chemokine expression were

measured in frozen plasma samples drawn prior to priming

with aDC1 (baseline), prior to the first booster of aDC1

and CKM (pre-aDC1?CKM), and after the booster (post-

aDC1?CKM). Expression of the following cytokines were

measured: CXCL10, CXCL11, CXCL12, IL-6, IL-8, IL-

10, and TNFa (R&D High Sensitivity 10plex, R&D

Luminex 4plex, R&D INFa, Millipore Human Immuno-

Oncology Checkpoint Protein 1plex [TLR2]).

Clinical Endpoints

The primary clinical endpoint of the study was time to

progression. Progression was defined as radiographic or

clinical evidence of new lesions, recurrence at previous

sites, or progression compared with baseline imaging. We

also followed patients for overall survival.

Statistical Analysis

The aim of the study was to demonstrate a 25%

improvement in PFS over the expected median PFS based

on historical control patients within our institutional data-

base. The expected and target median PFSs were 20 and

25 months for appendiceal cancer, 12 and 15 months for

colorectal cancer, and 20 and 25 months for peritoneal

mesothelioma, respectively. The target accrual was 168

patients over 3 years to detect a 25% improvement with

90% power.

CRS+
HIPEC

Wk 0 Wk 3 Wk 5/6 Wk 8-20 Wk 21/22 Wk 26/27

CKMCKMCKM Adjuvant
ChemoTx

VxVxVxVx

FIG. 1 Intended course of adjuvant DC vaccination. Variabilities in

the timing of vaccine and adjuvant therapy were allowed. CKM: IFNa
on days 2–5, rintatolimod on days 3 and 5, and celecoxib on days 2–5.

Vx DC vaccine injection, CRS/HIPEC cytoreductive surgery plus

hyperthermic intraperitoneal chemotherapy, ChemoTx chemotherapy,

DC dentritic cells, CKM chemokine modulation, IFN interferon
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RESULTS

Patient Population

Patient demographics and the results of CRS/HIPEC are

outlined in Table 1. The 46 patients included 15 females

and 31 males with a mean age of 55 years. Twenty-four

patients had appendiceal peritoneal metastases, 20 patients

had colorectal peritoneal metastases, and 2 patients had

peritoneal mesothelioma. Overall, 34 (74%) patients had

recurrent disease at presentation, 32 (70%) had undergone

previous CRS, and 20 (43%) had previously undergone

HIPEC. On average, patients had been diagnosed with

peritoneal metastases for 27 months prior to being recrui-

ted into the trial. The median Peritoneal Cancer Index

(PCI) was 15, indicating a high burden of intraperitoneal

disease. CC-0 was achieved in 35 patients, 9 patients had

small-volume residual disease (CC-1), and 2 patients had

moderate residual disease (CC-2).

Vaccine Production

Vaccine production and administration data are outlined

in Table 2. All patients had tumor harvested for antigen

loading of DCs. The goal was for recovery of at least 8 g of

tumor and for recovery of 1.2 9 107 viable tumor cells for

optimal loading of DCs. Based on viable cell count,

excluding white blood cells, we planned to load the DCs at

a target ratio of 30:1 monocytes to tumor cells (corre-

sponding to a target ratio of 101:DC to tumor cells).

Overall, we were able to harvest a median of 37.5 g of

tumor, ranging from 2 to 71 g. While we did not use

CD326 (EpCAM) staining to determine the numbers of

tumor cells (vs. stromal cells) for DC antigen loading, we

did measure it in retrospect for patients with colon or

appendiceal tumors to differentiate the tumor cells from

stromal cells and estimate the number of tumor cells used

for DC loading. A median of 1.8 9 106 viable,

EpCAM ? tumor cells were recovered for DC loading

(ranging from 3.9 9 106 to 3.5 9 107). Only eight patients

had the desired number (1.2 9 107) of EpCAM ? tumor

TABLE 1 Patient

characteristics
Trial patients [n = 46]

Mean age, years (SD) 55 (11)

Male sex 31 (67)

Diagnosis

Appendiceal 24 (52)

LAMN 7 (29)

MACA—moderately differentiated 8 (33)

MACA—poorly differentiated 8 (33)

Colon 20 (43)

Moderately differentiated 11 (55)

Poorly differentiated 9 (45)

Mesothelioma 2 (4)

Recurrent disease 34 (74)

Previous CRS 32 (70)

Previous HIPEC 20 (43)

Mean time from diagnosis to trial, months (SD) 27 (29)

Median PCI (IQR) 15 (10–22)

CC score

0 35 (76)

1 9 (20)

2 2 (4)

Median operative time, mins (IQR) 506 (392–668)

Median hospital stay, days (IQR) 12 (8–16)

Complications [median (IQR)] 22.6 (0–37)

Readmission 21 (46)

Data are expressed as n (%) unless otherwise specified

LAMN low-grade appendiceal mucinous neoplasms, MACA mucinous adenocarcinoma, CRS cytoreductive

surgery, HIPEC hyperthermic intraperitoneal chemotherapy, SD standard deviation, PCI Peritoneal Cancer

Index, IQR interquartile range
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cells for DC loading. While we intended to load DCs with

tumor-derived cells at a ratio of 30:1, when analyzing

EpCAM ? staining in retrospect, we actually loaded with

a median ratio of 15 times lower (when calculating ratios of

DCs to EpCAM ? tumor cells, range 0.12–28). No

patients reached the desired 30:1 ratio of DC precursor

monocytes to EpCAM ? tumor cells (or the target 10:1

ratio of DCs to tumor cells).

DCs were able to be isolated and matured, with 97% of

aDC1 expressing HLA-DR and CD86. CD40L-induced IL-

12p70 production was, on average, 2.8 ± 3.9 ng/mL/

2 9 104 aDC1/24 h, indicating adequate maturation.9

Fifty-four percent of patients had[ 1.0 ng/mL/24 h IL-

12p70. Production[ 3.0 ng/mL has been previously cor-

related with clinical response, and 10 patients had IL-

12p70 levels[ 3.0, ranging up to 17.20

Because of low tumor cell recovery from operative tis-

sue specimens, we did not always have enough primed

aDC1 for optimal vaccination dosing and/or for complet-

ing the priming and three booster doses. This resulted in

only 9 of the 46 patients receiving the target dose of

3 9 106 aDC1, and only 32 of the 46 patients received all

three boosters—6 received two boosters, 7 received only

one booster, and 1 patient received only the initial priming

dose of DCs. Only 8 of the 46 patients received all three

boosters at the target dose.

Summary of Adverse Events

Grade 1 flu-like symptoms were the most common AEs

attributed to the DC vaccination and CKM, including chills

(n = 36), fatigue (n = 19), and nausea (n = 19). They were

usually self-limited to 24 h after each vaccine dose. Grades

1 and 2 injection-site reactions were relatively uncommon,

affecting only two patients. Six patients had grades 3–5

AEs, possibly attributed to treatment. These included a

decrease in lymphocyte count, diarrhea, transient blurry

vision, stroke, heart failure, and gastrointestinal bleed

while receiving blood thinners for personal history of

stroke (Table 3). One patient experienced transient blurry

vision that may be related to rintatolimod and was self-

limited.

Serum Cytokines and Chemokines

We measured CXCL10, CXCL11, CXCL12, IL-6, IL-8,

IL-10, and TNFa in serum at baseline and after the first

booster with vaccine and CKM. All these inflammatory

cytokines demonstrated an increase in serum concentra-

tions after CKM treatment (Table 4).

Clinical Outcomes

The study was originally powered to determine a 25%

improvement in PFS over historical controls from our own

database, stratified by histology: colon cancer, appendiceal

cancer, and mesothelioma with an accrual goal of 168

patients. The expected and target median PFSs were 20 and

25 months for appendiceal cancer, 12 and 15 months for

colorectal cancer, and 20 and 25 months for peritoneal

mesothelioma, respectively. The trial was terminated early

after an interim analysis demonstrated futility due to a lack

of improvement in PFS (colon cancer), variable tumor

grade affecting results (appendiceal), or slow accrual

(mesothelioma). In total, 46 patients were enrolled and had

evaluable data prior to early termination.

PFS for colon cancer was 20.5 months for moderately

differentiated tumors, and 8.9 months for poorly differen-

tiated tumors (Fig. 2a). Two of 11 patients with moderately

differentiated tumors have not recurred at 58 and

46 months after CRS/HIPEC. Both had PCI scores of\ 12

and had all gross disease removed at the time of surgery.

Overall survival for the moderately differentiated tumors

was not reached, and for poorly differentiated tumors was

18.3 months (Fig. 2b). This is consistent with our prior

reports of CRS/HIPEC for colon peritoneal metastases.

TABLE 2 Tumor cell

isolation, DC recovery and

vaccine delivery

Target Actual

Tumor cell isolation

Tumor recovery, median (g) 8 37.5 (2–71)

Viable tumor cells needed for DC loading, median (9 106 cells) 12 1.8 (3.9–35)

DC production (%)

DC maturation (?HLA-DR, ?CD86) 100 97

CD40L-induced IL12p70[ 1.0 ng/mL/24 h 100 54

Vaccine administration [n (%)]

Patients receiving target dose aDC1 [3 9 106 cells] 46 (100) 9 (20)

Patients receiving all three boosters 46 (100) 32 (70)

Patients receiving all three target dose boosters [3 9 106] 46 (100) 8 (17)

DC dentritic cell

Dendritic Cell Vaccine After CRS/HIPEC 4641



For appendiceal cancers, PFS was 50.4 months for low-

grade (grade G1), 34.2 months for intermediate-grade

(grade G2), and 8.9 months for high-grade/poorly differ-

entiated/signet ring cell cancers (grade G3) (Fig. 3a). Three

of eight patients with grade G2 tumors have not recurred at

55, 44, and 35 months of follow-up, with PCI scores of 8,

3, and 28, respectively, and all gross disease removed. Four

of seven patients with grade G1 tumors have not recurred at

55, 51, 49, and 45 months, with PCI scores of 10, 14, 16,

and 10, respectively, and all gross disease removed. Three

of eight patients with grade G3 tumors have died of their

disease at 6, 7, and 8 months after surgery; the remaining

five patients are still alive 30–46 months after surgery. One

of eight patients with grade G2 tumors had died at

44 months, with the remaining seven patients were alive

35–56 months after surgery. All patients with grade G1

tumors were still alive at a median follow-up of 50 months

(Fig. 3b). These results are consistent with our previously

reported results of survival for appendiceal cancer after

CRS/HIPEC. The two patients with mesothelioma recurred

at 25 and 8 months and died of their disease at 40 and

10 months, respectively. Both had biphasic mesothelioma,

with PCI scores[ 20 and complete cytoreduction.

As discussed above, 10 patients had IL-12p70 produc-

tion[ 3 ng/mL/24 h. No trend towards improved survival

could be identified for those patients (data not shown). Two

patients received all intended target-dose priming and

booster injections of aDC1, with a high percentage of

EpCAM? cell loading. The first patient had high-grade

appendiceal cancer, with a PCI score of 21 and minimal

residual gross disease after CRS. He received all four doses

of vaccine and three doses of CKM, and had 25.7%

EpCAM? cells loaded at a ratio of 30:1, with IL-12p70

production of 2.3 ng/mL/24 h. Unfortunately, the patient

developed progressive disease 4.9 months after surgery and

died of his disease 7.4 months after surgery. The second

patient had poorly differentiated colon cancer, with a PCI

score of 20 and no residual disease after CRS. He had

34.1% EpCAM? cells and IL-12p70 production of 4 ng/

mL/24 h. He developed a recurrence at 3.2 months and

died 18 months after surgery.

TABLE 3 Adverse events

related to vaccine and CKM

interventionToxicity likely or

possibly related to vaccine

Frequency [n = 46]

Grade 1

Flu-like symptoms: chills, fever, nausea 36, 19, 19

Grade 2

Injection-site reactions 2

Grade 3

Anemia 1

Lymphocyte count decrease 1

Diarrhea 1

Blurred vision—self-limited 1

Grade 4

Coronary heart failure and respiratory distress 1

Stroke 1

CKM chemokine modulation

TABLE 4 In vitro inflammatory cytokine response to CKM

Baseline concentration (pg/mL) Post-booster concentration (pg/mL) Mean difference Standard error p Value

IL-6 12.8 35.4 22.5 6.3 \ 0.01

IL-8 10.1 17.2 7.2 1.8 \ 0.01

IL-10 1 7.7 6.7 1.9 \ 0.01

TNF-a 10.1 31.3 21.2 3.7 \ 0.01

CXCL10 124.8 16841.6 16716.9 2974.2 \ 0.01

CXCL11 368 12,223 11,862 988.6 \ 0.01

CXCL12 1284.6 2204 919.6 57.7 \ 0.01

CKM chemokine modulation, IL interleukin, TNF tumor necrosis factor
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DISCUSSION

Patients with peritoneal metastases have limited thera-

peutic options, rendering a poor long-term prognosis. CRS/

HIPEC combines complex surgical resection with concur-

rent heated intraperitoneal chemotherapy, and can render a

patient free of disease and offer long-term remission in

certain scenarios.1–5,30,31 However, in most cases, patients

develop recurrence and thus there remains a need to dis-

cover effective adjuvant therapies for prolonging PFS. DC

immune therapies have been investigated in several tumor

types, however to the authors’ best knowledge, this is the

first trial of DC therapy for peritoneal metastases.20,32,33

The aDC1 used in this trial is the result of a previously

published culture method that generates mature DC with

both high co-stimulatory activity and secretory activity.6–8

These aDC1 have been shown to induce production of

CD8? T cells and convert non-cytolytic CD8? T cells

into efficient effector T cells.34 In this trial, the aDC1s

produced successfully expressed IL-12 at threshold levels

in response to stimulation in 54% of patients, demon-

strating the ability to activate CTL. IL-12 production from

DCs after CD40L stimulation has been previously shown to

correlate with clinical activity.9 We previously reported

prolonged survival in patients with glioblastoma multi-

forme using antigenic peptide-pulsed DCs, with 1 of 22

patients demonstrating a sustained complete response.20

However, using apoptotic tumor cells in the current study,

we experienced repetitive challenges isolating an adequate

numbers of cells from the peritoneal tumor specimens to

load the aDC1. The planned target 30:1 ratio of the plated

monocytes to tumor cells is borne out of preclinical studies

in an in vitro sensitization system, showing that effective

induction of cancer cell-specific CTL is achieved when

loading the DCs with cancer cells at ratios of 30:1 (one

cancer cell gives rise to multiple apoptotic bodies and can

feed antigen to multiple DCs). At lower ratios, the induc-

tion of tumor-specific CTL drops rapidly when fewer

cancer cells are used,15–19 [un published data].
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The cytokine microenvironment is pivotal in regulating

the expression of various T-cell subtypes.13–21,35 This

forms the rationale for administering CKM following the

booster doses, whereby the DC vaccine is expected to

induce tumor-specific CTL, and CKM is expected to direct

CTL to tumor tissues. Based on preclinical data, our CKM

consisted of IFNa, celecoxib, and rintatolimod. While we

could not document intratumoral changes in the production

of chemokines and cytokines due to the adjuvant nature of

the treatment, we did examine changes in circulating

levels. We measured an increase in proinflammatory

cytokines and chemokines after CKM, including CXCL10,

CXCL11, IL-6, IL-8, SDF1a, and TNFa. In addition, the

anti-inflammatory cytokine IL-10 was increased, perhaps

as a negative feedback response to TLR signaling.36–38

Unfortunately, with this trial and these data, we cannot

confirm the prior ex vivo observations regarding the

immune profile of the tumor microenvironment. A separate

trial examining CKM therapy for metastatic colorectal

cancer with pre- and post-treatment biopsies has finished

accrual and is currently being analyzed.

One of the conclusions of this trial is the challenges

associated with the optimal production of autologous tumor

antigen-loaded aDC1 vaccine as intended in the study

protocol. No patients received the target DC to

EpCAM? cancer cell ratio of 30:1 due to difficulties

extracting tumor cells from resected tumor tissue. The low

yields can be partially attributed to the specimens achiev-

able at CRS. The diffuse, miliary pattern of peritoneal

metastases can make extraction of tumor cells from dis-

crete tissue specimens difficult, and, similarly, tumors with

large deposits of mucin can demonstrate low cellularity

within a defined specimen. These pose challenges to iso-

lating tumor cells. Additionally, patients undergoing CRS/

HIPEC are usually pretreated with chemotherapy, and, as a

result, tumor specimens may demonstrate increased fibrosis

and necrosis, which also adversely affects tumor yield. The

less-than-target ratio likely adversely affects the maturing

of aDC1 and the presentation of rejection antigens, limiting

its clinical impact. In concert with less-than-target antigen

loading, we faced challenges generating adequate vaccine

to reach the target dose of 3 9 106 aDC1 per injection for

each of the planned four injections. The target dose and

four treatments were only achieved in 17% of patients, and

only two patients received the complete treatment with a

high percentage of EpCAM? tumor cells ([ 25%) and IL-

12 levels[ 2 ng/mL/24 h. These challenges illustrate the

need for improved methods of generating adequate tumor

antigen and vaccine in patients undergoing CRS.

This trial also serves to offer guidance into future

investigations of DC therapy in gastrointestinal malignan-

cies. The inadequacy of tumor antigen was the predominant

technical shortcoming within this trial, with the aDC1 and

CKM showing good biologic function. The low yields of

tumor antigen is likely due to the mucinous predominance

of the extracted tumor, leading us to conclude that use of

autologous tumor for loading of DC is likely not a feasible

strategy for tumors with mucinous predominance. Other

strategies worth exploring include the use of synthetic

tumor peptides, use of tumor-associated protein, and

tumor-derived mRNA. These strategies may ensure better

maturation of aDC1 and clinical effectiveness.

CONCLUSION

This study demonstrates the safety of CKM in combi-

nation with autologous tumor pulsed aDC1 vaccine, and

shows that CKM elicits a heightened inflammatory state in

the serum. It also illustrates the logistical challenges with

isolating sufficient cancer cells to generate sufficient

numbers of autologous tumor-pulsed aDC1 immune ther-

apy in patients with peritoneal metastases.
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