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Abstract
The results of traditional hyperthermia in combination with
radiotherapy or chemotherapy were compared to results from
treatments that just used chemotherapy or radiotherapy alone in
order to determine if there was a statistically significant purpose of
using traditional hyperthermia. Traditional hyperthermia trials were
statistically analyzed and influenced the conclusion that they were
significantly better than treatments without the traditional
hyperthermia. Magnetic hyperthermia trials were analyzed and
compared to each other in order to reach the conclusion that
magnetic hyperthermia is, in fact, effective in cancer treatment but
many limitations and side effects need to be considered before
implementation of this method in humans.

Introduction
Cancer is one of the largest and most widespread of these diseases
and causes many deaths around the world. It has been occurring
since the 1700s and continues to kill millions every year (Cancer
Statistics, 2018). Recently, a treatment for cancer known as
hyperthermia or traditional hyperthermia (TH) has begun to be
researched and experimented with. Magnetic hyperthermia (MH)
has also become a new field of research for scientists but is
completely theoretical in cancer patients at the moment. There are
currently three different types of TH used in clinical trials: local
hyperthermia, regional hyperthermia, and whole body
hyperthermia. Local hyperthermia uses large amounts of heat in
order to heat up up a small part of the body such as a tumor. It uses
different types of energy in order to accomplish this such as
microwaves, radio waves, and ultrasound (Hyperthermia in Cancer
Treatment, 2011). Regional hyperthermia is used to treat larger
parts of the body that have been affected by cancer. It is typically
delivered intravenously as opposed to whole body hyperthermia
which is conducted using thermal chambers and hot water blankets.
Magnetic hyperthermia, on the other hand, is completely theoretical
in humans. It is based off the fact that MNPs and MTB can convert
electromagnetic energy from a high-frequency alternative magnetic
field to heat. This heat is then used in order to heat up and kill the
cancer cells by denaturing the enzymes.

Fig. 3 Intravenous application of magnetic hyperthermia using MNPs and chemotherapeutic
drugs in conjunction with each other (Yanase et. al).

Methods
Data Sources
The design of this study was a systematic literature review.
Google Scholar, Ebscohost, PUBMED-NCBI, ResearchGate,
Science Direct, PLOS, PLOS ONE, etc. were searched to gather
studies investigating the role of magnetic hyperthermia in cancer
treatment and its effectiveness
Filtering of Data Sources
This study focused primarily on the trials of magnetic
hyperthermia which were done with MNPs as opposed to MTB.
Data Extraction
The data extracted focused on the temperature the MH was
carried out at in degrees Celsius, the percentage of cancer cells that
survived after the treatment, the number of patients that are
reported to have a decrease in tumor size or number of cancer cells
(percent response), or the state of the cancer cells after the
treatment.
Statistical Analysis
In this study a one tailed t-test was used in which unequal
variances were assumed. A p-value < .05 was considered to be
significant, meaning that if the p-value was greater than .05 then
the null hypothesis was accepted and the alternative hypothesis was
accepted, and if the p-value was less than .05 then the null
hypothesis was rejected and the alternative hypothesis was
accepted.

Results and Discussion

Further Work

Table 1. Data comparison showing the results from different studies in which MHT was applied to F344
mice that were injected with glioblastoma cells.

With the relevant success of each studies research and each
different temperature tested, the ideal temperature range of these
studies tended to be 43°-44°. This range also provided the most
optimal results of tumor reduction and cancer cell death. This
indicates that MH was a success in treating mice that were
injected with glioblastoma cancer cells. The outliers within the
data showed that as time of treatment increased, the results
became more ideal and in some instances, led to complete
treatment of the glioma.

To further contribute to this study, MH can be further applied
into more in vivo and in vitro experiments. Further research is
required for MH to be fully viable in humans due to the
toxicity of the nanoparticles and the MTB. Guidelines for
further research include the increase of focus on the
temperature range of 42°-44° as papers analyzed in this study
were recognized to cover this temperature range. There is a
large amount of cytotoxicity contained within the MNPs and
MTB which can potentially result in large side effects. These
side effects of this toxicity and what can be done to limit or
eliminate it is also a field that requires further research.
As for the traditional hyperthermia, further research
should focus on control of the temperatures achieved for
tumors that are deep within the body. Currently, hyperthermia
is not a standard treatment for cancer due to the fact that it is
difficult to reach temperatures above 43°. The ideal
temperature range that is theorized to achieve the best possible
results is 44°-46° but this range cannot be implemented
currently. Further research and developments are necessary in
order for this temperature to be achieved, and future work can
look into this.
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Research Questions
A. Is magnetic hyperthermia with MNPs in combination with
radiotherapy or chemotherapy effective in mice, F344 rats,
and hamsters in cancer treatments?
B. Is traditional hyperthermia in combination with
radiotherapy or chemotherapy effective as compared to
radiotherapy or chemotherapy used alone in cancer
treatments?

Research
Hypotheses
Question
Hypothesis (A)
Magnetic hyperthermia with MNPs in combination with
radiotherapy or chemotherapy is effective in treating cancer in
mice, hamsters, and F344 rats.
Alternative Hypothesis (B)
Traditional hyperthermia is more effective than current
cancer treatments.
Null Hypothesis (B)
Traditional hyperthermia is not more effective than current
cancer treatments.

Fig. 5 This bar graph shows the treatment results in humans for traditional hyperthermia in
different types of cancer. Percent response is the number of patients that were recorded to have
a decreased tumor size. RT- radiotherapy, CT- chemotherapy, TH- traditional hyperthermia
(Valdagni et. al, 1994; Overgaard et. al, 1995; Issels et. al 2010; Colombo et. al, 2012; Van der
Zee et. al, 2000; Vernon et. al).

When comparing the control group to the combination group it is
evident that a higher percentage of patients were reported to
have some extent of success when they were treated, as shown in
Figure 6. The combination treatment group had much better
results overall, with a 36.6% better response rate on average.
These trials were all conducted in real human cancer patients or
voluntary cancer-injected patients, suggesting that TH also has
the potential to be further implemented into humans.
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Conclusion
This systematic literature review provides evidence supporting the
hypotheses in this study. Statistical analysis resulted in a p-value of
less than .05, indicating the rejection of the null hypothesis. MH
trials were analyzed and compiled in order to show the
effectiveness of their application mice, rats, and hamsters.
Ultimately, MH was proven to be effective in treatments and TH
was shown to be a significantly positive addition to the current
cancer treatments.

IAcknowledgements
would like to thank Dr. Ian Baker for supporting me in conducting
this research, Dr. Sara Ann for helping me develop my research
question and providing expert advice on the topic, Dr. Elio Perigo for
editing my paper and helping me with my data collection, and Andrew
Giustini for help with my data collection and statistical analysis. Dr.
Nikki Malhotra for her time, guidance, support, and effort in helping
me manage my time and develop my project.

References
Cancer Statistics. (2018, April 27). Retrieved from https://www.cancer.gov/about-cancer/understanding/statistics
Hyperthermia in Cancer Treatment. (2011, August 31). Retrieved from https://www.cancer.gov/about-cancer/treatment/types/surgery/hyperthearmia-fact-sheet
Ito A, Shinkai M, Honda H, et al. (2003). Heat shock protein 70 expression induces antitumor immunity during intracellular hyperthermia using magnetite nanoparticles.
Cancer Immunol Immunother: CII 52:80–8.
Jordan A, Scholz R, Maier-Hauff K, et al. (2006). The effect of thermotherapy using magnetic nanoparticles on rat malignant glioma. J Neurooncol 78:7–14.
Kakehi, M., Ueda, K., Mukojima, T., Hiraoka, M., Seto, O., Akanuma, A., & Nakatsugawa, S. (1990, July/August). Multi-institutional clinical studies on hyperthermia
combined with radiotherapy or chemotherapy in advanced cancer of deep-seated organs. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/2203848
Kharisov, B. I., Dias, H. V. R., Kharissova, O. V., Vázquez, A., Peña, Y., & Gómez, I. (2014). Solubilization, dispersion and stabilization of magnetic nanoparticles in water
and non-aqueous solvents: recent trends. RSC Adv., 4(85), 45354–45381.doi:10.1039/c4ra06902a Ohno T, Wakabayashi T, Takemura A, et al. (2002).
Effective solitary hyperthermia treatment of malignant glioma using stick type CMC-magnetite. In vivo study. J Neurooncol 56:233–9.
Overgaard, J., Gonzalez Gonzalez, D., Hulshof, M. C., Arcangeli, G., Dahl, O., Mella, O., & Bentzen, S. M. (1995, March 04). Randomised trial of hyperthermia as
adjuvant to radiotherapy for recurrent or metastatic malignant melanoma. European Society for Hyperthermic Oncology. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/7776772
Shinkai M, Yanase M, Honda H, et al. (1996). Intracellular hyperthermia for cancer using magnetite cationic liposomes: in vitro study. Japan J Cancer Res: GANN
87:1179–83.
Valdagni, R., & Amichetti, M. (1994, January 01). Report of long-term follow-up in a randomized trial comparing radiation therapy and radiation therapy plus hyperthermia
to metastatic lymph nodes in stage IV head and neck patients. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/8270437
Yanase M, Shinkai M, Honda H, et al. (1997). Intracellular hyperthermia for cancer using magnetite cationic liposomes: ex vivo study. Japan J Cancer Res: GANN
88:630–2.
Yanase M, Shinkai M, Honda H, et al. (1998). Antitumor immunity induction by intracellular hyperthermia using magnetite cationic liposomes. Japan J Cancer Res: GANN
89:775–82.
Yanase M, Shinkai M, Honda H, et al. (1998). Intracellular hyperthermia for cancer using magnetite cationic liposomes: an in vivo study. Japan J Cancer Res: GANN
89:463–9.
Zagar, T. M., Oleson, J. R., Vujaskovic, Z., Dewhirst, M. W., Craciunescu, O. I., Blackwell, K. L., . . . Jones, E. L. (2010, May 1). Hyperthermia combined with radiation
therapy for superficial breast cancer and chest wall recurrence: A review of the randomised data. Retrieved from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2956421/

