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Abstract: Colorectal cancer is the third most diagnosed cancer in the United States. Five-year survival
rates remain low and many patients will develop liver metastasis. Vigil is an immunotherapy
manufactured from autologous tumor cells and transfected ex vivo with a plasmid that encodes
the GM-CSF gene and bifunctional shRNA construct to knockdown furin. Here, we report two
patients with colorectal cancer and resectable liver metastasis entered into a clinical trial involving
Vigil in combination with standard of care modified FOLFOX-6 chemotherapy. The first dose of
Vigil was given two weeks before the modified FOLFOX-6 regimen. Vigil treatment continued until
Vigil supply was exhausted. Both patients exhibited remarkable response to combination therapy,
demonstrating no evidence of disease recurrence for over eight years. Additionally, both patients
demonstrated systemic immune response to Vigil therapy as tested by ELISPOT.

Keywords: colorectal cancer; immunotherapy; liver metastases

1. Introduction

Approximately 25–30% of patients with colorectal cancer will develop liver metas-
tases [1]. Overall, the five-year survival rate of metastatic colon cancer is less than 10% [2].
The five-year survival rate of patients amenable to complete resection of liver metastases
ranges anywhere from 28 to 38% [3], however, only 25% of patients with liver metastases
are candidates for complete resection and 60–80% will recur within two years following
surgery [1].

Vigil is a triple-function immunotherapy composed of autologous tumor cells con-
taining personalized cancer neoantigens, electroporated ex-vivo with the Vigil plasmid,
which expresses the rhGMCSF (granulocyte-macrophage colony-stimulating factor) protein
and a bifunctional shRNA targeting the pro-protein convertase furin which suppresses
transforming growth factor beta immunosuppressive proteins, TGFβ1 and TGFβ2 [4]. Data
published provide evidence of clinical response to Vigil for patients diagnosed with various
types of cancer [4–8]. In Phase I and 2 trials of Vigil in patients with advanced cancer, mean
effective target knockdown rates of the endogenous immunosuppressive transforming
growth factors TGFβ1 and TGFβ2 was over 90% and the mean product expression of
GMCSF had increased from below the threshold of detection of 7.8 pg/106 nucleated cells
to over 1000 pg/106 nucleated cells from dissociated tumor tissue. Circulating mononu-
clear cells of patients treated with Vigil also demonstrated immune response specifically
against their autologous tumor via ELISPOT assay [5,9]. Positive ELISPOT defined as
≥10 interferon response spots/106 was seen in the majority of patients. Results of systemic
immune response were further supported via assessment of Vigil induced circulation
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of CD8+ T cells and immune response profile of NanoString®. Patients demonstrating
NanoString®expressive immune response related to MHC II expression and high TIS score
correlated with clinical benefit (PFS, RFS, and OS) [10,11]. Clinical results in correlation
with immune response also support early evidence of clinical benefit with respect to PFS,
RFS, and OS, particularly involving ovarian cancer patients [5,9,10,12–15].

The following report presents two unique cases of clinical response, including po-
tential evidence of sustained immunological memory, to Vigil, concurrent with intensive
chemotherapy in high-risk patients with metastatic colorectal cancer with liver metastases
that have undergone surgical resection.

2. Materials and Methods
2.1. Study Design

Two colon cancer patients (CLM-1001 and CLM-1002) with liver limited metastasis
were entered into the study (CL-PTL-107 NCT01505166), after signing IRB approved con-
sent, following complete surgical resection of liver metastasis, and treated with a modified
FOLFOX-6 chemotherapy regimen started one week after 2 doses of Vigil (formerly known
as FANG) consisting of 1.0 × 107 cells/intradermal injection (maximum 12 injections).
FOLFOX-6 consisted of oxaliplatin (85 mg/m2/2 h), l-leucovorin (200 mg/m2/2 h and
fluorouracil (400 mg/m2 IV bolus [short-infusion] or 2400 mg/m2 46 h continuous infusion)
administered every 14 days (twice per cycle) for a maximum of 6 cycles. Hematologic
activity, liver enzymes, and renal functions were monitored weekly as well as physical
characteristics such as body weight and vital signs. CEA concentration levels in serum
were also analyzed during the course of treatment. Vigil was administered from 4–8 weeks
after tumor procurement via an intradermal injection every two weeks for the first two
doses followed by every 28 days for subsequent doses. Per protocol, patients were allowed
to receive up to 12 vaccines of Vigil, but the quantity of vaccines created was limited by
the tumor tissue available for procurement. Per study protocol, treatment with Vigil was
continued until progressive disease was noted using immune-related response criteria
(irRC) [16] and RECIST v1.1 criteria or until all manufacturing Vigil doses were exhausted,
whichever occurred first.

2.2. Tumor Procurement/Vigil Manufacturing

Gradalis Inc. (Carrollton, TX) manufactured the vaccine from tumors procured via
surgical resection. The equivalent of a “golf-ball sized mass”, approximately 30 g in
mass, was required for successful vaccine manufacture. This process has been previously
described [7]. Briefly, the excised tumor collected in the surgical field was suspended in a
sterile saline solution and transported to the manufacturing facility. A cell suspension of
the tumor was created and transfected with the Vigil plasmid. Cells were subsequently
harvested, washed, and irradiated at 10,000 cGy. These cells were aliquoted and frozen at a
concentration of 1 × 107 cells/mL. The media used to freeze and aliquot the cells consisted
of a 10% DMSO (Bionichepharma US), 1% Human Serum Albumin (Buminate; Baxter) in a
Plasma-Lyte A buffer set at a pH of 7.4 (Baxter).

3. Results
3.1. Patient CLM-1001

Patient CLM-1001, a 50-year-old male presented with a one-month history of ab-
dominal discomfort and significant changes in bowel movements but had not noted any
abnormal bleeding and was otherwise asymptomatic. Prior to surgery, a computerized
tomography (CT) in July 2012 identified a hyper-attenuating lesion within the right hep-
atic lobe, measuring 1.6 cm, suggestive for metastatic disease, and a circumferential wall
thickening of a short segment of the sigmoid colon, measuring approximately 5.0 cm in
length, which is consistent with neoplasm. No other suspicious mass lesions, fluid collec-
tions nor distention of the urinary bladder or lymphadenopathy was noted. The patient
was subsequently diagnosed with Stage IVA colorectal cancer with metastatic lesions to
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the liver in August 2012. A subsequent colonoscopy identified a colonic lesion within
the sigmoid colon and was referred for a sigmoidectomy. Pathological analysis of tissue
collected during the sigmoidectomy and resection of the hepatic lesion, in September 2012,
confirmed a diagnosis of moderately differentiated stage IV adenocarcinoma and opera-
tive reports dictated that 1 out of 24 pericolic lymph nodes were involved and vascular
invasion was noted. Molecular testing did not detect KRAS mutation. Post-operative
positron emission tomography (PET) scan did not demonstrate any changes suggestive
of metastatic progression. Tumor tissue from the resected liver metastases was used to
create 12 vaccines of Vigil at a concentration of 1 × 107 cells/mL. Post-surgical resection,
patient CLM-1001 achieved no evidential disease (NED) per Response Evaluation Criteria
In Solid Tumors (RECIST) v1.1 criteria at baseline of treatment and underwent adjuvant
treatment with Vigil, 8 weeks after tissue procurement as part of study CL-PTL-107, starting
November 2012. In December 2012, the patient began concurrent Vigil with FOLFOX-6
therapy. The last date of treatment with FOLFOX-6 was May 2013 and the last date of Vigil
administration was September 2013.

Baseline ELISPOT in November 2012, prior to treatment initiation, was measured at
0 spots/106 cells (negative result). ELISPOT assays conducted during treatment Cycles 2
and 3 demonstrated ELISPOT positive results of 32 spots/106 cells, and 353 spots/106 cells,
respectively. CEA levels remained low (<0.8 mg/dL) for over 8 years after treatment with
Vigil. Follow-up visits after treatment demonstrated that patient CLM-1001 sustained an
NED status per RECIST v 1.1 guidelines and the most recent follow-up visit occurred in
July 2021.

During the course of treatment, Patient CLM-1001 experienced Grade 1–3 adverse
events. Two adverse events of Grade 3 neutropenia and leukopenia were experienced
related to FOLFOX-6. One dose modification was noted for this patient. The only toxicity
developed likely in response to Vigil were two events of Grade 1 induration at the injection
site. Other toxicities experienced were either unrelated to the combination regimen or were
due to the FOLFOX-6 chemotherapy.

3.2. Patient CLM-1002

Patient CLM-1002, a 55-year-old female presented with blood in her stools in March
of 2012. Subsequent colonoscopy, completed in July 2012, identified an ulcerated circum-
ferential 4-cm mass in the proximal rectum and distal sigmoid colon. The lesion was
pathologically confirmed to be moderately differentiated adenocarcinoma with a high
grade of dysplasia. A CT scan of the abdomen and pelvis in July 2012 confirmed a distal
sigmoidal lesion along with adjacent lymphadenopathy in the mesentery with calcifications
and a 6.4-cm lesion in the right lobe of the liver. Subsequently, the patient was diagnosed
with Stage IVB Colorectal Cancer with metastatic disease to the liver in July 2012. The pa-
tient received systemic chemotherapy with FOLFOX-6 for 2 cycles (4 treatments) from July
2012 to September 2012. Following FOLFOX-6 treatment, patient CLM-1002 underwent
a sigmoidectomy in October 2012 and resection of the liver metastases, which were used
to prepare the autologous Vigil vaccine. From the resected liver lesions, 9 vials of Vigil at
a dosage of 1 × 107 cells/mL were created. Patient CLM-1002 achieved NED status per
RECIST v 1.1 criteria at baseline and started treatment with Vigil 5.9 weeks after tissue
procurement as part of study CL-PTL-107 in November 2012 and resumed FOLFOX-6 in
December 2012. The last treatment with FOLFOX-6 occurred in March 2013, and the last
treatment with Vigil occurred in June 2013.

Baseline ELISPOT prior to treatment start in November 2012 was measured at
1 spot/106 cells (negative result). Repeated ELISPOT assays during cycles 1, 2, and 3 yielded
results of 243 spots/106 cells, 336 spots/106 cells, and 150 spots/106 cells (positive results),
respectively. Follow-up ELISPOT assays completed 11 and 25 months after treatment
initiation (4 and 7 months after treatment completion), measured 173 spots/106 cells and
174 spots/106 cells (positive results), respectively, with continued NED status. CEA levels
up to 11.8 mg/dL were also reduced and maintained below 5.0 mg/dL (2.2–4.9 mg/dL) for
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over 8 years after treatment with Vigil. No recurrence has been noted in Patient CLM-1002
since treatment, with the most recent follow-up visit occurring on 17 May 2021.

Patient CLM-1002 experienced Grade 1–3 adverse events throughout the course of
treatment with Vigil and FOLFOX-6. Only 1 FOLFOX-6 treatment-related Grade 3 adverse
event of neutropenia was experienced. Six dose reductions of FOLFOX-6 were noted. The
only adverse events likely related to Vigil were 6 Grade 1 injection site reactions (induration
and erythema). The other adverse events were likely due to FOLFOX-6.

4. Discussion

In summary, we present two patients that had advanced colorectal cancer with com-
pletely resected liver metastases who sustained remarkable NED status for over eight years
(CLM-1001 over eight years six months and CLM-1002 over eight years nine months) after
treatment with the Vigil vaccine and concurrent chemotherapy with FOLFOX-6. Moreover,
both demonstrated evidence of active immune response stimulation against their own
colon cancer cells as tested via ELISPOT reactivity.

The maintained NED statuses seen in both patients after Vigil treatment as well as
correlative ELISPOT results support durable immune-related benefit greater than expected
with the standard of care. Additionally, these results were achieved without significant
toxicities to a regimen of Vigil in conjunction with chemotherapy, which suggests that this
course of treatment could prove to be beneficial for other colorectal cancer patients with
surgically resectable liver limited metastasis.

The increase in ELISPOT assay results of both patients during the treatment period
also is suggestive of a strengthened acquisition and retention of CD8+ and memory T-
cells. Induction of CD8+ T cell gamma interferon with exposure to relevant clonal tumor
neoantigens has been defined as a significant mechanism related to mononuclear cell
induced antitumor immune response [17]. Such a mechanism is postulated to be a critical
component of the immune response associated with RFS and OS benefit involving several
studies with Vigil [5,7–9,12–14]. Molecular signal assessment may facilitate identification
of resistance and/or sensitivity to Vigil therapy. Bone marrow derived T cell progenitor
maturation involves thymus modulation and interaction of the T cell receptor with major
histocompatibility complex expressed on thymic stromal cells [18]. Through this interac-
tion, necessary CD8+, CD4+, and dual CD8+/CD4+ T cells differentiate and potentially
interact with Vigil stimulation. Limits in T cell progenitor development may reduce Vigil
responsiveness. Further assessment of molecular profile in patients undergoing Vigil ther-
apy may identify optimal responsive subgroups of patients. Potential targets may include
Runx3, Twist 2, Nur77, and NorI [19,20]. Ongoing work is underway. ELISPOT results
have been exhaustively documented to be an indicator of systemic immune response and
have support in the correlation of clinical benefit with other solid tumors [4–8]. These
results support further investigation of the combination Vigil + FOLFOX-6 regimen to
determine if the combination is effective in preventing recurrence of colorectal cancer.

In conclusion, we presented two colorectal patients with resectable liver metasta-
sis who had durable response (over eight years) to Vigil. Both patients exhibited sys-
temic immune activation, which may correlate with CD8+ and memory T cell retention
and generation.

Author Contributions: V.B. was responsible for data curation, formal analysis, writing-original draft
and writing-review and editing. N.A. was responsible for data curation and formal analysis. L.S.,
L.M., S.H., G.W. and E.B. were responsible for providing resources, data curation, writing-review
and editing. M.B. and J.N. provided supervision, visualization and writing-review and editing. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: IRB approval was obtained prior to study start (IRB #12-01).

Informed Consent Statement: Informed consent was obtained prior to study enrollment.



Vaccines 2021, 9, 1201 5 of 6

Data Availability Statement: Data is available upon written approved request for a specific research
question. Proposals and requests that pose a competitive risk may be declined.

Acknowledgments: The authors would like to acknowledge Brenda Marr for her competent and
knowledgeable assistance in the preparation of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Engstrand, J.; Nilsson, H.; Strömberg, C.; Jonas, E.; Freedman, J. Colorectal cancer liver metastases—A population-based study on

incidence, management and survival. BMC Cancer 2018, 18, 78. [CrossRef] [PubMed]
2. Jenab-Wolcott, J.; Giantonio, B. The Continuum of Care in Chemotherapy Approach to Metastatic Colorectal Cancer. Curr.

Colorectal Cancer Rep. 2013, 9, 230–241. [CrossRef]
3. Mitry, E.; Fields, A.L.A.; Bleiberg, H.; Labianca, R.; Portier, G.; Tu, D.; Nitti, D.; Torri, V.; Elias, D.; O’Callaghan, C.; et al.

Adjuvant Chemotherapy After Potentially Curative Resection of Metastases From Colorectal Cancer: A Pooled Analysis of Two
Randomized Trials. J. Clin. Oncol. 2008, 26, 4906–4911. [CrossRef] [PubMed]

4. Ghisoli, M.; Rutledge, M.; Stephens, P.J.; Mennel, R.; Barve, M.; Manley, M.; Oliai, B.R.; Murphy, K.M.; Manning, L.; Gutierrez, B.;
et al. Case Report: Immune-mediated Complete Response in a Patient With Recurrent Advanced Ewing Sarcoma (EWS) After
Vigil Immunotherapy. J. Pediatr. Hematol. Oncol. 2017, 39, e183–e186. [CrossRef] [PubMed]

5. Oh, J.; Barve, M.; Matthews, C.M.; Koon, E.C.; Heffernan, T.P.; Fine, B.; Grosen, E.; Bergman, M.K.; Fleming, E.L.; DeMars, L.R.;
et al. Phase II study of Vigil(R) DNA engineered immunotherapy as maintenance in advanced stage ovarian cancer. Gynecol.
Oncol. 2016, 143, 504–510. [CrossRef] [PubMed]

6. Ghisoli, M.; Barve, M.; Mennel, R.; Lenarsky, C.; Horvath, S.; Wallraven, G.; Pappen, B.O.; Whiting, S.; Rao, D.; Senzer, N.; et al.
Three-year Follow up of GMCSF/bi-shRNA(furin) DNA-transfected Autologous Tumor Immunotherapy (Vigil) in Metastatic
Advanced Ewing’s Sarcoma. Mol. Ther. 2016, 24, 1478–1483. [CrossRef] [PubMed]

7. Senzer, N.; Barve, M.; Kuhn, J.; Melnyk, A.; Beitsch, P.; Lazar, M.; Lifshitz, S.; Magee, M.; Oh, J.; Mill, S.W.; et al. Phase I trial
of "bi-shRNAi(furin)/GMCSF DNA/autologous tumor cell" vaccine (FANG) in advanced cancer. Mol. Ther. 2012, 20, 679–686.
[CrossRef] [PubMed]

8. Senzer, N.; Barve, M.; Nemunaitis, J.; Kuhn, J.; Melnyk, A.; Beitsch, P.; Magee, M.; Oh, J.; Bedell, C.; Kumar, P.; et al. Long Term
Follow Up: Phase I Trial of “bi-shRNA furin/GMCSF DNA/Autologous Tumor Cell” Immunotherapy (FANG™) in Advanced
Cancer. J. Vaccines Vaccin. 2013, 4, 209.

9. Oh, J.; Barve, M.; Senzer, N.; Aaron, P.; Manning, L.; Wallraven, G.; Bognar, E.; Stanbery, L.; Horvath, S.; Manley, M.; et al.
Long-term follow-up of Phase 2A trial results involving advanced ovarian cancer patients treated with Vigil(R) in frontline
maintenance. Gynecol. Oncol. Rep. 2020, 34, 100648. [CrossRef] [PubMed]

10. Herron, J.; Smith, N.; Stanbery, L.; Aaron, P.; Manning, L.; Bognar, E.; Wallraven, G.; Horvath, S.; Nemunaitis, J. Vigil: Personalized
Immunotherapy Generating Systemic Cytotoxic T cell Response. Cancer Sci. Res. 2020, 3, 1–4. [CrossRef]

11. Slota, M.; Lim, J.B.; Dang, Y.; Disis, M.L. ELISpot for measuring human immune responses to vaccines. Expert. Rev. Vaccines 2011,
10, 299–306. [CrossRef] [PubMed]

12. Rocconi, R.P.; Grosen, E.A.; Ghamande, S.A.; Chan, J.K.; Barve, M.A.; Oh, J.; Tewari, D.; Morris, P.C.; Stevens, E.E.; Bottsford-
Miller, J.N.; et al. Gemogenovatucel-T (Vigil) immunotherapy as maintenance in frontline stage III/IV ovarian cancer (VITAL): A
randomised, double-blind, placebo-controlled, phase 2b trial. Lancet Oncol. 2020, 21, 1661–1672. [CrossRef]

13. Rocconi, R.P.; Monk, B.J.; Walter, A.; Herzog, T.J.; Galanis, E.; Manning, L.; Bognar, E.; Wallraven, G.; Stanbery, L.; Aaron, P.; et al.
Gemogenovatucel-T (Vigil) immunotherapy demonstrates clinical benefit in homologous recombination proficient (HRP) ovarian
cancer. Gynecol. Oncol. 2021, 161, 676–680. [CrossRef] [PubMed]

14. Rocconi, R.P.; Stevens, E.E.; Bottsford-Miller, J.N.; Ghamande, S.A.; Elder, J.; DeMars, L.L.; Munkarah, A.; Aaron, P.; Stanbery, L.;
Wallraven, G.; et al. Proof of principle study of sequential combination atezolizumab and Vigil in relapsed ovarian cancer. Cancer
Gene Ther. 2021. [CrossRef] [PubMed]

15. Rocconi, R.P.; Stanbery, L.; Madeira da Silva, L.; Barrington, R.A.; Aaron, P.; Manning, L.; Horvath, S.; Wallraven, G.; Bognar, E.;
Nemunaitis, J. Phase I Study of Autologous Gemogenovatucel-T: Long Term Follow up on Survival with Evaluation of Molecular
Signals of Immune Response in Recurrent Ovarian Cancer. Vaccines 2021, accepted.

16. Wolchok, J.D.; Hoos, A.; O’Day, S.; Weber, J.S.; Hamid, O.; Lebbé, C.; Maio, M.; Binder, M.; Bohnsack, O.; Nichol, G.; et al.
Guidelines for the Evaluation of Immune Therapy Activity in Solid Tumors: Immune-Related Response Criteria. Clin. Cancer Res.
2009, 15, 7412–7420. [CrossRef]

17. McGranahan, N.; Furness, A.J.; Rosenthal, R.; Ramskov, S.; Lyngaa, R.; Saini, S.K.; Jamal-Hanjani, M.; Wilson, G.A.; Birkbak, N.J.;
Hiley, C.T.; et al. Clonal neoantigens elicit T cell immunoreactivity and sensitivity to immune checkpoint blockade. Science 2016,
351, 1463–1469. [CrossRef] [PubMed]

18. Hwang, W.T.; Adams, S.F.; Tahirovic, E.; Hagemann, I.S.; Coukos, G. Prognostic significance of tumor-infiltrating T cells in
ovarian cancer: A meta-analysis. Gynecol. Oncol. 2012, 124, 192–198. [CrossRef] [PubMed]

http://doi.org/10.1186/s12885-017-3925-x
http://www.ncbi.nlm.nih.gov/pubmed/29334918
http://doi.org/10.1007/s11888-013-0178-1
http://doi.org/10.1200/JCO.2008.17.3781
http://www.ncbi.nlm.nih.gov/pubmed/18794541
http://doi.org/10.1097/MPH.0000000000000822
http://www.ncbi.nlm.nih.gov/pubmed/28338569
http://doi.org/10.1016/j.ygyno.2016.09.018
http://www.ncbi.nlm.nih.gov/pubmed/27678295
http://doi.org/10.1038/mt.2016.86
http://www.ncbi.nlm.nih.gov/pubmed/27109631
http://doi.org/10.1038/mt.2011.269
http://www.ncbi.nlm.nih.gov/pubmed/22186789
http://doi.org/10.1016/j.gore.2020.100648
http://www.ncbi.nlm.nih.gov/pubmed/33364285
http://doi.org/10.33425/2639-8478.1055
http://doi.org/10.1586/erv.10.169
http://www.ncbi.nlm.nih.gov/pubmed/21434798
http://doi.org/10.1016/S1470-2045(20)30533-7
http://doi.org/10.1016/j.ygyno.2021.03.009
http://www.ncbi.nlm.nih.gov/pubmed/33715892
http://doi.org/10.1038/s41417-021-00317-5
http://www.ncbi.nlm.nih.gov/pubmed/33753870
http://doi.org/10.1158/1078-0432.CCR-09-1624
http://doi.org/10.1126/science.aaf1490
http://www.ncbi.nlm.nih.gov/pubmed/26940869
http://doi.org/10.1016/j.ygyno.2011.09.039
http://www.ncbi.nlm.nih.gov/pubmed/22040834


Vaccines 2021, 9, 1201 6 of 6

19. Woolf, E.; Xiao, C.; Fainaru, O.; Lotem, J.; Rosen, D.; Negreanu, V.; Bernstein, Y.; Goldenberg, D.; Brenner, O.; Berke, G.; et al.
Runx3 and Runx1 are required for CD8 T cell development during thymopoiesis. Proc. Natl. Acad. Sci. USA 2003, 100, 7731–7736.
[CrossRef] [PubMed]

20. Oh, S.; Oh, J.; Lee, C.; Oh, S.; Jeon, S.; Choi, J.; Hwang, S.; Lee, Y.; Lee, H.; Seong, R.H. Expression of Twist2 is controlled by
T-cell receptor signaling and determines the survival and death of thymocytes. Cell Death Differ. 2016, 23, 1804–1814. [CrossRef]
[PubMed]

http://doi.org/10.1073/pnas.1232420100
http://www.ncbi.nlm.nih.gov/pubmed/12796513
http://doi.org/10.1038/cdd.2016.68
http://www.ncbi.nlm.nih.gov/pubmed/27391798

	Introduction 
	Materials and Methods 
	Study Design 
	Tumor Procurement/Vigil Manufacturing 

	Results 
	Patient CLM-1001 
	Patient CLM-1002 

	Discussion 
	References

