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Peritoneal carcinomatosis (PC) is a metastatic disease of primary tumors localized in the abdomen. Although this
disease is considered a terminal condition, recent treatments combining surgery with heated intra-peritoneal
chemotherapy (HIPEC) significantly increase patient survival. We have determined that the protective effect of HIPEC is
partially linked to the induction of an efficient anticancer immune response.

Abdominal organs are covered and
protected by a transparent membrane
called the peritoneum. Primary tumors of
the digestive tract such as colorectal and
ovarian cancer frequently metastasize to
this membrane and cause PC. PC was for
long considered as a terminal disease, with
a median survival of 24 mo and treated
palliatively.1 Treatment consisting of sur-
gery with hyperthermia has been com-
bined with high doses of chemotherapy
(HIPEC, Hyper-thermic intra-peritoneal
chemotherapy), and the combination
therapy significantly increases the overall
survival of selected PC patients to 63 mo.1

Our understanding of how HIPEC can
protect PC patients is still rudimentary. It
was originally hypothesized that the pro-
tection was mediated by the ability of
HIPEC to kill tumor cells. The cell killing
resulted in eradication of cancerous cells
from the abdominal cavity and led to local
control of cancer progression. However,
several studies have indicated that the way
the tumor cells die directly influences the
response of the immune system.2 We
hypothesize the protective effect of
HIPEC could be partially mediated by its
ability to kill tumor cells in an immuno-
genic way, causing an efficient anticancer
immune response.3

The current HIPEC procedure com-
bines high doses of chemotherapy (mito-
mycin c, Mc for PC of colorectal origin)
with hyperthermia (heat shock, HS). The

peritoneal plasma barrier limits the sys-
temic exposure to chemotherapy. The bar-
rier reduces the systemic toxicity and
permits the intraperitoneal administration
of higher doses of chemotherapy than the
maximum tolerated dose for intravenous
administration. There are no studies
investigating the respective role of HS, Mc
or HIPEC (HS C Mc) on cell death and
anticancer immune response. Therefore,
we established an in vitro model of
HIPEC using the murine colon carcinoma
cell line CT26. This cell line is syngeneic
to Balb/c mice. CT26 cells were killed
with Mc or in HIPEC conditions and
then incubated with dendritic cells (DCs)
derived from bone marrow Balb/c mono-
cytes. We found that both Mc and
HIPEC treatments caused a similar activa-
tion of DCs. We then verified that in both
cases, the activated DCs could activate T
cells in a tumor antigen-dependent man-
ner.4 We next performed vaccination
experiments to determine whether the Mc
or HIPEC-induced T cell activation was
sufficient to induce an efficient anticancer
immune response.4 Syngeneic immuno-
competent Balb/c mice were subcutane-
ously injected with PBS or with either
Mc- or HIPEC-treated CT26 cells into
one flank. The mice were then challenged
by injecting viable CT26 cells into the
other flank 1 week later. The mice
injected with either Mc- or HIPEC-
treated CT26 cells exhibited a vigorous

antitumor immune response in vivo under
conditions that led the control mice to
develop tumors within 10 d after chal-
lenge. After re-challenge with live tumor
cells, the vaccinated mice did not develop
tumors for 40 d. These findings indicate
the establishment of a permanent antitu-
mor immune response.

To address how Mc or HIPEC treat-
ment caused antitumor vaccination, we
investigated the role of Heat Shock Pro-
teins (HSPs). HSPs are cytosolic proteins
that can be exposed to the plasma mem-
brane in very specific conditions. Once
exposed at the membrane, these proteins
participate in the anticancer immune
response.5,6 We used HSP inhibitors and
blocking antibodies to further demon-
strate that Mc- and HIPEC-mediated
antitumor vaccination was mediated by
HSP90 exposure on the cell surface of the
dying cells (Fig. 1).3

The main insights of our work include
(i) the concept that Mc and HIPEC are
equivalent in the way they induce an anti-
cancer immune response. Knowing that
the addition of HIPEC to cytoreductive
surgery increases the risk of morbidity and
mortality,7 the favorable effect of hyper-
thermia over the high doses of chemother-
apy used in this procedure worth being
investigated in patients. (ii) Several
HSP90 inhibitors are currently in onco-
logical clinical trials.8 These inhibitors
might sensitize tumor cells to
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chemotherapy. However, they also might
have negative effects on the induction of
an anticancer immune response. This pos-
sibility should be carefully considered

during the development of inhibitors.
Finally, (iii) we demonstrate that HIPEC
induces an efficient anticancer immune
response. We think this result is an

important discovery because it may repre-
sent the rationale for using immuno-mod-
ulating approaches in the treatment of
PC. If patients relapse after HIPEC proce-
dures, their therapeutic options are very
limited. Our work suggests that the com-
bination of HIPEC with immunotherapy
might increase the anticancer immune
response and enhance overall survival. For
example, we highlight the chimeric anti-
body catumaxomab because it binds to
three different types of cells: tumor cells,
T cells and antigen presenting cells
(APCs). The effects of Catumaxomab
were tested in PC patients. The antibody
was safe and well tolerated.9 Therefore,
combining immunotherapy with HIPEC
could improve patient survival. However,
because hyperthermia may destroy the
antibody, such immunotherapy should be
given after the HIPEC procedure is
completed.

In conclusion, the results of this study
should inspire further research into new
alternative treatments for PC patients.
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Figure 1. HIPEC and Mc induce an anticancer immune response. Both HIPEC and Mc treatments
lead to HSP90 exposition on the cell surface of dying tumor cells. The exposure of HSP90 promotes
DCs and T cells activation and induces an immune response against cancer cells. Figures were
created using Servier Medical Art (www.servier.com).
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