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Case report: Triple whammy:
Synchronous radiotherapy
induced glioblastoma
multiforme and papillary thyroid
cancer following
nasopharyngeal carcinoma
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Secondary malignancies following radiotherapy are well documented, with an

estimated incidence of 5%. These may manifest as carcinomas, gliomas, or

sarcomas within the previous radiation field. Glioblastoma multiforme

following radiotherapy for nasopharyngeal carcinoma is an uncommon

occurrence and carries a poor prognosis, whereas papillary thyroid

carcinoma following radiotherapy is well documented, though the exact

incidence is not well documented. The occurrence of synchronous

radiotherapy-induced malignancy over both sites has not been described in

the literature before. We describe a middle-aged gentleman diagnosed with

glioblastoma multiforme and papillary thyroid carcinoma 6 years after

radiotherapy for nasopharyngeal carcinoma. Though our case is the first

reported case of a synchronous tumour of its nature, it is likely that such

cases are under-reported. Long-term vigilance for loco-regional radiotherapy-

induced secondary malignancies is a must, and the presence of a second

distinct secondary malignancy must be entertained.
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Introduction

The first case of radiation-induced papillary thyroid

carcinoma (PTC) was reported in 1950 by Duffy et al., and

glioblastoma multiforme (GBM) was reported in 1978 by

Kleriga et al. (1, 2) There is a reported incidence of 17%–

19% secondary tumours following successful treatment of

primary tumours; the incidence of secondary malignancies

following radiotherapy contributes 5% (3). Synchronous

tumours refer to cases in which the second primary cancer is

diagnosed within 6 months of primary cancer. When one looks

into the incidence of synchronous/metachronous primary

malignant gliomas and non-central nervous system primary

tumours, the overall incidence is 13.1%, of which 5.5% involve

the thyroid gland (4). In a publication by Hamzah et al., 9 out

of 1,547 patients with primary malignant glioma had cancers of

the thyroid gland. This allows us to deduce that the incidence

of synchronous/metachronous primary thyroid gland

malignancies in the presence of malignant gliomas is less

than 0.6%. A search of the literature did not reveal any

reports of synchronous radiotherapy-induced malignancy

(SRIM) involving malignant gliomas and non-central

nervous system tumours. As a matter of fact, there is a

paucity of data on SRIM in general. We discuss a case of

rapidly symptomatic radiation-induced GBM and papillary

thyroid carcinoma in a 42-year-old man who had completed

a course of radiation therapy for the head and neck region for

nasopharyngeal carcinoma 6 years prior.
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Case report

A 42-year-old man was diagnosed with nasopharyngeal

carcinoma (NPC) 6 years ago and underwent radiation

therapy. Subsequent annual clinical surveillance did not reveal

a recurrence of the tumour. His last annual computed

tomography (CT) of his brain was 3 years prior, and there was

no recurrence or new lesions. He presented 6 years later with an

unsteady gait and facial numbness for 2 weeks, as well as slurring

of his speech and vomiting. Examination revealed left facial palsy

upper motor neuron-type House–Brackmann grade III with

positive cerebellar signs on the left. The findings from

examinations of the other systems were essentially normal. CT

scan of the brain revealed an intra-axial lesion in the left

cerebellum with an incidental finding of a right thyroid nodule

(Figure 1). Magnetic resonance imaging (MRI) revealed a

lobulated lesion in the left middle cerebellar peduncle

extending into the pons (Figures 2A–C). The differential

diagnosis of radiation necrosis or a high-grade glioma

(radiation related given its location) was given. He was given

dexamethasone 2 mg twice a day.

Unfortunately, his clinical condition worsened, and he

progressed to develop gross left lower limb weakness and left

bulbar palsy. A follow-up MRI 2 months later revealed enlarging

left cerebellar/pons mass with central necrosis (Figures 2D–F).

An increase in relative cerebral blood volume (rCBV) was noted

on the rCBV colour map of MR perfusion of the enhancing

component, indicating neoangiogenesis. This was suggestive of a
FIGURE 1

Contrast-enhanced computed tomography of the brain (A) in axial plane and neck (B) in coronal plane. An enhancing lesion in the left middle
cerebellar peduncle is causing mass effect with mild effacement of the fourth ventricle (curved arrow). A right thyroid nodule is also seen
synchronously (star).
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high-grade tumour as opposed to radiation necrosis.

Ultrasound-guided, fine-needle aspiration cytology of the

enlarged thyroid gland confirmed the presence of papillary

thyroid carcinoma (Figure 3).

He became stuporous with a Glasgow Coma score of 11/15

(E2 V3 M6) a week after the follow-up MRI, with normal vital

signs. Upon discussion with and consent by his immediate kin,

he underwent left retrosigmoid suboccipital craniotomy and

debulking of the tumour. Intraoperatively, the tumour was

granular with areas of necrosis and thrombosis from the left

cerebellar peduncle extending into the superior aspect of the

pons. His immediate post-op CT showed a small haematoma at

the left cerebellopontine angle with no mass effect and

hydrocephalus (Figure 4). Histopathological examination

confirmed the presence of glioblastoma multiforme, World

Health Organization grade IV (Figure 5). Despite regaining

consciousness, he was subjected to palliative care, as his

Karnofsky score was less than 70, and he had already
Frontiers in Oncology 03
undergone focal radiotherapy at the same region. He

succumbed to illness 2 weeks later.
Discussion

The carcinogenic potential of ionizing radiation first came to

be described approximately 7 years after Wilhelm Roentgen

proved the presence of electromagnetic radiation of a specific

wavelength termed “X-ray” in 1895. This mutation results from

a broad spectrum of deoxyribonucleic acid (DNA) lesions

including damage to nucleotide bases, cross-linking, and DNA

single- and double-strand breaks (DSBs) (5). Misrepaired

clustered DSBs along with the inactivation of tumour

suppressor genes by loss of heterozygosity result in mutagenic

DNA lesions susceptible to the formation of SRIM (5).

This patient underwent conventional radiotherapy. As

opposed to intensity-modulated radiotherapy or image-guided
FIGURE 2

MRI* of the brain in axial T2W** (A, D), T1W*** post gadolinium (B, E), SWI**** (C), and rCBV***** colour map (F) at presentation (top row) and at 2
months (bottom row). The left middle cerebellar peduncle mass demonstrates a heterogeneous hyperintense signal on T2 with minimal peripheral
enhancement on T1 post-contrast. The hypointensity on SWI*** indicates presence of hemosiderin (arrow). The lesion significantly increases in size on
the follow-up MRI (C, D) causing significant mass effect; the enhancement is more heterogeneous with irregular rim enhancement and central necrosis.
Increase in rCBV at the enhancing region of the rCBV colour map indicates a high-grade tumour (block arrow). *Magnetic resonance imaging, **T2-
weighted, ***T2-weighted, ****susceptibility-weighted imaging, and *****relative cerebral blood volume.
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radiation therapy, increased radiation exposure to normal

adjacent tissue is to be expected. This in turn places the

patient at an increased risk of SRIM. Photon beam, used in

conventional radiotherapy, carries a higher risk of SRIM, as its

dose deposition is thought to be quasi-exponential as opposed to

proton beam, whose dose deposition ends sharply at the end of

its range (3).

Diagnosis of radiation-induced malignancies is based on

four established criteria, which were first mooted by Cahan et al.

in 1948 and subsequently modified by Schrantz and Araoz in

1972 (6, 7), the first of which is that the tumour has to be present

in a previously irradiated area. Additionally, the histology of the

previous tumour should be distinct from that of the current

tumour. The third criterion is that there has to be sufficient

latency between exposure to radiation and the onset of the new

malignancy, which is usually more than 5 years. The final

criterion is the absence of genetic predisposition for the
Frontiers in Oncology 04
development of cancer, such as seen in the Li–Fraumeni

syndrome or retinoblastoma.

In our patient, the previous tumour was NPC, whereas the

current diagnoses are PTC and GBM. If one is to take into

consideration the initial NPC, these are three different distinct

histological diagnoses and anatomical locations. The latency

between radiotherapy and diagnosis was 6 years with no

clinical evidence to suggest genetic predispositions. The

common factor here is the history of radiotherapy to the head

and neck for NPC, which exposes the thyroid gland and brain to

radiation. As all four criteria were fulfilled, we concluded that

both GBM and PTC were of SRIM.

Our patient presented with progressive neurological

symptoms; as such, it is only natural that the presence of a

neurological pathology is sought. Unfortunately, the diagnosis of

GBM was not made in the first instance, as a clear distinction

between radiation necrosis and GBMwith a necrotic core cannot
FIGURE 4

Immediate post-op plain computed tomography of the brain in axial (A, B) and coronal (C). Hyperdense hematoma (star) at the left
cerebellopontine angle is seen. The fourth ventricle is obliterated with resultant hydrocephalus.
FIGURE 3

Cytological features of papillary thyroid carcinoma. (A) Cellular smears with loose cohesive clusters of malignant cells (Pap*, ×100). (B) The
malignant cells display enlarged overlapping nuclei with irregular contours and fine powdery chromatin. Occasional intranuclear inclusions
(arrow) and grooves are observed (Pap, ×600). (c) Psammoma bodies are also noted (Pap, ×600). *Papanicolaou stain.
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be made with traditional MRI sequences. The typical

conventional MRI findings include an enhancing mass with

central necrosis and perilesional vasogenic oedema. The

enhancing mass has a margin that is ill-defined, often

described as a “spreading wavefront” or mass with central

necrosis, described as “soap bubble-like” or “Swiss cheese-

like” (8).

Advanced MRI techniques such as diffusion-weighted

imaging, magnetic resonance spectroscopy, perfusion-weighted

imaging, and positron emission tomography with various

radionuclides are being applied in this respect; however, their

efficacy and reliability still require further validation (9). MR

perfusion has parameters that may help to differentiate radiation

necrosis and tumour recurrence or high-grade tumour to some

extent, namely, the rCBV, where the latter will show high rCBV

and radiation necrosis demonstrates hypoperfusion (8).

This conundrum is further accentuated by the temporality of

the term “sufficient latency between radiation exposure”, and the

occurrence of SRIM is still not well defined. As for the diagnosis

of PTC, it was an incidental finding when we attempted to

restage the primary disease, which was NPC. If not for this
Frontiers in Oncology 05
indication, a CT scan of the neck would not have been

performed, and this diagnosis would have been missed.

The occurrence of intracranial SRIM is well-documented yet

poorly understood and unpredictable. The most common

tumours encountered are gliomas, of which approximately

58% are GBM (10). Treatment options for SRIM-associated

GBM are similar to those for de novo GBM. The median

survival is 10 months with the administrat ion of

temozolomide not making any significant difference; ironically,

multimodality treatment with the inclusion of radiotherapy

appears to increase survival to 18 months (10). Unfortunately,

our patient succumbed to his illness less than 2 months after the

initial presentation. This was likely due to the advanced

presentation of intracranial diseases, where the brainstem was

already invaded by the tumour. The surgery in this case was a

diagnostic and temporising lifesaving procedure in view of the

diagnostic dilemma and rapidly progressive symptoms.

Thyroid cancers following radiation exposure are well-

recognised and researched. However, this remains largely so in

the domain of radioactive fallouts or disasters and radiation

exposure in the paediatric age group, again pertaining to
FIGURE 5

Histopathological and immunohistochemistry features of glioblastoma. (A) Unremarkable cerebellar tissue (asterisk) with adjacent tumour tissue
(H&E*, ×40). (B) Composed of diffuse sheets of malignant cells exhibiting pleomorphic hyperchromatic nuclei with inconspicuous nucleoli and
moderate cytoplasm. Mitotic figures are frequently seen, including the atypical form (H&E, ×400). (C) Microvascular proliferation and
geographical necrosis (arrow) are also noted (H&E, ×100). Immunohistochemically, the malignant cells showed (D) diffuse GFAP** positivity
(GFAP, ×400). (E) Ki 67 proliferative index is high (Ki67, ×400), while (F) CK*** AE1/AE3 is negative (CK AE1/AE3, × 400). *Haematoxylin and
eosin stain, **glial fibrillary acidic protein, and ***cytokeratin stain.
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radioactive fallouts and diagnostic radiology. The occurrence of

SRIM in the thyroid following radiotherapy remains to be scarce

in recent literature. PTC continues to be the most common

thyroid malignancy following radiation. The unique observation

here is that among the survivors of the Chernobyl disaster, most

young children had a solid follicular PTC subtype with an

aggressive behaviour and a short latency period, whereas older

children had more frequently classical PTC that was less

aggressive and was discovered after a long latency period (11).

Those undergoing radiotherapies are predominantly adults, and

the primary malignancies are often aggressive resulting in

reduced survival; thus, the latency may not be reached in these

patients. This is coupled with the finding of less aggressive

behaviour of the PTC, which may result in a clinically silent

PTC as was in our patient. The management of SRIM PTC is

similar to that of de novo PTC with a similar outcome,

notwithstanding the course of the primary disease.
Conclusion

Our case is possibly the first report of synchronous SRIM that

highlights the importance of vigilance. Long-term follow-up for

patients with a previous history of radiation is important not only

with respect to the primary malignancy but also to be cautious of

SRIM. Should an SRIM be diagnosed, the previous radiotherapy

plan should be revisited, and the region(s) irradiated should be

screened for the possibility of synchronous SRIM.
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2. Klériga E, Sher JH, Nallainathan SK, Stein SC, Sacher M. Development of
cerebellar malignant astrocytoma at site of a medulloblastoma treated 11 years
earlier. case report. J Neurosurg (1978) 49:445–9. doi: 10.3171/jns.1978.49.3.0445

3. Dracham CB, Shankar A, Madan R. Radiation induced secondary malignancies: a
review article. Radiat Oncol J (2018) 36:85–94. doi: 10.3857/roj.2018.00290

4. HamzaMA, Kamiya-Matsuoka C, Liu D, Yuan Y, Puduvalli VK. Outcome of patients
with malignant glioma and synchronous or metachronous non-central nervous system
primary neoplasms. J Neurooncol (2016) 126:527–33. doi: 10.1007/s11060-015-1992-x

5. Little JB. Radiation carcinogenesis. Carcinogenesis (2000) 21:397–404. doi:
10.1093/carcin/21.3.397

6. Cahan WG, Woodard HQ, Higinbotham NL, Stewart FW, Coley BL.
Sarcoma arising in irradiated bone; report of 11 cases. Cancer (1948) 1:3–29. doi:
10.1002/1097-0142(194805)1:1<3::AID-CNCR2820010103>3.0.CO;2-7
7. Schrantz JL, Araoz CA. Radiation induced meningeal fibrosarcoma. Arch
Pathol (1972) 93:26–31.

8. Katsura M, Sato J, Akahane M, Furuta T, Mori H, Abe O. Recognizing
radiation-induced changes in the central nervous system: Where to look and
what to look for . Radiographics (2021) 41:224–48. doi : 10.1148/
rg.2021200064

9. Gao Y, Xiao X, Han B, Li G, Ning X, Wang D, et al. Deep learning
methodology for differentiating glioma recurrence from radiation necrosis using
multimodal magnetic resonance imaging: Algorithm development and validation.
JMIR Med Inform (2020) 8:e19805–5. doi: 10.2196/19805

10. Yamanaka R, Hayano A, Kanayama T. Radiation-induced gliomas: a
comprehensive review and meta-analysis. Neurosurgical Rev (2018) 41:719–31.
doi: 10.1007/s10143-016-0786-8

11. Iglesias ML, Schmidt A, Ghuzlan AA, Lacroix L, Vathaire F, Chevillard S,
et al. Radiation exposure and thyroid cancer: a review. Arch Endocrinol Metab
(2017) 61:180–7. doi: 10.1590/2359-3997000000257
frontiersin.org

https://doi.org/10.1002/1097-0142(1950)3:6%3C1018::AID-CNCR2820030611%3E3.0.CO;2-H
https://doi.org/10.1002/1097-0142(1950)3:6%3C1018::AID-CNCR2820030611%3E3.0.CO;2-H
https://doi.org/10.3171/jns.1978.49.3.0445
https://doi.org/10.3857/roj.2018.00290
https://doi.org/10.1007/s11060-015-1992-x
https://doi.org/10.1093/carcin/21.3.397
https://doi.org/10.1002/1097-0142(194805)1:1%3C3::AID-CNCR2820010103%3E3.0.CO;2-7
https://doi.org/10.1148/rg.2021200064
https://doi.org/10.1148/rg.2021200064
https://doi.org/10.2196/19805
https://doi.org/10.1007/s10143-016-0786-8
https://doi.org/10.1590/2359-3997000000257
https://doi.org/10.3389/fonc.2022.1012395
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Triple whammy: Synchronous radiotherapy induced glioblastoma multiforme and papillary thyroid cancer following nasopharyngeal carcinoma
	Introduction
	Case report
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


