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Case report: Conversion therapy
to permit resection of initially
unresectable hepatocellular
carcinoma
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Most patients with hepatocellular carcinoma (HCC) are diagnosed when the

disease is already at an advanced stage, so they are not eligible for resection and

their prognosis is poor. The combination of transarterial chemoembolization

(TACE) with immune checkpoint inhibitors or tyrosine kinase inhibitors can

improve unresectable HCC to the point that patients can be treated with

surgery. Here we describe two cases of such “conversion therapy”. One

patient was a 52-year-old man in Child-Pugh class A with treatment-naive

HCC whose 11.3-cm tumor had invaded the middle hepatic vein and right

branch of the portal vein. He was treated with TACE plus camrelizumab, and

radical resection was performed 3 months later. No evidence of recurrence was

observed during 5-month follow-up. The other patient was a 42-year-oldman in

Child-Pugh class A with HCC involving a 11.4-cm tumor and severe liver

cirrhosis. The patient was treated with TACE and lenvatinib, but the embolic

effect after one month was unsatisfactory, so the regional treatment was

changed to hepatic artery infusion chemotherapy and transcatheter arterial

embolization. Radical resection was performed 2 months later, and no

recurrence was evident at 1-month follow-up. These cases demonstrate two

conversion therapies that may allow patients with initially unresectable HCC to

benefit from resection.
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Introduction

Globally, hepatocellular carcinoma (HCC) is the sixth most

common malignancy and the third leading cause of cancer-

related death (1). Surgery and liver transplantation are still the

best radical treatments for HCC patients, which can provide

good long-term survival. Unfortunately, about 70% of HCC

patients are diagnosed at an advanced stage of the disease and

are therefore ineligible for surgery (2). Recently, so-called

“conversion therapies” have been described that can improve

unresectable HCC enough that the patient can undergo

resection, leading to much better prognosis (3, 4).

Several types of conversion therapy have been described,

most often involving transarterial chemoembolization (TACE)

(3). Immune checkpoint inhibitor (ICIs) and tyrosine kinase

inhibitors (TKIs) have also proven promising for treating

advanced HCC, alone and together (5, 6). Conversion

therapies remain in the exploratory stage and there are no

consensus standards.

Here we describe two patients with unresectable HCC in

whom different types of conversion therapy proved effective at

downgrading the cancer enough that the patients could be

treated with resection, leading to recurrence-free survival.
Case reports

Case 1

A 52-year-old male patient was admitted to our hospital on

May 22, 2021 due to pain in the right upper abdomen. He had

been diagnosed with chronic infection with hepatitis B virus

more than 20 years before, and he had a 10-year history of

hypertension. Laboratory analysis revealed that the alpha-

fetoprotein (AFP) level was 3.72 ng/ml, and the albumin level

was 30.4 g/L (Supplemental Table 1). Dynamic enhanced

computed tomography revealed multiple low-density shadows

in the right lobe of the liver that were fused with one another

(11.3 x 12.0 x 11.9 cm). Tumor invasion of the middle hepatic

vein and right branch of the portal vein were observed, together

with retroperitoneal lymph node metastasis (Figures 1A, B). The

patient was assigned an Eastern Cooperative Oncology Group

Performance Status (ECOG-PS) of 0, BCLC-C stage, Child-Pugh

class of A and modified albumin-bilirubin (mALBI) stage of 2b.

The pa t i en t wa s in i t i a l l y g i v en t r an s a r t e r i a l

chemoembolization (TACE) involving 6 g eluting beads of

pirarubicin (50 mg) as well as the PD-1 inhibitor

camrelizumab (200 mg) once every 3 weeks for a total of nine

weeks. The patient did not experience obvious adverse reactions,

except mild fever during the night following TACE. On August

21, 2021, dynamic computed tomography showed no significant

change in the size of multiple lesions in the liver, but extensive

necrosis of lesions was observed, without obvious enhancement
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(Figures 1C, D). AFP at this time was 2.06 ng/ml, still within the

normal range. Given the apparent success of the conversion

therapy, the patient was treated by open right hemihepatectomy

and cholecystectomy on August 27, 2021. Postoperative

pathology showed coagulative necrosis of all hepatic tumors,

hyperplasia of surrounding fibrous tissue, lymphocyte

infiltration, and no residual cancer cells (Figures 1E, F).

After surgery, the patient continued to receive camrelizumab

once every 3 weeks for a total of 15 weeks. During follow-up

until July 10, 2022, no tumor recurrence was detected based on

computed tomography or AFP.
Case 2

A 42-year-old male patient was admitted to our hospital on

August 27, 2021 after dynamic computed tomography revealed a

lump in the right lobe of the liver and AFP was found to be

elevated. For more than 30 years, the patient had had cirrhosis

associated with hepatitis B virus infection. AFP on admission

was 992.8 ng/ml, and albumin was 31.5 g/L (Supplementary

Table). Dynamic enhanced computed tomography revealed a

lesion (11.4 x 8.9 x 10.0 cm) on the inferior segment of the right

anterior lobe without macrovascular invasion or extrahepatic

metastases, but with liver cirrhosis and splenomegaly with

collateral circulation (Figures 2A, B). The patient was assigned

an ECOG-PS score of 0, BCLC-A stage, Child-Pugh class of A

and mALBI stage of 2b.

Given the patient’s large tumor, cirrhosis and < 45% residual

liver volume, he was not considered eligible for surgery. After the

absence of contraindications was confirmed, the patient was

given superselective TACE involving raltitrexed (4 mg) and

oxaliplatin (100 mg) as an emulsion in 40% iodized poppy oil

(10 ml), as well as the tyrosine kinase inhibitor lenvatinib (8 mg,

once daily). The patient experienced no obvious adverse

reactions during treatment, except mild fever. One month

later, dynamic computed tomography revealed that the lesion

had shrunk slightly (9.9 x 7.4 cm), about half the lipiodol in the

lesion had washed away, and the area without lipiodol

deposition still showed partial enhancement. AFP at this time

was 140.33 ng/ml. This suggested inadequate embolization by

TACE, so the patient was switched to hepatic arterial infusion

chemotherapy (HAIC) plus transcatheter arterial embolization.

After 3 days of HAIC involving calcium leucovorin (600 mg),

fluorouracil (4.0 mg) and oxaliplatin (200 mg), the patient

underwent transcatheter arterial embolization. During

treatment, the patient experienced no serious adverse events,

except for mild fever. The patient was discharged and given

lenvatinib therapy for 2 months.

On December 1, 2021, dynamic enhanced magnetic

resonance imaging showed that the tumor had shrunk

substantially (9.5 x 7.9 x 8.7 cm), the original lesion showed

extensive necrosis, and some active lesions were situated around
frontiersin.org
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the original one (Figures 2C-F). AFP was 70.06 ng/ml at this

time. The apparent success of the conversion therapy and the

patient’s strong desire for surgery led to open right liver tumor

radical resection and cholecystectomy on December 10, 2021.

Histopathology showed coagulative necrosis, a few surviving

cancer cells around the tumor, and some degenerated cancer

cells. The lesion area also showed substantial fibrous hyperplasia

with lymphocyte infiltration (Figure 3). No tumor recurrence

was detected during follow-up through July 5, 2022, based on

computed tomography and AFP (Supplemental Figure S1).
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Discussion

The two cases in this report demonstrate that local regional

therapy plus TKIs or ICIs can improve initially unresectable

HCC enough that patients can undergo resection and have better

prognosis (Figure 4).

First-line treatment of unresectable HCC is usually TACE

and atezolizumab-bevacizumab or durvalumab-tremelimumab.

If the above treatment fails, other options include regorafenib,

cabozantinib, and remolumab (7). On their own, TKIs or ICIs
FIGURE 1

Computed tomography of Case 1. (A, B) Scans at admission showed a large, space-occupying lesion in the right liver, obvious inhomogeneous
enhancement in the arterial phase, relatively low density in the portal phase, and a large area of non-enhancement in the tumor. (C, D) Scans
after conversion therapy and before resection showed extensive necrosis in the primary lesion, with no residual activity in the arteriovenous
phase. Sections of hepatocellular carcinoma tumor from Case 1 after conversion therapy and resection. (E, F) Visible are necrotic lesions
(downward arrows), hyperplasia of surrounding fibrous tissue and lymphocyte infiltration (rightward arrow) and hemosiderin deposition (leftward
arrow). Magnification, 40x.
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are associated with objective response rates only around 20% (5),

while combining immune drugs with targeted drugs can

improve objective response (4, 6, 8). For example, lenvatinib

combined with pembrolizumab in one trial led to median

progression-free survival (mPFS) of 9.3 months and median

overall survival (mOS) of 22 months in patients with

unresectable HCC (9). In addition, ORIENT-32 study found

that sintilimab plus bevacizumab showed a significant mPFS and

mOS benefit versus sorafenib for patients with unresectable,

HBV-associated HCC (10). Similarly, this study chose the
Frontiers in Oncology 04
combined treatment of local regional therapy plus

immunotherapy, all the patients achieved tumor downstaging

and the opportunity of surgical resection, and theoretically they

could get longer OS. This combination regimen may provide a

novel treatment option for unresectable HCC patients.

Pembrolizumab showed a high objective response rate in

clinical trials and therefore was the first PD-1 inhibitor to be

approved for clinical use (11). Its high cost in mainland China

led our Case 1 to opt for the locally produced PD-1 inhibitor

camrelizumab, which has shown similar efficacy to
FIGURE 2

Computed tomography and magnetic resonance imaging of Case 2. (A, B) Tomography scans at admission showed a large, space-occupying
lesion in the right liver, obvious inhomogeneous enhancement in the arterial phase (A) and relatively low density in the portal phase (B). (C–F)
T1-weighted magnetic resonance imaging after conversion therapy and before resection showed extensive tumor necrosis, but there was still a
small active area around the tumor showing high signal intensity in the early arterial phase (C) and low signal intensity in the late arterial phase
(D), portal vein phase (E) and hepatobiliary phase (F).
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pembrolizumab (12). In that patient’s conversion therapy,

TACE presumably killed tumor cells by embolizing the tumor

and causing cytotoxicity because of the chemotherapeutics,

while camrelizumab restored endogenous anti-tumor T cell
Frontiers in Oncology 05
responses and induced tumor cell apoptosis (13). In this way,

TACE and camrelizumab exerted synergistic anti-tumor effects.

HAIC can continuously infuse high concentrations of

cytotoxic drugs into tumor-associated arteries, leading to
FIGURE 3

Histopathology of tumor tissue in Case 2 after conversion therapy and resection. (A) Viable cancer cells were observed (inside the red box), as
well as necrotic cells (outside the red box). (B) The primary lesion showed massive necrosis with lymphocyte infiltration, and scattered tumor
cell nests surviving around the lesion (red box). Magnification, 40x. (C) Higher-magnification image of the red box in panel (B) shows some
degenerated tumor cells and some giant tumor cells. Magnification, 100x.
FIGURE 4

The treatment timeline of the two patients (top: case 1; below: case 2).
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strong anti-tumor effects without significantly damaging the

liver. Trials have reported that HAIC involving fluorouracil,

calcium folinate and oxaliplatin led to median progression-free

survival of 7.8 months and median overall survival of 13.9

months, much better than the corresponding survival times of

4.3 and 8.2 months for sorafinib (14, 15). In fact, the Chinese

Society of Clinical Oncology recommends this HAIC regime for

advanced HCC. We selected a conversion regime for Case 2

involving TACE, lenvatinib and HAIC. We attribute the efficacy

of this approach to several effects: (1) TACE and HAIC

induce tumor ischemia and necrosis, leading to direct anti-

tumor effects; (2) the small-molecule kinase inhibitor

lenvatinib prevents this ischemia and hypoxia from

upregulating vascular endothelial growth factor, fibroblast

growth factor and platelet-derived growth factor, in turn

inhibiting angiogenesis and thereby leading to direct as well as

indirect anti-tumor effects; and (3) lenvatinib may normalize

tumor vessels, facilitating the distribution and delivery of

anticancer drugs such as pirarubicin. However, at present,

both TACE and HAIC are local regional therapy schemes for

HCC, and there are no official guidelines to determine which

treatment is the best local treatment. Therefore, we are carrying

out relevant clinical research to explore which treatment is the

best treatment.

Some studies have shown that for cirrhotic patients with HCC,

laparoscopic liver resection (LLR) is superior to open liver resection

in perioperative safety and postoperative recovery time, and there is

no significant difference in OS (16, 17). In addition, LLR can reduce

postoperative abdominal adhesion and provide opportunities for

reoperation or salvage liver transplantation after tumor recurrence,

further prolonging OS (18). However, the tumor of the two patients

in this study was large (>10cm) and located in an unfavorable

resection position (right anterior segment), the LLR was difficult

and had no advantage in reducing the incidence of postoperative

complications, so the two patients finally chose open liver resection.

According to the XXL trial, if the HCC patients beyond the

Milan criteria achieve partial or complete response after tumor

downstaging, the prognosis of liver transplantation is better than

that of continuous systemic therapy (19). In addition, for

cirrhotic patients with HCC, liver transplantation can

completely cure liver cirrhosis, so the prognosis of liver

transplantation is better than that of liver resection.

Considering the advantages of liver transplantation over liver

resection or systemic treatment, it may be better for patients in

this study to choose liver transplantation after liver tumor

recurrence, especially for cirrhotic patients with HCC.

How best to evaluate the efficacy of conversion therapy is

unclear. The imaging-based evaluation criteria RECIST and

mRECIST are commonly used to examine treatment response

in HCC. Unlike RECIST, mRECIST focuses on blood supply to

the tumor rather than tumor size. We applied mRECIST criteria

to both patients in our study, and we found the postoperative
Frontiers in Oncology 06
assessment to be partial or complete response, consistent with

other laboratory and histopathological indicators that we

examined. Our results suggest that mRECIST may be accurate

and effective for evaluating the efficacy of conversion therapy,

which should be explored in further clinical studies.

In Case 2, AFP decreased substantially during treatment,

suggesting that the level may be useful for evaluating the

efficacy of conversion therapy. If AFP does not change during

conversion therapy, applying other targeted therapy or

immunotherapy may be beneficial. Resected surgical specimens

from both our patients showed lymphocyte infiltration. It would

be interesting to examine whether this observation is associated

with the good prognosis that we observed for both patients after

conversion therapy.

Conclusions

These two cases indicate that for patients with normal liver

function, combining local regional therapy of TACE or/and

HAIC with ICIs or TKIs may be a tolerable and effective way

to render initially unresectable HCC amenable to surgery – even

radical surgery – that may improve long-term survival. Our

clinical experience should be explored in cohort studies.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further

inquiries can be directed to the corresponding author/s.

Ethics statement

Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.

Author contributions

J-HZ performed the research. KC and J-HZ designed the

study and wrote the paper. All authors approved the final version

of the manuscript.

Funding

This work was supported by the Specific Research Project of

Guangxi for Research Bases and Talents (GuiKe AD22035057),

the National Natural Science Foundation of China (82060510

and 82260569), the Guangxi Undergraduate Training Program

for Innovation and Entrepreneurship (X202210598347), and the

Key Laboratory of Early Prevention and Treatment for Regional

High Frequency Tumor (Gaungxi Medical University), Ministry

of Education (GKE-ZZ202217).
frontiersin.org

https://doi.org/10.3389/fonc.2022.946693
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chen et al. 10.3389/fonc.2022.946693
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher's note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
Frontiers in Oncology 07
reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fonc.2022.946693/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Alpha-fetoprotein levels in Case 2 at different stages of treatment. HAIC,

hepatic arterial infusion chemotherapy.
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Criado Á, et al. BCLC strategy for prognosis prediction and treatment
recommendation: The 2022 update. J Hepatol (2022) 76(3):681–93. doi: 10.1016/
j.jhep.2021.11.018

8. Deng ZJ, Li L, Teng YX, Zhang YQ, Zhang YX, Liu HT, et al. Treatments of
hepatocellular carcinoma with portal vein tumor thrombus: Current status and
controversy. J Clin Transl Hepatol (2022) 10(1):147–58. doi: 10.14218/
jcth.2021.00179

9. Finn RS, Ikeda M, Zhu AX, Sung MW, Baron AD, Kudo M, et al. Phase ib
study of lenvatinib plus pembrolizumab in patients with unresectable
hepatocellular carcinoma. J Clin Oncol (2020) 38(26):2960–70. doi: 10.1200/
jco.20.00808
10. Ren Z, Xu J, Bai Y, Xu A, Cang S, Du C, et al. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma
(ORIENT-32): a randomised, open-label, phase 2-3 study. Lancet Oncol (2021)
22(7):977–90. doi: 10.1016/s1470-2045(21)00252-7

11. Liu HT, Jiang MJ, Deng ZJ, Li L, Huang JL, Liu ZX, et al. Immune
checkpoint inhibitors in hepatocellular carcinoma: Current progresses and
challenges. Front Oncol (2021) 11:737497. doi: 10.3389/fonc.2021.737497

12. Qin S, Ren Z, Meng Z, Chen Z, Chai X, Xiong J, et al. Camrelizumab in
patients with previously treated advanced hepatocellular carcinoma: A multicentre,
open-label, parallel-group, randomised, phase 2 trial. Lancet Oncol (2020) 21
(4):571–80. doi: 10.1016/s1470-2045(20)30011-5

13. Markham A, Keam SJ. Camrelizumab: First global approval. Drugs (2019)
79(12):1355–61. doi: 10.1007/s40265-019-01167-0

14. Lyu N, Lin Y, Kong Y, Zhang Z, Liu L, Zheng L, et al. FOXAI: A phase II trial
evaluating the efficacy and safety of hepatic arterial infusion of oxaliplatin plus
fluorouracil/leucovorin for advanced hepatocellular carcinoma. Gut (2018) 67
(2):395–6. doi: 10.1136/gutjnl-2017-314138

15. Lyu N, Wang X, Li JB, Lai JF, Chen QF, Li SL, et al. Arterial chemotherapy of
oxaliplatin plus fluorouracil versus sorafenib in advanced hepatocellular carcinoma:
A biomolecular exploratory, randomized, phase III trial (FOHAIC-1). J Clin Oncol
(2022) 40(5):468–80. doi: 10.1200/jco.21.01963

16. Benedetti Cacciaguerra A, Görgec B, Lanari J, Cipriani F, Russolillo N,
Mocchegiani F, et al. . doi: 10.1002/jhbp.1087

17. Levi Sandri GB, Colasanti M, Aldrighetti L, Guglielmi A, Cillo U,
Mazzaferro V, et al. Is minimally invasive liver surgery a reasonable option in
recurrent HCC? A snapshot from the I go MILS registry. Updat Surg (2022) 74
(1):87–96. doi: 10.1007/s13304-021-01161-w

18. Levi Sandri GB, Lai Q, Ravaioli M, Di Sandro S, Balzano E, Pagano D, et al.
The role of salvage transplantation in patients initially treated with open versus
minimally invasive liver surgery: An intention-to-Treat analysis. Liver Transpl
(2020) 26(7):878–87. doi: 10.1002/lt.25768

19. Mazzaferro V, Citterio D, Bhoori S, Bongini M, Miceli R, De Carlis L, et al.
Liver transplantation in hepatocellular carcinoma after tumour downstaging
(XXL): A randomised, controlled, phase 2b/3 trial. Lancet Oncol (2020) 21
(7):947–56. doi: 10.1016/s1470-2045(20)30224-2
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.946693/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.946693/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.18632/oncotarget.15433
https://doi.org/10.18632/oncotarget.15433
https://doi.org/10.3748/wjg.v27.i47.8069
https://doi.org/10.1159/000514313
https://doi.org/10.1007/s00262-021-03060-w
https://doi.org/10.14744/ejmo.2022.25618
https://doi.org/10.14744/ejmo.2022.25618
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.14218/jcth.2021.00179
https://doi.org/10.14218/jcth.2021.00179
https://doi.org/10.1200/jco.20.00808
https://doi.org/10.1200/jco.20.00808
https://doi.org/10.1016/s1470-2045(21)00252-7
https://doi.org/10.3389/fonc.2021.737497
https://doi.org/10.1016/s1470-2045(20)30011-5
https://doi.org/10.1007/s40265-019-01167-0
https://doi.org/10.1136/gutjnl-2017-314138
https://doi.org/10.1200/jco.21.01963
https://doi.org/10.1002/jhbp.1087
https://doi.org/10.1007/s13304-021-01161-w
https://doi.org/10.1002/lt.25768
https://doi.org/10.1016/s1470-2045(20)30224-2
https://doi.org/10.3389/fonc.2022.946693
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Conversion therapy to permit resection of initially unresectable hepatocellular carcinoma
	Introduction
	Case reports
	Case 1
	Case 2

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	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


