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ABSTRACT
Chemothermal therapy is a new hyperthermia treatment on tumor using heat released from
exothermic chemical reaction between the injected reactants and the diseased tissues. With the
highly minimally invasive feature and localized heating performance, this method is expected to
overcome the ubiquitous shortcomings encountered by many existing hyperthermia approaches
in ablating irregular tumor. This review provides a relatively comprehensive review on the latest
advancements and state of the art in chemothermal therapy. The basic principles and features of
two typical chemothermal ablation strategies (acid-base neutralization-reaction-enabled thermal
ablation and alkali-metal-enabled thermal/chemical ablation) are illustrated. The prospects and
possible challenges facing chemothermal ablation are analyzed. The chemothermal therapy is
expected to open many clinical possibilities for precise tumor treatment in a minimally invasive
way.

Keywords: tumor hyperthermia, chemothermal therapy, conformable ablation, exothermic
chemical reaction, localized heating, minimally invasive therapy, injectable medium

1. INTRODUCTION
Hyperthermia has long been an important tumor treatment modality, ranked only after
radiotherapy and chemotherapy [1]. Different from the routinely adopted radiotherapy
and chemotherapy, this method only changes the temperature of diseased tissues and
induces minor side effect which wins its fame as a “Green Therapy” [2]. Up to now, a
wide variety of hyperthermia approaches based on different heat generation principles
have been established, such as microwave [3−5], high intensity focused ultrasound [6, 7],
radiofrequency [8, 9], magnetic fluids [10−13], laser [14−16], and hot medium [17], etc.
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However, major drawbacks in these approaches are in the cost and inevitable thermal
damage to the surrounding healthy tissues along the path that heat energy is transmitted
from outside to the target tumor embedded inside the human body. For a widespread
clinical application of hyperthermia, two important but extremely difficult issues are 
(a) generation of a high enough temperature increase should be confined only within the
target region (tumors) and leaving all the surrounding healthy tissues intact, and 
(b) temperature detection and control within as well as outside the target region should be
easily available [18, 19]. Due to the irregular shapes of tumors, there is still a long way
for the current hyperthermia techniques to satisfactorily address the above two issues.
There is a great need to establish a highly localized, economic, safe, efficient and
powerful heating strategy for thermal ablation of tumor.

In view of all these important issues, efforts were made by the authors and other
groups in recent years in exploratory researches on methodology of hyperthermia,
particularly a method which can generate high enough heat energy only in the target
tissue. A promising solution is heating by exothermic chemical reaction [20]. It is well
known that many chemical reactions release heat. Therefore, by choosing appropriate
exothermic chemical reactants and injecting them into the target tumor, the
corresponding exothermic chemical reaction could release enough heat to thermally
ablate the tumor tissue [21, 22]. The ingredient in tumor tissue such as water can also
serve as the reactant for such purpose. Only the reactant such as liquid NaK is to be
injected into the tumor tissue, which would result in exothermic reaction when reacting
with water in the tissue, and would thermally ablate the tumor [23]. It should be pointed
out that the reaction also generates a caustic environment with a higher pH than normal
tissue. However, due to the fact that only extremely small amount of liquid NaK is
needed for this case, the pH value in the tissues surrounding the injection site will be
not too high after treatment. Based on the above consideration, we proposed a series of
exothermic-reaction-based hyperthermia methods with high intensity heat release effect
on the target tissue, in which the residual reactants and resultants can be easily absorbed
by human body [21−23]. Among them, the methods of acid-base neutralization reaction
[22] and alkali-metal thermal/chemical ablation [23] are two examples. These methods
can ensure that high intensity heat is only released at the target tissue site but not the
surrounding healthy tissues.

The exothermic-reaction-based hyperthermia can be defined as chemothermal
therapy or ablation. This concept was first proposed by the authors’ group [21−24], and
subsequently, similar works were reported by other researchers [25−28]. Compared
with most of the existing hyperthermia strategies, the heating involved in chemothermal
therapy is highly localized which will remarkably reduce the thermal damage and
mechanical trauma to the surrounding healthy tissues. This method opens the clinical
possibilities for a low cost but highly efficient tumor treatment that is minimally
invasive by using surgical syringes with diameter smaller than 1 mm.

This review is dedicated to providing an overview on the recent advances and state
of the art of two typical chemothermal ablation methods (i.e., acid-base neutralization-
reaction-enabled thermal ablation and alkali-metal-enabled thermal/chemical ablation),
which might help solve the problems intractable in a conventional hyperthermia
modality. The paper is organized as follows. In Section 2, the principle of acid-base
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neutralization-reaction-enabled thermal ablation is introduced, with both experiments
and future development trends discussed, which would help provide an insight for
further research. Section 3 focuses on the basic principle and anti-tumor effect of alkali-
metal-enabled thermal/chemical ablation. Section 4 provides a comparative discussion
on the chemothermal therapy and existing hyperthermia approach. Finally, conclusions
will be drawn in Section 5.

2. ACID-BASE NEUTRALIZATIONREACTIONENABLED THERMAL
ABLATION
2.1. Basic Principle
Figure 1 shows the principle of acid-base neutralization-reaction-enabled thermal
ablation of tumor. The reactants (NaOH and HCl) at room temperature are directly
delivered into the target tissues through a medical syringe (as shown in Figure 1a). A
tremendous heat of reaction (∆H = 57.32 kJ/mol [29]) is released at the target tissue to
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Figure 1. Principle of acid-base neutralization reaction enabled thermal ablation. 
(a) Schematic for administrating the treatment. (b) The temperature
change of solutions during the process of neutralization reaction in which
the reactants are 5 g 40% w/w sodium hydroxide (NaOH) solution and 
5 g 37% w/w hydrochloric acid (HCl) [22]. Reproduced with permission.



elevate its temperature to above tissue’s thermally lethal threshold value (usually 45°C
for tumor tissue [18]) (see Figure 1b). The products (NaCl and water) are generally
nontoxic to the human body. Several possible merits of this therapy are being easy to
operate, low cost, highly localized, minimally invasive, simple device design, and
possible implementation on an outpatient basis. Such goals have in fact been pursued
for many years by oncological clinicians.

Generally, the chemicals for a viable hyperthermia treatment using exothermic
chemical reaction must meet the following three requirements: (1) the heat of reaction
should be large enough to guarantee a complete thermal damage to the target tissues;
(2) the reactants and resultants of the chemical reaction should be safe to the human
body; and (3) the reactants can be easily introduced into the target tissues via a
minimally invasive approach without causing any thermal, mechanical or chemical
adverse effect to the surrounding healthy tissue along the insertion path.

Figure 1b depicts the temperature change during the process of a neutralization
reaction, in which at 100 s (time), 5 g 40% w/w of sodium hydroxide (NaOH) solution
at room temperature was added to 5 g 37.5% w/w of hydrochloric acid (HCl), also at
room temperature, in an unconfined glass tube. It indicates that the highest solution
temperature during the neutralization reaction has even reached 100°C, far higher than
that requested to kill a tumor tissue. In experiment, a boiling phenomenon with vapor
generation in the solutions was observed. Clearly, the neutralization reaction of HCl and
NaOH has the ability in meeting requiremet (1). In addition, requirement (2) is also met
since the reaction of HCl and NaOH produces NaCl and H2O that are safe to human
body. For requirement (3), the injected solutions are at room temperature which does no
thermal damage to the surrounding healthy tissue; the medical syringe used to inject the
solution is small (0.8 mm in diameter), and the mechanical damage to the healthy tissue
along the insertion path is minimal. It should be pointed out that the reactants suitable
for acid-base neutralization-reaction-enabled thermal ablation are not limited to HCl
and NaOH, and that any reactant pairs with heat of reaction high enough and no obvious
adverse effect can be selected for clinical tumor treatment. Efforts made in this direction
would lead to the discovery of a group of useful material candidates.

2.2. Experiments on Acid-Base Neutralization-Reaction-Enabled Thermal
Ablation
Both in vitro and in vivo experiments were performed in the authors’ laboratory to test
the feasibility of acid-base neutralization-reaction-enabled thermal ablation, in which in
vitro pork tissues and a 2 kg New Zealand rabbit were selected as experimental subjects,
respectively [22]. The temperature sensors used in all experiments were calibrated T-
type copper-constantan thermocouples (24-gauge). To prevent the chemical corrosion
by hydrochloric acid, the copper-constantan thermocouple was encapsulated in a
capillary glass tube of 1.4 mm outer diameter and 0.8 mm inner diameter, in which one
end of the capillary tube and the thermocouple head were sintered together.

The typical results for in vitro experiments are depicted in Figure 2 and Figure 3.
Considering that the concentrated HCl and NaOH will generate heat when diluted
separately in the tissues and may contribute to the expected thermal ablation,
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experiments were also performed with injection of HCl or NaOH only. In Figure 2a,
HCl was injected into the in vitro pork tissue at 150 s. In Figure 2b, NaOH was injected
at 120 s. In Figure 2c, HCl and NaOH were injected into the tissue at the same spot at
180 s and 300 s, respectively. In Figure 2d, photo for one of in vitro tissue experiments
was illustrated, in which point A refers to the injection spot of reactants, points B, C, D,
and E are the measuring points of tissue temperature responses. The results shown in
Figure 2 indicate that the maximum temperature increase is about 8°C and 3°C for
injection of 5 g of 37% w/w HCl and 5 g of 40% w/w NaOH, respectively. Although
injection of concentrated HCl and NaOH individually does generate heat which resulted
in a noticeable temperature increase in the tissue, such heat release is much smaller than
that released from the exothermic chemical reaction taking place at 300 s in Figure 2c,
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Figure 2. The temperature responses at four locations of in vitro pork tissue. 
(a) Injection of 5 g of 37% w/w HCl into the tissue. (b) Injection of 5 g of
40% w/w NaOH into the tissue. (c) Injection of 5 g of 37% w/w HCl and
5 g of 40% w/w NaOH into the tissue. (d) Photo for one of in vitro tissue
experiments in which A is the injection spot of reactants, and B, C, D, and
E are the measuring points of tissue temperature responses with data
shown in (a), (b) and (c), respectively. The distance between two adjacent
points of A, B, C, D, and E is 5 mm. The depths of injection and the
temperature measurements are all 2 cm [22]. Reproduced with permission.



which resulted in about 22°C of the maximum temperature increase (from 30°C to
52°C) in the target tissue. It is also shown in Figure 2c that the tissue temperature even
at point D, 1.5 cm away from the injection spot, after the chemical reaction occurred is
obviously higher than the thermally lethal threshold value for tumor tissue. This result
suggests that the present approach may be suitable for thermal ablation. The most
attractive feature of this thermal ablation method is that the heat of reaction can be
released only in the target region if the dosage and the injection area of solutions were
appropriately controlled. It may cause no thermal damage and ultra-small mechanical
trauma to the normal tissues along the insertion path, which are however inevitable in
many popular hyperthermia procedures such as percutaneous RF ablation. Figure 3
shows the burned tissue area following such experiment, showing that the region of
ablated tissue is rather large even only very small amounts of reactants were
administered.

To further demonstrate the feasibility of acid-base neutralization-reaction-enabled
thermal ablation, in vivo experiments were also performed on live rabbit. During the
experiment, HCl was injected into the rabbit’s thigh tissue at 360 s, and NaOH was
injected through the same spot immediately thereafter. It is shown in Figure 4 that the
highest temperature in the target tissue reach about 52.5°C after the injections, and that
even at Point E, 2 cm away from the injection spot, the temperature increase is large
enough to thermally damage the tumor tissue. The primary objective of thermal ablation
is to raise the temperature of the diseased tissue to the therapeutic value, typically larger
than 45°C, for several minutes. It is shown in Figure 4 that the temperature of the target
tissue is quickly elevated and maintained high for a long period (exceeding 5 minutes
even at point E). The current in vivo experiment using rabbit suggested that using the
heat released from exothermic chemical reaction to perform hyperthermia is feasible. In
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Figure 3. Effect of thermal ablation on in vitro pork tissue, where the reactants are
5 g of 37% w/w hydrochloric acid and 5 g of 40% w/w sodium hydroxide
solution [22]. Reproduced with permission.



addition, the maximum temperature difference between the measuring points B and E
is only about 5°C. It indicates that the temperature increase at the target tissue produced
by heat of reaction is very uniform. This is another attractive feature of acid-base
neutralization-reaction-enabled thermal ablation.

Besides the experiments on rabbit’s thigh, in vivo experiments were also performed
on rabbit’s liver, and similar results were obtained. As shown in Figure 5, the burned
area measures about 2 cm × 3 cm. It again suggests the thermal ablation capability of
the present method, and the possibility of high intensity thermal ablation by only
injecting a small amount of reactants into the target tissues, a desirable feature in
oncology clinics.

2.3. Development Trends of Acid-Base Neutralization-Reaction-Enabled Thermal
Ablation
Although strong acid and strong base are individually very destructive to tissues, the
acid-base neutralization-reaction-enabled thermal ablation may be safe when
appropriately administered (for example, designing injection needle with micro-reactor
at its front end to control the residual acid or base in tissue after treatment), since the
reaction of HCl and NaOH leads to friendly matters for human body (e.g., NaCl and
H2O). In fact, both acid and base solution have been used separately for chemical
ablation in oncology clinics [30, 31]. The acid-base thermal ablation method may be
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safe for possible use in human body, but this needs to be verified through clinical
studies. In addition, combined thermal and chemical ablation can be performed by
controlling the dosage of acid and/or base.

Minimally invasive treatment has become a popular trend in oncology clinics. For
the acid-base neutralization-reaction-enabled thermal ablation, the mechanical trauma
caused by insertion of medical syringe is much smaller than most current percutaneous
minimally invasive hyperthermia surgeries in which typical diameters of the inserted
probes are from 2 mm to 5 mm or even larger. For tumors of irregular shapes, a
conformal treatment can be administered by injecting reactants into multiple regions
under the guidance of a medical imaging system such as ultrasound, MRI or X-CT. Due
to its localized feature, the present method is beneficial in increasing tumor-killing
while decreasing thermal injury to healthy tissues. Moreover, it is expected that such
tumor treatment can possibly be performed on an outpatient basis in the future. Of
course, many issues in mechanism, dosiology, safety and device development need to
be investigated before clinical applications of the new method.

3. ALKALI-METAL-ENABLED THERMAL/CHEMICAL ABLATION
3.1. Basic Principle
Different from the acid-base neutralization-reaction-enabled thermal ablation, the alkali
metal method uses the exothermic chemical reaction between ingredient in tissue
(water) and alkali metal (Na, K, or NaK) [23]. After injection or transplantation of only
an extremely small amount of such metals into the target tissue, a significant
temperature increase or even combustion at the target site can occur, which results in
thermal ablation of the tumor. The heat generation rate of such reaction is very high. For
example, mixing alkali metal of sodium with a matched amount of water would release
281.778 kJ/mol of heat, as shown by Equation 1. Besides, an immediate product of the
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reaction, NaOH, further contributes to the heating if dissolved in water, and further
raises the temperature of the targeted tissue.

(1)

As illustrated in Figure 6, the above event has multi-mode therapeutic effects.
Extraction of water from cells due to the hygroscopic nature of alkalis may cause
damage to the tissue [32]. Alkalis also dissolve proteins of the tissues to form alkaline
proteinate which is soluble and contains hydroxyl ions. These ions cause further
chemical reaction and magnify injury to the tissue [33]. One merit of the present
method is that the remaining reactant such as Na+ is friendly and absorbable by the
living tissues, since it is a basic element of the physiological fluid. Therefore, after the
thermal ablation therapy, the alkalis are expected not to cause any significant adverse
effect when appropriately administered. However, this is subject to verification through
further studies.

+ = + ↑+Na H O NaOH H KJ mol2 2 2 281.778 /2 2
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Figure 7 shows the temperature variation of an in vitro test of fresh beef using
heating generated by alkali metal, in which 0.3 g of sodium was introduced into the
beef. A temperature increase of about 90°C was recorded at site A which is at the center
of the reaction region. The highest temperature level during the reaction can be quickly
elevated to 90°C and then kept at above 60°C, far higher than that required to thermally
kill tumor tissue. At point B, the temperature is still kept above 40°C during the reaction
process. At points C and D, temperature elevation is however not significant. Inspection
of the target tissues showed that, a nearly round area with radius of 2.5 cm had been
burned. All these results were achieved by injecting only a small amount of sodium into
the target site.

3.2. Anti-tumor Effect of Alkali-Metal-Enabled Thermal/Chemical Ablation
To disclose the fundamental mechanisms of tumor treatment by the alkali-metal-
enabled thermal ablation, Rao et al. conducted an experiment using EMT6 tumor-
bearing animal model [24]. Eight mice with tumors ranging from 1.0 to 1.5 cm were
randomized into four groups. Two mice in the control group were given no therapy. In
the second group, two mice received intratumoral injection of 1.5 ml of NaOH solution
(1 mol/L, PH = 14) at a rate of about 0.03 ml/s into the center of the tumor. In the third
group, another two mice underwent sodium treatment, with 0.03 ± 0.005 g of
encapsulated sodium inserted into the tumor center along the horizontal direction. In the
fourth group, hyperthermia was induced by electrical heating using a needle of 2.5 mm
diameter with the same thermal dosage as that in sodium treatment group (the third
group). Tumor dimensions in each group were measured daily after the treatment, and
the tumor volume was determined according to Carlsson formula [34]:
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(2)

where a is the longest diameter (mm) and b is the shortest diameter (mm). Tumor
tissues at treatment site of 4 mice, one from each of the 4 groups, were resected and
histologically examined by light microscopy immediately after treatment. Tumors were
cut into 5 µm frozen sections and prepared for histological assessment with
hematoxylin and eosin staining.

Tumor volume for each group was recorded daily after the treatment, and the results
are exhibited in Figure 8. Strong necrosis of tumor occurred in sodium treatment group.
No significant necrosis occurred in electric heating group. On the sixth day and the
tenth day, the tumor disappeared in the sodium group. Therefore, the results suggest that
the chemical effect of the sodium treatment is more important than the thermal ablation
effect. Figure 9 shows the histological images for the above four groups, respectively.
Untreated tumors showed infiltrating growth trend in the control group, as shown in
Figure 9a. There is a partial destruction area in the group treated with NaOH solution
injection, with the grey line indicating the region of necrotic tumor cells, as shown in
Figure 9b. In the hyperthermia group, tumors surrounding the heating site showed no
evidence of cell death, as shown in Figure 9c. In the sodium-treated group, the tumor
cell structure completely disappeared and its nucleus was dissolved around the injection
zone, as shown in Figure 9d. In summary, the alkali-metal-enabled thermal ablation has
a better inhibitory effect on tumor growth compared to the thermal or chemical

V a b= ×1

2
2
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treatment alone. Histological examination revealed complete destruction of tumor
tissues, suggesting that sodium could be employed as a therapeutic agent to destroy
malignant tumors.

3.3. Development Trends of Alkali Metal Enabled Thermal/Chemical Ablation
The alkali-metal-based ablation provides both thermal and chemical effects during
treatment and could result in significant tumor necrosis. The heat released from the
chemical reaction between alkali metal and water provides thermal ablation treatment that
could be confined within the target tissues. Such heating performance, almost impossible
by many advanced thermal ablation applicators, may be developed into an effective and
minimally invasive tumor treatment through injecting only a small amount of alkali metal.
However, safety should always be the first priority for patients and clinicians when
performing such treatment. While reaction between bare alkali metal and tissue is rather
strong and rapid, encapsulated alkali metal may provide a heat release process that can be
more easily controlled, safer, and more feasible for clinical application.

Although previous results indicated that the alkali-metal-enabled thermal ablation
can produce a complete necrosis around the tissues where the reactant is introduced,
incomplete destruction of the malignant cells is possible due to the fact that tumor shape
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Figure 9. Hematoxylin/eosin staining of EMT6 tumor immediately after treatment
for the four groups. (a) The control group showed infiltrating growth
trend. (b) The NaOH group showed necrotic tumor cells (marked by
black arrow) and a region of necrotic tumor cells indicated by the grey
line. (c) The electric heating group showed no significant change. (d) The
sodium group showed cell necrosis around the injection zone indicated
by the white arrow [24]. Reproduced with permission.



is usually irregular. Therefore, appropriate dosage and conformal treatment is important
in minimizing damage to normal tissue while maximizing tumor cell necrosis. This can
be conveniently achieved by injecting reactants of alkali metal fluid such as NaK alloy
into multiple regions under the guidance of a medical imaging system [35]. In addition,
some commonly used temperature sensors such as thermocouples or infrared
thermometer can be employed to monitor in situ the temperature hike due to heat
generation by reaction between alkali metal and water in tissue.

In summary, localized ablation using alkali metal is potentially an effective, safe and
low cost way to treat malignant tumors. However, using alkali metal as chemothermal
ablation agent is still at its incubating stage. Research efforts are needed both in device
improvement and thermal dosage investigation in the near future.

4. DISCUSSION
Although thermal ablation to kill tumor with high temperature is playing an
increasingly important role in oncological clinics, hyperthermia in conjunction with
other therapy usually can produce superior results compared with that of a single
treatment. In many existing studies, better outcomes have been achieved with
combinations of hyperthermia and radiotherapy [36], chemotherapy [37] or
radiochemotherapy [2]. In clinical practice, hyperthermia and chemical ablation alone
have been widely adopted. Attempts were also made on combining these two therapies
for a better output. The exothermic-chemical-reaction-based ablation therapy could
result in more significant tumor necrosis through both thermal and chemical effects.
Previous results on the chemothermal therapy have demonstrated better effectiveness in
tumor cell necrosis than thermal or chemical ablation alone [23, 24, 38−40]. The fact
that the heated tumor cells in alkaline environment can generate significant damage
[24] also proves the chemothermal effect is not just a simple superposition of thermal
effect and chemical effect; i.e., it is a synergistic effect. The underlying mechanism of
the chemothermal ablation needs to be investigated. For the new chemothermal method,
the emphasis still lies in that no additional surgical equipment but injection of only an
extremely small amount of matched reactants is needed to achieve effective destruction
of tumor.

Theoretically speaking, the kinetics of the destruction process of living tumor tissue
can be described as the first-order chemical reaction process dependent on activation
energy, temperature and frequency factor [41]. A generalized expression for the damage
rate is given by the Arrhenius formulation:

(3)

where Ω represents damage, t is time, K is the damage rate, P is a constant
corresponding to chemical reaction frequency (1/s), Ea is the activation energy (J/mol),
R is universal gas constant (J/(mol˙K)), and T is the absolute temperature (K). P and Ea

are normally determined by curve-fitting the experimental data. Since chemothermal
ablation combines both effects of hyperthermia and chemical ablation, the activation
energy for chemothermal ablation should be expressed as:

d

dt
K P

E

RT
aΩ = = ⋅ −



exp
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(4)

where Et is activation energy reflecting thermal effect, Ec is activation energy
characterizing the chemical contribution. In eqn. 3, P increases with Ea and is
exponentially dependent on the entropy of activation [42]. As a result, the injury rate
still increases with Ea, although eqn. 3 seemingly indicates that the injury rate decreases
with Ea. The above equations explain why the anti-tumor effect of chemothermal
ablation is not a linear superposition of thermal and chemical effects, but a synergy with
a combined effect greater than each of the two.

The exothermic chemical reaction between acid and base (or between alkali metal
and water) suggests a viable protocol for the combined thermal ablation and chemical
therapy. Using the heat released from the exothermic chemical reaction, safe thermal
ablation may be achieved and may be confined within only the target. In addition, the
alkaline environment further induce a swelling of tissue with liquefied and coagulation
necrosis, and hence cell death. Such performance suggests an effective and minimally
invasive thermal/chemical ablation for tumor treatment. The reactants used in the
chemothermal ablation during injection are at room temperature which is safe for 
the tissue surrounding the injection needle. Therefore unnecessary burning injury to the
healthy tissues can be avoided. The chemothermal method also allows therapeutic
monitoring and guidance. Since the injected amount of the matched reactants is rather
small and with no anti-electromagnetic effect, the chemothermal ablation is compatible
with most routinely used clinical image devices such as MRI, ultrasound and X-CT.
Injection of chemical substances may also possibly be adopted as an imaging enhancer.
In future clinics, to detect in situ the heat dosage during chemothermal therapy, some
common temperature sensors such as thermal couples can also be adopted for
monitoring and administrating the ablation procedure.

5. CONCLUSIONS AND FUTURE DIRECTION
This review has highlighted some of the latest innovations of a new type of tumor
hyperthermia – chemothermal therapy. Our previous works suggested that
chemothermal therapy has a clinical potential to contribute to low cost, safe and
effective ablation of tumors, as it can provide localized heating through exothermic
chemical reactions, possibly even on an outpatient basis. The thermal dosage of
chemothermal therapy (including acid-base neutralization-reaction-enabled thermal
ablation, alkali-metal-enabled thermal ablation, and possible other candidates) is
controllable by adjusting the amount of reactant(s). The temperature achieved by the
chemothermal procedures can be monitored by common temperature sensors such as
thermocouples. Different from the conventional hyperthermia strategies, the new
method can combine thermal and chemical ablation by controlling the dosage of
reactant. In addition, new modality of hybrid cryosurgery and hyperthermia can be
developed by combining chemothermal method and any cryosurgical applicator.
Moreover, it is worth exploring chemothermal procedures for treating cardiac and
vascular diseases.

E E Ea t c= +
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It should be emphasized that the newly developed chemothemal therapy is overall
still at its stage of incubation and proof of clinical concept. Much research is needed
(such as animal and clinical tests for safety and efficacy, development of the
corresponding medical devices, and thermal dosage investigation) before possible
clinical implementation.
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