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The highest incidence of human cancers is seen in older
people. Many parameters of immunity decrease in an age-
associated manner. These two statements are each uncon-
troversial. However, whether the reason for the increased
frequency of cancers in the elderly is due to alterations of
the immune system in the old is much more controversial.
Considering that the concept of immunosurveillance
against spontaneously arising tumors is itself still contro-
versial, this is hardly surprising. However, the eYcacy of
certain immunotherapy protocols in preclinical models and
the much less reproducible but nonetheless occasionally
highly eVective therapeutic successes achieved in humans
encourages the belief that the immune system could be

exploited to control tumor growth. The following “Sympo-
sium-in-Writing” was inspired by the belief that either
active or adoptive immunotherapy or a combination of both
will one day soon be entering standard clinical practice.
Given that most studies, preclinical and clinical both, have
most often been conducted in younger individuals, it is
imperative to consider the eVect of age on outcome. Most
obviously, the eVect of age on T cell response to vaccina-
tion will be of great importance, and also the eVect of the
old host environment on the eYcacy of adoptively trans-
ferred immune eVectors needs consideration.

Here, we have gathered a collection of papers which
review the eVects of age on the host in terms of inXamma-
tory status and immune responsiveness in the carcinogenic
process. Salvioli et al. discuss possible reasons why cente-
narians are protected from cancer. This could be mediated
by at least two diVerent mechanisms: low IGF-1-mediated
responses and elevated production of anti-inXammatory
mediators. A well-preserved p53-mediated response able to
block tumorigenesis or to decrease cancer aggressiveness is
also critical for cancer protection in centenarians. On the
other hand, Caruso et al. discuss the eVect that inXamma-
tion has in promoting carcinogenesis. They conclude that
only further knowledge of the regulation and function of
inXammatory pathways in cancer will help to understand
the mechanisms of tumor formation and progression, as
well as to identify new targets for the reWnement of novel
treatments, such as the pharmacogenomics approach. Other
papers then discuss diVerent immunotherapy models where
the age of the host and the age of the immune system have
been speciWcally analyzed as variables aVecting the out-
come of the treatment. There is a plethora of preclinical and
clinical studies utilizing dendritic cell-based therapies for
cancer. However, there are only a handful of studies
evaluating the eVect of this type of therapy in the aging
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anti-tumor response. Grolleau-Julius et al. examine some
of the variables aVecting the initiation of the T cell response
at the level of antigen presentation and deWne not only
intrinsic changes to dendritic cells (DC) but also changes to
the host environment as having a large impact on triggering
an immune response. Critical to eVectively translating this
approach into treatment of cancers in older patients is the
characterization of aging DC defects. Compromised func-
tion at the DC level may lend itself to correction by manip-
ulating the costimulatory and/or cytokine environment, as
described by Ruby and Weinberg in the context of OX-40
therapy. However, they show that this approach, while
eVective in young mice, is not successful in older animals,
but that selected adjuvants or IL 12 can help overcome this
detriment. In the paper by Deisseroth et al., the focus is on
CD40L costimulation which is also decreased in T cells
from old compared to young mice and where CD40L pro-
teins modiWed to include only the extracellular domains are
more eVective in older animals. These are now also enter-
ing clinical trials in humans. Provinciali reviews his
group’s work with vaccination of mice with tumor cells
transfected with factors such as IL 2, which was the Wrst
demonstration that immunotherapy protocols optimized for
eYcacy in young mice failed to yield similar results in
older mice under the same conditions. Using murine breast
cancer models, Gravekamp describes diVerences in
responses of young and old animals to tumor antigen DNA
vaccines indicating that old animals are less able to induce
an eVective antitumor immune response. Lustgarten
reviews his group’s work on attempting to overcome the
immune deWcit in old mice by combined therapies targeting
costimulation, together with reducing immune suppression
and enhancing adjuvant eVects using TLR agonists. In a
spontaneous tolerant breast cancer model, although com-
bined treatments were able to cure young mice, the same
treatment was ineVective in old animals.

The lesson from the studies reviewed by these eight
papers, both the authors’ own and the large corpus of work
to which they refer in their articles, is that the inXammatory

status and immune response to cancer is diVerent in young
and old individuals, and that cancer vaccines are less
eVective at older than at younger age, as shown in the
diVerent pre-clinical mouse models. Considering how many
combinations of immunotherapeutic approaches (e.g. vac-
cines, TLR agonists, anti-suppressive agents, cytokines,
etc.) may be required to induce eVective anti-cancer
immune responses in old animals, will the need for all these
therapies decrease feasibility in elderly humans? Should a
proactive approach to maintain immune function through-
out aging, as well as approaches to maintain appropriate
immunity in the face of chronic cohabitation with the
tumor, be considered? Nonetheless, the studies discussed
here also demonstrate that optimization of vaccines for
older age is feasible and crucial, if challenging. Unfortu-
nately, none of the cancer vaccines currently tested in clini-
cal trials is optimized for older age. It is true that many
obstacles such as tumor-induced immune suppression,
genetic instability of tumors, poor immunogenicity of
tumor-associated antigens and many more still need to be
overcome also at young age. However, even when these
obstacles are overcome in trials of younger patients, we
will still face the problem of the age factor, which has
essentially been ignored in clinical trials so far. Therefore,
there is a strong argument for pre-clinical testing and opti-
mizing of vaccines for old age in suitable model systems
before attempting to apply them to cancer patients. Investi-
gations speciWcally focused on immune status in elderly
cancer patients should be given high priority in order to
properly harness the immune system to combat cancer in
the elderly. Despite the fact that mice are often criticized
for not being comparable to humans, the NCI Mouse
Models of Human Cancers Consortium (MMHCC) is now
providing the scientiWc community with accurate reproduc-
ible models of human cancers that can be used in transla-
tional and pre-clinical studies. Such models are of great
importance for developing vaccination strategies that are
not only eVective in younger patients but also in the ever-
increasing numbers of older cancer suVerers.
123


	Impact of aging on cancer immunity and immunotherapy


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


