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Abstract

Introduction: Despite improved chemotherapeutic approaches stage IV Colorectal Cancer (CRC)
still has a poor prognosis with 5-year survival rates below 10 percent and a median overall survival
below 20 months. Here we retrospectively analyzed the outcome of immunotherapy in the additional
adjuvant treatment of stage IV CRC with Long Antigen Exposition Dendritic Cell therapy (LANEX-
DC®) in 73 patients who were treated at our surgical department.

Patients: Data were available of 73 patients. Dendritic cells (LANEX-DC®) were produced according
to a recently published protocol.

Results: Therapy was well tolerated and no serious side effects were observed. Three year survival
and five year survival were 38.7% and 23.3% respectively. The median survival time was 27.8 months.

Conclusion: We were able to show in a cohort of patients that additional treatment with dendritic
cells (LANEX-DC") is highly effective and increase the 5-year survival and the median survival time
in the palliative treatment of stage IV CRC cancer patients.
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Introduction

35% of Colorectal Cancer (CRC) patients present with stage IV metastatic disease at the time of
diagnosis and 20% to 50% with stage II or III disease will progress to stage IV at some point during
the course of their disease [1-3]. The 5-year survival rate for stage IV CRC is less than 10% [2,3].

The combination of infusional FU/FA with either oxaliplatin or irinotecan improved efficacy,
and both regimens currently are used as standard therapies in chemotherapy naive patients with
CRC [4-7]. With these palliative treatments median Overall Survival times (OS) increased from
approximately 5 months with optimal supportive care without chemotherapy to 13 to 21 months
using the standard therapies [4-8].

Dendritic Cells (DC) are the most potent antigen-presenting cells in the body, presenting tumor
antigens to T lymphocytes and inducing anti-tumor immune response [9]. Several studies have
indicated that dendritic cell therapy is effective in treating different types of cancer [10]. Xu et al.
[11] reported about a slight but not significant increase in median OS in stage IV CRC patients who
underwent DC treatment in combination with cytokine induced killer cells in a small series.

We have recently reported about the beneficial effects of dendritic cell therapy using DC in the
additional palliative treatment of patients suffering from pancreatic cancer [10]. In the following
retrospective analysis, we investigated the outcome of immunotherapy with DC (LANEX-DC' -
long antigen exposition dendritic cells) in the palliative treatment of CRC stage IV patients.

Patients and Methods

Patients

73 patients suffering from stage IV colorectal cancer have been vaccinated with autologous
dendritic cells at our institution. The mean age was 65.1 years (39 to 88.7 years). 55 patients were
male, 18 patients were female. In 50 patients colorectal cancer was first diagnosed, in 23 patient
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relapse was diagnosed after colorectal cancer in the past. The
metastasization status in the 73 patients was: 30/73 (41.1%) patients
had liver metastases alone, 5/73 (6.8%) patients had a combination
of liver and lung metastases, 8/73 (10.9%) patients had liver and
peritoneal metastases, 19/73 (26.0%) has peritoneal metastases, 8/73
(10.9%) had lung metastases, one patient (1.3%) had distant lymph
node metastases and 2/73 (2.7%) of the patients had local relapse
following rectal amputation. 30/73 (41.1%) of the patients had rectal
cancer, 43/73 (58.9%) of the patients had colon or sigmoid cancer.
In 52/73 (71.2%) of the patients a palliative resection of the primary
tumor was performed. 68/73 (93.2%) of the patients received palliative
chemotherapy: 34/73 (46.6%) patients received 5-FU, 1/37 (1.4%)
Gemcitabine, 1/37 (1.4%) FOLFIRI, and 19/73 (26.0%) FOLFOX.
13/73 (17.8%) of the patients underwent regional chemotherapy.
Patient selections by performance status, liver-enzyme values, etc.
were not made. Immunotherapy with DC was carried out in a median
of 21 days following surgery. Per patient a mean number of 2.1 cycles
of DC-therapy was performed (range: 1-15 cycles). OS was calculated
from the begin of dendritic cell therapy.

All of the patients gave a written informed consent for additional
treatment with LANEX-DC.

Generation of mature antigen-loaded monocyte-derived
dendritic cells

The whole procedure for gaining the mature dendritic cells was
performed according to good manufacturing practice standards
(Certificate of GMP compliance DE_BW_01_GMP_2021_0171).
LANEX-DC' (long antigen exposition dendritic cells) was produced
as described recently [13]:

Peripheral Blood Mononuclear Cells (PBMCs) were isolated from
200 ml of heparinized venous blood of the patient by density gradient
centrifugation (Biocoll, Biochrom, Germany). PBMCs were seeded
in 6-well-plates (BD Falcon, Heidelberg, Germany), and after 2 h the
non-adherent cells were removed. Adherent cells were cultured in
RPMI 1640 (Sigma-Aldrich, Munich, Germany) supplemented with
10% of the patient’s serum and 2 mM L-glutamine (all Sigma-Aldrich,
Munich, Germany) in the presence of 750 U/ml rh-GM-CSF and 500
U/ml rh-IL-4 (both CellGenix, Freiburg, Germany) for 7 days. On
day 4, media was removed and non-adherent cells were collected
from the old media by centrifugation and re-suspended in fresh
RPMI 1,640 supplemented with 10% serum. Again, 750 U/ml rh-
GM-CSF, and 500 U/ml rh-IL-4 were added. Maturation of moDCs
was induced by adding 20 ng/ml rh-IL-1f, 20 ng/ml rh-TNF-a and
60 ng/ml rh-IL-6 (all Cell Genix, Freiburg, Germany). After 24 h,
moDCs were harvested, washed twice in sterile PBS, and an aliquot
of the cells was removed for phenotypic analysis and sterility testing.
moDCs for immediate vaccination (day 7 of treatment protocol) were
resuspended in 1 ml sterile saline solution containing 10% autologous
serum and administered by intradermal injection in the abdominal
cutis. To avoid loss of activity by freezing/thawing the DC were
always given directly after production was completed.

Statistical analysis

Kaplan-Meier estimates were computed using MedCalc’ software.
Results

A total of 73 patients with stage IV CRC were treated with
LANEX-DC'. Except light flu-like symptoms at the day of reinjection
of the dendritic cells in a minority of patients (WHO I/II) no serious
side effects were observed, as also reported previously [12-14]. The
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Figure la: Overall survival (5-years) in the palliative treatment sage IV CC
patients (n=73) was 23.3% with a median survival of 27.8 months.

100 frggmrmmmemmemeen

a0 + L""-"""’""?
80 |-

70 |-
60 |-
50 |-
40
30}

Survival probability (%)

10 |-

1 | 1 | '
12 24 36 48 60
months

ol

Figure 1b: Median survival in stage IV CRC patients receiving more than two
cycles of LANEX-DC® (dotted line) was significantly higher than in patients
who received one or two cycles of LANEX-DC® (solid line) (53.2 months vs.
22.7 months, p<0.02).
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Figure 1c: Median survival in stage IV CRC patients treated with LANEX-
DC® with peritoneal metastases (dotted line) was significantly lower than
in patients without peritoneal metastases (solid line) (22.7 months vs. 30.4
months, p<0.05).

mean observation time was 37.4 months. In five patients follow-up
was lost after 3.3-39.8 months. Data of these patients were censored
in Kaplan-Meier analysis. The median Overall Survival (OS) was
79.1% after one year, 38.7% after 3 years and 23.3% after five years.
The median OS was 27.8 months (Figure la). In subgroup analyses
no statistically significant differences were found concerning age or
palliative tumor resection (Table 1).

Patients who received more than 2 cycles of LANEX-DC' lived
significant longer than patients who received one or two cycles of
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Table 1: Subgroup analyses of stage IV CRC patients receiving additional
LANEX-DC®. Patients with peritoneal seedings showed a significantly shorter OS
than patients without. Median OS in patients with more than 2 cycles of dendritic
cell therapy was significantly higher than OS in patients with one or two cycles
of LANEX-DC®.

N(.) of Median OS Significance
patients (months)
All patients 73 27.8
Age at diagnosis
age <65 33 38.6
age >64 40 24.7 p=0.19
Relapse status
Yes 23 26.6
No 50 29.0 p=0.71
Peritoneal involvement
Yes 27 22.2
No 46 30.4 p=0.038
Palliative tumor resection
Yes 55 29.7
No 18 17.1 p=0.27
Chemotherapeutic regimen
5-FU/folinic acid 34 22.7
FOLFOX / FOLFIRI 20 36.0
regional chemotherapy 13 247 p=0.178
Number of cycles LANEX-
DC
lor2 59 22.7
>2 14 53.2 p=0.012

LANEX-DC' (53.2 vs. 22.7 months, p=0.012, log rank test) (Figure
1b). Patients with involvement of the peritoneum lived significantly
shorter than patients without (22.2 vs. 30.4 months, p=0.038, log
rank test) (Figure 1c). With regard to the chemotherapeutic regimen,
patients receiving FOLFOX/FOLFIRI palliative chemotherapy had
a median OS of 36.0 months as compared to patients with other
chemotherapeutic regimens or no chemotherapy (24.7 months)
although this did not reach statistic significance (Table 1).

Discussion

In CRC stage IV patients the median survival without palliative
chemotherapy is approximately 5 months [8]. Until a few years ago,
5-Fluorouracil (5-FU) modulated with folinic acid was the reference
first line treatment option for stage IV CRC, with manageable
toxicity and median survival of 10.7 to 12.3 months [6,15]. With
addition of Oxaliplatin (FOLFOX) or Irinotecan (FOLFIRI) to the
5-FU/folinic acid based palliative chemotherapies median survival
times in stage IV CRC patients were raised to 18.8 to 21.5 months
[4-7,16,17]. In our analysis of stage IV CRC patients’ additional
LANEX-DC' therapy raised median survival to 27.8 months. In the
subgroup of our patients receiving 5-FU/folinic acid chemotherapy
the median survival was 23.7 months, in the subgroup of patients
receiving FOLFOX or FOLFIRI palliative chemotherapy the median
survival was 36.0 months, showing an additional increase of more
than one year in median survival as compared to the data of palliative
chemotherapy alone in stage IV CRC studies (see above). In patients
with peritoneal involvement median survival ranges around one year
with palliative chemotherapy [18]. In our cohort the median survival
was 22.2 months with additional LANEX-DC' therapy pointing to an

effectively even in this subgroup of CRC patients.

Interestingly patients receiving more than 2 cycles LANEX-DC’
lived significantly longer than those receiving one or two cycles.
These data provide evidence for a continuous additional therapy with
dendritic cells during the palliative chemotherapy of CRC patients,
which will be subjected in the future investigations.

In this retrospective analysis we evaluated the clinical results of
73 stage IV CRC patients who were treated in the palliative situation
additionally with dendritic cells. The 5-year OS was 23.3% and the
median survival was 27.8 months. These data point to a potential
beneficial effect of dendritic cell therapy in the palliative treatment of
stage IV CRC patients.

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer statistics,
2008. CA Cancer J Clin. 2008;58(2):71-96.

2. Goldberg RM, Rothenberg ML, Van Cutsem E, Benson AB, Blanke CD,
Diasio RB, et al. The continuum of care: A paradigm for the management
of metastatic colorectal cancer. Oncologist. 2007;12(1):38-50.

3. Field K, Lipton L. Metastatic colorectal cancer-past, progress and future.
World J Gastroenterol. 2007;13(28):3806-15.

4. de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J,
et al. Leucovorin and fluorouracil with or without oxaliplatin as first-line
treatment in advanced colorectal cancer. ] Clin Oncol. 2000;18(16):2938-
47.

5. Goldberg RM, Sargent DJ, Roscoe FM, Fuchs CS, Ramanathan RK,
Williamson SK, et al. A randomized controlled trial of fluorouracil
plus leucovorin, irinotecan, and oxaliplatin combinations in patients
with previously untreated metastatic colorectal cancer. J Clin Oncol.
2004;22(1):23-30.

6. Douillard JY, Cunningham D, Roth AD, Navarro M, James AD, Karasek
P, et al. Irinotecan combined with fluorouracil compared with fluorouracil
alone as first-line treatment for metastatic colorectal cancer: A multicentre
randomized trial. Lancet. 2000;355:1041-7.

7. Tournigand C, Andre T, Achille E, Lledo G, Flesh M, Mery-Mignard
D, et al. FOLFIRI followed by FOLFOX 6 or the reverse sequence in
advanced colorectal cancer: A randomized GERCOR Study. J Clin Oncol.
2004;22(2):229-37.

8. Scheithauer W, Rosen H, Kornek GV, Sebesta C, Depisch D. Randomized
comparison of combination chemotherapy plus supportive care with
supportive care alone in patients with metastatic colorectal cancer. BM]J.
1993;306:752-5.

9. Palucka K, Banchereau J. Cancer immunotherapy via dendritic cells. Nat
Rev Cancer. 2012;12(4):265-77.

10. Sadeghzadeh M, Bornehdeli S, Mohahammadrezakhani H, Abolghasemi
M, Poursaei E, Asadi M, et al. Dendritic cell therapy in cancer treatment;
the state-of the-art. Life sciences. 2020;254:117580.

11. Xu H, Qin W, Feng H, Song D, Yang X, Zhang J. Analysis of the clinical
efficacy of dendritic cell - cytokine induced killer cell-based adoptive
immunotherapy for colorectal cancer. Immunol Invest. 2021;50(6):622-33.

12. Gansauge F, Poch B, Kleef R, Schwarz M. Effectivity of long antigen
exposition dendritic cell therapy (LANEX-DC) in the palliative treatment
of pancreatic cancer. Curr Med Chem. 2013;20(38):4827-35.

13. Gansauge F, Poch B. Evaluation of long antigen exposition dendritic cells
(LANEX-DC)) in the adjuvant treatment of pancreatic cancer - results of a
single center analysis. Arch Cancer Sci Ther. 2022;6:6-8.

14. Gansauge F, Poch B. Effectivity of long antigen exposition dendritic cell
therapy (LANEX-DC)) in the adjuvant treatment of gastric cancer. Clin

Remedy Publications LLC., | http://clinicsinoncology.com/

2022 | Volume 7 | Article 1942


https://pubmed.ncbi.nlm.nih.gov/18287387/
https://pubmed.ncbi.nlm.nih.gov/18287387/
https://pubmed.ncbi.nlm.nih.gov/17227899/
https://pubmed.ncbi.nlm.nih.gov/17227899/
https://pubmed.ncbi.nlm.nih.gov/17227899/
https://pubmed.ncbi.nlm.nih.gov/17657834/
https://pubmed.ncbi.nlm.nih.gov/17657834/
https://pubmed.ncbi.nlm.nih.gov/10944126/
https://pubmed.ncbi.nlm.nih.gov/10944126/
https://pubmed.ncbi.nlm.nih.gov/10944126/
https://pubmed.ncbi.nlm.nih.gov/10944126/
https://pubmed.ncbi.nlm.nih.gov/14665611/
https://pubmed.ncbi.nlm.nih.gov/14665611/
https://pubmed.ncbi.nlm.nih.gov/14665611/
https://pubmed.ncbi.nlm.nih.gov/14665611/
https://pubmed.ncbi.nlm.nih.gov/14665611/
https://pubmed.ncbi.nlm.nih.gov/10744089/
https://pubmed.ncbi.nlm.nih.gov/10744089/
https://pubmed.ncbi.nlm.nih.gov/10744089/
https://pubmed.ncbi.nlm.nih.gov/10744089/
https://pubmed.ncbi.nlm.nih.gov/14657227/
https://pubmed.ncbi.nlm.nih.gov/14657227/
https://pubmed.ncbi.nlm.nih.gov/14657227/
https://pubmed.ncbi.nlm.nih.gov/14657227/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/22437871/
https://pubmed.ncbi.nlm.nih.gov/22437871/
https://pubmed.ncbi.nlm.nih.gov/32205087/
https://pubmed.ncbi.nlm.nih.gov/32205087/
https://pubmed.ncbi.nlm.nih.gov/32205087/
https://pubmed.ncbi.nlm.nih.gov/32718264/
https://pubmed.ncbi.nlm.nih.gov/32718264/
https://pubmed.ncbi.nlm.nih.gov/32718264/
https://www.cancertherjournal.com/articles/acst-aid1027.pdf
https://www.cancertherjournal.com/articles/acst-aid1027.pdf
https://www.cancertherjournal.com/articles/acst-aid1027.pdf
http://www.clinicsinoncology.com/open-access/effectivity-of-long-antigen-exposition-dendritic-cellnbsptherapy-lanex-dc-9031.pdf
http://www.clinicsinoncology.com/open-access/effectivity-of-long-antigen-exposition-dendritic-cellnbsptherapy-lanex-dc-9031.pdf

Frank Gansauge, et al., Clinics in Oncology - General Oncology

Oncol. 2022;7:1929. 17. Porschen R, Arkenau HT, Kubicka S, Greil R, Seufferlein T. Phase III
study of capecitabine plus oxaliplatin compared with fluorouracil and
leucovorine plus oxaliplatin in metastatic colorectal cancer: A final report
of the AIO colorectal study group. J Clin Oncol. 2007;25(27):4217-23.

1

w

. Folprecht G, Cunningham D, Ross P, Glimelius B, Di Costanzo F, Wils
J, et al. Efficacy of 5-fluorouracil based chemotherapy in elderly patients
with metastatic colorectal cancer: A pooled analysis of clinical trials. Ann
Oncol. 2004;15(9):1330-8. 18. Chua TC, Esquivel J, Pelz JO, Morris DL. Summary of current therapeutic

options for peritoneal metastases from colorectal cancer. ] Surg Oncol.

16. Falcone A, Ricci S, Brunetti I, Pfanner E, Allegrini G, Barbara C, et 2012;107(6):566-73.

al. Phase III trial of infusional fluorouracil, leucovorin, oxaliplatin,
and irinotecan (FOLFOXIRI) compared with infusional fluorouracil,
leucovorin, and irinotecan (FOLFIRI) as first-line treatment for metastatic
colorectal cancer: The Gruppo Oncologico Nord Ovest. ] Clin Oncol.
2007;25(13):1670-6.

Remedy Publications LLC., | http://clinicsinoncology.com/ 4 2022 | Volume 7 | Article 1942


http://www.clinicsinoncology.com/open-access/effectivity-of-long-antigen-exposition-dendritic-cellnbsptherapy-lanex-dc-9031.pdf
https://pubmed.ncbi.nlm.nih.gov/15319237/
https://pubmed.ncbi.nlm.nih.gov/15319237/
https://pubmed.ncbi.nlm.nih.gov/15319237/
https://pubmed.ncbi.nlm.nih.gov/15319237/
https://pubmed.ncbi.nlm.nih.gov/17470860/
https://pubmed.ncbi.nlm.nih.gov/17470860/
https://pubmed.ncbi.nlm.nih.gov/17470860/
https://pubmed.ncbi.nlm.nih.gov/17470860/
https://pubmed.ncbi.nlm.nih.gov/17470860/
https://pubmed.ncbi.nlm.nih.gov/17470860/
https://pubmed.ncbi.nlm.nih.gov/17548840/
https://pubmed.ncbi.nlm.nih.gov/17548840/
https://pubmed.ncbi.nlm.nih.gov/17548840/
https://pubmed.ncbi.nlm.nih.gov/17548840/
https://pubmed.ncbi.nlm.nih.gov/22688776/
https://pubmed.ncbi.nlm.nih.gov/22688776/
https://pubmed.ncbi.nlm.nih.gov/22688776/

	Title
	Abstract
	Introduction
	Patients and Methods
	Patients
	Generation of mature antigen-loaded monocyte-derived dendritic cells
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Figure 1a
	Figure 1b
	Figure 1c

