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Anti-CD19 chimeric antigen
receptor T-cell followed by
interferon−a therapy induces
durable complete remission in
donor cell-derived acute
lymphoblastic leukemia:
A case report

Jing Ni1,2†, Junjie Zhou1†, Zhangbiao Long1, Xin Chen1,
Xiaowen Chen1, Jian Hong1, Xinglin Liang1, Qingsheng Li1,
Ruixiang Xia1 and Jian Ge1*

1Department of Hematology, The First Affiliated Hospital of Anhui Medical University,
Hefei, Anhui, China, 2Department of Hematology, Xuanwu Hospital, Capital Medical University,
Beijing, China
Donor cell-derived leukemia (DCL) is a special type of relapse after allogeneic

hematopoietic stem cell transplantation (allo-HSCT). Patients with DCL

generally have a poor prognosis due to resistance to conventional

chemotherapy. Here, we report a case of donor cell-derived acute

lymphoblastic leukemia after umbilical cord blood transplantation. The

patient didn’t respond to induction chemotherapy. She then received anti-

CD19 CAR-T cell therapy and achieved MRD-negative complete remission

(CR). However, MRD levels rose from negative to 0.05% at 5 months after CAR-

T cell therapy. Higher MRD levels were significantly associated with an

increased risk of leukemia recurrence. Afterward, preemptive interferon-a
treatment was administrated to prevent disease recurrence. To date, the

patient has maintained MRD-negative CR for 41 months. Our results

suggested that anti-CD19 CAR-T cells followed by interferon-a therapy are

effective in treating donor cell-derived acute lymphoblastic leukemia. This

report provides a novel strategy for the treatment of DCL.
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Introduction

Leukemia relapse remains one of the most common causes

of posttransplant mortality (1). The relapse clone is usually host-

derived. Rarely, acute leukemia can also develop de novo in

donor-derived cells, which is known as donor cell-derived

leukemia (DCL). Since the first case of DCL was published in

1971, reports of DCL have accelerated in recent years (2, 3).

Available data suggested that DCL accounts for approximately

5% of posttransplant relapses (4). The prognosis of DCL was

poor, with a median survival time of 6 months after diagnosis

(5). A second allogeneic hematopoietic stem cell transplantation

(allo-HSCT) after successful re-induction remission seems to be

an effective means for achieving long-term survival. However,

most DCL patients are resistant to chemotherapy and fail to

achieve remission again. Furthermore, a second allo-HSCT is

also difficult to implement due to the patient’s poor physical

function, lack of suitable donors, etc.

CD19-targeted chimeric antigen receptor T-cell (CAR-T

cell) therapy is a promising treatment for relapsed/refractory

B-cell acute lymphoblastic leukemia (r/r B-ALL) with a high

complete remission (CR) rate of 70–90% (6, 7). Nevertheless, the

long-term efficacy of CAR-T cell therapy remains unsatisfactory

due to the high recurrence rate, with a median event-free

survival of only 6.1 months (8). There is a growing need for

new strategies to prevent relapse and maintain sustained

remission after CAR-T cell therapy.

Interferon-a is a biological agent with anti-leukemic effects

(9, 10). Previous studies have demonstrated that interferon-a
reduces the relapse of leukemia and improves long-term survival

after chemotherapy and allo-HSCT (11, 12). However, whether

the use of interferon-a following CAR-T cell therapy can reduce

relapse has not been reported in clinical settings. In this paper,

we for the first time present a successful case of treating donor

cell-derived B-ALL with anti-CD19 CAR-T cell therapy followed

by interferon-a. The patient achieved minimal residual disease

(MRD) -negative CR after CAR-T cell therapy. However, MRD

rose 5 months after CAR-T cell therapy. Subsequent treatment

with interferon-a allowed the patient to regain undetectable

MRD. To date, the patient has remained CR for 41 months after

CAR-T cells followed by interferon-a therapy.
Case description

An 18-year-old female was admitted to the hospital with

abdominal pain on January 31, 2016. Routine blood test revealed

white blood cell count of 102.52×109/L, hemoglobin levels of 6.9

g/dL, and platelet count of 57×109/L. Bone marrow smear and

flow cytometry identified 90% of blast cells expressing CD34,

HLA-DR, CD19, CD10, and CD22. Cytogenetic analysis showed

a normal 46, XX karyotype. RT-PCR analysis did not detect any

gene rearrangements, such as ETV6, KMT2A, ABL1, ABL2,
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JAK2, IKZF1, CRLF2, PDGFRB, TCF3, ZNF384, and CSFF1R.

Therefore, the patient was diagnosed with B-ALL (common-B,

poor-risk group). On February 9, she received induction

chemotherapy with VIP regimen (vincristine, idarubicin, and

dexamethasone) and successfully achieved CR. Next,

consolidation chemotherapy including VILP (VIP+

asparaginase) and hyper-CVAD regimen was performed. The

patient refused allo-HSCT at the time of the first CR. In

November 2016, bone marrow examination showed 41%

lymphoblastic cells, indicating leukemia relapse. After re-

induction therapy with VILP regimen, the patient attained her

second CR. She subsequently underwent an umbilical cord blood

transplantation (UCBT) in May 2017. Allografts were from a 4/6

HLA-matched unrelated umbilical cord blood according to low-

resolution. The doses of total nucleated cells and CD34+ cells

infused were 3.9×107/kg and 3.0×105/kg, respectively. The

conditioning regimen included intravenous busulfan at 3.2

mg/kg/d for 4 days, cyclophosphamide at 60 mg/kg daily for 2

days, and fludarabine at 30 mg/m2 daily for 4 days. Cyclosporine

and mycophenolate mofetil were used for GVHD prophylaxis.

Neutrophil and platelet engraftment was observed on day 22 and

day 37 after umbilical cord blood infusion, respectively. The

patient maintained CR for 19 months with complete donor

chimerism and without graft-versus-host disease. However, in

January 2019, 21% of lymphoblasts were detected in the bone

marrow by morphological analysis and flow cytometry

(Figure 1). The patient relapsed again after UCBT.

Intriguingly, chimerism testing using short tandem repeats still

showed complete donor chimerism at this time point. This was

termed “donor cell-derived leukemia”(DCL). Chemotherapy

with VIP regimen failed to induce remission (32%

lymphoblasts in bone marrow). The patient had no

opportunity for second transplantation due to lack of available

donors. CAR-T cell therapy was recommended for the patient.

She was enrolled in our clinical trial of anti-CD19 CAR-T cell

therapy (ChiCTR1800016315). After informed consent,

peripheral blood lymphocytes were collected from the patient

to prepare anti-CD19 CAR-T cells, which were engineered by

Gracell Biotechnologies of Shanghai, China. The patient received

lymphodepletion pretreatment with FC regimen (fludarabine 30

mg/m2 daily for 3 days, cyclophosphamide 300 mg/m2 daily for

3 days) from March 13, 2019 to March 15, 2019. After the

lymphodepletion pretreatment, anti-CD19 CAR-T cells were

infused at a total dose of 2.0×106/kg for 3 consecutive days

(0.2×106/kg at day 0, 0.6×106/kg at day 1, 1.2×106/kg at day 2).

Body temperature, cytokine levels, and c-reactive protein (CRP)

were monitored (Figures 2A, B). The patient developed a fever

with a maximum body temperature of 38°C on day 6. The

temperature rose to 39°C and the blood pressure dropped to 83/

58 mmHg on day 7. According to the standard of the American

Society for Transplantation and Cellular Therapy (ASTCT), the

patient was diagnosed with grade 2 cytokine release syndrome

(CRS) (13). Non-steroidal anti-inflammatory drugs (NSAIDs)
frontiersin.org
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and tocilizumab (8 mg/kg) were used for CRS. Afterward, the

temperature dropped gradually and returned to normal after a

week. The highest serum level of interleukin 6 (IL-6) was 363 pg/

mL on day 7. The copy number of anti-CD19 CAR in peripheral

blood reached its peak on day 10, which was 1.08×105 copies/

mg.DNA (Figure 2C). On April 4, 2019 (day 17), the bone

marrow smear found no lymphoblast, and FCM revealed

MRD negative (MRD<0.01% by 8-color flow cytometry). On

day 118 after CAR-T cells infusion, the copy number of CAR

was not detected. The patient remained in MRD-negative status

for 5 months. On August 20, 2019, flow cytometry examination

showed MRD levels of 0.05% for 2 consecutive bone marrow

samples within a 1-month interval. The immunophenotype of

MRD was CD34+CD10+CD19+CD22+ CD58dim CD20-

CD123-. Given the increased MRD levels, the patient was

given 3 million IU of interferon-a-2b, three times a week. She
Frontiers in Oncology 03
achieved MRD negative again after 42 days of interferon-alpha

treatment. Interferon-a-2b was used for 2 years. Notably,

analysis of immune cell subsets from peripheral blood showed

a significant increase in the proportion of CD16+ CD56+ NK

cells. To date, the patient has maintained CR for 41 months after

CAR-T cells followed by interferon-a therapy. No adverse

reactions were observed during interferon-a treatment. The

patient is still under follow-up now. The main clinical process

of the patient is summarized in Figure 3.
Discussion

Here, we reported a case of donor cell-derived B-ALL treated

with anti-CD19 CAR-T cells followed by interferon-a treatment.

The patient developed DCL 20 months after UCBT. Leukemia
A B C

FIGURE 2

Clinical evolutions after CAR-T cells infusion. (A) Measures of body temperature after CAR-T cells infusion, the plot showed the maximum
temperature was 39°C on day 7. (B) Levels of cytokines IL-6 and CRP were monitored at the indicated time points after CAR-T cells infusion. IL-
6 and CRP peaked on day 7. (C) The vector copy number of anti-CD19 CAR in peripheral blood was detected by PCR. The highest anti-CD19
CAR DNA copy number was 108,140 copies/µg DNA on day 10. IL-6, interleukin-6; CRP, C reactive protein; PCR, polymerase chain reaction.
FIGURE 1

Immunophenotypic analysis by flow cytometry revealed a common B-cell acute lymphoblastic leukemia. There were 21% lymphoblasts
expressing CD19+ in the bone marrow at the time of post-transplant recurrence, represented in red.
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cells were resistant to chemotherapy at this time. She then

received anti-CD19 CAR-T cell therapy and achieved MRD-

negative CR. However, after 5 months of CAR-T cell therapy,

MRD levels rose to 0.05%. Based on the sensitivity of EuroFlow

8-color flow cytometry, MRD ≥0.01% was defined as MRD

positive (14). The rising MRD levels indicated an increased

rate of leukemia recurrence (15). Fortunately, the patient

regained MRD-undetectable after interferon-a treatment. To

date, the patient has remained in CR for 41 months. Our case

suggested that CAR-T cell therapy followed by interferon-a had

excellent clinical efficacy in DCL. To the best of our knowledge,

this is the first successful clinical case of DCL treated with CAR-

T cell therapy followed by interferon-a.
DCL is a rare and serious complication after allo-HSCT.

UCBT was a risk factor for DCL compared to bone marrow

transplantation. DCL following UCBT tends to be resistant to

chemotherapy and the prognosis is very poor (5). The median

interval between the occurrence of DCL following CBT was 14.5

months (16). Consistent with the characteristics reported in

previous studies, the patient in our case developed DCL 20

months after CBT and was resistant to chemotherapy.

Mechanistically, impaired immune surveillance by reduced

functional T-lymphocytes in the recipient microenvironment

was considered to promote the occurrence of DCL (16). Thus,

restoring donor T cell functions, such as adoptive T cell therapy

may be a promising approach for DCL therapy. Adoptive cell

therapy using CAR-T cells has demonstrated impressive

responses in treating r/r B-ALL. Thus, anti-CD19 CAR-T cell

therapy was used to treat donor cell-derived B-ALL in this case.

As expected, the patient achieved MRD-negative CR.

Despite the high remission rate, the long-term survival of B-

ALL patients after CAR-T cell therapy is still unsatisfactory.

Relapse remains a major challenge, especially for patients who

are MRD positive after CAR-T cell therapy. Park et al. found that

all 9 patients with MRD-positive CR after CAR-T cell therapy

experienced relapse, indicating a 100% relapse rate (8). Bridging

to allo-HSCT is considered an important means to reduce
Frontiers in Oncology 04
relapse after CAR-T cell therapy (17). However, a substantial

proportion of patients are not eligible for allo-HSCT due to lack

of suitable donors, patients’ poor physical function, and so on.

Here, MRD level of this patient was significantly elevated after 5

months after CAR-T cell therapy. A second allo-HSCT was not

feasible due to lack of suitable donors. Therefore, there is a

strong need to adopt novel therapeutic approaches to prevent

relapse in this patient.

Interferon-a is a cytokine that can directly inhibit the

proliferation of leukemia cells (11). More importantly, it has

an immunoregulatory function, which is a crucial mechanism

against leukemia. Interferon-a induces the activation and

maturation of DCs, enhances cytotoxic activities of natural

killer cells, and amplifies the proliferation and activation of T

lymphocytes (18). It also significantly increases human CD8+T

cells exhibiting a surface phenotype of T central memory cells,

which helps induce profound and sustained remission in

leukemia patients (19). Based on the immunomodulatory

effect, interferon-a promotes sustained remission by increasing

the number of memory T cells and NK cells in patients with

chronic myeloid leukemia (20). Interferon-a also promotes the

graft-versus-leukemia effect. Therefore, it is used as an adjuvant

or maintenance treatment after allo-HSCT to clear MRD and

reduce the recurrence of leukemia (12, 21). Of note, several

studies have reported synergistic effects between interferon-a
and cell therapy. For example, interferon-a was found to

increase the efficacy of donor lymphocyte infusion in

posttransplant patients (22). Interferon-a enhanced the killing

effects of CAR-T cells in vitro by increasing CAR-T cell

activation and cytokine production (23). However, the clinical

application of CAR-T cells combined with interferon-a
treatment has not been reported. In this report, we observed

that CAR-T cell followed by interferon-a therapy induced a

durable remission in this patient with DCL. The mechanism

underlying the efficacy of interferon-a in the case requires

exploration. We found that the copy numbers of CAR were

not detected when interferon-a was used, indicating that
FIGURE 3

Summary of clinical course. FC, fludarabine and cyclophosphamide regimen; CAR-T cell, chimeric antigen receptor T cell; MRD, minimal
residual disease; IFN- a, interferon-a.
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interferon-a did not work by enhancing CAR-T activity. The

patient remained in complete donor chimerism, suggesting that

interferon-a might induce a graft-versus-leukemia effect

through immunomodulation.

In conclusion, the present case suggested that anti-CD19

CAR-T cell followed by interferon-a treatment was effective in

donor cell-derived B-ALL. Based on the possible mechanism, we

envision that not only for patients with DCL, but also for all

leukemia patients who relapse after allo-HSCT, sequential

interferon-a therapy helps maintain durable remission if the

patient achieves complete remission and donor chimerism after

CAR-T cell therapy. Although the results of this report are

encouraging, more studies are required to evaluate the efficacy of

this treatment strategy.
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term follow-up of CD19 CAR therapy in acute lymphoblastic leukemia. N Engl J
Med (2018) 378(5):449–59. doi: 10.1056/NEJMoa1709919

9. Webster JA, Robinson TM, Blackford AL, Warlick E, Ferguson A, Borrello I,
et al. A randomized, phase II trial of adjuvant immunotherapy with durable TKI-
free survival in patients with chronic phase CML. Leuk Res (2021) 111:106737.
doi: 10.1016/j.leukres.2021.106737

10. Healy FM, Dahal LN, Jones JRE, Floisand Y, Woolley JF. Recent progress in
interferon therapy for myeloid malignancies. Front Oncol (2021) 11:769628.
doi: 10.3389/fonc.2021.769628

11. Jiang H, Liu XH, Kong J, Wang J, Jia JS, Lu SY, et al. Interferon-a as
maintenance therapy can significantly reduce relapse in patients with favorable-risk
frontiersin.org

https://doi.org/10.1038/leu.2011.351
https://doi.org/10.1016/s0140-6736(71)90998-6
https://doi.org/10.1016/s0140-6736(71)90998-6
https://doi.org/10.1038/s41375-018-0218-6
https://doi.org/10.1016/0145-2126(82)90067-4
https://doi.org/10.1038/bmt.2013.127
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1016/S0140-6736(14)61403-3
https://doi.org/10.1056/NEJMoa1709919
https://doi.org/10.1016/j.leukres.2021.106737
https://doi.org/10.3389/fonc.2021.769628
https://doi.org/10.3389/fonc.2022.1021786
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Ni et al. 10.3389/fonc.2022.1021786
acute myeloid leukemia. Leuk Lymphoma (2021) 62(12):2949–56. doi: 10.1080/
10428194.2021.1948027

12. Shen MZ, Zhang XH, Xu LP, Wang Y, Yan CH, Chen H, et al. Preemptive
interferon-a therapy could protect against relapse and improve survival of acute
myeloid leukemia patients after allogeneic hematopoietic stem cell transplantation:
Long-term results of two registry studies. Front Immunol (2022) 13:757002.
doi: 10.3389/fimmu.2022.757002

13. Lee DW, Santomasso BD, Locke FL, Ghobadi A, Turtle CJ, Brudno JN, et al.
ASTCT consensus grading for cytokine release syndrome and neurologic toxicity
associated with immune effector cells. Biol Blood Marrow Transplant (2019) 25
(4):625–38. doi: 10.1016/j.bbmt.2018.12.758

14. Weng XQ, Shen Y, Sheng Y, Chen B, Wang JH, Li J, et al. Prognostic
significance of monitoring leukemia-associated immunophenotypes by eight-color
flow cytometry in adult b-acute lymphoblastic leukemia. Blood Cancer J (2013) 3
(8):e133. doi: 10.1038/bcj.2013.31

15. Borowitz MJ, Wood BL, Devidas M, Loh ML, Raetz EA, Salzer WL, et al.
Prognostic significance of minimal residual disease in high risk b-ALL: A report
from children's oncology group study AALL0232. Blood (2015) 126(8):964–71. doi:
10.1182/blood-2015-03-633685

16. Kato M, Yamashita T, Suzuki R, Matsumoto K, Nishimori H, Takahashi S,
et al. Donor cell-derived hematological malignancy: A survey by the Japan society
for hematopoietic cell transplantation. Leukemia (2016) 30(8):1742–5.
doi: 10.1038/leu.2016.23

17. Jiang H, Li C, Yin P, Guo T, Liu L, Xia L, et al. Anti-CD19 chimeric antigen
receptor-modified T-cell therapy bridging to allogeneic hematopoietic stem cell
transplantation for relapsed/refractory b-cell acute lymphoblastic leukemia: An
Frontiers in Oncology 06
open-label pragmatic clinical trial. Am J Hematol (2019) 94(10):1113–22. doi:
10.1002/ajh.25582

18. Zitvogel L, Galluzzi L, Kepp O, Smyth MJ, Kroemer G. Type I interferons
in anticancer immunity. Nat Rev Immunol (2015) 15(7):405–14. doi: 10.1038/
nri3845

19. Ramos HJ, Davis AM, Cole AG, Schatzle JD, Forman J, Farrar JD.
Reciprocal responsiveness to interleukin-12 and interferon-alpha specifies
human CD8+ effector versus central memory T-cell fates. Blood (2009) 113
(22):5516–25. doi: 10.1182/blood-2008-11-188458

20. Ilander M, Kreutzman A, Rohon P, Melo T, Faber E, Porkka K, et al.
Enlarged memory T-cell pool and enhanced Th1-type responses in chronic
myeloid leukemia patients who have successfully discontinued IFN-a
monotherapy. PloS One (2014) 9(1):e87794. doi: 10.1371/journal.pone.0087794

21. Fan S, Shen MZ, Zhang XH, Xu LP, Wang Y, Yan CH, et al. Preemptive
immunotherapy for minimal residual disease in patients with t (8;21) acute myeloid
leukemia after allogeneic hematopoietic stem cell transplantation. Front Oncol
(2022) 11:773394. doi: 10.3389/fonc.2021.773394

22. Mo X, Zhang X, Xu L, Wang Y, Yan C, Chen H, et al. Interferon-a salvage
treatment is effective for patients with acute leukemia/myelodysplastic syndrome
with unsatisfactory response to minimal residual disease-directed donor
lymphocyte infusion after allogeneic hematopoietic stem cell transplantation.
Front Med (2019) 13(2):238–49. doi: 10.1007/s11684-017-0599-3

23. Young PA, Yamada RE, Trinh KR, Vasuthasawat A, De Oliveira S, Yamada
DH, et al. Activity of anti-CD19 chimeric antigen receptor T cells against b cell
lymphoma is enhanced by antibody-targeted interferon-alpha. J Interferon
Cytokine Res (2018) 38(6):239–54. doi: 10.1089/jir.2018.0030
frontiersin.org

https://doi.org/10.1080/10428194.2021.1948027
https://doi.org/10.1080/10428194.2021.1948027
https://doi.org/10.3389/fimmu.2022.757002
https://doi.org/10.1016/j.bbmt.2018.12.758
https://doi.org/10.1038/bcj.2013.31
https://doi.org/10.1182/blood-2015-03-633685
https://doi.org/10.1038/leu.2016.23
https://doi.org/10.1002/ajh.25582
https://doi.org/10.1038/nri3845
https://doi.org/10.1038/nri3845
https://doi.org/10.1182/blood-2008-11-188458
https://doi.org/10.1371/journal.pone.0087794
https://doi.org/10.3389/fonc.2021.773394
https://doi.org/10.1007/s11684-017-0599-3
https://doi.org/10.1089/jir.2018.0030
https://doi.org/10.3389/fonc.2022.1021786
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Anti-CD19 chimeric antigen receptor T-cell followed by interferon&minus;α therapy induces durable complete remission in donor cell-derived acute lymphoblastic leukemia: A case report
	Introduction
	Case description
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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


