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ABSTRACT

hyperthermia using different methods such as microwave and magnetic waves is one of the methods to treat cancer. In this method,
iron and magnetic nanoparticles are used to increase the temperature and increase the effect of hyperthermia as auxiliary treatment
with chemotherapy and radiotherapy. In this study, we review the results of studies that evaluated the role of iron and magnetic
nanoparticles effects in increasing the tumor temperature and maintaining healthy tissue and thus increasing the efficiency of
hyperthermia  with radiotherapy in chemical injuries. The presence of both groups of iron and magnetic nanoparticles during
microwave and magnetism waves irradiation increased tumor death. The results of our study showed that iron nanoparticles are less
concentrated in comparison to magnetic ones, causing a rapid rise in temperature, which increases the efficiency of hyperthermia and
reduces damage to healthy tissues around the tumor.
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Cancer is the second leading cause of death in the world!'. In enhancement ratio (OER) for these beams is about 2-3, in

2013, 8.2 million deaths due to cancer were reported”. The . . .
order to create a certain number of injuries in hypoxic
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growth[ﬂ. Today, combining treatment regimens has become a ] .
that The most important ones are: a) the use of oxygen in two

major concern in eliminating cancerous tumors and improvin: i o
) 8 P g to three atmospheres during radiation therapy; b) the use of

treatment outcomes!® *!. Undoubtedly, the reason for using

drugs that specifically affect hypoxic cells; c) the use of beams

ther th i itant radiation th is t
Other Therapy regimens concomitant raciation Therapy 18 fo With high LET: linear energy transfer; D) Use of hyperthermic

prevent recurrence of the tumor. One of the most important . -
technique 71,

reasons for the recurrence of the tumor is the presence of . .
In cancer treatment, hyperthermia is a therapeutic method that

hypoxic cells (the low oxygen) in the central area of the .
P ( ygen) uses an external heat source to increase tissue heat to kill or to

prevent the growth of cancer cells, in which the heat is applied
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by electromagnetic or ultrasound waves with use of magnetic

and iron nanoparticles and applied to the target tumor locally®
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. Our aim is to review the results of studies using these

nanoparticles. For this review article, we searched PubMed,
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According to studies, high temperatures highlight direct
damage to cancer cells and sensitize them to treatments and
increase the effectiveness of chemotherapy and radiotherapy,
with minor damage and sometimes without damage to healthy
tissues!''l. Therefore, hyperthermia is now considered as an
auxiliary treatment for cancer!'”,

The effect of hyperthermia depends on the temperature used in
addition to the type of tissue and the length of treatment time.
A good hyperthermic system should maximize the temperature
of the tumor and minimize the temperature of the healthy
tissue around to minimize tissue damagel*l.

Today, more ultrasound or electromagnetic waves are used for
heating. Usually hyperthermia aims to weaken tumor tissues so
that they can be eliminated with other therapiesf®!.

The temperatures used in hyperthermia vary from 40 to 48
degrees Celsius, and may also be applied for one hour or more
to the treated areal'¥. Hyperthermy also has a number of
limitations. These limitations include a failure to accurately
heat tissues without damage to surrounding healthy tissues,
problems of the uniform distribution of heat within the tumor,
and inherent problems associated with targeting small hidden
metastases present in tissues!'®l.

The complications of hyperthermia depend on the area under
treatment, the type of treatment and the temperature. Very
high temperatures can cause scorching, burn, pain or tissue
necrosis. When hyperthermia is used alone, followed by blood
clots or bleeding, inflammation of heated tissues or ischemia
may occur, but in general hyperthermia complications are
temporary!™l.

In recent years, advances in the use of nanoparticles with
hyperthermia have led to overcoming many of the limitations
of this therapeutic approach, although the use of nanoparticles
in this treatment is also a concern [*,

In the inner hyperthermia, the fluid containing nanoparticles is
injected into the tissue to raise the temperature of the
cancerous tissue by heat. Hyperthermia may be applied to a
small tissue called local hyperthermia, and if it is applied to a
larger tissue, it is called regional hyperthermia, and if it is all
over the body, it is called the wholebody hyperthermia.
nanoparticles used in hyperthermia is include ironlic and
magnetic particles, each of which has different types, and the
amount of heat produced in hyperthermia depends on the type
of injected nanoparticles .

since the heat generated depends on the type of injectable
material, so the type of injectable particle is of great
importance. Therefore, we have studied the clinical and
laboratory = results of different nanoparticles used in
hyperthermia.

As stated, the high and increasing incidence of cancer, the
severity of its side effects and the lack of a definitive treatment
strategy reveal the need for more effective therapeutic
approaches for the treatment of disease; as many studies have
examined the effects of various effective factors on the
improvement of therapeutic outcomes from the therapies
available in human, animal and laboratory samples and various

studies have been conducted with different iron and magnetic

nanoparticles, and different results have been obtained. But
according to our studies, no study has been done to compare
the results of these two types of nanoparticles. The purpose of
this study is to investigate the results of these two types of
nanoparticles in order to finally make suggestions on the

subject.

Iron nanoparticles

As a less invasive experimental technique, Noble iron NPs have
thoroughly been used as photothermal agents for in vivo
therapy, that holds great promise for the treatment of cancer.
hyperthermia with iron nanoparticles combines two key
components that one of them is the light source, such as lasers
with a spectral range of 650-900nm for deep tissue penetration
and the other is optical absorbing iron NPs which efficiently
transforms the optical irradiation into heat on a picosecond
time scale, thus inducing photothermal ablation!'”.

in few studies, Huang and coworkers demonstrated that Au-
nanorods are effective photothermal agents due to their
longitudinal absorption band in the NIR on account of their
SPR oscillations!'” !,

For in vivo applications due to Au-nanorods high absorption
cross-sections beyond the tissue absorption spectra, small
diameter Au-nanorods are being used as photothermal
converters of near infrared radiation (NIR). these nanorods can
be used as ablation components for cancer because this NIR
light transmits readily through human skin and tissue® ',
Other gold nanostructures such as spherical AuNPs™, Au-
nanocages™, and Au-nanoshells” *! have also demonstrated
the effective photothermal destruction of cancer cells and
tissue. PEG-modified Au-nanoshells (Silica/ Au core/shell NPs)
injected intravenously in tumor-bearing mice showed to
passively accumulate in the tumor tissue due to the leakiness of

the tumor vasculature®®).

Magnetic nanoparticles

Studies show that dispersions of magnetic nanoparticle can be
injected into tumors and subsequently heated in an externally
applied alternating magnetic field. The overall surface and large
number overall surface of the magnetic elements within such
fluids result in excellent power absorption capabilities and
make them particularly suitable for selective interstitial heating
of tumors.

For hyperthermia using magnetic nanoparticles, the pathways
developedso far have in common that they deliver the magnetic
material directly into or adjacent to the tumor tissue. In very
small portions, the magnetic fluid can be applied and therefore
almost continuously within the targeted area, leading to high
concentrations and homogeneous heat distribution. This
addresses the major requirement for hyperthermia, namely that
the heat is selectively targeted to the tumor region while
sparing neighboring healthy tissue. Very precise heating of
almost any part of the body is the result of the local application
and the inductive excitation of the nanoparticles. Variation of
the magnetic field strength enables an almost free choice of the
treatment temperature, rendering both hyperthermia and

thermoablation possible. Nevertheless, most of the techniques
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in this field applied so far have only been evaluated in
preclinical studies. Magnetic fluid hyperthermia (MFH) has
been undergoing clinical testing. The safety and the feasibility
of the technique has been proven in three clinical studies.
Injection of the nanoparticles using different techniques (
intraoperatively under visual control, stereotactically, CT or
ultrasound guided ) was excellently tolerated. The option to
plan the magnetic fluid distribution prospectively and to
calculate the heat distribution to a highly reliable degree
thereafter, due to the density distribution of the nanoparticles
in post-instillation CT and the known SAR of the particles is
one particular advantage of this method.

This was confirmed by experimental data showing that about
90% of the injected amount of iron was detectable by CT in
tissue samples. We speculate that the remaining 10% represent
areas of low iron concentration, presumably in the periphery of
larger deposits or needle tracks. A contribution of very low
concentrations of iron to the heating process is physically
negligible and the lack of detection does not significantly affect
the thermal analysis based on CT data. The stability of the
nanoparticle deposits is regarded as another advantage of the
method. In an animal model of prostate cancer it was
demonstrated that 10 days after injection of the magnetic fluid
almost 90% of the dose of ferrites was still detectable in the
tumor!?”),

Magnetic fluid hyperthermia is feasible and can be safely
applied in humans. Mean CEM 43°C T90 values achieved in
our clinical studies compare favorably to the results of other
groups using the same thermal dose definition$,

Because survival benefit or time to progression were not
defined endpoints of the finished feasibility studies. it is still too
early to claim therapeutic advantages for the applied method.
Several strategies are available to further improve the
effectiveness of treatment. Since field strengths of up to 18
kA/m can be applied with the applicator used and given the
quadratic increase of SAR with increasing magnetic field
strength, significantly higher temperatures should be achievable
by elevating the H-field (after possible modifications of the
applicator). Improvement of the instillation techniques
resulting in higher concentrations and a more homogeneous
distribution of the nanoparticles within the target area are
further ways to optimize this promising approach.
Furthermore, non-invasive temperature calculations based on
the analysis of post-instillation CT data represent another area
of ongoing research.

This new treatment approach is currently being investigated in
two efficacy trials, namely recurrences of glioblastoma
multiforme (in combination with radiotherapy) and prostate
cancer (intermediate risk patients, in combination with LDR
brachytherapy). The results of these trials will be of great help
in the assessment of thermotherapy as an alternative or
extension to the current standard procedures in cancer
treatment. Current new developments include the
implementation of target functions on the surface of iron oxide
nanoparticles, which will be able to bind specifically to certain

tumor cell epitopes or vascular target molecules or accumulate

in lymph nodes after systemic administration. New classes of
similar targeted particles have been developed for MR imaging.
Therefore specific iron oxide nanoparticles could lead to
advancements in thermotherapy, thermo chemotherapy and
diagnostic imaging or combined as so called theranostic
approaches. The controlled release of drugs from heat-sensitive
particle-drug-conjugates has the potential to reduce side effects

of conventional chemotherapeutic regiment'l.

Conclusion

The presence of both groups of iron and magnetic nanoparticles
during microwave and magnetism waves irradiation increased
tumor death. The results of our study showed that iron
nanoparticles are less concentrated in comparison to magnetic
ones, causing a rapid rise in temperature, which increases the
efficiency of hyperthermia and reduces damage to healthy

tissues around the tumor.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA: a cancer journal for
clinicians. 2011;61(2):69-90.

2. Tesfaye ZT, Bhagavathula AS, Gebreyohannes EA,
Tegegn HG. Knowledge and Awareness of Cervical
Cancer and Human Papilloma Virus (HPV) among
Female Students in an Ethiopian University: A Cross
Sectional Study. Journal of Basic and Clinical Pharmacy.
2018;9(1):23.

3. Jemal A, Center MM, DeSantis C, Ward EM. Global
patterns of cancer incidence and mortality rates and
trends.  Cancer  Epidemiology and  Prevention
Biomarkers. 2010;19(8):1893-907.

4. Windschall A, Ott O], Sauer R, Strnad V. Radiation
therapy and simultaneous chemotherapy for recurrent
cervical carcinoma. Strahlentherapie und Onkologie.
2005;181(8):545-50.

5. Dunst ], Diestelhorst A, Kithn R, Miiller A-C, Scholz H-
J, Fornara P. Organ-sparing treatment in muscle-invasive
bladder cancer. Strahlentherapie und Onkologie.
2005;181(10):632-7.

6. Fatehi D. The genetic effect of neutrons on cells treated
with hyperthermia: MSc Thesis]. Tehran: Tarbiat
Modarres University; 1996.

7. Hildebrandt B, Wust P. The biologic rationale of
hyperthermia. ~ Peritoneal carcinomatosis: Springer;
2007. p. 171-84.

8. Hegyi G, Szigeti GP, Szasz A. Hyperthermia versus
oncothermia: cellular effects in complementary cancer
therapy. Evidence-Based Complementary and Alternative
Medicine. 2013;2013.

9. Vertrees RA, Jordan JM, Zwischenberger ]B.
Hyperthermia and chemotherapy: The science.

Journal of Advanced Pharmacy Education & Research | Apr-Jun 2019 | Vol 9 | Issue S2



Karimian and Goldoost: The effect of hyperthermia using iron and magnetic nanoparticles in cancer

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Intraperitoneal Cancer Therapy: Springer; 2007. p. 71-
100.

Tabuchi Y, Wada S, Furusawa Y, Ohtsuka K, Kondo T.
Gene networks related to the cell death elicited by
hyperthermia in human oral squamous cell carcinoma
HSC-3 cells. International journal of molecular medicine.
2012;29(3):380-6.

Sharif-Khatibi L, Kariminia A, Khoei S, Goliaei B.
Hyperthermia induces differentiation without apoptosis
in permissive temperatures in human erythroleukaemia
cells.  International
2007;23(8):645-55.
Van der Zee ]. Heating the patient: a promising
approach? Annals of oncology. 2002;13(8):1173-84.
Roemer RB. Engineering aspects of hyperthermia

Journal  of  Hyperthermia.

therapy. Annual Review of Biomedical Engineering.
1999;1(1):347-76.

Wust P, Hildebrandt B, Sreenivasa G, Rau B,
Gellermann J, Riess H, et al. Hyperthermia in combined
lancet

treatment of cancer. The

2002;3(8):487-97.

oncology.

. Behrouzkia Z, Joveini Z, Keshavarzi B, Eyvazzadeh N,

Aghdam RZ. Hyperthermia: how can it be used? Oman
medical journal. 2016;31(2):89.

Park B-H, Koo BS, Kim YK, Kim MK. The induction of
hyperthermia in rabbit liver by means of duplex stainless
steel thermoseeds.
2002;3(2):98-104.
Huang X, Jain PK, El-Sayed IH, El-Sayed MA.

Determination of the minimum temperature required for

Korean journal

of radiology.

selective photothermal destruction of cancer cells with
the use of immunotargeted gold
Photochemistry and photobiology. 2006;82(2):412-7.

Huang X, El-Sayed IH, Qian W, El-Sayed MA. Cancer
cell imaging and photothermal therapy in the near-

nanoparticles.

infrared region by using gold nanorods. Journal of the
American Chemical Society. 2006;128(6):2115-20.

Huang X, El-Sayed IH, El-Sayed MA. Applications of
gold nanorods for cancer imaging and photothermal
therapy.
343-57.
Kuo WS, Chang CN, Chang YT, Yang MH, Chien YH,
Chen SJ, et al. Gold nanorods in photodynamic therapy,

Cancer nanotechnology: Springer; 2010. p.

as hyperthermia agents, and in near-infrared optical
imaging. Angewandte Chemie International Edition.
2010;49(15):2711-5.

Tong L, Wei Q, Wei A, Cheng JX. Gold nanorods as

contrast agents for biological imaging: optical properties,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

surface effects.
Photochemistry and photobiology. 2009;85(1):21-32.
Huang X, Jain PK, El-Sayed IH, El-Sayed MA. Plasmonic
photothermal therapy (PPTT) using gold nanoparticles.
Lasers in medical science. 2008;23(3):217.

Skrabalak SE, Chen J, Sun Y, Lu X, Au L, Cobley CM, et
al.  Gold
applications.
2008;41(12):1587-95.

Loo C, Lowery A, Halas N, West ], Drezek R.
Immunotargeted nanoshells for integrated cancer imaging
and therapy. Nano letters. 2005;5(4):709-11.

Loo C, Hirsch L, Lee M-H, Chang E, West ], Halas N, et
al. Gold nanoshell bioconjugates for molecular imaging in
living cells. Optics letters. 2005;30(9):1012-4.

Gobin AM, Lee MH, Halas NJ, James WD, Drezek RA,

West JL. Near-infrared resonant nanoshells for combined

conjugation  and  photothermal

nanocages:  synthesis, properties, and

Accounts of  chemical research.

optical imaging and photothermal cancer therapy. Nano
letters. 2007;7(7):1929-34.

Maier-Hauff K, Rothe R, Scholz R, Gneveckow U, Wust
P, Thiesen B, et al. Intracranial thermotherapy using
magnetic nanoparticles combined with external beam
radiotherapy: results of a feasibility study on patients
with glioblastoma multiforme.
oncology. 2007;81(1):53-60.
Anscher MS, Samulski TV, Dodge R, Prosnitz LR,

Dewhirst MW. Combined external beam irradiation and

Journal of neuro-

external regional hyperthermia for locally advanced
adenocarcinoma of the prostate. International Journal of
Radiation Oncology*
1997;37(5):1059-65.

Van Vulpen M, De Leeuw A, Raaymakers B, Van
R, Hofman P, Lagendijk J, et al.
Radiotherapy and hyperthermia in the treatment of

Biology* Physics.

Moorselaar
patients  with cancer:
preliminary results. BJU international. 2004;93(1):36-
41.

Hurwitz MD, Kaplan ID, Hansen JL, Prokopios-Davos S,
Topulos GP, Wishnow K, et al. Association of rectal

locally

advanced  prostate

toxicity with thermal dose parameters in treatment of
locally advanced prostate cancer with radiation and
hyperthermia. International ~Journal of Radiation
Oncology* Biology* Physics. 2002;53(4):913-8.

Thiesen B, Jordan A. Clinical applications of magnetic
nanoparticles for hyperthermia. International journal of

hyperthermia. 2008;24(6):467-74.

Journal of Advanced Pharmacy Education & Research | Apr-Jun 2019 | Vol 9| Issue S2



