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Abstract
The details of patients who have entered remission from metastatic melanoma following
palliative radiotherapy are reported. We review the relevant immune physiology and
radiotherapy particulars and propose the hypothesis that radiovaccination with high fractional
dose to skin metastases can stimulate the development of a robust systemic anti-tumoral
immune response capable of causing remission of metastatic disease.
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Introduction
Spontaneous remissions in cancer are well documented and attributed to immune responses [1-
2]. Radiotherapy with or without co-immunomodulation can trigger tumor shrinkage or
clearance well beyond the irradiated portals [3]. We report four cases of metastatic melanoma
entering remission with palliative radiotherapy and hypothesize that radiovaccination achieved
this.

Case Presentation
Case 1
A 46-year-old man presented in February 2007 with pT2bN1 M0 melanoma of the right lower
leg (Figure 1) treated with excision, sentinel node sampling, inguinal dissection, and adjuvant
interferon. In April 2008, he developed upper thigh in transit metastases. He underwent
radiotherapy (40 Gy/10 fractions) producing transient erythema and desquamation. All skin
metastases resolved. In December 2008, he developed a chest wall and lung metastases.
Tetanus booster was given anticipating chemotherapy. However, no further systemic treatment
was given. All metastases resolved and he remains in remission last having been seen in 2016.
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FIGURE 1: pT2bN1 M0 melanoma right lower leg

Case 2
A 51-year-old woman presented in December 2007 with pT4N1M0 melanoma of the left thigh
(Figure 2) treated by excision, sentinel node sampling, and node dissection. In August 2008, she
developed in transit metastases in the upper thigh. Computed tomography (CT) showed lung
metastases, mediastinal and pelvic adenopathy. She underwent radiotherapy (40 Gy/10)
producing erythema and desquamation. All cutaneous disease resolved and repeat imaging
showed resolution of pulmonary metastases and shrinkage of adenopathy. In July 2009, she
developed brain metastases treated with radiotherapy. No systemic therapy was administered
and she remains in remission with the resolution of brain metastases and subcentimetric
retroperitoneal nodes on imaging last having been seen in 2016.
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FIGURE 2: pT4N1M0 melanoma left thigh

Case 3
A 64-year-old female presented with pT4 N2a M0 melanoma on her right foot (Figure 3) in June
2008. She was treated with resection, sentinel node biopsy, node dissection, and induction
interferon. In June 2009, she developed right leg in transit metastases and underwent limb
perfusion with Melphalan and Actinomycin D. Her disease progressed in skin, and pelvic nodes.
In April 2010, she received radiotherapy: right upper thigh (18 Gy/1), right anterior shin and
right calf (30 Gy/5). In May 2010, she had four more leg lesions irradiated (20 Gy/1). She
additionally commenced herbal/acupuncture therapy. By July 2011, all disease had resolved
except an upper thigh tumor which was irradiated (35 Gy/5). No further systemic treatment was
administered. She remained in remission when last seen in 2013.
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FIGURE 3: pT4 N2a M0 melanoma right foot

Case 4
A 74-year-old lady presented with T3N0M0 right knee melanoma (Figure 4) treated with
resection and sentinel node sampling. In February 2008, she developed skin metastases treated
with radiotherapy (20 Gy/1) to right knee and right calf and 32.5 Gy/5 to right ankle. In April
2008, three other right calf nodules were irradiated (20 Gy/1). The irradiated lesions regressed
completely. In February 2009, she developed extensive in transit metastases throughout her
right leg. She was started on a clinical trial of intralesional Vical in June 2009. Her best clinical
response between June 2009 and April 2010 during this therapy was stability with many lesions
growing but less than 25% increase. In April 2010, imaging showed lung, liver, and pelvic nodal
metastases and Vical was stopped. She received radiotherapy to her right knee (37.5Gy/10). She
remains in remission with one palpable leg nodule representing either tumor or fibrosis. She
was last seen in 2016.
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FIGURE 4: T3N0M0 right knee melanoma

Discussion
In 2016, there is abundant enthusiasm and optimism that patients can finally realize material
gains from novel immunotherapeutic strategies. In addition to the already demonstrated
benefits of CTLA-4 and programmed death ligand therapies, considerable efforts are being
marshaled to explore the potential in using radiotherapy to mobilize a systemic immune-
mediated tumoral response. The cases we describe suggest an exploitable variation on this
theme. The radiotherapy in these patients used large fractional dose and caused skin injury.
Initiating the response by primary effector cells in lymph nodes, dendritic cells link the innate
and adaptive immune arms. Epidermal dendritic cells (Langerhans) [4], upon stimulation,
process dying tumor cell antigens and migrate through lymphatics to nodes [5]. Dendritic cell
engagement is facilitated by skin injury and augmented by exposure to inflammatory cytokines
and antigens released from dying tumor cells [6-8]. This immunostimulatory milieu occurs
more readily with necrotic cell death and vascular disruption that follows large fraction
radiotherapy than with the relatively immune-inert process of apoptosis following
conventionally fractionated radiation. Ronchese, et al. [9] demonstrated higher concentrations
of dendritic cells in lymph nodes following subcutaneous versus intravenous administration of
bone marrow-derived dendritic cells. It is probable that recruitment of dendritic cells from their
cutaneous depot is the more efficient mechanism to maximize nodal processing. In the lymph
nodes, these stimulated dendritic cells present tumor antigen-MHC1 surface complexes to T
lymphocytes that initiate elaboration of a regionally generated systemically disseminated
immune response.

With Stamell’s [2] case of regression of unirradiated in transit metastases following 24 Gy/3 in
scalp melanoma, these are five patients with durable remissions following high fractional dose
radiotherapy and significant skin injury around the tumor. The demonstrated radioresistance of
cutaneous dendritic cells [10] enables them to function despite irradiation. This amalgam of
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enabling conditions is plausible within the following physiological paradigm. The epidermal
location of tumor irradiated with large doses per fraction wreaks cellular and cytokine havoc in
tumor, tumor vasculature, and enshrouding skin galvanizing dendritic cells to ferry warnings to
the closest vanguard of nodal T lymphocytes. As with infectious disease vaccine prophylaxis,
pertinent issues include frequency of vaccination (repeated irradiation of different tumors in
the same patient to present serial challenging of nodes by tumor antigen) and dose of tumor
antigen inoculum (how large a volume of tumor to irradiate).

Conclusions
This hypothesis that radiovaccination using large fraction irradiation of skin metastases can
produce a systemic antitumoral response can be tested in animals and patients alike by
comparing post radiotherapy immune serology and abscopal tumor response rates following a)
conventional versus high dose per fraction irradiation and b) tumoral irradiation with and
without significant skin radiation dose.

Adding four cases to the one already reported in the literature merely expands the anecdote
pool. However, as these four cases are from the melanoma practice at one centre within the past
two years, it seems warranted to have sought a common theme rather than ascribing the
outcomes to coincidence. Anecdote was the term originally used to describe the unpublished
memoirs of the emperor Justinian. Its use hinted at the revelation of court secrets and intrigue.
In this sense, a fuller critical examination of the therapeutic possibilities offered by this
assembly of anecdotes may well reveal insights that can enable the successful conscription, by
judicious radiotherapy directed at tumor AND dermis, of a patient’s own immune system
towards systemic tumor eradication.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1. Postow MA, Callahan MK, Barker CA, et al.: Immunologic correlates of the abscopal effect in a

patient with melanoma. N Engl J Med. 2012, 366:925-931. 10.1056/NEJMoa1112824
2. Stamell EF, Wolchok JD, Gnjatic S, et al.: The abscopal effect associated with a systemic anti-

melanoma immune response. Int J Radiat Oncol Biol Phys. 2013, 85:293-295.
10.1016/j.ijrobp.2012.03.017

3. Moretti A: 2010 Development of a model to study the abscopal effect: combining image-
guided radiation therapy and immunotherapy in cancer treatment. Institute of Medical
Science University of Toronto. 2011, Accessed: April 3, 2017:
http://hdl.handle.net/1807/25869.

4. Hart DN: Dendritic cells: unique leukocyte populations which control the primary immune
response. Blood. 1997, 90:3245-3287.

5. Steinman RM, Banchereau J: Taking dendritic cells into medicine . Nature. 2007, 449:419-426.
10.1038/nature06175

6. Reits EA, Hodge JW, Herberts CA, et al.: Radiation modulates the peptide repertoire, enhances
MHC class I expression, and induces successful antitumor immunotherapy. J Exp Med. 2006,

2017 Eapen et al. Cureus 9(4): e1135. DOI 10.7759/cureus.1135 6 of 7

https://dx.doi.org/10.1056/NEJMoa1112824
https://dx.doi.org/10.1056/NEJMoa1112824
https://dx.doi.org/10.1016/j.ijrobp.2012.03.017
https://dx.doi.org/10.1016/j.ijrobp.2012.03.017
http://hdl.handle.net/1807/25869
http://hdl.handle.net/1807/25869
http://www.bloodjournal.org/content/90/9/3245.long
https://dx.doi.org/10.1038/nature06175
https://dx.doi.org/10.1038/nature06175
https://dx.doi.org/10.1084/jem.20052494


203:1259-1271. 10.1084/jem.20052494
7. Apetoh L, Ghiringhelli F, Tesniere A, et al.: Toll-like receptor 4-dependent contribution of the

immune system to anticancer chemotherapy and radiotherapy. Nat Med. 2007, 13:1050-1059.
10.1038/nm1622

8. Chakraborty M, Abrams SI, Coleman CN, et al.: External beam radiation of tumours alters
phenotype of tumour cells to render them susceptible to vaccine-mediated T-cell killing.
Cancer Res. 2004, 64:4328-4337. 10.1158/0008-5472.CAN-04-0073

9. Huck SP, Tang SC, Andrew KA, et al.: Activation and route of administration both determine
the ability of bone marrow-derived dendritic cells to accumulate in secondary lymphoid
organs and prime CD8+ T cells against tumors. Cancer Immunol Immunother. 2008, 57:63-71.
10.1007/s00262-007-0350-z

10. Thorbecke GJ, Silberberg-Sinakin L, Flotte TJ: Langerhans cells as macrophages in skin and
lymphoid organs. J Invest Dermatol. 1980, 75:32-43.

2017 Eapen et al. Cureus 9(4): e1135. DOI 10.7759/cureus.1135 7 of 7

https://dx.doi.org/10.1084/jem.20052494
https://dx.doi.org/10.1038/nm1622
https://dx.doi.org/10.1038/nm1622
https://dx.doi.org/10.1158/0008-5472.CAN-04-0073
https://dx.doi.org/10.1158/0008-5472.CAN-04-0073
https://dx.doi.org/10.1007/s00262-007-0350-z
https://dx.doi.org/10.1007/s00262-007-0350-z
http://www.sciencedirect.com/science/article/pii/S0022202X15458440

	Radiovaccination Hypothesis
	Abstract
	Introduction
	Case Presentation
	Case 1
	FIGURE 1: pT2bN1 M0 melanoma right lower leg

	Case 2
	FIGURE 2: pT4N1M0 melanoma left thigh

	Case 3
	FIGURE 3: pT4 N2a M0 melanoma right foot

	Case 4
	FIGURE 4: T3N0M0 right knee melanoma


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


