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Regression in cancer following fever and acute infection

ANNE HELENE KGSTNER!, RAKEL FUGLESANG JOHANSEN?,

HENRIK SCHMIDT! & INGOLF M@LLE?

I Department of Oncology, Aarhus University Hospital, Denmark and *Department of Hematology,

Aarhus University Hospital, Denmark

To the Editor,

Spontaneous regression (SR) in cancer has been an
object of interest for a long time. Rare, unexpected
and poorly understood regressions from cancer still
occur, despite the advances in medicine. In particu-
lar, the phenomenon has been observed following
fever and acute infections.

Based on recent observations in the clinic together
with the improved understanding of tumor immu-
nology, we argue that acute infections especially
when accompanied by high fever can induce and
facilitate an efficient antitumoral response, and may
improve antitumor efficacy of immunotherapy.

We report two cases of remission from cancer
observed shortly after an acute, febrile infection: one
in the preleucemic condition myelodysplastic syn-
drome (MDS), later developing to acute myeloid
leukemia (AML), and one in metastatic melanoma.

The first case was a young female patient who
debuted with a week of high fever and signs of an
infection. Laboratory results showed pancytopenia
and elevated CRP. The patient was treated with
broad-spectrum antibiotics whereafter the tempera-
ture normalized, but no causative agent of an infec-
tion could be detected. A bone marrow biopsy was
taken showing hypoplastic conditions despite a clone
of larger lymphocytes, but otherwise without con-
vincing signs of malignancy. Less than a month after
the admission the blood counts normalized without
supply of blood products. Seven months later the
patient was readmitted under the same clinical pic-
ture with high fever, pancytopenia and elevated CRP.
Treatment with broad-spectrum antibiotics was initi-
ated, but yet again, a specific infectious agent could
not be detected. A new bone marrow biopsy was

taken, this time surprisingly with immature blast cells
filling up to 90% of the marrow, giving the diagnosis
of AML. Five days after the second admission the
fever resolved and the blood counts improved, being
close to normal 25 days after the admission. As the
bone marrow was still positive for malignant cells,
the standard AML treatment was initiated. Retro-
spectively, when comparing the latest bone marrow
biopsy with the biopsy taken seven months earlier,
similar infiltration of immature, malignant cells could
be identified. The count of immature blast cells in
the first biopsy, however, was not high enough to
meet the criteria of AML, but suggested that the
patient initially had suffered from MDS. It seems
likely that the patient underwent a complete remis-
sion of the MDS, and after relapsing and progressing
to AML, experienced a partial remission as the
hematological blood counts normalized, but with the
bone marrow still being positive for malignant cells.

The second case was a previously healthy female
patient diagnosed with metastatic melanoma shortly
after the operation of a stage III nodular melanoma
on her right ankle. Immunotherapy with interleukin
2 (IL2) and interferon-alpha (IFN) was initiated,
being our standard treatment for metastatic mela-
noma. After two cycles of immunotherapy the first
evaluation computed tomography (CT)-scan was
performed, showing stable disease consisting of
unchanged metastatic lymph nodes. The patient had
tolerated therapy well with the expected IL-2 related
flu-like symptoms and was therefore recommended
two more cycles of immunotherapy. Shortly after the
third cycle the patient developed an infection in the
area where a central venous catheter had been
removed three days before. High fever occurred with
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temperatures up to 40°C, and treatment with broad-
spectrum antibiotics was initiated. Blood samples
showed neutrophile leucocytosis and elevated CRP.
Blood cultures were positive for Staphylococcus aureus
and S. epidermidis. After a week the temperature nor-
malized and the infection resolved. Immunotherapy
was therefore continued as initially planned. After
four series of IL2/IFN a new CT-scan was performed,
surprisingly showing significant disease regression
with substantial reduction of the metastatic lymph
nodes. Due to the convincing response immunother-
apy was continued with the next evaluation scan
showing further disease regression. The patient then
proceeded to treatment free observation with CT-
scans performed regularly, still with no evidence of
disease activity. Most likely the acute infection and
the accompanying fever were at least partly respon-
sible for the remission, as it is highly unusual for a
patient to respond on immunotherapy first after four
cycles of therapy, if there was no response after the
first two.

Discussion

SR in cancer is considered a rare event [1-6]. In
melanoma, a malignancy known for its particular
immunologic potential, the rate of SR has been esti-
mated to occur in about 1/400 patients [2], account-
ing for 11% of all reported cases of spontaneous
tumor regression. SR of hematologic cancers, is a
much rarer and often temporary event [7]. Less than
150 reports on SR in AML have been published
between 1878 and 2004 [8]. Moreover, SR in MDS
is sparsely reported, but has been observed, espe-
cially in children [9].

The association between infections and SR in
cancer has repeatedly been highlighted in the lit-
erature and has been observed among a diversity
of different cancers [2,10,13—-15]. The intensive work
of Dr William Coley is maybe the most important
in this context. In the late 19th century he began
to treat cancer patients with a bacterial vaccine,
later to be called “Coley’s toxin”. In the beginning
he used live bacteria, but because of the obvious
inconveniences related to this approach, he shifted
to a heat Kkilled vaccine consisting of a mixture of
Streprococcus pyogenes and the gram negative bacte-
ria Serratia marcescens. With this vaccine Coley
could mimic an acute infection without the risks of
a life-threatening infection [12,16]. A retrospective
evaluation of the patients he treated reports a five-
year survival rate of 44%, which is quite impressive
considering the fact that the majority of the patients
suffered from inoperable, advanced cancers, and
that the treatment took place over a hundred years
ago [16].

More recent work has focused on the exact
immunologic mechanisms involved in the interplay
between acute infections and neoplastic disease
[14,17,18]. One of the key factors in this relation is
believed to be pathogen-associated molecular pat-
terns (PAMP) [14].This group of various pathogens,
which among others include lipopolysaccarides
(LPS), a component of bacterial cell walls, interacts
with Toll-like receptors (TLR) on various immune
cells (T lymphocytes, dendritic cells and neutro-
phils). Binding of the TLRs by PAMPs results in
activation of the transcription factor NF-xB, which
is responsible for the production of proinflammatory
cytokines crucial for the initiation of an effective
and cytotoxic T cell response [18]. Most tumors are
in some way recognized by the immune system as
tumor infiltrating lymphocytes (TILs) have been
observed within and around the tumor tissue in a
variety of different cancers [14]. Under normal con-
ditions, despite the presence of TILs, an efficient
immune response against the tumor is avoided. Dur-
ing a bacterial infection, PAMPs are present in the
tumor microenvironment and proinflammatory
conditions are induced. This shift in the microenvi-
ronment, with the presence of proinflammatory
mediators such as IL-183, TNF-o0 and IL-12 is
believed to break the tolerating state of the immune
system by inducing maturation of primarily dendritic
cells which are crucial for the initiation of a cytotoxic
T-cell mediated antitumor response [14].

The importance of fever during an acute infec-
tion, and the role of fever in tumor regression has
been emphasized in several of the earlier as well as
the more recent reports of SR in cancer [11-15].
Fever is a part of the acute phase response as well as
the innate immune response, and is accompanied by
a multitude of immunologic changes [3,5,6,11,19].
Following fever, especially in relation to an acute
infection, an increase in proinflammatory cytokines
like IL2, TNFa, and IFN can be observed. Moreover
the cytotoxic potential of neutrophils, NK cells, and
DCs are enhanced, and the differentiation of T cells
is stimulated [7]. The result is a highly improved
proinflammatory response with potent and cytotoxic
effector cells able to defeat and to kill the threat of
the organism [19]. In addition to the immunologic
effects of fever, there is also the thermal aspect.
Tumor cells are more fragile and vulnerable to heat
with apoptosis taking place at lower temperatures
compared to normal cells [2,14]. Necrotic or heat-
stressed cancer cells can function as antigens and
thereby generate an immune-stimulating environ-
ment [14]. The beneficial effect of hyperthermia in
the treatment of cancer has also been recognized for
a long time, but technical and practical inconve-
niences have restricted its use in the treatment of



metastatic disease. Taken together, it seems that the
immunologic and postulated beneficial effects of an
acute infection on neoplastic disease are accentuated
by the induction of high temperatures and fever [2].
One could say that the immune system functions at
its best under febrile conditions.

The phenomenon of SR in cancer is reported
more rarely today compared to the first part of the
20th century [12]. In part, this can possibly be
explained by the improved therapeutic possibilities
in the field of cancer so that few patients today stay
untreated which reduces the opportunity to observe
the natural course of the disease as well as its interac-
tion with an unaffected immune system. Moreover,
modern anti-cancer therapies like radio- and espe-
cially chemotherapy are highly immunosuppressive
making infections in cancer patients, when they do
occur, less immunstimulatory [19].

Fever often occurs in conjunction with many
modern cancer treatments, especially in immuno-
therapy. The symptom of fever is generally regarded
as a simple and unwanted side-effect to be sup-
pressed. Little attention is given that the fever reac-
tion itself may have beneficial effects and might
improve the efficacy of the ongoing treatment. A
recent follow-up study by Ellegaard et al. evaluated
the effect of the IL-2 induced fever in patients with
metastatic melanoma treated with immunotherapy
[20]. They demonstrated that temperature of 39.5°C
or above was an independent factor for improved
survival and objective tumor response.

Based on these recent data from patients and the
scientific literature we suggest that acute infections
especially when accompanied by high fever may facil-
itate and enhance clinically relevant antitumoral
immune responses. We call for more studies and
clinical trials that can investigate the possible thera-
peutic value of pro-inflammatory conditions and
fever in cancer.
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