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Background: Poor mental health is the largest single source of disability in the UK, and co-morbid health problems,
particularly with cancer, raise total health care costs significantly.
Methods: This study examined what research is being conducted into the intersection between cancer and mental
health. Research papers captured by the intersection of sub-field filters—‘mental disorder’ and ‘cancer’—were studied
from the Web of Science over a 10-year period (2002–2011).
Results: There were 1463 papers dealing with the dual presence of cancer and mental disorder. They amounted to
0.26% of cancer research and 0.51% of mental health research over the 10-year period, indicating that their intersection
receives little research attention. Eighty per cent of papers were concerned with the effects of cancer on mental health
rather than the reverse; a few (5%) looked at the post-traumatic stress suffered by carers of cancer patients. Of cancer
types, breast dominated (21%), followed by prostate (5%), lung (3%), oral (2%) and colorectal (2%) cancer. The area of
mental health most studied in cancer was unipolar depression.
Conclusions: The paucity of research that exists at the intersection of cancer and mental health requires attention from
policymakers and funders in order to address an important trans-disciplinary gap in health care research.
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introduction
The diagnosis and treatment of cancer have a significant impact
on mental health, and are associated with a physical, emotional
and financial burden both on individuals and on society as a
whole. Both these major non-communicable diseases have close
interdependencies. Nevertheless, their clinical and research
communities have traditionally not worked together much. This
view has recently been reinforced by a report from the King’s
Fund and Centre for Mental Health [1].
Mental health problems are the largest single source of

disability in the UK, and co-morbid health problems raise total
health care costs significantly [2]. The King’s Fund report found
that for patients with co-morbid mental health problems and
physical illness, health care costs were raised by at least 45% per
person, and amounted to an annual total of between £8 and £13
billion in England in recent years.
Most research into cancer and mental health has focused on

the effects of cancer on patients’mental health, specifically
depression and anxiety, with evidence suggesting that co-
morbidity of depression with cancer has a negative impact on
physical morbidity and mortality [3]. In patients with pre-
existing mental health problems, the question arises whether

there is an increased or decreased incidence of cancer, and if the
overall outcome is affected by their mental state. On the other
hand, these patients often present with more advanced disease
because they are less likely to attend routine screening clinics.
Given the impact that both these areas of morbidity can have on
individuals and on society, one might expect there to be
substantial research effort to investigate their interaction.
The study presented in this article provides the first high-

resolution, objective study of where current areas of overlap and
weakness are in the mental health cancer R&D domains; thus
providing a major intelligence source for policymakers wishing
to bridge this important trans-disciplinary boundary. The
intention was to determine the scale of such research and to
identify areas of strength and weakness with a view to identify
where policies could be developed that would fill research
lacunae in this complex interdisciplinary area.

methods
Research papers from the Web of Science (WoS) over a 10-year period
(2002–2011) identified by two sub-field filters capturing mental disorder
and cancer papers were studied. Each of these filters contained a list of
specialist journals, e.g. Cancer, British Journal of Psychiatry, all of whose
papers were retained, and of title words, e.g. carcinoma, leukaemia,
Alzheimer’s, depression. The lists of title words included drugs used
exclusively for cancer or mental disorders, and genes that had been shown to
pre-dispose to cancer or mental disorders. The filters were calibrated with
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reference to the outputs of eponymous departments in order to determine
their precision (specificity) and recall (sensitivity); these were all above 0.9.

On a preliminary inspection, it was clear that many of the 5284 papers in
the intersection of the two filters were not relevant. For example, some had
‘suicide gene’ or ‘neurological malignant syndrome’ in their titles, or were
concerned with small laboratory animals (mice and rats), or were too
molecular. We wished to limit the set of papers to those where cancer
patients suffered also from mental disorders, or where people with mental
disorders were more likely to be diagnosed with cancer, or to have difficulties
with treatment or a worse prognosis as a result. Although many papers were
concerned with alcohol and its carcinogenic effects, these were discarded
unless its addictive properties were highlighted. The titles of the papers were
checked individually (by SB) and almost three quarters of them were set
aside as not relevant to our study.

The papers were further analysed and each paper marked as follows:

• By the fractional count (e.g. a paper with one address in France and two

in the UK would be counted as 0.33 and 0.67, respectively for the two
countries on a fractional count basis, but as one each on an integer count
basis.) of each country represented in the address field;

• By whether the paper concerned 1 of 16 tumour sites (e.g. breast, lung,
prostate, etc.), based on a series of sub-filters developed (by RS); these
consisted of journal name strings and title words. Some papers covered
more than one site; others did not specify a site;

• By whether the paper concerned 1 of 11 research types (e.g.
chemotherapy, surgery, palliative care, etc.), again based on sub-filters
developed by RS, and with possible overlaps;

• By whether the paper concerned 1 of 17 mental disorders (e.g.
Alzheimer’s disease, depression, schizophrenia), similarly defined by
sub-filters developed by GS;

• By whether the paper was about the effects of cancer on patients’mental
health (coded O >M) or about patients’mental health having an effect on
the diagnosis, treatment or prognosis of cancer (coded M >O), based on
individual inspection by SB.

For papers published in the last 3 years, 2009–2011, funding data were

available from the WoS (fields FU and FX). The funders were classified by
country and sector and given codes from a thesaurus [4] and since extended.

results
During the 10 years of the study period, there were 1463 papers
dealing with the dual presence of cancer and mental health
problems according to the criteria described above. They
amounted to 0.26% of all cancer research over the 10-year
period and 0.51% of all mental health research, demonstrating
that the intersection between mental disorders and cancer
research receives relatively very little attention despite mounting
evidence of high costs and increased mortality.
However, the subject is increasing in output faster than either

of the two component sub-fields, see Figure 1. Of the world
total, the USA published the most, with just over 40% on an
integer-count basis. The UK was second, with just over 9%,
followed by Germany and Canada, see supplementary Table S1,
available at Annals of Oncology online. Some countries, notably
four in Scandinavia, Australia and the UK, carried out
substantially better in terms of their percentage presence in the
composite subject area compared with their presence in cancer
research overall. However, the four east Asian countries and
four large continental European ones (Germany, France, Italy
and Spain) all carried out worse in the composite than in cancer

research, see Figure 2. However, this may have been owing to
the absence of the clinical journals from these countries from
coverage in the WoS.
Most papers (80%) were concerned with the effects of cancer

on mental health rather than the reverse; a few (5%) looked at
the post-traumatic stress suffered by cancer patients’ carers,
especially by parents of young children. The cancer site of
principal interest was the breast (21% of papers) followed by the
prostate (5%), lung (3%), mouth and colon and rectum (2%)
(supplementary Table 2, available at Annals of Oncology online).
This emphasis on breast cancer was not simply a reflection of
the importance given to research on this tumour site in the
United States and other western European countries [5], since
the pattern was similar in four East Asian countries (Japan,
Taiwan, South Korea and China), even though the incidence of
breast cancer there is relatively less.
The mental disorder that was most studied was unipolar

depression (43%); far behind were post-traumatic stress
disorder (PTSD) (5%), dementia (3.6%), suicide/self-harm
(3.5%) and schizophrenia (2.6%) (supplementary Table 3,
available at Annals of Oncology online). Supplementary Table 4,
available at Annals of Oncology online shows the research type,
which may be taken as the causative element studied in how
cancer causes poor mental health, or perhaps vice versa. The
research types of primary concern to clinicians and scientists
were palliative care and quality of life (QoL), each accounting
for more than half the total, and in combination for nearly 45%.
One of them (epidemiology) was more concerned with the
effects of mental ill-health on cancer, but overall, the vast
majority of papers (1206 of 1463, 82%) were concerned with
poor mental health resulting from cancer.
During the period 2009–2011, there were only 58 UK papers,

and funding was dominated by the leading cancer charity,
Cancer Research, UK, with 19 acknowledgements to this source,
of which two were implicit from the addresses (the Beatson
Research Institute in Glasgow), and all but two were concerned
with the mental disorders arising from cancer, rather than vice
versa. No other funder had more than nine papers (the National
Institute of Health Research, the research wing of the UK
National Health Service), and the Medical Research Council
supported only two papers.

discussion
The interdisciplinary nexus between cancer and mental health
forms a very small percentage of all research carried out in these
two major areas of non-communicable disease, although this
appears to be slowly increasing. The UK’s research output in
this area of importance is low compared with the USA. The
preponderance of research carried out is on the impact of cancer
on mental health rather than the reverse, with the focus being
on the effects of cancer on, especially, depression and anxiety.
The predominant tumour types where patient mental health
was studied were breast cancer followed by prostate, lung, oral
and colorectal cancer. The area of mental health most
investigated was unipolar depression in breast cancer patients
with these patients experiencing poorer mental health
predominantly while receiving palliative care.
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The importance of addressing the overall paucity of research
into cancer and mental health is highlighted by evidence
suggesting that the co-morbidity of depression with cancer has a
negative impact on morbidity and mortality, with depression
being an independent predictor of poor survival in patients with
advanced cancer [3]. Depression also impacts on QoL, cancer
treatment non-adherence, the duration of hospital stay and the
costs of health care. The co-existence of cancer and depression
is associated with a significantly increased risk of death,
although the effect of depression differs by cancer site [6].
This study has shown that the dominant area of research has

been in breast cancer and depression. Breast cancer patients
with depression have a significantly higher risk of mortality [7].
Independent variables in breast cancer patients such as social
status and low social support were independent risk factors for
depressive symptoms [8]. Socioeconomically deprived women
with a history of somatic and psychiatric disease may represent
a group that warrants special attention, who might benefit from
screening for mental illness and appropriate interventions as
required since psychological problems in cancer patients often
go undiagnosed unless they are specifically sought.
Assessment and treatment of depression could improve the

QoL for cancer patients suffering with unrecognised depression
and reduce their risk of suicide. The strongest risk factors for

suicide in all cancers appear to be male sex [9–17] and older
age, with incidence of suicide being reported to be from 2 to 11
times the rate in the general population [10].
A smaller number of papers on the interaction between

gastrointestinal cancers (oesophageal, stomach and colorectal)
and mental health was noted. Pre-existing psychiatric disorders
in patients act as an independent risk factor for delayed
diagnosis in abdominal cancers, and they are also associated
with a decreased likelihood of receiving surgical therapy [11]. If
these patients do undergo surgery, they may have an increased
risk of complications, including pneumonia and compromised
nutrition post-operatively [12]. Integration of treatment by
surgeons and psychiatrists might potentially reduce the
incidence of morbidity in these patients. There is clearly a lack
of research in some site-specific cancers where there is also
obvious psychiatric morbidity, e.g. head and neck or oral
cancers after surgical excision and reconstruction.
A significant number of papers looked at the effect of cancer

diagnosis and treatment on patients and their families [13]. The
psychological ‘sequelae’ for parents of children with cancer
ranged from anxiety and depression to post-traumatic stress
symptoms and PTSD [14], often lasting for long periods after
treatment was completed [15]. Many caregivers of advanced
cancer patients meet criteria, or are being treated, for psychiatric

Figure 1. World outputs of papers in cancer research (ONCOL), mental disorders research (MENTH) and their intersection, filtered manually (M +O);
3-year running means.

Figure 2. Ratio between percentage presence of 20 countries in the combination of cancer research and mental disorders and in cancer research alone,
2002–2011, in the Web of Science. Country codes are in supplementary Table 1, available at Annals of Oncology online. European countries: black bars; Middle
East countries: wide diagonal stripes at 45°; East Asian countries: narrow diagonal stripes at 315°; others: grey bars.
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problems, and there are high levels of burden and distress in
these people [16]. Researchers and clinicians need to be aware
that cancer affects the whole family, and there is a need for the
development of social policy and the mobilisation of resources
to support the provision of care for cancer patients and their
families.
Intriguingly, there appear to be protective genetic effects

against cancer in some patient groups, for example those with
schizophrenia [17] or Alzheimer’s disease [18]. In patients with
schizophrenia, some studies have suggested that they have a
significantly lower cancer incidence, consistent with a protective
effect, despite higher cancer risk exposure, e.g. from smoking
[17]. However, if these patients do go on to develop cancer, they
subsequently have a higher mortality rate than patients without
schizophrenia [19]. Although the incidence of both cancer and
dementia increases with age, there is very little known about the
effect of dementia on cancer and vice versa [20]. Furthermore,
schizophrenia and dementia patients are both more likely to
present with more advanced disease that is no longer amenable
to first-line therapy.
Cancer survivors appear to have a lower risk of Alzheimer’s

disease than those without cancer, and patients with
Alzheimer’s disease have a lower risk of cancer. In patients who
survive smoking-related cancers, the risk of Alzheimer’s disease
is the lowest, and this cannot simply be explained by survival
bias. This pattern for cancer is similar to that seen in
Parkinson’s disease and suggests an inverse association between
cancer and neuro-degeneration [18].
Several studies have addressed the effects that tricyclic

antidepressants (TCAs) and selective serotonin reuptake
inhibitors (SSRIs) may have on the incidence of cancer.
Sternbach looked at 13 studies that predominantly examined
TCAs and found a significant (n = 3) or trend increase (n = 4) in
cancer incidence, with no increase observed in the remaining six
studies [21]. SSRI use has not been found to increase cancer risk
[22], and some studies have even suggested a protective effect
with decreased incidence of lung cancer [23] and colon cancer
[24, 25].
Finally, there appears to be an influence of depression on the

uptake of invitations to be screened within population-based
breast and cervical cancer screening programmes [26]. This may
result in delayed presentation and poorer outcomes.
Many of the areas briefly sketched above require further

investigation. The relationship between cancer and mental
health merits close attention from policymakers and funding
bodies. In high-income countries, cancer research funders in
particular are in a significant position to lead joint initiatives
with mental health funders to create joint action programs
focusing on important mutual interests, such as survivorship
and mental health. To date, no such programs have been
created, and this study provides core intelligence to develop
such programs.
The present study’s strengths lie in its wide-ranging approach

to examination of research on the relationship between cancer
and mental health. It has not attempted to define and prioritise
specific areas of research requiring immediate attention. Indeed,
it has determined where a large amount of research is focussed
(depression among women with breast cancer receiving
palliative care who are concerned about their QoL), but this is

not necessarily where the clinical need is the greatest. The next
step must surely be to investigate the clinical situation so as to
identify other potential problem areas that are in need of more
research. However, it does provide an overview of the research
currently being done in many countries thereby helping to
inform future strategic thinking.
The question of what can be done to address the overall

paucity of interdisciplinary research also needs to be addressed?
There are probably many reasons for the lack of research in this
area. Researchers may find it difficult to think in
interdisciplinary terms, and some research disciplines may have
little formal contact between clinicians or researchers. Added to
this, there may perhaps be a dearth of hypotheses or good ideas
for testing. The existing situation where as a result, potential
funders may be ignorant of the extent of the health problems
and its their impact on clinical care. Furthermore, this area of
research may fall between funding stools. Given that there are
no large mental health charities, should this area of research be
funded by cancer charities?—which appears to be the situation
in the UK. Alternatively, is there an opportunity for dual
funding by cancer and mental health charities or should this
responsibility fall largely on government, essentially on the
National Institute of Health Research? Finally, it is worth noting
that as an indicator of the seriousness of physical health
problems in people with serious mental illness, quite startling
figures on the years of life lost by people with a psychosis are
beginning to emerge, in some studies almost 20 years compared
with the age-matched general population [27]. This is a very
serious cost to the health as well as the moral welfare of our
society.
The relative lack of research at the intersection of cancer and

mental health requires attention from researchers, policymakers
and funders in order to address a large unmet need in health
care. This study provides key intelligence for the research
communities and funders in cancer and mental health to create
new partnership opportunities to bridge the disciplinary divide
and accelerate the prevention and treatment of mental health
problems in cancer patients.

funding
AP has received financial support from the Department of
Health via the NIHR comprehensive Biomedical Research
Centre award to Guy’s and St Thomas’ NHS Foundation Trust
in partnership with King’s College London. RS thanks the
Veronesi Foundation, Milan, Italy, for funding the King’s
Health Partners (KHP) Institute of Cancer Policy.

disclosure
The authors have declared no conflicts of interest.

references
1. Naylor C, Parsonage M, McDaid D et al. Long-term Conditions and Mental Health.

The Cost of Co-morbidities. London: The King’s Fund, Centre for Mental Health
2012.

2. Melek S, Norris D. Chronic Conditions and Co-morbid Psychological Disorders.
Seattle: Millman Research Report, 2008.

original article Annals of Oncology

 | Purushotham et al.

 at K
ing's C

ollege L
ondon on June 29, 2013

http://annonc.oxfordjournals.org/
D

ow
nloaded from

 

http://annonc.oxfordjournals.org/


3. Lloyd-Williams M, Shiels C, Taylor F et al. Depression—an independent predictor
of early death in patients with advanced cancer. J Affect Disord 2009; 113(1–2):
127–132.

4. Dawson G, Lucocq B, Cottrell R et al. Mapping the Landscape: National
Biomedical Research Outputs 1988–95. London: The Wellcome Trust 1998; 9.

5. Glynn RW, Scutaru C, Kerin MJ et al. Breast cancer research output, 1945–2008:
a bibliometric and density-equalizing analysis. Breast Cancer Res 2010; 12(6).

6. Gathinji M, McGirt MJ, Attenello FJ et al. Association of preoperative depression
and survival after resection of malignant brain astrocytoma. Surg Neurol 2009; 71
(3): 299–303.

7. Hjerl K, Andersen EW, Keiding N et al. Depression as a prognostic factor for breast
cancer mortality. Psychosomatics 2003; 44(1): 24–30.

8. Hill J, Holcombe C, Clark L et al. Predictors of onset of depression and anxiety in
the year after diagnosis of breast cancer. Psychol Med 2011; 41(7): 1429–1436.

9. Llorente MD, Burke M, Gregory GR et al. Prostate cancer: a significant risk factor
for late-life suicide. Am J Geriatr Psychiatry 2005; 13(3): 195–201.

10. Misono S, Weiss NS, Fann JR et al. Incidence of suicide in persons with cancer. J
Clin Oncol 2008; 26(29): 4731–4738.

11. O’Rourke RW, Diggs BS, Spight DH et al. Psychiatric illness delays diagnosis of
esophageal cancer. Dis Esophagus 2008; 21(5): 416–421.

12. Hashimoto N, Isaka N, Ishizawa Y et al. Surgical management of colorectal cancer
in patients with psychiatric disorders. Surg 2009; 39(5): 393–398.

13. Edwards B, Clarke V. The psychological impact of a cancer diagnosis on families:
the influence of family functioning and patients’ illness characteristics on
depression and anxiety. Psychooncology 2004; 13(8): 562–576.

14. Bruce M. A systematic and conceptual review of posttraumatic stress in childhood
cancer survivors and their parents. Clin Psychol Rev 2006; 26(3): 233–256.

15. Ozono S, Saeki T, Mantani T et al. Factors related to posttraumatic stress in
adolescent survivors of childhood cancer and their parents. Support Care Cancer
2007; 15(3): 309–317.

16. Vanderwerker LC, Laff RE, Kadan-Lottick NS et al. Psychiatric disorders and
mental health service use among caregivers of advanced cancer patients. J Clin
Oncol 2005; 23(28): 6899–6907.

17. Chou FH-C, Tsai K-Y, Su C-Y et al. The incidence and relative risk factors for
developing cancer among patients with schizophrenia: a nine-year follow-up study.
Schizophr Res 2011; 129(2–3): 97–103.

18. Roe CM, Behrens MI, Xiong C et al. Alzheimer disease and cancer. Neurology
2005; 64(5): 895–898.

19. Tran E, Rouillon F, Loze J-Y et al. Cancer mortality in patients with schizophrenia:
an 11-year prospective cohort study. Cancer 2009; 115(15): 3555–3562.

20. Gupta SK, Lamont EB. Patterns of presentation, diagnosis, and treatment in older
patients with colon cancer and comorbid dementia. J Am Geriatr Soc 2004; 52
(10): 1681–1687.

21. Sternbach H. Are antidepressants carcinogenic? A review of preclinical and clinical
studies. J Clin Psychiatry 2003; 64(10): 1153–1162.

22. Coogan PF, Palmer JR, Strom BL et al. Use of selective serotonin reuptake
inhibitors and the risk of breast cancer. Am J Epidemiol 2005; 162(9): 835–838.

23. Toh S, Rodriguez LAG, Hernandez-Diaz S. Use of antidepressants and risk of lung
cancer. Cancer Causes Control 2007; 18(10): 1055–1064.

24. Chubak J, Boudreau DM, Rulyak SJ et al. Colorectal cancer risk in relation to
antidepressant medication use. Int J Cancer 2011; 128(1): 227–232.

25. Xu W, Tamim H, Shapiro S et al. Use of antidepressants and risk of colorectal
cancer: a nested case-control study. Lancet Oncol 2006; 7(4): 301–308.

26. Aggarwal A, Freund K, Sato A et al. Are depressive symptoms associated with
cancer screening and cancer stage at diagnosis among postmenopausal women?
The Women’s Health Initiative observational cohort. J Womens Health (Larchmt)
2008; 17(8): 1353–1361.

27. Chang CK, Hayes RD, Perera G et al. Life expectancy at birth for people with
serious mental illness and other major disorders from a secondary mental health
care case register in London. PLoS ONE 2011; 6(5): e19590.

Annals of Oncology original article

doi:10.1093/annonc/mdt214 | 

 at K
ing's C

ollege L
ondon on June 29, 2013

http://annonc.oxfordjournals.org/
D

ow
nloaded from

 

http://annonc.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


