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Educational Review

Introduction

Coley’s Fever Therapy Using Bacterial Extracts

More than 100 years ago, William B. Coley and others 
applied fever-inducing bacterial extracts to cancer patients, 
with sometimes astounding success. His revolutionary 
attempts to treat cancer were based on older publications 
from Busch1 and from Fehleisen2 in Germany, who had 
observed that sometimes a feverish erysipelas infection can 
lead to softening, shrinkage and even clearance of solid 
tumors in cancer patients. Busch, in 1867, infected his first 
cancer patient deliberately by direct contact with an erysip-
elas patient, and Fehleisen, a couple of years later, applied 
living bacteria from bacterial cultures to patients, both with 
substantial risk from the resulting high-grade infection. 
Coley, starting in the 1890s, took a step forward and reduced 
danger by using heat-killed Streptococcus pyogenes and 
Serratia marcescens.

Coley felt that successful treatment correlated with the 
height of fever. His daughter, Helen Coley-Nauts, reviewed 
his patient records and determined that successful treatment 
correlated with four additional parameters: extract prepara-
tion procedure, length and frequency of application, and 
application close to the tumor.3,4

Coley adjusted dosage on a per patient basis. He started 
with a low dose of bacterial extract and titrated upward to 
achieve a body temperature of 39°C or more. As the fever 
readiness varied, final dosages could be very different for 
different patients. If during repeated applications the result-
ing fever decreased, he increased dosage, and vice versa. 
After morning injection, fever generally peaked two to 
three hours later and gradually fell over the day, leaving 
patients afebrile in the evening, such that the patient could 
recover overnight. The best results were achieved by induc-
ing fever 2 to 3 times per week, over months, starting peri-
tumoral, intravenous (i.v.), or intramuscular injections and 
possibly continuing with regular intratumoral (i.t.) applica-
tion. Coley cautioned that the first application should never 
be i.t. because the resulting reactions could be severe, 
including tumor lysis syndrome and circulatory collapse.3,4
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Abstract
The following four observations point in the same direction, namely that there is an unleveraged potential for stimulating 
the innate immune system against cancer: (1) experimental treatments with bacterial extracts more than 100 years ago 
by Coley and contemporaries, (2) a positive correlation between spontaneous regressions and febrile infection, (3) 
epidemiological data suggesting an inverse correlation between a history of infection and the likelihood of developing 
cancer, and (4) our recent finding that a cocktail of pattern recognition receptor ligands (PRRLs) can eradicate solid 
tumors in cancer mice if applied metronomically. Because the main immunostimulating component of mistletoe extract 
(ME), mistletoe lectin, has been shown to be a PRRL as well, we suggest to apply ME in combination with additional PRRLs. 
Additional PRRLs can be found in approved drugs already on the market. Therefore, augmentation of ME might be feasible, 
with the aim of reattaining the old successes using approved drugs rather than bacterial extracts.
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Contemporary physicians put Coley’s method to the test. 
Nicholas Senn of Rush Medical College in Chicago reported 
overall failure of the method in 1895. Caulkins of 
Watertown, New York, reported a large number of success-
ful outcomes. Matagne in Belgium, who used fresh extracts 
rather than preparations from other labs, claimed he had 
treatment successes similar to those reported by Coley; he 
published his observations in low-impact French and 
Belgian journals of limited distribution.5 Christian and 
Palmer reported a spectacular cure in 1928.6 At a sympo-
sium on Ewing’s sarcoma in 1934, a form of cancer at that 
time most often lethal because of metastatic spread at diag-
nosis and before surgery, Coley presented 44 cases, of 
which 12 had been treated by other physicians with radia-
tion or surgery or both, but not fever therapy, and 32 patients 
treated by Coley. In the first group, no patient reached 5 
years of survival, whereas in Coley’s group, 12 were alive 
after 5 years (0% vs 38%).

In an extensive review of the Coley story, Starnes col-
lected 170 cancer patient records (121 sarcomas, 43 carci-
nomas and myelomas, and six melanomas) of late-stage, 
inoperable tumors, which were treated using Coley’s extract 
but not by radiation, and calculated a remission rate of 64% 
and 5-year survival of higher than 44% (some patients were 
lost on follow-up).7 This is a remarkable achievement in 
cases of advanced disease.

Clearly, Coley could not induce remissions in all patients. 
His approach was critically patient oriented and required 
continuously adjusting the protocol in response to the 
febrile response of the individual patient. This proved labor 
intensive and difficult to standardize. Also, over time, he 
continued to develop and alter his regimen, both in its route 
of administration as well as the composition and manufac-
turing process of the bacterial extracts. In contrast, radiation 
offered a tissue-oriented protocol, valid for every case, with 
predictable, immediately verifiable effects and did not 
require laborious treatment over months. Even though at the 
time of Coley’s death in 1936 it was clear that radiation was 
not the final answer to treating cancer, it remained attractive 
and Coley’s method fell out of favor, with one exception.

Klyuyeva and coworkers in Russia, in the 1940s, treated 
cancer patients using not bacterial but Trypanosoma 
extracts, in a manner similar to Coley. Their work was stim-
ulated by Coley’s publications, but also by the observation 
that cancer patients in Brazil almost never had a positive 
Machado reaction, a blood test indicating a past or ongoing 
Trypanosoma infection (Chaga’s disease), an otherwise 
endemic infection, indicating some protection from cancer 
by the infection. From a collection of case studies, it appears 
that this group also achieved interesting positive results8 
(the book can be downloaded from http://www.feverther-
apy.eu).

In the 1960s and 1970s, when it became apparent that 
chemotherapy, like radiotherapy before, can be a two-edged 

sword in cancer therapy and Helen Coley-Nauts had pub-
lished extensive reviews about her father’s work, interest in 
Coley’s method experienced a modest revival. Some remis-
sions could be achieved, but overall, Coley’s remarkable 
success rates could not be repeated. In retrospect, several 
most likely determining aspects of Coley’s method were not 
considered: for instance, length and frequency of treatment 
as well as height of fever.9

To this day, there is no widely accepted molecular expla-
nation for the remarkable regressions Coley without doubt 
had achieved.

Spontaneous Regressions

More than 1000 case studies on spontaneous regression and 
remission from cancer can be found in the literature.9 This, 
certainly, is only the tip of the iceberg, for several possible 
reasons. In some cases, the physicians responsible might 
not see a regressed patient again; in other cases, they might 
not rule out effective adjuvant treatment of some kind, or 
may not be literate enough or may not have taken the effort 
to write a report. If one reads publications on spontaneous 
regressions carefully, in a large number of cases an anteced-
ent feverish infection is reported. However, in most cases, 
this correlation is reported only cursorily, without highlight-
ing possible causality between infection and regression. 
Reviews on spontaneous regression reported this correla-
tion for between 28%10 and 80%11 of cases, again without 
elaborating on the correlation. These are most likely low 
estimates because many original authors might not have 
reported an antecedent infection.

Protective Effects of Acute Infections With 
Respect to Cancer

It is well known that about 15% to 20% of all cancers result 
from chronic viral infections.12 However, chronic and acute 
infections are in this context entirely different entities: 
whereas chronic infections downregulate the immune sys-
tem, acute infections upregulate it. The observed inverse 
correlation between feverish infection and spontaneous 
regression is related to acute, usually febrile and fully 
resolved, infections.9

If this time correlation is causal, it could be protective. 
Indeed, more than 30 studies confirm that a personal history 
of feverish infections provides some protection from devel-
oping cancer.13 We have no explanation for this inverse cor-
relation other than that a feverish infection results in some 
pattern recognition receptor ligand (PRRL)-induced clear-
ance from precancerous or transformed cells.

We hypothesize that these three observations—Coley’s 
treatments, correlation between feverish infection and spon-
taneous regression, and inverse correlation between infec-
tion and cancer risk—share an immunological mechanism.
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Discussion
An Immunological Interpretation

We proposed in 2008 that the molecular trigger responsible 
for spontaneous remissions, epidemiological protection, 
and Coley’s results are pathogenic PRRLs, in particular 
pathogen-associated molecular pattern, toll-like receptor 
(PAMP, TLR ligands).14 According to this hypothesis, 
Coley’s toxin is a PAMP mix.

Pattern recognition receptors (PRRs), including trans-
membrane PRRs such as TLRs (TLR-1 to TLR-12) and 
C-type-lectin receptors (Dectin-1, Dectin-2) as well as 
intracellular PRRs (NOD1, NOD2, NALP3, ISD, RIG-1, 
MDA5) are preferentially found on and within professional 
antigen-presenting cells such as dendritic cells (DCs) and 
macrophages. These immune cells act at the interface of the 
innate and the adaptive immune system. On encounter with 
antigen and PAMP at the same time, DCs are activated 
(licensed), migrate to regional draining lymph nodes, where 
they in turn activate antigen-specific T- and B-cells. PAMP-
activated DC also can mount NK (natural killer) cell helper 
responses in a dose-dependent manner.15

It is important to note that neither antigen alone nor 
PAMP alone is sufficient for DC activation. On the contrary, 
antigen presenting DC unengaged by PAMP or other PRRLs 
are inducers of T-cell tolerance against the respective anti-
gens. In contrast, T-cells activated properly through costim-
ulatory DC signals such as CD80, CD86, ICOSL, CD137, 
and OX40 in combination with DC-generated cytokines 
undergo clonal expansion. They either differentiate into 
CD8+ cytotoxic T-cells (CTLs) able to kill infected (eg, 
virus) or cancer cells or differentiate into type 1 or type 2 
T-helper cells (TH1 or TH2), depending on the pathogen. 
TH1 cells can induce B-cells to produce IgG antibodies; 
TH2 cells can induce B-cells to produce IgM and subse-
quently IgA, IgE, and IgG antibodies (humoral response).

Some T-cell types, when activated, can express TLR, 
thus becoming capable of interpreting PAMP on their own. 
This TLR expression, however, is transient and downregu-
lated after a few days, unless they receive continuous PAMP 
stimulation.16 In mice, B-cells producing IgM, IgG1, and 
IgG2c can express TLR, and responses are largely TLR 
dependent, whereas IgE producing B-cells are TLR inde-
pendent. In humans, analogous results have been found.17 It 
has been speculated whether TLR expression on cellular 
components of the adaptive immune system can provide 
additional checkpoints to monitor ongoing infection.18 
These results suggest that to resemble a proliferative infec-
tion, continuous provision of PAMP is required.

In many cancer patients, tumor-specific T-cells can be 
found, indicating that neoplastic cells are, in principle, not 
invisible to the immune system. However, those T-cells 
usually are not fully activated but either enter a state of 
exhaustion, characterized by the expression of inhibitory 

receptors such as PD-1 and cell cycle arrest because of per-
sistent exposure to antigen as in the case of chronic disease,19 
or tumor-specific T-cells enter a state of anergy, character-
ized by decreased expression of interleukin (IL)-2, inter-
feron (IFN)-γ, and tumor necrosis factor (TNF)-α. Anergy 
can be caused by lack of correct costimulation through 
antigen-presenting cells (tumors do not produce PAMP) or 
by inhibitory stimulation from regulatory T-cells (Treg) or 
myeloid-derived suppressor cells (MDSCs) engaged by the 
tumor environment (tumor escape). Both anergy and 
exhaustion can be reversed in vivo.20,21 Naïve T-cell suscep-
tibility to suppression by Tregs is controlled by PAMP.22 
Infection in a cancer patient presumably can revive anergic 
or exhausted T-cells by PAMP-activated DCs, with differ-
ent T-cell clones targeting pathogen and neoplastic cells. 
Repeated exposure to a collection of PAMPs can decrease 
MDSC numbers in cancer mice,13 potentially suppressing 
tumor escape.

The advantage of a PAMP fever therapy over other 
tumor-antigen-based experimental therapies is that particu-
lar tumor antigens neither have to be extracted nor enriched 
and not even characterized. PAMP-activated DCs are, as far 
as we know, not antigen-selective and collect all antigens 
indiscriminately, including tumor antigens. Therefore, anti-
genic drift, a problem for other tumor-antigen therapies, 
should not occur with augmented mistletoe therapy (AMT).

Recently, the manipulation of immune checkpoints such 
as CTLA-4 and PD-1 by antibodies has led to the expecta-
tion of an imminent revolution in clinical oncology.23 Both 
CTLA-4 and PD-1 are expressed on Tregs; many tumors 
recruit large numbers of Tregs both inside and within the 
micro-environment. Blockade of CTLA-4 with the anti-
body drug ipilimumab improved survival in patients with 
advanced melanoma.24 Blocking interaction between PD-1 
and its natural ligand PD-L1 by antibodies such as 
nivolumab and pembrolizumab has demonstrated durable 
remissions in several forms of cancer and has been approved 
for the treatment of melanoma and non-small-cell lung can-
cer. However, these immunotherapies can lead to severe 
and even fatal toxicities, which require immunosuppres-
sion.25 Similar adverse events have not been observed under 
mistletoe therapy (MT) or AMT so far.

PAMPs have widely been tested in clinical trials against 
cancer, without much success,26 but only as single sub-
stances, for short periods, and mostly in patients with com-
promised immune systems. Arguably, these regimens were 
not inspired by any lesson learned from Coley’s and 
Klyuyeva’s seminal work. Rather, they follow the medici-
nal-chemical paradigm, which expects rapid visible benefit. 
In contrast, and in line with Coley’s work, we proposed that 
PAMP should be applied in combination and over a number 
of weeks,14 preferably in patients with uncompromised 
immune function. In cancer-bearing mice, we found pre-
liminary evidence supporting this hypothesis: tumor 
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development was slowed with single PAMP substances and 
cured with a PAMP combination.13 PAMPs were applied ten 
times over three weeks after tumor outgrowth, the equiva-
lent of months in humans, as was common practice in 
Coley’s days. Combining PRRLs is also suggested by PRR 
studies: NOD1 stimulation can potentiate TLR responses 
upon Helicobacter pylori infection.18

Mistletoe and Bacterial Extracts in Present Day 
Practice

MT is used as adjuvant or palliative treatment for thou-
sands of cancer patients each year in Europe. According to 
Schwabe Arzneiverordnungsreport (Springer, Heidelberg) 
ME has been applied about 10 000 times per day in 
Germany alone in 2015. Several reviews consistently 
report improved quality of life, improved tolerance of con-
ventional cancer treatments, and limited survival advan-
tage.27,28 Disease responses—that is, stable disease and 
remissions—are exceptions and presumably associated 
with higher than usual doses. Although early reports sug-
gested a dosage optimum of mistletoe lectin (ML), with 
higher doses leading to immune suppression in mice,29 this 
could not be confirmed in humans during two decades of 
clinical ME application. Therefore, the note on this alleged 
adverse effect was removed from the German MT-Leitlinien 
(guidelines).

Generally ME appears too weak an immune stimulator 
compared with bacterial extracts when applied as approved 
by subcutaneous (s.c.) injections. Nevertheless, ME seems 
to have some unleveraged potential when used multimod-
ally (both s.c. as well as i.v. and i.t.), with high dosage, and 
for a prolonged period in immune-competent patients.30,31 
In some German private clinics, the application of bacte-
rial extracts has been retained to this day. Treatments have 
hardly been investigated systematically (see Jacobson  
et al32 for an exception), so average outcomes are unknown. 
Again, treatments are short compared with Coley’s con-
cept, and patients usually are immunocompromised by 
prior treatment. Regressions, let alone cures, seem to be 
rare, though not impossible.33 Bacterial extracts used in 
these clinics are usually manufactured according to the 
German principle of “Therapiefreiheit” (§13.2 AMG), 
under which physicians, on a patient-by-patient basis, are 
allowed to manufacture therapeutic products in appropri-
ate laboratories, and applied according to “Heilversuch” 
(individual compassionate use, §80 AMG). These extracts 
have recently come under increasing scrutiny by the 
authorities. Bacterial extracts in general face major 
approval obstacles. For instance, even for established fer-
mentation in medicinal facilities, it is not easy to maintain 
constant batch-to-batch quality and composition. Thus, 
alternatives are required.

Mistletoe Extract Immunogenicity

ME has been shown to be remarkably immunogenic both in 
vitro34 and in vivo.35 Its strong immunogenicity has been a 
conundrum, but recent studies offer an explanation. The 
main immune stimulating component of ME is ML, a pro-
tein dimer with 254 (chain-A) and 264 amino acids (chain 
B). The 3D structure of mistletoe lectin chain-A is identical 
to shiga-toxin chain-A produced by Shigella dysenteria,13 
an often lethal bacterial toxin. Both amino acid sequences, 
however, have almost no homology. Mistletoe most likely 
in the far past has captured a bacterial toxin by horizontal 
gene transfer. Over time, the amino acid sequences of both 
proteins have evolutionarily diverged. This is an excep-
tional case of structural conservation over hundreds of mil-
lions of years. The adamant structural conservation of ML 
chain-A over eons indicates that this protein serves some 
important purpose for the plant, which is as yet unknown. 
ML has been shown to be a TLR ligand as well,36 another 
indication for its pathogenic origin.

The manufacturer’s instructions for all ME preparations 
recommend low-dose s.c. application to avoid significant 
reactions at the injection site (a limited local inflammation 
is tolerated) and avoid systemic reactions. Fever induction 
is only achieved with upfront s.c. application of higher than 
commonly used ME doses, in mistletoe-naïve patients, and 
can be typically repeated for two to three applications. 
During this initial time, ML induces production of neutral-
izing antibodies,37 which might explain the decreasing 
fever-inducing capability. Fever kinetics differ between ME 
and bacterial extracts. Whereas fever induced by bacterial 
extracts or lipopolysaccharide (LPS) peaks two to three 
hours after injection and decreases over another six to 10 
hours (endotoxin fever), fever induced by ME peaks after 
about 12 to 16 hours and falls back to a normal circadian 
pattern after about three days (mistletoe fever). This is true 
for commercial brands such as Abnobaviscum,38 Helixor, 
and Iscador with s.c. application. From the perspectives of 
fever surveillance and patients’ metabolic burden, shorter 
fever is preferable. It should be mentioned that Iscador 
applied i.v. off-label induces a LPS-like fever with endo-
toxin fever kinetics and does so over many applications 
without developing fever resistance. Iscador has a particu-
larly high content of endotoxins because its manufacturing 
process involves fermentation.39 As a corollary, we believe 
that ME, though clearly not potent enough to produce dis-
ease responses on its own and in low doses, might neverthe-
less be valuable as a basis to revive Coley’s concept and 
success.

During a normal infection and in applying bacterial 
extracts, most likely several PAMPs play their role in con-
cert in activating DCs. Our mouse experiments have shown 
that a mix of three PAMPs could eradicate established 
tumors, when applied repeatedly, whereas a single PAMP 
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could only slow tumor growth.13 Thus, we believe that ME 
could be augmented by other PAMPs and should be applied 
in a metronomic (high-frequency application) setting.

Several PRRLs can be purchased from high-quality 
manufacturers (good laboratory practice registered) for use 
in preclinical experiments; however, only a few PRRLs 
have good manufacturing practice quality registration. 
These are patented PRRLs, usually available only for clini-
cal trials initiated by the manufacturers and, therefore, not 
available in larger quantities for the general public (see 
Table 1). In addition, use of PRRLs in humans must be pre-
ceded by extensive preclinical tests in laboratory animals, 
requiring years of preclinical work.

To bypass these obstacles, we suggest that MT should be 
augmented with approved drugs (augmented mistletoe ther-
apy, AMT). These drugs should, according to their direc-
tions of use leaflets, contain PAMP and induce fever as an 
usually unwanted, but in this context “on target,” side effect 
(see Table 2 for a selection of drugs). We suggest that there 
should be adherence to a regimen that respects the main les-
sons we can learn from Coley’s and Klyuyeva’s experi-
ments—namely to apply AMT frequently over longer 
periods, for example, two to three times per week over sev-
eral weeks. In principle, this approach could be considered 
in a primary treatment setting (ie, neoadjuvant) rather than 
as adjuvant or palliative therapy alone. Although this might 
appear to be a far-fetched goal, we believe that it should not 

be impossible to reclaim Coley’s successes, now with a 
much better immunological understanding.

From individual cases, we have preliminary indications 
that bacterial extracts can partially be replaced by prod-
ucts listed in Table 2, both with respect to fever induction 
in humans (see Table 3) and disease responses. In two 
cases, AMT (using Freund’s adjuvant) was given intratu-
morally, with convincing disease responses. In a third 
case, an elderly gentleman with a large axillary metastasis 
of melanoma was treated with multimodal MT (both i.v. 
and i.t.), during which the tumor continued to increase; 
when MT was combined with Colibiogen for i.t. injection 
over several weeks, the tumor reduced steadily (submitted 
for publication).

Response Criteria

After treatment with bacterial extracts, in vascular, ulcerat-
ing, or fungating tumors, rapid degradation can occur, often 
with sloughs. In less-vascular tumors, changes observed are 
softening and reduction in size. Following i.t. injection, a 
transient increase in size, with skin becoming red and tense, 
may be observed. Transient tumor size increase is a com-
mon observation in immunotherapy and led to revised 
RECIST (response evaluation criteria in solid tumors) 
response criteria called immune-related response criteria 
(irRC).40,41 An activated immune reaction can lead to a mas-
sive influx of immune cells into the tumor (tumor-infiltrat-
ing lymphocytes), comprising up to 40% of tumor volume. 
More tumor-infiltrating lymphocytes correspond with bet-
ter prognosis.42,43 This influx can lead to a temporary 
enlargement, which, without biopsy, can hardly be distin-
guished from malignant growth. It has been observed that 
final tumor responses after immunotherapy can happen 
after a time lag of up to 12 weeks, so one of the main differ-
ences between RECIST and irRC is to wait up to 12 weeks 
before a decision on treatment continuation or discontinua-
tion is taken. Physicians experienced in bacterial fever ther-
apy gauge positive response by general patient condition, 
for example, pain decrease, improvement of blood markers, 
and improved energy and/or mobility and appetite. In cases 
of palpable tumors softening is a sign of response. We 
would expect similar observations during AMT treatment.

Fever will be accompanied by a marked leukocytosis 
and other markers of acute phase response. Increased cyto-
kine markers of the innate immune system include TNF-α, 
IL-1, IL-1β, IL-6, IL-12, and IFN-γ. Inflammatory markers 
and markers of immunosuppression such as IL-10 and TGF 
(transforming growth factor)-β should decline over time. 
The so-called neutrophil-lymphocyte ratio should fall 
below 4.44 These laboratory markers for innate stimulation 
can be monitored over the first weeks and might indicate 
beneficial treatment response; however, this has to be inves-
tigated further.

Table 1.  Selection of PRRL Substances and Manufacturers.

PRRL (Receptor) Manufacturer GMP/GLP

CRX-527, CRX-675 (TLR-4) Corixa/GSK GMP
CpG ODN (TLR-9) Invivogen GLP
dSLIM (TLR-9) Mologen GMP
E5564 (TLR-4) Eisai GMP
Imiquimod (TLR-7/8) Invivogen GLP
Loxoribine (TLR-7) Invivogen GLP
LPS (TLR-4) Sigma/Medgamal GLP/GMP
LTA Staphylococcus aureus 

(TLR-2/6)
Sigma GLP

MALP-2 (TLR-1/2) Enzo GMP
MPL (TLR-4) Corixa/GSK GMP
PAM2CSK4 (TLR-2/6) Invivogen GLP
poly-AU (TLR-3) Ipsen-Beaufour GMP
poly-ICLC (TLR-3) Hiltonol/Oncovir GMP
poly-Us21+DOTAP (TLR-7) Innate Pharma GMP
Resiquimod (TLR-7/8) Enzo GMP
Vaximmune (TLR-9) Coley-Pharma/

Aventis
GMP

Zymosan (Dectin-1, TLR-2) Invivogen GLP
Stimuvax (contains MPL, 

TLR-4)
Biomira/Merck GMP

Abbreviations: PRRL, pattern recognition receptor ligands; GMP, good 
manufacturing practice; GLP, good laboratory practice.

 by guest on May 21, 2016ict.sagepub.comDownloaded from 

http://ict.sagepub.com/


6	 Integrative Cancer Therapies ﻿

Table 2.  Approved Drugs Most Likely Containing PRRLs, Judged by Content and Side Reactions Described in the Respective 
Instruction Leaflets.

Brand Manufacturer Ingredients Main Indication
Fever Reported as 

Adverse Event
Approved for 

Cancer Therapy

BCG vaccine CC-Pharma 
Medac

Attenuated live Mycobacterium 
bovis

Vaccine Yes Yes

Broncho-Vaxom Eurim Pharm Lyophilized bacterial extract 
from Haemophilus influenzae, 
Diplococcus pneumoniae, 
Klebsiella pneumoniae and 
K ozeanae, Staphylococcus 
aureus, Streptococcus 
pyogenes and viridans, 
Neisseria catarrhalis

Respiratory infections No No

CADI05 Immuvac Autoclaved Mycobacterium 
indicus pranii

Leprosy Yes Yes

Cholera vaccine Wyeth Inactivated cholera bacteriae Vaccine Yes No
Colibiogen inject Laves Metabolic products from 

Escherichia coli laves
Colon infections No Yes

Detox Biomira Inc MPL (monophosphoryl-
lipid-A) and cell wall extracts 
from Mycobacterium phlei

Adjuvant Yes No

Flulaval GSK Inactivated influenza virus Vaccine Yes No
Iscador Weleda Mistletoe extract Immune stimulant Yes Yes
Ixiaro Novartis-

Behring
Inactivated Japanese 

encephalitis virus
Vaccine Yes No

JE-VAX Sanofi-Pasteur Inactivated Japanese 
encephalitis virus

Vaccine Yes No

Lektinol Rottapharm Mistletoe lectin Cancer Yes Yes
MPL Corixa MPL from Salmonella 

minnesota
Adjuvant No No

Picibanil Chugai Lyophilized Streptococcus 
pyogenes

Cancer Yes Yes

Pollinex Bencard Pollen allergens and MPL Allergies No No
Polyvaccinum 

forte
IBSS biomed 

(Poland)
Inactivated extract from 

Staphylococcus aureus, 
Staphylococcus epidermidis, 
Streptococcus salivarius, 
Streptococcus pneumoniae, 
Streptococcus pyogenes, 
Escherichia coli, K pneumoniae, 
H influenzae, Corynebacterium 
pseudodiphtheriticum, 
Moraxella catarrhalis

Chronic and 
recidivistic 
inflammatory 
process of the 
respiratory tract, 
bladder and 
endometrium

Yes, up to 8 hours No

Pyrogenalum Medgamal 
(Russia)

LPS from Salmonella typhi Nerve trauma, 
prostatitis, uretritis, 
uveitis, latent TBC

Yes, up to 8 hours No

StroVac Strathmann Inactivated Escherichia coli, 
Morganella morganii, Proteus 
mirabilis, K pneumoniae, 
Enterococcus faecalis

Recidivistic bladder 
inflammation

Yes, up to 40°C No

Typhoral Novartis-
Behring

Salmonella typhi; apathogenic 
live germs

Vaccine Yes No

YF-VAX Sanofi-Pasteur Yellow fever virus Vaccine Yes No
Zylexis Pfizer Inactivated Parapoxvirus ovis Veterinary drug, 

immune stimulant
No No

Abbreviations: PRRL, pattern recognition receptor ligands; LPS, lipopolysaccharide.
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Risk of Severe Adverse Reactions

Life-threatening pathogenic infections are usually accom-
panied by high fever, whereas successful containment and 
removal of pathogens by the immune system aligns with 
fever decline; so fever is often felt to be “guilty by associa-
tion.” Cancer treatments using cytokines such as TNF, ILs, 
and IFNs were sometimes associated both with fever and 
severe adverse reactions.45-47 In these experiments, cyto-
kines, which physiologically are excreted locally in very 
small amounts, were applied systemically in large nonphys-
iological amounts—a situation distinct from the application 
of PRRLs, upon which the immune system can regulate 
cytokine production and distribution itself. Hence, unease 
with inducing fever may be understandable. Yet fever 
induced by PRRL-containing vaccines does not persist in 
the same manner as fever caused by a progressive infection. 
The deeply rooted suspicion of fever in the minds of many 
physicians is not justified. Treatment-related elevation of 
body temperature will come down in a predictable fashion 
and dose dependently. Dosage will be decided on a per-
patient basis, starting with very low dosage. The final thera-
peutic dosage can be determined in such a way as to shape 
rise and decline within eight to 12 hours. Physicians with 
long experience in the application of bacterial extracts 
report that the first few fever inductions can be burden-
some, yet alleviated by aids such as hot-water bottles, 
whereas later inductions are more reconcilable.

Over 30 years and over several thousands of applica-
tions, Coley reported six treatment-related fatalities in his 
own department and three more from colleagues. He 
assumed that these nine cases were “probably or possibly” 
caused by the treatment with bacterial extracts; all patients 
had inoperable late-stage tumors. Two i.v.-injected patients 
died from embolism; three patients got a too high initial 
dosage, one of the three directly into the tumor; three 
patients died from kidney failure, most likely caused by 
tumor lysis syndrome; in one case, a second injection was 
given during high fever. Hence, six out of the nine fatal 
results could have been avoided. The three cases of assumed 
tumor lysis syndrome likely would have been treatable in 

modern clinical settings. German physicians, who applied 
fever therapy in hundreds of cancer patients using 
Vaccineurin off-label in the 1970s and 1980s, an at that time 
approved drug containing bacterial extracts, did not report a 
single fatal event. In one case, an anaphylactic reaction was 
observed after initial i.v. application of a bacterial extract at 
high dosage (personal communication to UH), whereas 
Coley recommended starting with s.c. injections and low 
i.v. doses. Again, the natural course of a pathogenic infec-
tion should be borne in mind, where systemic pathogenic 
load does not increase in an instant, but gradually.

If all relevant aspects are considered, although fever 
therapy is a considerable treatment burden and needs care-
ful medical monitoring by experienced physicians, it is 
unlikely to do harm. Fever is an evolutionarily conserved 
mechanism, in the service of maintaining species survival 
over million years. Yet any therapy involving fever, includ-
ing AMT, will be no walk in the park. It requires a moti-
vated patient and a dedicated physician.

Implementing Augmented Mistletoe Treatment

Health insurances in Germany and Switzerland either do 
not cover inpatient treatment with the explicit aim of mis-
tletoe treatment induction or cover only for a limited time 
period of one to three weeks, depending on health insur-
ance. During this time frame, starting with a very low dose, 
the goal would be to find the dose appropriate for each 
patient. Outpatient treatment is feasible, provided appro-
priate medical backup to monitor treatment reactions is 
available. Ideally, treatment should start before surgery, 
when tumor antigen levels can be expected to be high. 
Postsurgery treatment should range from a minimum of 
two weeks to an optimum of three to eight weeks and even 
more for large inoperable tumors. Regular treatment boosts 
of one to two weeks’ duration each might be advisable. 
Whereas dosages for ME alone or for drugs listed in Table 
2 are well established, combining these drugs may require 
some adjustment.

Patients who are unable or unwilling to accept the treat-
ment burden of two to three high fever applications per 
week might still benefit from one fever-inducing applica-
tion per week and one or two subfebrile low-dosage appli-
cations to keep the innate immune system stimulated. 
Although Coley emphasized induction of high fever as a 
prerequisite for successful therapy, it may turn out that with 
optimized AMT, an intermittent subfeverish PAMP applica-
tion may be beneficial as well.

Conclusions

The lessons that can be learned from experimental fever-
inducing vaccinations against cancer done about 100 years 
ago (Coley) are very clear, yet have not been developed into 

Table 3.  Partial Replacement of Bacterial Extracts by Approved 
Drugs in About 80 Patients: Fever Induction.

Fever Induction

Bacterial extract +++
Strovac −
Strovac + reduced amount of 

bacterial extract
++

Strovac + Colibiogen + reduced 
amount of bacterial extract

+++

Mistletoe extract +
Mistletoe extract + Colibiogen +
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present therapies. It is now clear that the innate immune 
system must be harnessed robustly to fully activate tumor-
specific T-cells by PAMP-alerted DC. We should stimulate 
frequently over longer periods because the innate immune 
system has no memory and requires to be kept alert by met-
ronomic stimulation. This approach contrasts with main-
stream treatments that aim for rapid disease response (“hit 
fast and hard”), for example, using antibiotics against bac-
terial pathogens or chemotherapy against cancer. The con-
ventional paradigm and a widespread aversion against fever 
are in our eyes the main reasons why the Busch-Coley treat-
ment never has received the scrutiny it deserves.

It is not yet established whether high fever is a critical 
requirement for successful AMT because some remissions 
induced by ME did not involve prolonged fever periods30,31; 
yet fever helps to increase the level of tumor antigens48,49 
(the same might be true for hyperthermia50-53) and activates 
DCs.54

The present mistletoe treatment regimen is located 
between the two extreme paradigms: the pharmacochemical 
paradigm on one hand and Coley’s very long immune stim-
ulations on the other. Traditional ME is usually given at low 
doses (avoiding febrile reactions) in a low-frequency set-
ting over long periods of time (years) and assumes a cumu-
lative benefit in immune competence. Coley’s results 
indicate that a high-frequency setting under appreciation of 
fever over weeks is preferable. With higher initial ME 
doses, fever reactions can be elicited over the first few treat-
ments, and experienced physicians in some clinical centers 
apply this, often in a multimodal setting (eg, s.c., and i.v. 
and i.t.). Maintaining fever reactions beyond this time win-
dow of fever readiness is possible if ML is combined with 
PAMPs. ME alone contains at least one PAMP in substan-
tial amounts—namely, mistletoe lectin; common brands in 
addition contain endotoxins and viscotoxins, likely contrib-
uting to the overall immune stimulation ME provides. The 
application of several PAMPs at once, rather than a single 
PAMP, has been shown to induce synergistic effects,55-60 
leading to complete remissions in cancer-bearing mice13; 
therefore, augmentation of mistletoe lectin seems obvious. 
Several approved PAMP-containing drugs are available, 
where fever is reported as a common side reaction in the 
respective instruction leaflets (see Table 2); in this context, 
this side reaction has to be interpreted as welcome rather 
than adverse. These drugs could be tested for ME augmen-
tation, and they are very low cost compared with other can-
cer treatments. We suggest using MT as a basis for applying 
a PAMP cocktail because MT is one of the few cancer thera-
pies where a PAMP substance (ML) is causally involved 
and because there is a rich body of experience with ME in 
central Europe; thus, respective physicians know how to 
handle fever inductions running over long time periods.

To the best of our knowledge, there is no principal 
obstacle to repeat Coley’s successful treatments, now 

with a much better understanding on the molecular level 
and improved technologies for therapy surveillance and 
progress monitoring. Whereas MT is usually applied in an 
adjuvant or palliative setting, AMT might even be appli-
cable as neoadjuvant treatment in some settings and pos-
sibly primary cancer therapy in amenable forms of 
cancer.

Acknowledgments

We thank Dr Mathias Freutsmiedl for suggesting Polyvaccinum.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

1. Busch W. Aus der Sitzung der medicinischen Section vom 13
November 1867. Berl Klin Wochenschr. 1868;5:137.

2. Fehleisen F. Über die Züchtung der Erysipelkokken auf
künstlichem Nährboden und ihre Übertragbarkeit auf den
Menschen. Dtsch Med Wochenschr. 1882;85:553-554.

3. Coley-Nauts HC, Fowler GAA, Bogatko FH. A review of
the influence of bacterial infection and of bacterial prod-
ucts (Coley’s toxins) on malignant tumors in man. Acta Med
Scand. 1953;145:5-102.

4. Nauts HC, McLaren JR. Coley toxins: the first century. Adv
Exp Med Biol. 1990;267:483-500.

5. Hall S. A Commotion in the Blood. Brighton, Australia: Owl
Publishing; 1998.

6. Christian S, Palmer L. An apparent recovery from multiple
sarcoma with involvement of both bone and soft parts treated
by toxin of erysipelas and bacillus prodigiosus. Am J Surg.
1928;43:188-197.

7. Wiemann B, Starnes CO. Coley’s toxins, tumor necrosis fac-
tor and cancer research: a historical perspective. Pharmacol
Ther. 1994;64:529-564.

8. Klyuyeva NG, Roskin GI. Biotherapy of Malignant Tumours.
Oxford, UK: Pergamon Press; 1963.

9. Hobohm U. Fever and cancer in perspective. Cancer Immunol 
Immunother. 2001;50:391-396.

	10. Stephenson HE Jr, Delmez JA, Renden DI, et al. Host immu-
nity and spontaneous regression of cancer evaluated by
computerized data reduction study. Surg Gynecol Obstet.
1971;133:649-655.

	11. Diamond LK, Luhby LA. Pattern of “spontaneous” remis-
sions in leukemia of the childhood, observed in 26 of 300
cases. Am J Med. 1951;10:238ff.

	12. Mantovani A, Pierotti MA. Cancer and inflammation: a com-
plex relationship. Cancer Lett. 2008;267:180-181.

	13. Maletzki C, Linnebacher M, Savai R, Hobohm U. Mistletoe
lectin has a shiga toxin-like structure and should be combined

 by guest on May 21, 2016ict.sagepub.comDownloaded from 

http://ict.sagepub.com/


Orange et al	 9

with other toll-like receptor ligands in cancer therapy. Cancer 
Immunol Immunother. 2013;62:1283-1292.

	14.	 Hobohm U, Stanford JL, Grange JM. Pathogen-associated 
molecular pattern in cancer immunotherapy. Crit Rev 
Immunol. 2008;28:95-107.

	15.	 Oth T, Van Elssen CH, Schnijderberg MC, et al. Potency of 
both human Th1 and NK helper cell activation is determined 
by IL-12p70-producing PAMP-matured DCs. J Interferon 
Cytokine Res. 2015;35:748-758.

	16.	 Kaczanowska S, Joseph AM, Davila E. TLR agonists: our 
best frenemy in cancer immunotherapy. J Leukoc Biol. 
2013;93:847-863.

	17.	 Ruprecht CR, Lanzavecchia A. Toll-like receptor stimula-
tion as a third signal required for activation of human naive B 
cells. Eur J Immunol. 2006;36:810-816.

	18.	 Palm NW, Medzhitov R. Pattern recognition receptors and con-
trol of adaptive immunity. Immunol Rev. 2009;227:221-233.

	19.	 Wherry EJ, Kurachi M. Molecular and cellular insights into T 
cell exhaustion. Nat Rev. 2015;15:486-499.

	20.	 Brown IE, Blank C, Kline J, Kacha AK, Gajewski TF. 
Homeostatic proliferation as an isolated variable reverses 
CD8+ T cell anergy and promotes tumor rejection. J Immunol. 
2006;177:4521-4529.

	21.	 Crespo J, Sun H, Welling TH, Tian Z, Zou W. T cell anergy, 
exhaustion, senescence, and stemness in the tumor microen-
vironment. Curr Opin Immunol. 2013;25:214-221.

	22.	 Pasare C, Medzhitov R. Toll pathway-dependent blockade of 
CD4+CD25+ T cell-mediated suppression by dendritic cells. 
Science. 2003;299:1033-1036.

	23.	 Pardoll D. Cancer and the immune system: basic concepts and 
targets for intervention. Semin Oncol. 2015;42:523-538.

	24.	 Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival 
with ipilimumab in patients with metastatic melanoma. N 
Engl J Med. 2010;363:711-723.

	25.	 Villadolid J, Amin A. Immune checkpoint inhibitors in clini-
cal practice: update on management of immune-related tox-
icities. Transl Lung Cancer Res. 2015;4:560-575.

	26.	 Aranda F, Vacchelli E, Obrist F, et al. Trial watch: 
toll-like receptor agonists in oncological indications. 
Oncoimmunology. 2014;3:e29179.

	27.	 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.

	28.	 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.

	29.	 Beuth J, Ko HL, Tunggal L, et al. Immunoactive action 
of mistletoe lectin-1 in relation to dose [in German]. 
Arzneimittelforschung. 1994;44:1255-1258.

	30.	 Orange M, Lace A, Fonseca MP, Laue BH, Geider S, Kienle 
GS. Durable regression of primary cutaneous B-cell lym-
phoma following fever-inducing mistletoe treatment: two 
case reports. Global Adv Health Med. 2012;1:18-25.

	31.	 Orange M, Fonseca M, Lace A, 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.

	32.	 Jacobson JS, Grann VR, Gnatt MA, et al. Cancer outcomes at 
the Hufeland (complementary/alternative medicine) klinik: 
a best-case series review. Integr Cancer Ther. 2005;4: 
156-167.

	33.	 Hobohm HU. Healing Heat. Norderstedt, Germany: BoD; 
2014.

	34.	 Kovacs E, Link S, Toffol-Schmidt U. Cytostatic and cytoci-
dal effects of mistletoe (Viscum album L.) quercus extract 
Iscador. Arzneimittelforschung. 2006;56:467-473.

	35.	 Lee CH, Kim JK, Kim HY, Park SM, Lee SM. 
Immunomodulating effects of Korean mistletoe lectin in vitro 
and in vivo. Int Immunopharmacol. 2009;9:1555-1561.

	36.	 Park HJ, Hong JH, Kwon HJ, et al. TLR4-mediated activation 
of mouse macrophages by Korean mistletoe lectin-C (KML-
C). Biochemical and biophysical research communications. 
2010;396(3):721-725.

	37.	 Stein GM, Stettin A, Schultze J, Berg PA. Induction of anti-
mistletoe lectin antibodies in relation to different mistletoe-
extracts. Anticancer Drugs. 1997;(suppl 1):S57-S59.

	38.	 Penter R, Dorka R, Frühwirth M, et al. Die Fieberwirkung 
unter hochdosierter Gabe von Viscum-Präparaten bei 
der Mistelerstbehandlung: Teil I. Merkurstab. 2002;5: 
330-368.

	39.	 Becker KP, Ditter B, Nimsky C, Urbaschek R, Urbaschek 
B. Endotoxin contents of phytopharmaceuticals: correlation 
with clinically observed side effects [in German]. Dtsch Med 
Wochenschr. 1988;113:83-87.

	40.	 Wolchok JD, Hoos A, O’Day S, et al. Guidelines for the 
evaluation of immune therapy activity in solid tumors: 
immune-related response criteria. Clin Cancer Res. 
2009;15:7412-7420.

	41.	 Hoos A, Wolchok JD, Humphrey RW, Hodi FS. CCR 20th 
anniversary commentary: immune-related response criteria-
capturing clinical activity in immuno-oncology. Clin Cancer 
Res. 2015;21:4989-4991.

	42.	 Black MS, Opler S, Speer S. Structural representations of 
tumor-host relationships in gastric carcinoma. Surg Gynec 
Obstet. 1956;102:599-603.

	43.	 Dunn GP, Old LJ, Schreiber RD. The immunobiology of 
cancer immunosurveillance and immunoediting. Immunity. 
2004;21:137-148.

	44.	 Templeton AJ, McNamara MG, Seruga B, et al. Prognostic 
role of neutrophil-to-lymphocyte ratio in solid tumors: a 
systematic review and meta-analysis. J Natl Cancer Inst. 
2014;106:dju124.

	45.	 van Der Veen AH, ten Hagen TL, de Wilt JH, van Ijken 
MG, Eggermont AM. An overview on the use of TNF-alpha: 
our experience with regional administration and develop-
ments towards new opportunities for systemic application. 
Anticancer Res. 2000;20:3467-3474.

	46.	 Quesada JR, Talpaz M, Rios A, Kurzrock R, Gutterman JU. 
Clinical toxicity of interferons in cancer patients: a review. J 
Clin Oncol. 1986;4:234-243.

	47.	 Parkinson DR. Interleukin-2 in cancer therapy. Semin Oncol. 
1988;15(6, suppl 6):10-26.

	48.	 Dickson JA. Hyperthermia in the treatment of cancer. Lancet. 
1979;303:202-205.

	49.	 Trieb K, Sztankay A, Amberger A, Lechner H, Grubeck-
Loebenstein B. Hyperthermia inhibits proliferation and 

 by guest on May 21, 2016ict.sagepub.comDownloaded from 

http://ict.sagepub.com/


10	 Integrative Cancer Therapies ﻿

stimulates the expression of differentiation markers in cul-
tured thyroid carcinoma cells. Cancer Lett. 1994;87:65-71.

	50.	 Dickson JA, Calderwood SK. Temperature range and selec-
tive sensitivity of tumors to hyperthermia: a critical review. 
Ann N Y Acad Sci. 1980;335:180-205.

	51.	 Chu KF, Dupuy DE. Thermal ablation of tumours: biologi-
cal mechanisms and advances in therapy. Nat Rev Cancer. 
2014;14:199-208.

	52.	 Cavaliere R, Ciocatto EC, Giovanella BC, et al. Selective heat 
sensitivity of cancer cells: biochemical and clinical studies. 
Cancer. 1967;20:1351-1381.

	53.	 Giovanella BC, Stehlin JS Jr, Morgan AC. Selective lethal 
effect of supranormal temperatures on human neoplastic cells. 
Cancer Res. 1976;36(11, pt 1):3944-3950.

	54.	 Basu S, Srivastava PK. Fever-like temperature induces 
maturation of dendritic cells through induction of hsp90. Int 
Immunol. 2003;15:1053-1061.

	55.	 Gautier G, Humbert M, Deauvieau F, et al. A type I interferon 
autocrine-paracrine loop is involved in toll-like receptor-
induced interleukin-12p70 secretion by dendritic cells. J Exp 
Med. 2005;201:1435-1446.

	56.	 Hokey DA, Larregina AT, Erdos G, Watkins SC, Falo LD 
Jr. Tumor cell loaded type-1 polarized dendritic cells induce 
Th1-mediated tumor immunity. Cancer Res. 2005;65: 
10059-10067.

	57.	 Ahonen CL, Doxsee CL, McGurran SM, et al. Combined 
TLR and CD40 triggering induces potent CD8+ T cell expan-
sion with variable dependence on type I IFN. J Exp Med. 
2004;199:775-784.

	58.	 Fritz JH, Girardin SE, Fitting C, et al. Synergistic stimulation 
of human monocytes and dendritic cells by toll-like receptor 
4 and NOD1- and NOD2-activating agonists. Eur J Immunol. 
2005;35:2459-2470.

	59.	 Netea MG, Ferwerda G, de Jong DJ, et al. Nucleotide-
binding oligomerization domain-2 modulates specific TLR 
pathways for the induction of cytokine release. J Immunol. 
2005;174:6518-6523.

	60.	 Yang S, Takahashi N, Yamashita T, et al. Muramyl dipeptide 
enhances osteoclast formation induced by lipopolysaccha-
ride, IL-1 alpha, and TNF-alpha through nucleotide-binding 
oligomerization domain 2-mediated signaling in osteoblasts. J 
Immunol. 2005;175:1956-1964.

 by guest on May 21, 2016ict.sagepub.comDownloaded from 

http://ict.sagepub.com/



