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Abstract

anti-CTLA-4 therapy.

Combination strategies surely play a crucial role in treatment of cancer. Stereotactic ablative radiotherapy (SABR)
has been described to induce abscopal effects particularly in renal cell cancer metastases. This effect is a reaction
induced following irradiation of tumour tissue and occurring in another metastatic location outside the treatment
field. However, this effect is limited and occurs sparsely in about 1-5% of patient. We are planning to improve the
clinical outcome of this treatment in metastatic solid tumours by combining SABR with sequential
immunotherapeutic treatments including vaccination strategies, adoptive cell therapy, cytokine therapy, or

Commentary
Combination strategies in treatment of human diseases
in general and of cancer in particular are necessary.
Combination of surgery, radiotherapy, and chemother-
apy has been the standard care for treating several
tumours [1,2]. In Sweden, the area of application of
radiotherapy and in particular stereotactic ablative radio-
therapy (SABR), has increased during the last decade
[3-7]. Previous experience of SABR in the treatment of
renal cell carcinoma (RCC) metastases showed a high
local control (90%) at different tumor locations as docu-
mented by others and us [3-5,8,9]. The occurrence of
distant micro-metastases not visualized on CT and PET
remain a treatment problem. Even if the local control is
high after SABR in various tumor diagnoses most
patients will recur with new metastases due to the oc-
currence of distant micro-metastases not visualized on
CT or PET/CT.

In renal cancer there have been reports on abscopal
effects on distant metastases where non-irradiated tumors
have regressed temporarily or seemingly permanently after
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treatment with SABR of either the primary tumour or
other metastatic lesions [10]. The “abscopal effect” is the
occurrence of objective tumor regressions induced follow-
ing irradiation in sites outside the irradiated field.

This phenomenon has been reported in various tumor
forms but mainly as singular events [11]. Recent evidence
that radiation induces immunogenic tumor cell death
and alters the tumor microenvironment to enhance re-
cruitment of antitumor T cells supports the hypothesis
that radiation can enhance both the priming and the ef-
fector-phase of the antitumor immune response [12,13].
Leukocytes phenotyping is needed to determine the
underlying mechanisms for these abscopal effects. SABR
treatment of inoperable renal cancer results in local
tumor sterilization with release of tumour cell fragments
containing molecules that may be immunogenic. For in-
stance, apoptosis, a form of cell death originally consid-
ered as non-immunogenic and non-inflammatory, has
recently been demonstrated to be immunogenic when it
is induced by drugs like anthracyclines or by ionizing ra-
diation [14,15]. These tumour antigens are taken up lo-
cally and systemically by antigen presenting cells,
particularly the dendritic cells (DC), which have the po-
tential to stimulate de novo production of specific im-
mune responses (either cellular or humoral) or enhance,
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or recall already existing immune competent cells. Induc-
tion of tumor immunity to these tumor antigens is, how-
ever, regulated by cells and molecules with the ability to
inhibit immune responses particularly to “self” tumor
antigens. Through administration, for instance, of anti-
CTLA-4 antibodies these immune regulatory mechan-
isms can be halted or diminished in activity, resulting in
an activation of the anti-tumor responses to the antigens
released by SABR, and thus acting in synergy with SABR
[16].The collaborative units at our department are dis-
cussing and planning different strategies on this thera-
peutic combinations. Additional activation of anti-tumor
immunity can also be obtained by administration of au-
tologous DC, produced ex vivo from autologous leuka-
pheresis derived monocytes, with the capacity to take up
the circulating tumor antigens released by SABR for effi-
cient priming of T cells. Alternatively, autologous DCs
can be “pulsed” ex vivo with tumor derived material and
provided as a tumor vaccine with the capacity to re-acti-
vate the patients anti-tumor response. Yet another
principle of anti-tumor treatment which can be applied
to these patients would be to adoptively transfer tumor
specific T cells, derived either from Tumor Infiltrating T
cells ( TIL ) or from autologous T cells retroviral trans-
duced with tumor specific T cell receptors ( TCRs). SABR
creates an inflammatory environment that may augment
the activity of adoptively infused TILs. Consequently, we
consider that the rationale beyond these strategies is:

a. to improve the clinical outcome of metastatic solid
tumours (renal cell cancer, malignant melanoma,
lung cancer etc) by combining the SABR with
indirect induced immune re-activation;

b. to elicit an “abscopal effect” by sequential treatment
with immunotherapeutic principles such as (anti
CTLA-4 MoAB, autologous dendritic cells and /or
TIL cells adoptive cell transfer, cytokines (GM-CSE,
Interleukins etc.).

In a clinical trial recording of toxicity as well as tumour
efficacy of the synergistic activity between SABR and the
immune response enhancers are mandatory primary objec-
tives. Furthermore, we intend to analyze markers that can
explain possible mechanisms by establishing blood borne
biomarkers for toxicity and efficacy, using LC-MS/MS; to
analyse, in an unbiased way, the metabolome and proteome
before and at specific times after SABR and added im-
munotherapy. We will elaborate the data by statistical and
bioinformatics tools used at the Karolinska Biomics Centre
which is part of the Eurocan Platform project . Selected
protein biomarkers will be brought to a Luminex based
system for analyses directed to larger materials. Recruit-
ment of the patient cohort include at a first stage patients
with metastatic renal clear cell carcinoma or malignant
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melanoma (Stage IV) after progression on third line ther-
apy, with an expected survival of more than 3 months.
Written informed consent will be obtained from the patient
for publication of this report and any accompanying images.
These patients would have at least one metastatic lesion
available for SABR (15Gy x 3) and one marker lesion for
evaluation of effect without SABR. In a planned phase-I
study patients with metastatic solid tumors will be recruited
for a combination treatment of SABR + anti-CTLA4. SABR
will be delivered to at least one metastatic or primary lesion
with a standard dose of 15 Gy x 3 prescribed to the 67%
isodose. This dose has been documented to achieve a high
local control in various tumor types and it is in accordance
with experimental evidence for induction of the abscopal
effect. Anti-CTLA4 will be injected iv. with 21 days interval
1-2 days post SABR in escalating dose cohorts in order to
determine the maximum tolerated dose of the antibody.
Close monitoring of immunefunctions will be undertaken
to identify optimal immune activating dose.

The combination of the immune triggering effects of
ionizing radiation with new immune regulatory drugs
may leverage the effects of radiotherapy and transform a
local therapy to a novel systemic treatment.

Competing interest
The authors declare that they have no competing interests.

Authors’ contributions

All authors read and approved the final manuscript. GVM is the project
leader and he has collect the material to write the commentary; PW is
concentrate and specialist in SABR and has contributed to specific part of
the manuscript; RK and AL are involved in preclinical immune monitoring
and RL is responsible coordinator for FP7 EU grant Eurocan Platform project.
All authors have conceived the study, and participated in its design and
coordination and helped to draft the manuscript.

Received: 19 January 2012 Accepted: 30 April 2012
Published: 22 May 2012

References

1. Ascierto PA, Marincola FM: Combination therapy: the next opportunity
and challenge of medicine. J Trans/ Med 2011, 9:115.

2. Masucci GV, Mansson-Brahme E, Ragnarsson-Olding B, Nilsson B, Wagenius
G, Hansson J: Alternating chemo-immunotherapy with temozolomide
and low-dose interleukin-2 in patients with metastatic melanoma.
Melanoma Res 2006, 16:357-363.

3. Svedman C, Karlsson K, Rutkowska E, Sandstrom P, Blomgren H, Lax |,
Wersall P: Stereotactic body radiotherapy of primary and metastatic renal
lesions for patients with only one functioning kidney. Acta Oncol 2008,
47:1578-1583.

4. Svedman C, Sandstrom P, Pisa P, Blomgren H, Lax |, Kalkner KM, Nilsson S,
Wersall P: A prospective phase Il trial of using extracranial stereotactic
radiotherapy in primary and metastatic renal cell carcinoma. Acta Oncol
2006, 45:870-875.

5. Wersall PJ, Blomgren H, Lax |, Kalkner KM, Linder C, Lundell G, Nilsson B,
Nilsson S, Naslund |, Pisa P, Svedman C: Extracranial stereotactic
radiotherapy for primary and metastatic renal cell carcinoma. Radiother
Oncol 2005, 76:537-537.

6. Baumann P, Nyman J, Hoyer M, Wennberg B, Gagliardi G, Lax I, Drugge
N, Ekberg L, Friesland S, Johansson KA, et al: Outcome in a prospective
phase Il trial of medically inoperable stage | non-small-cell lung
cancer patients treated with stereotactic body radiotherapy. J Clin
Oncol 2009, 27:3290-3296.



Masucci et al. Journal of Translational Medicine 2012, 10:104
http://www.translational-medicine.com/content/10/1/104

7. Baumann P, Nyman J, Lax |, Friesland S, Hoyer M, Rehn Ericsson S,
Johansson KA, Ekberg L, Morhed E, Paludan M, et al- Factors important for
efficacy of stereotactic body radiotherapy of medically inoperable stage
I lung cancer. A retrospective analysis of patients treated in the Nordic
countries. Acta Oncologica 2006, 45:787-795.

8. Siomin V, Lin JL, Marko NF, Barnett GH, Toms SA, Chao ST, Angelov L,
Vogelbaum MA, Navaratne K, Suh JH, Weil RJ: Stereotactic radiosurgical
treatment of brain metastases to the choroid plexus. Int J Radiat Oncol
Biol Phys 2011, 80:1134-1142.

9. Zelefsky MJ, Greco C, Motzer R, Magsanoc JM, Pei X, Lovelock M,
Mechalakos J, Zatcky J, Fuks Z, Yamada Y: Tumor control outcomes after
hypofractionated and single-dose stereotactic image-guided intensity-
modulated radiotherapy for extracranial metastases from renal cell
carcinoma. Int J Radiat Oncol Biol Phys 2012, 82:1744-1748.

10. Severin AC, Heijbel M, Alvevik P, Sorcini B, Wersall P, Furberg M, Naslund |,
Castellanos E: Comparison of implanted gold markers and cone beam CT
for high precision on-line image-guided radiotherapy of prostate.
Radiother Oncol 2006, 81:5214-5214.

11. Snyder AR: Review of radiation-induced bystander effects. Hum Exp
Toxicol 2004, 23:87-89.

12. Demaria S, Ng B, Devitt ML, Babb JS, Kawashima N, Liebes L, Formenti SC:
lonizing radiation inhibition of distant untreated tumors (abscopal
effect) is immune mediated. Int J Radiat Oncol Biol Phys 2004, 58:862-870.

13. Postow MA, Callahan MK, Barker CA, Yamada Y, Yuan J, Kitano S, Mu Z,
Rasalan T, Adamow M, Ritter E, et al: Immunologic correlates of the
abscopal effect in a patient with melanoma. N Engl J Med 2012,
366:925-931.

14.  Tesniere A, Panaretakis T, Kepp O, Apetoh L, Ghiringhelli F, Zitvogel L,
Kroemer G: Molecular characteristics of immunogenic cancer cell death.
Cell Death Differ 2008, 15:3-12.

15. Apetoh L, Obeid M, Tesniere A, Ghiringhelli F, Fimia GM, Piacentini M,
Kroemer G, Zitvogel L: Immunogenic chemotherapy: discovery of a
critical protein through proteomic analyses of tumor cells. Cancer
Genomics Proteomics 2007, 4:65-70.

16.  Dewan MZ, Galloway AE, Kawashima N, Dewyngaert JK Babb JS, Formenti
SC, Demaria S: Fractionated but not single-dose radiotherapy induces an
immune-mediated abscopal effect when combined with anti-CTLA-4
antibody. Clin Cancer Res 2009, 15:5379-5388.

doi:10.1186/1479-5876-10-104

Cite this article as: Masucci et al.: Stereotactic Ablative Radio Therapy
(SABR) followed by immunotherapy a challenge for individualized
treatment of metastatic solid tumours. Journal of Translational Medicine
2012 10:104.

Page 3 of 3

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Commentary
	Competing interest
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


