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The temperature of a solid tumor is often dissimilar to baseline body temperature and, compared to healthy tissues,
may be elevated, reduced, or a mix of both. The temperature of a tumor is dependent on metabolic activity and

vascularization and can change due to tumor progression, treatment, or cancer type.

cancer solid tumor temperature oncolytic virus

| 1. Introduction

Solid tumors generate heat due to increased vascularization and metabolic activity 2. This provides many tumors
with a distinctive elevated temperature compared to surrounding healthy tissues and forms the rationale for
detection and diagnosis of breast cancers using thermal imaging L&A, |n contrast, necrotic regions of tumors and
certain tumor types, including primary glial tumors and soft tissue lipomatous tumors, are generally cooler than
surrounding healthy tissue B8, Tumor temperatures below 37 °C often occur as a byproduct of reduced tumor
metabolic activity and/or insufficient tumor vasculature !, Despite being a core aspect of the cancer phenotype,

cancer research has largely ignored the importance of temperature.

Oncolytic viruses (OVs) are a promising class of cancer therapeutics with the ability to preferentially target and Kill
tumor cells through a multimodal mechanism of action, leaving healthy tissues relatively unaffected 4. These
mechanisms include direct oncolysis via virus replication, the expression of therapeutic transgenes, the induction of
antitumor immune responses via in situ vaccination, starvation of tumor cells via vascular shutdown, and the lethal
cell—cell fusion of infected tumor cells HIEIRIIAL pDespite the need for OVs to perform optimally at temperatures
above and below 37 °C in solid tumors, OVs are almost exclusively tested and optimized at 37 °C. Whereas the
effect of elevated temperatures on OVs is relatively understudied, it appears that some OVs may be enhanced and
others hindered by elevated temperatures [12UISI4IISIIAGILT] This potential divergence in functionality at elevated
temperatures is compounded, as OV therapy often generates fevers in patients, further increasing the temperature
at which OVs may need to perform 28l Although a similar divergence of OV functionality at lower temperatures is
possible, the absence of research in this area makes speculation difficult. The differential effect of temperature on
OVs has major implications with respect to optimization of OV therapies for clinical use. Furthermore, current
animal models used in cancer research poorly recapitulate the temperature profile of humans; mice are unable to
generate fevers, whereas dogs, cats, and non-human primates have higher baseline body temperatures than
humans [22201121122](23] Overall, a significant refocusing of the cancer and OV fields on understanding the role of

temperature is needed.
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| 2. Tumors and Temperature

The heat-generating capacity of tumors is a dynamic variable, changing throughout their progression. Two key
parameters work in concert to determine the heat-generating capacity of a tumor: tumor cell metabolism generating
heat as a byproduct and vascularization within and around a tumor, which supplies the oxygen and nutrients
required for tumor cell proliferation 2, In the early stages of tumor development, a lack of vasculature limits tumor
cell metabolism, tumor growth, and, ultimately, heat generation (24125 For example, Gimbrone et al. demonstrated
that without access to a sufficient blood supply, the growth of a tumor is limited to 1-2 mm? in diameter 23, In this
situation, a lack of sufficient oxygen causes tumor hypoxia, acting as an angiogenic switch to initiate the formation
of new blood vessels 28], This process, like the act of releasing a foot off the brake pedal, sparks exponential tumor
growth, with maximal heat generated at the same time. In later stages of progression, tumors may experience a
reduction in heat generation due to the development of necrosis. The longstanding belief as to the development of
necrosis is that a tumor outgrows its blood supply due to an imbalance of metabolic activity and vascularization
(Figure 1). In contrast, Markwell et al. argues that this late-stage tumor necrosis occurs naturally because of
intravascular thrombosis, likely initiated by the overexpression of pro-coagulants by tumor cells 24, The shutdown
of tumor blood vessels then leads to local hypoxia, necrosis, and reduced tumor cell metabolic activity, which are
associated with reduced tumor temperature. Subsequently, tumors may again experience localized increases in
temperature as the development of hypoxia and necrosis restructure the tumor microenvironment (TME), favoring
invasiveness and accelerated tumor growth 2. As demonstrated for some glial tumors, the heterogeneity of
metabolically active tumor cells and regions of necrosis can result in tumors with a marble-like thermal phenotype,
with regions of higher and lower temperatures 28, As identified by Li et al., the hypoxic area surrounding regions of
necrosis in glial tumors contains brain tumor stem cells (22, Overall, the temperature of a tumor varies during its

progression and is ultimately a byproduct of vascularization and high metabolic activity.
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Figure 1. The effects of oncolytic virus (OV) therapy and physiological changes on tumor temperature. OV therapy
can increase tumor temperature by (A) causing fevers in recipients and (B) inducing antitumor immune responses,
which increase inflammation and heat generation. OV therapy can also decrease tumor temperature by (C)
destroying tumor vasculature and (D) causing direct oncolysis of tumor cells, which increases the number of
necrotic regions. Physiological changes can also impact tumor temperature. Physiological changes such as (E)
increased tumor vasculature and (F) increased metabolic activity of tumor cells can contribute to increases in tumor
temperature. (G) Tumor cells have also been shown to overexpress procoagulants which can cause intravascular

thrombosis, decreasing tumor temperature due to hypoxia, necrosis, and reduced metabolic activity of tumor cells.

The heat-generating characteristics of tumors have led to the use of thermal imaging for the detection and
diagnosis of cancers, particularly breast cancers HEI4, Elevated temperatures have been demonstrated for a
handful of cancer types, including those of the breast, bladder, lung, skin, and brain LIEIAIEI28IS01B1]82] - Sty dies
examining the temperature of lung and bladder cancers revealed an average elevated temperature of ~1 °C
compared to surrounding normal tissues BYBY. |nterestingly, Yahara et al. determined the average temperature of
breast tumors to be 1.79 + 0.88 °C higher than that of the surrounding tissue ll. A similar difference was reported
by Zhao et al., who identified an average of 1.33 °C elevation in breast tumor temperatures in comparison to

patient armpit temperature. This equates to an absolute tumor temperatures ranging from 37.17 to 38.44 °C [33],
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The importance of vasculature in determining tumor temperature cannot be understated, as studies have found
that increased blood flow and microvessel density correlated with tumor temperatures [LIBIBEL - Elevated
temperatures have also been detected for metastatic brain tumors [El28134] For example, in a case study
examining a patient with metastatic intracortical melanoma, Kateb et al. found an average temperature difference
of 1.7 °C 8. The absolute cortical temperatures recorded for the tumor and healthy brain tissues ranged from 33.5
to 36.5 °C and 33.1 to 33.5 °C, respectively. During surgery, the surface of the brain is ~4 °C cooler than the
normal physiological temperature (37 °C) because of the lower operating room temperature (19—-20 °C) [,
Therefore, the actual temperature range of some metastatic brain tumors may be closer to 37.5-40.5 °C, which

suggests an overlap with fever-range temperatures (38-41 °C) and hyperthermic treatment (38—45 °C) used in the
clinic 33,

Although tumors tend to be elevated in temperature, certain tumors and tumor types have been associated with
reduced temperatures. In a study measuring the cortical tumor temperature of six patients with brain tumors (two
with metastatic tumors and four with astrocytomas), Koga et al. identified an average temperature reduction of ~2.0
°C compared to surrounding healthy tissues (8. This corresponded to absolute temperature ranges of 31.1-35.6
°C and 33.0-36.6 °C for tumors and healthy cortex, respectively. Several studies have identified that primary brain
tumors of glial origin tend to be hypothermic or lower in temperature than the surrounding healthy tissues [2J[28134],
These studies provide evidence for a distinction between hypothermic primary brain tumors and hyperthermic
metastatic brain tumors. Kateb et al. suggested that factors contributing to the lower temperature of primary brain
tumors may include a low density of tumor microvessels, lower metabolism in the area surrounding the tumor,
greater cerebral spinal fluid in the surrounding tissue, and tumor necrosis . In addition to brain tumors, soft tissue
tumors, such as lipomas and atypical lipomatous tumors, have the potential for reduced temperatures €. In a
thermographic study of soft tissue tumors, Shimatani et al. identified a slight reduction in temperature (0.05 + 0.17
°C) of the skin located superficial to tumors in 30% (30/100) of patients. Although not a direct measure of core
tumor temperature, these findings raise the possibility of reduced temperatures for soft tissue tumors. Shimatani et
al. proposed that poor tumor blood flow may be one of the factors contributing to the lower temperatures they
identified, based on a previous study demonstrating that lipoma tumors have lower internal vascular flow 837,
These studies support the role of reduced vasculature, metabolism, and the presence of tumor necrosis in

determining lower tumor temperatures.

The temperature of a tumor can also be affected by therapeutic treatments, as some treatments can generate large
numbers of necrotic tumor cells through direct killing or through vascular disruption, thus decreasing the overall
metabolic activity and heat generation of a tumor 38l Tepper et al. showed that following treatment, the
temperature of DA3 murine mammary carcinomas was reduced and correlated with core regions of necrosis 28!, In
contrast, treatments that cause patients to experience systemic fevers, such as OV-based immunotherapies, are
expected to cause transient increases in tumor temperature (8. No studies have reported the temperature of a
patient’s tumor following OV administration. However, researchers postulate that the temperature of a patient’s
tumor would increase proportional to the intensity of the fever they experience. This suggests that the temperature
an OV faces would vary depending on the baseline temperature of the tumor and the intensity of a patient’s fever.

In addition to fever, OV treatment often results in the generation of a robust antitumor immune response
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accompanied by an influx of highly metabolically active and proinflammatory leukocytes, potentially contributing to

enhanced heat generation in a tumor B2, Therefore, in the case of treatment by OVs, fever and the resulting

inflammatory profile of a tumor may contribute to a transient increase in temperature.
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