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Article

Introduction

Pancreatic ductal adenocarcinoma remains a dire prognosis. 
Although it is the 10th-most common cancer, it ranges from 
4th to 6th position for cancer-related deaths in Germany and 
the United States.1,2 Due to a lack of symptoms, it remains 
undiscovered, and more than 80% of the patients present 
advanced cancers at diagnosis with an unresectable tumor 
or metastatic spread.1 Resection is the only potentially cura-
tive therapy, but even among resectable patients, the 5-year 
survival is less than 20% in multicenter studies and less 
than 5% in observational cohorts.3 The overall survival of 
patients at all stages is less than 2% after 5 years.3,4

For unresectable tumors, gemcitabine monotherapy 
became the standard in 1997, as it was superior for clini-
cal benefit response and in median overall survival and 
1-year survival when compared to 5-fluorouracil.5 Many 

combinations of gemcitabine with other therapeutics have 
been tested, but no significant increases in overall sur-
vival compared to gemcitabine monotherapy have been 
achieved.6 Recent studies using gemcitabine in combina-
tion with erlotinib, an inhibitor of the epidermal growth 
factor receptor,7 or FOLFIRINOX8 showed significant 
increases in median survival, response rate, and progres-
sion-free survival when compared to gemcitabine mono-
therapy. The success of gemcitabine and erlotinib is still 
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Abstract
Pancreatic carcinoma remains one of the main causes for cancer-related death. Intratumoral application of anticancer 
agents is discussed as a promising method for solid tumors such as pancreatic cancer. Endoscopic ultrasound provides a 
good tool to examine and treat the pancreas. European mistletoe (Viscum album L) is a phytotherapeutic commonly used in 
integrative oncology in Central Europe. Its complementary use seeks to induce immunostimulation and antitumoral effects 
as well as alleviate chemotherapeutic side effects. Intratumoral mistletoe application has induced local tumor response in 
various cancer entities. This off-label use needs to be validated carefully in terms of safety and benefits. Here we report on 
39 patients with advanced, inoperable pancreatic cancer, who received in total 223 intratumoral applications of mistletoe, 
endoscopic ultrasound guided or under transabdominal ultrasound control. No severe procedure-related events were 
reported. Adverse drug reactions were mainly increased body temperature or fever in 14% and 11% of the applications, 
respectively. Other adverse drug reactions, such as pain or nausea, occurred in less than 7% of the procedures. No severe 
adverse drug reaction was recorded. Patients received standard first- and second-line chemotherapy and underwent 
adequate palliative surgical interventions as well as additive subcutaneous and partly intravenous mistletoe application. A 
median survival of 11 months was observed for all patients, or 11.8 and 8.3 months for stages III and IV, respectively. Due 
to the multimodal therapeutic setting and the lack of a control group, the effect of intratumoral mistletoe administration 
alone remains unclear. This retrospective analysis suggests that intratumoral-applicated mistletoe might contribute to 
improve survival of patients with pancreatic cancer. In conclusion, the application is feasible and safe, and its efficacy should 
be evaluated in a randomized controlled trial.
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being carefully evaluated by expert panels,9 and the role 
of this combination for general use in patients with meta-
static pancreatic cancer is being questioned in interna-
tional guidelines.10 Although there was an increase of 
toxicity with grade 3/4 adverse drug reactions, 
FOLFIRINOX has been accepted as first-line treatment in 
patients with good performance status who are younger 
than 75 years old.11,12

Pancreatic ductal adenocarcinoma shows an early local 
spreading beyond the anatomic borders of the organ and 
lymphogenic and neurogenic metastasis.3 In the cell, rare 
tumor bed fibroblasts (stellate cells) are the predominant 
stromal cell type13 and form a dense stroma tissue due to a 
strong desmoplastic reaction.14 This stroma constitutes a 
dynamic compartment that is involved in cancer initiation, 
tumor formation, progression, invasion, and metastasis. The 
typically poor vascularization might be one reason why sys-
temic therapies show limited effects.15 Therefore, it has 
long been suggested that intratumoral injection of chemo-
therapeutic agents might be a promising method for the 
treatment of advanced pancreatic cancer.16 The theoretical 
aim was to deliver high local concentrations of therapeutic 
agents while minimizing systemic side effects.17

In mouse models, the feasibility of local application for 
different agents was proven.18 Tumor response was 
described after intratumoral chemotherapy.19 Better target-
ing was observed with labeled antibodies given intratumor-
ally,20,21 and antitumoral effects or improved 
chemosensitivity was demonstrated after administration to 
genetically transformed cancer cell lines.22-26 Immunization 
after vaccination with tumor RNA-pulsed dendritic cells27,28 
and increased survival after vaccination with chemotherapy 
were also observed.29 In addition, there are successful stud-
ies giving chemotherapeutic agents intratumorally by endo-
scopic ultrasound in a porcine model.30,31

Since 2000 there have been attempts to use endoscopic 
ultrasound fine-needle injections of biological antitumor 
agents in humans.32 Several clinical phase I and II studies 
tested intratumoral applications of anticancer agents in 
patients with advanced pancreas carcinoma, with percuta-
neous transabdominal or transgastric endoscopic ultra-
sound access showing feasibility and acceptable safety 
profiles.16,17,33-37

In a study by Matthes et al, in which 14 pancreatic cancer 
patients received mistletoe therapy intratumorally, clinical 
benefits were demonstrated, such as tumor regression (57%), 
stable disease (36%), and 1-year survival rate (36%), with an 
overall good tolerance of the treatment.38 As a next step, we 
analyzed in this retrospective study all patients with unresect-
able or metastasized pancreas carcinoma from the Hospital 
Havelhoehe in Berlin, Germany, and the associated outpa-
tient care center who were treated with intratumoral mistletoe 
applications. We documented all therapies that were received 
and analyzed patients’ survival. The aim of this study was to 

evaluate the effect of mistletoe by intratumoral application 
and monitor potential adverse drug reactions.

Methods

From 2004 through 2011, the follow-up of all patients of the 
Department of Gastroenterology of the Hospital Havelhoehe 
(Berlin, Germany) who were diagnosed with pancreatic car-
cinoma and consented to intratumoral mistletoe therapy 
were documented in the Network Oncology.39 All tumor-
related data on diagnostic and therapy were recorded with a 
special emphasis on the application of mistletoe extracts. 
Conventional therapies as well as any adverse events related 
to mistletoe therapy documented in the patients’ files were 
recorded.

Intratumoral application of mistletoe preparations were 
administered either transabdominally or transgastrically/
transduodenally by endoscopic ultrasound–guided fine-
needle application. While the patient was sedated with pro-
pofol, the tumor was visualized sonographically, and a 
Chiba needle (20G) was placed to the distal margin. The 
mistletoe preparation was administered fractionally by 
retreating the needle to the proximal border of the tumor; 
0.9% NaCl was injected when the needle was removed to 
avoid backflow of mistletoe into the needle tract to reduce 
peritoneal irritation. In each session, the tumor was punc-
tured 1 to 3 times. If possible, there was an induction phase 
of 3 applications, with increasing dosages at the start of the 
therapy, beginning with 20 mg for Abnoba and 50 to 100 
mg for Helixor. Every 2 to 3 days, mistletoe dosage was 
raised depending on the general performance status under 
inpatient conditions. Dosage increase was about 20 to 40 
mg (Abnoba) or 100 to 200 mg (Helixor), up to a maxi-
mum dosage of about 160 mg (Abnoba) or 1400 mg 
(Helixor). Depending on the chemotherapeutic scheme, all 
further mistletoe applications were given alternately to 
chemotherapy in 4-week intervals or more, in line with the 
S3 guidelines—sedation in gastrointestinal endoscopy.41 
During intervention, blood pressure, heart frequency, and 
oxygen saturation were monitored, and routine nasal appli-
cation of 1.5 to 3.1 l/min of oxygen was given. 
Postintervention, patients were monitored for at least 2 
hours. If requested, analgetics (3.25-7.5 mg of piritramid) 
and antiemetics (eg, 10-20 mg of metoclopramide) were 
given pre- or postintervention.

Subsequent analyses and graphics were done in R (ver-
sion 2.14.1, R Development Core Team, 2011). The per-
centage of adverse events was calculated as the number of 
events divided by the total number of applications. We cal-
culated Kaplan-Meier estimates for the total patient popula-
tion and the subgroups of UICC III and IV stages using the 
survfit function implemented in the survival package (ver-
sion 2.37-2); 95% confidence intervals (CIs) were calcu-
lated based on log (survival).
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Results

Data of 39 patients (17 women and 22 men) who received 
intratumoral mistletoe therapy between 2004 and 2011 were 
recorded. Median age at first diagnosis was 61 years 
(women, 64 years; men, 61 years). The minimum age was 
39 years, and the maximum was 85 years. Table 1 shows the 
documented UICC stages of patients at first diagnosis.

Conventional Therapies

Three UICC stage II patients received a pylorus-preserv-
ing pancreatoduodenectomy as primary tumor resection. 
Intratumoral administration of mistletoe extracts was first 
applied to these patients after they experienced an inoper-
able relapse. Further surgeries were diagnostic or explor-
ative laparotomies in 13 cases. Fourteen patients received 
a port system, and 1 patient had a Denver shunt implanted. 
Nine patients received palliative surgeries as follows: 
percutaneous endoscopic gastrostomy tube, percutaneous 
endoscopic gastrostomy tube and gastrostomy, biliodi-
gestive anastomosis, posterior gastroenterostomy with 
discarded loop, median longitudinal laparotomy and 
bilateral adnexectomy, laparoscopic adnexectomy, partial 
resection of the ileum with ileoileostomy, ascendo-trans-
versostomy, and ileocoecal resection including 1 m of 
ileum.

Two patients received radiation therapy due to bone 
metastases. In total, 33 patients were treated with first-line 
chemotherapy; 10 received second-line; and 1, third-line. 
Thirty patients received gemcitabine monotherapy; 11 had 
combined regimes of 2 or more chemotherapeutic remedies 
(Table 2).

Mistletoe Therapy

Thirty-one patients were treated with the mistletoe prepa-
ration Helixor, 30 patients with abnobaVISCUM, 9 with 
Iscador, and 2 with Iscucin. For intratumoral applica-
tion, 26 patients had Helixor; 18 had abnobaVISCUM; 
and 1 had Iscucin. There was a total of 223 intratumoral 
applications, made up of 139 applications of Helixor, 81 

of abnobaVISCUM, and 3 of Iscucin (Table 3). Twenty 
patients had intratumoral Helixor Mali exclusively, while 
13 patients had abnobaVISCUM exclusively. In addition 
to their intratumoral therapy, 32 patients had subcutaneous 
and 21 had intravenous mistletoe comedication.

Safety and Complications During Intratumoral 
Mistletoe Application

The most frequently reported side effect was elevated body 
temperature (≤ 38°C). For 23 patients, adverse drug reac-
tions were observed, including fever (> 38°C), pain, nausea, 
generalized skin irritations, changes in blood cell count, cir-
culatory problems, and headaches (Table 4). During 223 
applications, 6 procedure-related difficulties and 2 applica-
tion errors were described. Procedure-related difficulties 
were appearances of “bad presentability,” “air in the abdo-
men,” or “gut in the puncture line.” Application errors were 
1 injection into a peritumoral venous conglomeration and 1 
into the duodenal wall. Both showed spontaneous healing 
and had no further clinical consequences. Data about anal-
gesics at first diagnosis were available for only 23 patients 
at admission.

UICC Staging and Survival

The median overall survival time was calculated for all 
patients and with respect to UICC stage (Table 1). The 
median survival for all patients was 11 months (95% CI: 
7.8, 16.1). Figure 1A shows survival of patients at all stages, 
while Figure 1B shows survival for UICC stages III and IV. 
The median survival periods of patients at stages III and IV 
were 11.8 months (95% CI: 8.2, 22.8) and 8.3 months (95% 
CI: 6.4, 15.2), respectively, but were not significantly dif-
ferent (log rank test, χ2 = 0.8, df = 1, P = .379). One-year 
survival was achieved by 42% of all patients, or 27% and 
33% of patients at UICC stages III and IV, respectively.

Discussion

In this retrospective study, we present data of 39 patients 
with advanced unresectable pancreatic carcinoma receiving 

Table 1. UICC Stages at First Diagnosis and Kaplan-Meier Estimates.a

95% Confidence Interval

 No. of Patients No. of Events Median, mo Lower Upper

Total 39 34 11.0 7.8 16.1
UICC II 3 3 63.1 15.6 –
UICC III 10 8 11.8 8.2 22.8
UICC IV 24 21 8.3 6.4 15.2

aGiven are the number of patients, the number of deaths (events), and the medians of overall survival, along with lower and upper 95% confidence 
intervals based on Greenwood standard error. The latter could not be calculated for UICC II. For 2 patients, UICC stage was not recorded at first 
diagnosis.
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intratumoral mistletoe applications. Additionally, patients 
received systemic mistletoe therapy and standard chemo-
therapy. In German-speaking countries, there is a high prev-
alence of complementary and alternative medicine,41,42 and 
European mistletoe extracts (Viscum album L.) are the 
mostly frequently prescribed herbal remedies.43-48 An over-
view on the mode of action of mistletoe extracts is given by 
Bar-Sela49 and has been well summarized by Zänker et al.50 
In vitro, it showed antitumoral effects, such as induction of 
apoptosis,44-48,51 inhibition of cell proliferation,47,48,52 poten-
tiating anticancer effects of TNF-alpha,53,54 activation of 
immunocompetent cells,54-57 decreasing angiogenesis,50,53 
and retention of chemotherapeutic agents in cancer cells by 

modulating the transport of cell-toxifying substances.58 
Whereas systemic mistletoe therapy primary aims to stimu-
late the immune system, intratumoral application focuses 
on the local cytotoxic effect. Anticancer activity on human 
pancreatic cancer xenograft was firstly shown in a mouse 
model after intratumoral injection of lectin-rich mistletoe 
extract, resulting in partial or complete remissions in three-
quarters of the cases.59 Tumor reduction following intratu-
moral mistletoe application was reported in patients with 
varying carcinomas.60-64 Even complete remission was doc-
umented in patients with different cancer localities.65-68

In the initial study, which documented intratumoral 
application of mistletoe in 14 patients with pancreatic 

Table 2. Frequencies and Number of Cycles of Chemotherapies.

No. of Cycles

Chemotherapeutic Agent + Folinic Acid
Absolute 

Frequency No. of Patients Median Mean SD Min Max

Gemcitabine 323 30 10.8 8.5 11.4 1 51
5-fluorouracil 19 20 6 1.5 3.3 3.6 1 10
Erlotinib 1 1 1  
Oxaliplatin 1 3 2 1.5 1.5 0.7 1 2
Mitoxantron 1 1 1  
Gemcitabine + erlotinib 23 3 6 7.7 4.7 4 13
Gemcitabine + oxaliplatin 1 1 1  
Gemcitabine + cisplatin 4 1 4  
5-fluorouracil + oxaliplatin 21 21 6 2 3.5 4.3 1 12
Paclitaxel + cisplatin 1 1 1  
Gemcitabine + 5-fluorouracil + cisplatin 1 1 1  

Table 4. Frequencies of Observed Adverse Drug Reactions During Intratumoral Mistletoe Therapy.

No. of Patients Total Frequency
Relative Rate 

per Application
Mean Frequency 

per Patient

Temperature > 38°C 12 24 0.107 2
Temperature < 38°C 22 31 0.138 1
Pain 7 14 0.063 2
Nausea 6 14 0.063 2
Generalized skin irritations 3 3 0.013 1
Blood pressure / circulatory problems 2 2 0.009 1
Blood count changes 3 3 0.013 1
Headaches 1 1 0.004 1

Table 3. Number of Intratumoral Applications and Dosage Information.

Dosage, mg Cumulative Dosage, mg

 
No. of 

Applicationsa Mean SD Median Min Max Mean SD Min Max

Helixor 139 525 264 500 50 1400 2806 2558 100 8400
Abnoba  81  69  39  60 20 160 319 335 40 1210

aIscucin, n = 3; total, n = 223.
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cancer,38 a tumor response rate of 57% and a local tumor 
control rate in 93% were reported. In the present follow-up 
data, we did not have sufficient information on the local 
response rate, which, as an outcome parameter, has been 
questioned for some tumors, such as pancreatic carci-
noma,69 due to early local spreading. Additionally, the sen-
sitivity and specificity of ultrasound and computed 
tomography under local treatment can be largely affected 
by the application itself, edema, and inflammation.70 Hence, 
the measurement of the local tumor response is complex71 
and may not accurately reflect the extent of the anticancer 
effect of treatment.35 As intratumoral application of mistle-
toe extracts is an off-label use, safety issues are of essential 
interest. Out of 223 applications, 2 erroneous transabdomi-
nal punctures occurred: 1 in the duodenal wall, causing pain 
postinterventionally, and 1 in a peritumoral venous con-
glomeration. Both showed spontaneous regression and had 
no further clinical implications. Procedure-related difficul-
ties were described in 2.7% of applications but could be 
resolved. Whereas Hecht et al35 had 2 perforations in the 
duodenal bulb due to the stiffness of the endoscope and no 
perforations occurred after the protocol was changed to 
transgastric injections, we had no technical alterations in 
endosonographic-guided procedures. Also, they reported on 
2 cases (out of 21) with sepsis before the introduction of 
prophylactic oral antibiotics. We saw no cases of sepsis 
without any prophylactic antibiotics. Furthermore, no pro-
cedure-related pancreatitis was observed, and no needle 
tract seeding was seen.

In a phase I/II study involving 37 patients, a replication-
deficient adenovector containing the human TNF-alpha-gene, 
regulated by a radiation-inducible promoter (TNFerade), was 
injected endoscopically or transabdominally into tumors.17 In 

addition to continuous 5-fluorouracil infusions and radiation, 
patients received intratumoral application weekly over a 
5-week period, with up to 4 applications per treatment ses-
sion. The endoscopic ultrasound group and the transabdomi-
nal group were compared and showed no difference in clinical 
benefit. Procedure-related adverse events occurred in 24% of 
patients in the endoscopic ultrasound group, compared to 
56% of patients in the transabdominal group, making the 
endoscopic ultrasound–guided application more favorable.

Adverse effects in other studies, such as fever and nau-
sea, were thought to be associated with the applied antitu-
moral agent rather than the application procedure.17,34 
Elevated body temperature, fever, pain, nausea, general 
skin irritation, and headaches observed in the present study 
have been reported with systemic mistletoe treatment and 
are comparable to data from systematic reviews showing 
local reaction rates from 0.9% to 43% and systemic reaction 
rates between 0.45 and 4%.41,72 Changes in blood count and 
circulatory problems were not otherwise specified or classi-
fied in terms of Common Terminology Criteria for Adverse 
Events v3.0 (CTCAE). Data about the incidence of adverse 
drug reactions in response to mistletoe therapy range 
widely, and there is an ongoing discussion concerning 
whether certain reactions are actually adverse drug reac-
tions or desired immunoreactions. Elevated temperature is a 
well-known and even desired reaction in mistletoe treat-
ment. According to product information, it is part of the 
dose-finding strategy in systemic therapy, and mistletoe-
induced fever is described as an immunostimulation.73 
Whereas a range of immunotherapy strategies in cancer 
have been long under investigation,74,75 prospective data on 
survival and fever induction are lacking. In line with the 
literature, the presented results show that intratumoral 

Figure 1. Kaplan-Meier survival estimates for (A) all patients and (B) patients with UICC stages III and IV. The vertical lines indicate 
the median survival times.
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application is feasible, well tolerated, and safe. Intratumoral 
application, especially via endoscopic ultrasound, offers 
new opportunities in the treatment of pancreatic cancer. 
There are some drawbacks, however, as it is not universally 
available, due to equipment costs and the level of training 
required to perform procedure.32

Administered first- and second-line chemotherapies 
were performed according to international guidelines. 
With a median of 10.8 cycles for gemcitabine monother-
apy and only 3 cycles in combined regimes, chemotherapy 
duration was generally rather short. FOLFIRINOX was 
not established at the treatment time. While a high number 
of cancer patients report concurrent use of herbal drugs 
under chemotherapy,76 possibly harmful herb-drug inter-
actions have been discussed.77-79 There is growing experi-
mental and clinical evidence suggesting that some 
botanicals interfere with molecular targets and processes 
involved in cancer.80 In a phase I/II dose escalation study, 
Mansky et al81 investigated the combination of mistletoe 
and gemcitabine in terms of safety, toxicity, and interfer-
ence. Neutrophil recovery, mistletoe lectin antibodies, 
plasma concentrations of cytokines, and gemcitabine were 
measured in 44 patients with advanced solid cancers of 
various types who received dose-escalating mistletoe-
gemcitabine therapy. Gemcitabine pharmacokinetics were 
unaffected by mistletoe, and no significant effects on cyto-
kines were observed, while neutrophil values showed a 
trend to increase. The authors concluded that addition of 
mistletoe may increase the nadir and even allow higher 
doses of gemcitabine to be given, demonstrating a benefi-
cial effect of mistletoe, with no reduction in chemotherapy 
effectiveness.

Systemic mistletoe therapy has been used in a large 
number of cancers for decades and has been reported to 
increase health-related quality of life and attenuate adverse 
effects of conventional therapies.43,82-85 Whether mistletoe 
therapy can contribute to survival is still the issue of a con-
troversial debate.86 Recent studies have indicated a possible 
influence of mistletoe on survival in patients with colorectal 
or pancreatic carcinomas.87,88 Matthes et al87 demonstrated 
a lower adjusted hazard ratio of dying in patients with pan-
creatic carcinoma with subcutaneous mistletoe therapy 
combined with gemcitabine versus the control group who 
received gemcitabine alone.80 A randomized controlled trial 
yielded prolonged survival from 2.7 to 4.8 months in 
patients with advanced pancreatic cancer not eligible for 
antineoplastic therapies who were treated with subcutane-
ous mistletoe in comparison to best supportive care.87 In our 
data, complete tumor remissions did not occur, and 34 of 39 
patients died during the observation period. A median sur-
vival of 11 months was observed for all patients, or 11.8 and 
8.3 months for stages III and IV, respectively. Results of 
phase III studies with intratumoral application of antitumor 
agents in patients with pancreatic cancer are not available. 

Overall, survival rates from other innovative approaches of 
phase I/II studies are difficult to compare. After intratu-
moral application of an replication-selective adenovirus 
that preferentially replicates in and kills malignant cells, 
combined with a gemcitabine chemotherapy, the overall 
survival in 21 patients was 7.5 months.36 After intratumoral 
application of a replication-deficient adenoviral vector that 
expresses TNF-alpha and additive radiochemotherapy and 
5-fluorouracil chemotherapy over 5 weeks in stage III 
patients, the overall survival was 9.8 months.17

Although it is difficult to compare data due to different 
UICC stages and other factors, our results seem comparable 
and possibly better than those of other anticancer agents 
currently being investigated. Methodological limitations in 
our data set are caused by the retrospective approach and 
the integrative oncologic setting, including different dos-
ages and duration of intratumoral, subcutaneous, and intra-
venous mistletoe therapy. In addition, adjuvant and 
palliative surgical strategies and standard chemotherapy 
were applied. Even if the presented result points to a possi-
ble influence on survival, these data have to be interpreted 
carefully, as we lack a proper control group. In conclusion, 
the effect of intratumoral mistletoe administration in our 
results alone remains unclear, as in such a multimodal ther-
apy concept, outcome is influenced by various interven-
tions and additive factors might play a role.

Conclusion

This retrospective analysis of 39 patients with advanced 
pancreatic ductal adenocarcinoma undergoing intratumoral 
mistletoe therapy in a multimodal oncologic treatment con-
cept documents an (encouraging) overall survival of 11.8 
(stage III) and 8.3 months (stage IV). The direct injection of 
mistletoe extracts, transabdominally or transgastrically, was 
feasible, well tolerated, and safe. To evaluate efficacy of 
intratumoral mistletoe treatment, a prospective randomized 
control study, including measurement of health-related 
quality of life, is warranted.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: H. Matthes is member of the administrative board of the 
Weleda AG, Arlesheim. The other authors declare that they have 
no competing interests. By contract, researches were independent 
from the funder.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 
NO database project was funded by the Software AG Stiftung 
Darmstadt, Weleda AG, Arlesheim, Abnoba GmbH, Pforzheim, 
and Helixor GmbH, Rosenfels, Germany.



338 Integrative Cancer Therapies 13(4)

References

 1. Heinemann V, Wilkowski R. Behandlung des fortgeschrit-
tenen und metastasierten Pankreaskarzinoms. Dtsch Arztebl. 
2005;102:2720-2725.

 2. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA 
Cancer J Clin. 2010;60:277-300.

 3. Beger HG, Rau B, Gansauge F, et al. Pancreatic cancer: low 
survival rates. Dtsch Arztebl Int. 2008;105:255-262.

 4. Coleman MP, Gatta G, Verdecchia A, et al. EUROCARE-3 
summary: cancer survival in Europe at the end of the 20th 
century. Ann Oncol. 2003;14(suppl 5):128-149.

 5. Burris H 3rd, Moore MJ, Andersen J, et al. Improvements 
in survival and clinical benefit with gemcitabine as first-line 
therapy for patients with advanced pancreas cancer: a ran-
domized trial. J Clin Oncol. 1997;15:2403-2413.

 6. Van Laethem JL, Verslype C, Iovanna JL, et al. New strat-
egies and designs in pancreatic cancer research: consensus 
guidelines report from a European expert panel. Ann Oncol. 
2012;23:570-576.

 7. Moore MJ, Goldstein D, Hamm J, et al. Erlotinib plus gem-
citabine compared with gemcitabine alone in patients with 
advanced pancreatic cancer: a phase III trial of the National 
Cancer Institute of Canada Clinical Trials Group. J Clin 
Oncol. 2007;25:1960-1966.

 8. Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX ver-
sus gemcitabine for metastatic pancreatic cancer. N Engl J 
Med. 2011;364:1817-1825.

 9. Tempero MA, Berlin J, Ducreux M, et al. Pancreatic cancer 
treatment and research: an international expert panel discus-
sion. Ann Oncol. 2011;22:1500-1506.

 10. Seufferlein T, Bachet JB, Van Cutsem E, Rougier P. 
Pancreatic adenocarcinoma: ESMO-ESDO clinical practice 
guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2012;23(suppl 7):33-40.

 11. Choi M, Kim R, Saif MW. What options are available for 
refractory pancreatic cancer? JOP. 2012;13:163-165.

 12. Tokh M, Bathini V, Saif MW. First-line treatment of meta-
static pancreatic cancer. JOP. 2012;13:159-162.

 13. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. 
Pancreatic cancer. Lancet. 2011;378(9791):607-620.

 14. Hidalgo M. Pancreatic cancer. N Engl J Med. 2010;362:1605-
1617.

 15. Olive KP, Jacobetz MA, Davidson CJ, et al. Inhibition of 
Hedgehog signaling enhances delivery of chemotherapy in a 
mouse model of pancreatic cancer. Science. 2009;324:1457-
1461.

 16. Moriai T, Makino TT, Ishii K. Intratumoral treatment of pancre-
atic cancer with mitomycin-C adsorbed to activated carbon par-
ticles: a clinical trial on 15 cases. Anticancer Res. 1989;9:1799.

 17. Hecht JR, Farrell JJ, Senzer N, et al. EUS or percutaneously 
guided intratumoral TNFerade biologic with 5-fluorouracil 
and radiotherapy for first-line treatment of locally advanced 
pancreatic cancer: a phase I/II study. Gastrointest Endosc. 
2012;75:332-338.

 18. Lee I, Lee YH. The effect of various therapeutic solutions 
including colloidal chromic 32P via an intratumoral injec-
tion on the tumor physiological parameters of AsPC-1 human 
pancreatic tumor xenografts in nude mice. Clin Cancer Res. 
1999;5:3139s-3142s.

 19. Smith JP, Stock E, Orenberg EK, et al. Intratumoral chemo-
therapy with a sustained-release drug delivery system inhibits 
growth of human pancreatic cancer xenografts. Anticancer 
Drugs. 1995;6:717-726.

 20. Otsuji E, Yamaguchi T, Yamaoka N, et al. Intratumoral 
administration of neocarzinostatin conjugated to monoclonal 
antibody A7 in a model of pancreatic cancer. J Surg Oncol. 
1993;53:215-219.

 21. Otsuji E, Yamaguchi T, Tsuruta H, et al. The effect of intra-
venous and intra-tumoural chemotherapy using a monoclonal 
antibody: drug conjugate in a xenograft model of pancreatic 
cancer. Eur J Surg Oncol. 1995;21:61-65.

 22. Carrió M, Visa J, Cascante A, Estivill X, Fillat C. Intratumoral 
activation of cyclophosphamide by retroviral transfer of the 
cytochrome P450 2B1 in a pancreatic tumor model: combi-
nation with the HSVtk/GCV system. J Gene Med. 2002;4: 
141-149.

 23. Cascalló M, Calbó J, Capellà G, et al. Enhancement of gem-
citabine-induced apoptosis by restoration of p53 function in 
human pancreatic tumors. Oncology. 2005;68:179-189.

 24. Löhr M, Bago ZT, Bergmeister H, et al. Cell therapy using 
microencapsulated 293 cells transfected with a gene construct 
expressing CYP2B1, an ifosfamide converting enzyme, instilled 
intra-arterially in patients with advanced-stage pancreatic carci-
noma: a phase I/II study. J Mol Med. 1999;77:393-398.

 25. Kanyama H, Tomita N, Yamano T, et al. Usefulness of 
repeated direct intratumoral gene transfer using hemaggluti-
nating virus of Japan-liposome method for cytosine deami-
nase suicide gene therapy. Cancer Res. 2001;61:14-18.

 26. Löhr M, Müller P, Karle P, et al. Targeted chemotherapy by 
intratumour injection of encapsulated cells engineered to pro-
duce CYP2B1, an ifosfamide activating cytochrome P450. 
Gene Ther. 1998;5:1070-1078.

 27. Schmidt T, Ziske C, Märten A, et al. Intratumoral immuni-
zation with tumor RNA-pulsed dendritic cells confers antitu-
mor immunity in a C57BL/6 pancreatic murine tumor model. 
Cancer Res. 2003;63:8962-8967.

 28. Udagawa M, Kudo-Saito C, Hasegawa G, et al. Enhancement 
of immunologic tumor regression by intratumoral administra-
tion of dendritic cells in combination with cryoablative tumor 
pretreatment and Bacillus Calmette-Guerin cell wall skeleton 
stimulation. Clin Canc Res. 2006;12:7465-7475.

 29. Bauer C, Bauernfeind F, Sterzik A, et al. Dendritic cell-based 
vaccination combined with gemcitabine increases survival in 
a murine pancreatic carcinoma model. Gut. 2007;56:1275-
1282.

 30. Linghu E, Matthes K, Mino-Kenudson M, Brugge WR. 
Feasibility of endoscopic ultrasound-guided OncoGel (ReGel/
paclitaxel) injection into the pancreas in pigs. Endoscopy. 
2005;37:1140-1142.

 31. Matthes K, Mino-Kenudson M, Sahani DV, et al. EUS-
guided injection of paclitaxel (OncoGel) provides therapeu-
tic drug concentrations in the porcine pancreas (with video). 
Gastrointest Endosc. 2007;65:448-453.

 32. Lewis JJ, Kowalski TE. Endoscopic ultrasound and fine 
needle aspiration in pancreatic cancer. Cancer J. 2012;18: 
523-529.

 33. DeNittis AS, Stambaugh MD, Lang P. Complete remission 
of nonresectable pancreatic cancer after infusional colloi-



Schad et al 339

dal phosphorus-32 brachytherapy, external beam radiation 
therapy, and 5-fluorouracil: a preliminary report. Am J Clin 
Oncol, 1999;22:355-360.

 34. Chang KJ, Nguyen PT, Thompson JA, et al. Phase I clinical 
trial of allogeneic mixed lymphocyte culture (cytoimplant) 
delivered by endoscopic ultrasound-guided fine-needle injec-
tion in patients with advanced pancreatic carcinoma. Cancer. 
2000;88:1325-1335.

 35. Hecht JR, Bedford R, Abbruzzese JL, et al. A phase I/II trial 
of intratumoral endoscopic ultrasound injection of ONYX-
015 with intravenous gemcitabine in unresectable pancreatic 
carcinoma. Clin Cancer Res. 2003;9:555-561.

 36. Sangro B, Mazzolini G, Ruiz J, et al. Phase I trial of intratu-
moral injection of an adenovirus encoding interleukin-12 for 
advanced digestive tumors. J Clin Oncol. 2004;22:1389-1397.

 37. Klapman JB, Chang KJ. Endoscopic ultrasound-guided 
fine-needle injection. Gastrointest Endosc Clin N Am. 
2005;15:169-177.

 38. Matthes H, Buchwald D, Kröz M, Schad F. Integrative 
Therapiemöglichkeiten des inoperablen Pankreaskarzinoms-
eine Übersicht. Deutsche Zeitschrift für Onkologie. 
2008;40:106-110.

 39. Schad F, Axtner J, Happe A, et al. Network Oncology (NO): 
a clinical cancer register for health services research and the 
evaluation of integrative therapeutic interventions in anthro-
posophic medicine. Forsch Komplementmed. 2013;20:353-
360.

 40. Riphaus A, Wehrmann T, Weber B, et al. S3-guidelines 
“Sedierung in der gastrointestinalen Endoskopie” 2008 
(AWMF-Register-Nr. 021/014). Z Gastroenterol. 2008;46: 
1298-1330.

 41. Melzer J, Iten F, Hostanska K, Saller R. Efficacy and safety of 
mistletoe preparations (Viscum album) for patients with can-
cer diseases. Forsch Komplementmed. 2009;16:217-226.

 42. Horneber M, Bueschel G, Dennert G, et al. How many can-
cer patients use complementary and alternative medicine: 
a systematic review and metaanalysis. Integr Cancer Ther. 
2012;11:187-203.

 43. Kienle GS, Kiene H. Review article: influence of Viscum 
album L (European mistletoe) extracts on quality of life in 
cancer patients. A systematic review of controlled clinical 
studies. Integr Cancer Ther. 2010;9:142-157.

 44. Khil LY, Kim W, Lyu S, et al. Mechanisms involved in 
Korean mistletoe lectin-induced apoptosis of cancer cells. 
World J Gastroenterol. 2007;13:2811.

 45. Seifert G, Jesse P, Laengler A, et al. Molecular mecha-
nisms of mistletoe plant extract-induced apoptosis in acute 
lymphoblastic leukemia in vivo and in vitro. Cancer Lett. 
2008;264:218-228.

 46. Kovacs E. Investigation of the proliferation, apoptosis/necro-
sis, and cell cycle phases in several human multiple myeloma 
cell lines: comparison of Viscum album QuFrF extract with 
vincristine in an in vitro model. ScientificWorldJournal. 
2010;10:311-320.

 47. Harmsma M, Ummelen M, Dignef W, Tusenius KJ, 
Ramaekers FC. Effects of mistletoe (Viscum album L.) 
extracts Iscador on cell cycle and survival of tumor cells. 
Arzneimittelforschung. 2011;56:474-482.

 48. Choi SH, Lyu SY, Park WB. Mistletoe lectin induces apop-
tosis and telomerase inhibition in human A253 cancer 

cells through dephosphorylation of Akt. Arch Pharm Res. 
2004;27:68-76.

 49. Bar-Sela G. White-berry mistletoe (Viscum album L.) as 
complementary treatment in cancer: does it help? Eur J Integr 
Med. 2011;3:e55-e62.

 50. Zänker K, Matthes H, Bock PR, Hanisch J. A Specific mis-
tletoe preparation (Iscador-Qu®) in colorectal cancer (CRC) 
patients: more than just supportive care? J Cancer Sci Ther. 
2012;4:264-270.

 51. Delebinski C, Jaeger S, Kemnitz-Hassanin K, et al. A new 
development of triterpene acid-containing extracts from 
Viscum album L. displays synergistic induction of apoptosis in 
acute lymphoblastic leukaemia. Cell Prolif. 2012;45:176-187.

 52. Maier G, Fiebig HH. Absence of tumor growth stimulation in 
a panel of 16 human tumor cell lines by mistletoe extracts in 
vitro. Anticancer Drugs. 2002;13:373-379.

 53. Pryme IF, Bardocz S, Pusztai A, Ewen SWB. Suppression of 
growth of tumour cell lines in vitro and tumours in vivo by 
mistletoe lectins. Histol Histopathol. 2006;21:285-299.

 54. Elluru SR, van Huyen JPD, Delignat S, et al. Induction 
of maturation and activation of human dendritic cells: a 
mechanism underlying the beneficial effect of Viscum 
album as complimentary therapy in cancer. BMC Cancer. 
2008;8:161.

 55. Lyu SY, Park WB. Mistletoe lectin modulates intestinal epi-
thelial cell-derived cytokines and B cell IgA secretion. Arch 
Pharm Res. 2009;32:443-451.

 56. Pryme IF, Tilrem P. Oral mistletoe lectins: a case for their use 
in cancer therapy. Cancer Ther. 2007;5:287-300.

 57. Hajtó T, Fodor K, Perjési P, Németh P. Difficulties and per-
spectives of immunomodulatory therapy with mistletoe lec-
tins and standardized mistletoe extracts in evidence-based 
medicine [article ID 298972]. Evid Based Complement 
Alternat Med. 2011;2011.

 58. Engdal S, Nilsen OG. Inhibition of P-glycoprotein in Caco-2 
cells: effects of herbal remedies frequently used by cancer 
patients. Xenobiotica. 2008;38:559-573.

 59. Rostock M, Huber R, Greiner T, et al. Anticancer activ-
ity of a lectin-rich mistletoe extract injected intratumorally 
into human pancreatic cancer xenografts. Anticancer Res. 
2005;25(3B):1969-1975.

 60. Matthes H, Schad F, Schenk G. Viscum album in the ther-
apy of primary inoperable hepatocellular carcinoma (HCC). 
Gastroenterol. 2004;126(suppl 2):A101-A102.

 61. Schad F, Matthes B, Matthes H. Intraläsionale 
Viscumtherapie bei Hepatozellulärem Karzinom. Der 
Merkurstab. 1999;52:120-22.

 62. Stumpf C, Ramirez-Martinez S, Becher A, Stein GM, 
Büssing A, Schietzel M. Intratumorale Mistelapplikation 
bei stenosierendem Rezidiv eines Cardia-Carcinoms. 
Erfahrungsheilkunde. 1997;46:509-513.

 63. Matthes H. Intraläsionale Mistelinjektionen in 
Lebermetastasen bei kolorektalem Karzinom und in das 
primäre hepatozelluläre Karzinom (HCC). Der Merkurstab. 
1997;50(sonderheft):41.

 64. Schad F, Kröz M. Intraläsionale und kombinierte sub-
kutan-intravenöse Misteltherapie bei einem Patient mit 
Kolonkarzinom. Der Merkurstab. 1999;52:399-406.

 65. Scheffler A, Mast H, Fischer S, Metelmann H. Komplette 
Remission eines Mundhöhlen-Karzinoms nach alleini-



340 Integrative Cancer Therapies 13(4)

ger Mistelbehandlung. In: Scheer R, Becker H, Berg PA, 
eds. Grundlagen der Misteltherapie. Stuttgart, Germany: 
Hippokrates Verlag; 1996:453-464.

 66. Orange M, Fonseca M, Lace A, von Laue HB, Geider S. 
Durable tumour responses following primary high dose 
induction with mistletoe extracts: two case reports. Eur J 
Integr Med. 2010;2:63-69.

 67. Nabrotzki M, Scheffler A. Complete remission after 
intralesional mistletoe therapy into a recurrent dudenal 
carcinoma. In: Scheer R, ed. Die Misteltherapie in der 
Tumortherapie. Essen, Germany; KVC Verlag; 2001: 
453-464.

 68. Werthmann PG, Sträter G, Friesland H, Kienle GS. Durable 
response of cutaneous squamous cell carcinoma following 
high-dose peri-lesional injections of Viscum album extracts: 
a case report. Phytomedicine. 2013;20:324-327.

 69. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From 
RECIST to PERCIST: evolving considerations for PET 
response criteria in solid tumors. J Nucl Med. 2009;50(suppl 
1):122S-150S.

 70. Pazdur R. Response rates, survival, and chemotherapy trials. 
J Natl Cancer Inst. 2000;92:1552-1553.

 71. Massucco P, Capussotti L, Magnino A, et al. Pancreatic resec-
tions after chemoradiotherapy for locally advanced ductal 
adenocarcinoma: analysis of perioperative outcome and sur-
vival. Ann Surg Oncol. 2006;13:1201-1208.

 72. Saller R, Kramer S, Iten F, Melzer J. Unerwünschte 
Wirkungen der Misteltherapie bei Tumorpatienten-Eine 
systematische Übersicht. In: Scheer R, Bauer R, Becker H,  
et al, eds. Fortschritte in der Misteltherapie: Aktueller Stand 
der Forschung und klinischen Anwendung. Essen, Germany: 
KCV Verlag; 2005:367-403.

 73. Orange M. Mistletoe therapy for cancer patients [master of 
science in clinical oncology thesis]. Birmingham, England: 
University of Birmingham; 2010.

 74. Zerbini A, Pilli M, Ferrari C, Missale G. Is there a role for 
immunotherapy in hepatocellular carcinoma? Dig Liver Dis. 
2006;38:221-225.

 75. Zhou G, Levitsky H. Towards curative cancer immuno-
therapy: overcoming posttherapy tumor escape [article ID 
124187]. Clin Dev Immunol. 2012;2012.

 76. Engdal S, Steinsbekk A, Klepp O, Nilsen OG. Herbal use 
among cancer patients during palliative or curative che-
motherapy treatment in Norway. Support Care Cancer. 
2008;16:763-769.

 77. Cassileth BR, Deng G. Complementary and alternative thera-
pies for cancer. Oncologist. 2004;9:80-89.

 78. Cassileth BR, Gubili J, Yeung KS. Integrative medicine: 
complementary therapies and supplements. Nat Rev Urol. 
2009;6:228-233.

 79. Tascilar M, de Jong FA, Verweij J, Mathijssen RH. 
Complementary and alternative medicine during cancer 
treatment: beyond innocence. Oncologist. 2006;11:732-741.

 80. Bisht S, Maitra A. Systemic delivery of curcumin: 21st cen-
tury solutions for an ancient conundrum. Curr Drug Discov 
Technol. 2009;6:192-199.

 81. Mansky P, Wallerstedt DB, Sannes T, et al. NCCAM/
NCI phase I study of mistletoe extract and gemcitabine 
in patients with advanced solid tumors. J Clin Oncol. 
2010;28(suppl):2559.

 82. Kienle GS, Glockmann A, Schink M, Kiene H. Viscum album 
L. extracts in breast and gynaecological cancers: a systematic 
review of clinical and preclinical research. J Exp Clin Cancer 
Res. 2009;28:79.

 83. Kienle GS, Kiene H. Complementary cancer therapy: a sys-
tematic review of prospective clinical trials on anthroposophic 
mistletoe extracts. Eur J Med Res. 2007;12:103-119.

 84. Piao BK, Wang YX, Xie GR, et al. Impact of complementary 
mistletoe extract treatment on quality of life in breast, ovarian 
and non-small cell lung cancer patients: a prospective random-
ized controlled clinical trial. Anticancer Res. 2004;24:303-310.

 85. Eisenbraun J, Scheer R, Kröz M, Schad F, Huber R. Quality 
of life in breast cancer patients during chemotherapy and 
concurrent therapy with a mistletoe extract. Phytomedicine. 
2010;18:151-157.

 86. Horneber M, Bueschel G, Huber R, Linde K, Rostock M. 
Mistletoe therapy in oncology [article CD003297]. Cochrane 
Database Syst Rev. 2008;2.

 87. Matthes H, Friedel WE, Bock PR, Zänker KS. Molecular 
mistletoe therapy: friend or foe in established anti-tumor pro-
tocols? A multicenter, controlled, retrospective pharmaco-
epidemiological study in pancreas cancer. Curr Mol Med. 
2010;10:430-439.

 88. Friedel WE, Matthes H, Bock PR, Zänker KS. Systematic 
evaluation of the clinical effects of supportive mistletoe 
treatment within chemo- and/or radiotherapy protocols and 
long-term mistletoe application in nonmetastatic colorec-
tal carcinoma: multicenter, controlled, observational cohort 
study. J Soc Integr Oncol. 2009;7:137-145.

 89. Tröger W, Galun D, Reif M, Schumann A, Stanković N, 
Milićević M. Viscum album [L.] extract therapy in patients 
with locally advanced or metastatic pancreatic cancer: a ran-
domised clinical trial on overall survival [published online 
July 24, 2013]. Eur J Cancer.


