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The prevention of chronic graft-versus-host disease (cGVHD) is important for recipients of
hematopoietic stem-cell transplantation (HSCT). As one of the etiologies, the relationship
between early T-cell recovery and subsequent cGVHD development has been the focus of
attention. Recently, letermovir (LTV) was approved for preventing cytomegalovirus (CMV)
reactivation in the early transplantation phase. Although CMV affects the immune
reconstitution after HSCT, the impacts of LTV to prevent CMV reactivation on early T-
cell recovery and cGVHD have not been fully investigated. We aimed to identify early T-cell
recovery under LTV at day 30 in 15 and 33 recipients from matched related donors
(MRDs) and haploidentical donors with post-transplant cyclophosphamide (PTCy-haplo),
respectively. Early increases in the levels of total lymphocytes and HLA-DR+ activated T-
cells at day 30 were observed under CMV prophylaxis by LTV only in PTCy-haplo
recipients and not in MRD recipients. Moreover, PTCy-haplo recipients with LTV
showed a significantly higher incidence of cGVHD, but not acute GVHD. Our
observations suggest that an early increase in the levels of HLA-DR+ activated T-cells
may be implicated in the development of cGVHD in patients treated with PTCy who
received LTV. Further studies are warranted to validate our results and elucidate the
detailed mechanisms of our new insights.

Keywords: letermovir, chronic graft-versus-host disease, cytomegalovirus, haploidentical stem-cell
transplantation, post-transplant cyclophosphamide, HLA-DR+ activated T-cell, lymphocyte recovery
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INTRODUCTION

Recently, it has been reported that in vivo T-cell depletion therapy
with antithymocyte globulin (ATG) or post-transplant
cyclophosphamide (PTCy) is associated with the suppression of
subsequent development of chronic graft-versus-host disease
(cGVHD), suggesting the importance of regulating the early T-cell
recovery after hematopoietic stem cell transplantation (HSCT) for the
long-term immune tolerance (1, 2). Although the kinetics of
lymphocyte recovery and its correlation with post-HSCT outcomes
are well-established in the setting of matched related donors (MRDs),
there are relatively few data obtained in the setting of haploidentical
donors and post-transplant cyclophosphamide use (PTCy-haplo) (3).
Cytomegalovirus (CMV) reactivation is an important cause of
morbidity and mortality after allogeneic HSCT, which has also
been reported to affect both early and long-term immune
reconstitution (4). Moreover, PTCy-haplo transplant recipients
show a high rate of CMV reactivation (about 70%) early after
transplantation (5–7). Therefore, theoretically, a new anti-CMV
prophylaxis agent letermovir (LTV) approved in 2018 in some
countries including Japan could be considered for a subset of
PTCy-haplo patients (8, 9). However, because LTV has been
approved only recently, there is still a paucity of literature on its
use for the prevention of lymphocyte recovery caused by CMV
reactivation in PTCy-haplo transplant recipients (10).

In this study, we aimed to examine the early HLA-DR+ activated
T-cell recovery in MRDs and PTCy-haplo transplant recipients
treated with LTV for CMV prophylaxis and determine the
association of lymphocyte recovery with cGVHD development.
All participants or their family members provided written
informed consent for inclusion in retrospective studies. This study
was conducted in accordance with the Declaration of Helsinki and
was approved by the ethical review board of the Kameda
Medical Center.
METHODS

We retrospectively analyzed 15 MRD and 33 PTCy-haplo
transplant recipients who received allogeneic HSCT as grafts of
peripheral blood (PB) at our center from January 1, 2014 to August
31, 2020 (Table 1). The observation period ended on November 31,
2020. The haploidentical donor was defined as a relative who had
two or more mismatches in human leukocyte antigen (HLA)-A, -B,
-C, and -DRB1 alleles. GVHD prophylaxis was performed as
follows: high-dose cyclophosphamide (50 mg/kg) on days 3 and
4, and both tacrolimus and mycophenolate mofetil (MMF) from
day 5 in PTCy-haplo transplant recipients, and short-term
methotrexate on day 1, 3, and 6 or MMF and calcineurin
inhibitors from day -1 in MRD transplant recipients. CMV
reactivation was defined as the detection of 3 or more positive
cells per 50,000 cells by pp65 CMV-antigenemia assay in patients’
peripheral blood without obvious end-organ dysfunction,
monitored routinely weekly until day 100 or as long as clinically
indicated unnecessary. CMV disease was defined by end-organ
dysfunction attributable to CMV confirmed by organ biopsy
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because these conditions would require the administration of
anti-CMV drugs (11, 12).

cGVHD diagnosis and grading were based on a previous
report (13). Relapse-free survival (RFS) was defined as the time
between transplantation and relapse, death, or the end of the
study period. Overall survival (OS) was defined as the time
between transplantation and death or the end of the study
period. The probability of RFS and OS was estimated using the
log-rank test. Competing events for cGVHD were death or
relapse without GVHD. The groups were compared using
Gray’s test. All statistical analysis was conducted using R
version 3.1.2 (The R Foundation for Statistical Computing,
Vienna, Austria) and using the EZR software package (Saitama
Medical Center, Jichi Medical University, Shimotsuke, Japan),
which is a graphical user interface for R (14).
RESULTS

Baseline clinical characteristics of the patients who received
PTCy-haplo or MRDs are summarized in Table 1. The median
age at transplantation in MRD and PTCy-haplo was both 56-
year-old and 12 and 25 recipients in MRD and PTCy-haplo,
respectively, were male. The background hematologic
malignancies were acute myeloid leukemia/myelodysplastic
disorders (AML/MDS) in 7, acute lymphoblastic leukemia
(ALL) in 3, and malignant lymphoma (ML) in 1 in MRD
recipients, and AML/MDS in 15, ALL in 3, and 7 in ML in
PTCy-haplo recipients. Since LTV was approved in Japan in
2018, patients with LTV received transplantation after 2018.
Overall, the patients’ backgrounds were similar between before
and after LTV administration. The RFS of MRD (n=13) and
PTCy-haplo (n=28) transplant recipients at 15 months was
75.5% and 55.5% (95% confidence interval [CI]: 42.6-91.4%
and 31.9-73.8%), respectively. The OS of MRD and PTCy-
haplo at 15 months was 66.7% and 55.1% (95% CI: 37.5–84.6%
and 36.0–70.6%), respectively. The RFS and OS were not
significantly different in terms of CMV reactivation and disease.

Regarding the efficacy of LTV, MRD transplant recipients
prophylactically treated with LTV had a lower CMV reactivation
and disease rate on day 100 than those not treated (0% vs. 57.1%,
95% CI: 0–0% vs. 26.6–90.2%; p = 0.081). Similarly, LTV-treated
PTCy-haplo patients showed a significantly lower rate of CMV
reactivation and disease on day 100 than untreated patients (12.2%
vs. 81.2%, 95% CI: 3.4–40.5% vs. 59.8–95.4%; p = 0.001) (Figure
1A). Two PTCy-haplo recipients had CMV-disease (both CMV-
colitis), and these patients was survived by ganciclovir treatment. No
CMV-disease occurred in MRD recipients.

Next, we examined early T-cell recovery on day 30 in MRD and
PTCy-haplo patients (Table 2). The median total lymphocyte
recovery was delayed in the PTCy-haplo group compared with
the MRD group (298/mL vs. 636/mL, p = 0.015). To investigate the
effect of CMV prophylaxis by LTV on T-cell recovery, we further
divided MRD and PTCy-haplo patients into LTV-treated and
-untreated subgroups (Table 1); the patient backgrounds in each
of the twoMRD or PTCy-haplo subgroups were almost compatible.
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On day 30, there was no significant difference in total lymphocyte
counts between LTV-treated and untreatedMRD patients; however,
a significant increase in total lymphocyte count was observed in
LTV-treated PTCy-haplo patients (median 694/mL vs. 186/mL in the
untreated group; p < 0.001) (Figure 1B1). We also detected an
increasing trend to increase in the levels of CD3+HLA-DR+, CD4,
and CD8 T-cells in the LTV-treated compared with the LTV-
untreated PTCy-haplo patients (median HLA-DR+ activated T-
cells:150/mL vs. 59/mL, p= 0.079, CD4+ andCD8+T-cells are shown
inTable2).However, therewasno statistically significantdifference
in HLA-DR+ activated T-cells, CD4+, and CD8+ T-cells between
Frontiers in Oncology | www.frontiersin.org 3
LTV-treated and -untreated MRD transplant recipients (median
HLA-DR+ activated T-cells: 54/mL vs. 130/mL, p = 0.29) on day 30
(Figure 1B2, Table 2).

As the early recovery of HLA-DR+ activated T-cells was
observed only in PTCy-haplo patients prophylactically receiving
LTV, we further investigated the rate of moderate to severe cGVHD
based on 3.3 months landmark analysis. PTCy-haplo transplant
recipients treated with LTV showed a significant increase in the
cGVHD rate at 15 months compared with those not treated (63.3%
vs. 12.5%, 95% CI: 30.5–93.7% vs. 1.9–61.3%, p = 0.025; Figure 1C).
However, no difference in the cGVHD rate was observed among
TABLE 1 | Patients’ baseline characteristics.

Characteristics MRD PTCy-haplo

LTV+ LTV- LTV+ LTV-
n = 8 n = 7 p value n = 17 n = 16 p value

Patient age at transplant (median, range) 55 (20, 60) 57 (36, 69) 0.33 55 (17, 68) 57 (20, 68) 0.69
Sex (male, %) 6 (75.0) 6 (85.7) 1 14 (82.4) 11 (68.8) 0.44
Diagnosis (n, %) 1 0.66
AML/MDS 3 (37.5) 4 (57.1) 6 (35.3) 9 (56.2)
ALL 2 (25.0) 1 (14.3) 2 (11.8) 1 (6.2)
ML 1 (12.5) 0 5 (29.4) 2 (12.5)
MM/PCL 1 (12.5) 1 (14.3) 2 (11.8) 1 (6.2)
others 1 (12.5) 1 (14.3) 2 (11.8) 3 (18.8)
Disease status (n, %) 0.78 1
in any CR 3 (37.5) 4 (57.1) 5 (29.4) 4 (25.0)
not CR 4 (50.0) 2 (28.6) 10 (58.8) 10 (62.5)
other 1 (12.5) 1 (14.3) 2 (11.8) 2 (12.5)
DRI (high/very high, %)† 4 (50.0) 2 (28.6) 0.61 10 (66.7) 8 (57.1) 0.71
MAC vs. RIC (RIC, %) 3 (37.5) 5 (71.4) 0.32 12 (70.6) 10 (62.5) 0.72
ECOG PS (<2, %) 5 (62.5) 6 (85.7) 0.57 11 (64.7) 11 (68.8) 1
CMV serostatus (n, %)†† 1 0.82
D-/R+ 1 (25.0) 0 4 (33.3) 5 (50.0)
D+/R- 0 0 1 (8.3) 0
D+/R+ 3 (75.0) 2 (100) 7 (58.3) 5 (50.0)
CMV reactivation (+, %) 1 (12.5) 4 (57.1) 0.11 3 (17.6) 13 (81.2) <0.001
ABO match (n, %) 0.71 0.74
Matched 7 (87.5) 5 (71.4) 9 (52.9) 7 (43.8)
Major mismatch 1 (12.5) 1 (14.3) 3 (17.6) 5 (31.2)
Minor mismatch 0 1 (14.3) 5 (29.4) 4 (25.0)
Infusion CD34+ cells (×106/kg) (median, range) 3.6 (2.0, 5.4) 3.6 (1.8, 6.1) 0.91 4.2 (2.0, 10.4) 3.7 (1.7, 5.0) 0.18
Prophylaxis of GVHD 0.28 1
PTCy + Tac + MMF 0 0 17 (100) 16 (100)
short MTX + CNI 7 (87.5) 4 (57.1) 0 0
MMF + CNI 1 (12.5) 3 (42.9) 0 0
Donor age (median, range) 53 (33, 61) 54 (30, 60) 0.9 29 (15, 55) 34 (20, 59) 0.1
Donor type (n, %) 0.32 0.84
Children 1 (12.5) 0 13 (76.5) 11 (68.8)
Parents 2 (25.0) 0 1 (5.9) 1 (6.2)
Siblings 5 (62.5) 7 (100) 3 (17.6) 4 (25.0)
HLA match (n, %) NA 0.077
4/8 0 0 12 (70.6) 6 (37.5)
5/8 0 0 5 (29.4) 7 (43.8)
6/8 0 0 0 3 (18.8)
aGVHD, grade II-IV (n, %) 1 (12.5) 3 (42.9) 0.28 6 (35.3) 8 (50.0) 0.49
Additional immunosuppression*before day 30††† 3 (42.9) 2 (28.6) 1 4 (28.6) 7 (43.8) 0.47
April 2021
 | Volume 11 | Article
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CMV, cytomegalovirus; CNI, calcineurin inhibitor; CR, complete remission; DRI, disease risk index; ECOG PS, Eastern
Cooperative Oncology Group Performance Status; GVHD, graft-versus-host disease; HLA, human leukocyte antigen; LTV, letermovir; MAC, myeloablative conditioning; MDS,
myelodysplastic syndromes; ML, malignant lymphoma; MM, multiple myeloma; MMF, mycophenolate mofetil; MRD, matched-related donor; MTX, methotrexate; NA, not applicable;
PCL, plasma cell leukemia; PTCy, post-transplant cyclophosphamide; RIC, reduced-intensity conditioning; Tac, tacrolimus.
†n = 13 and 29.
††n = 6 and 22.
†††n = 14 and 30.
*Additional immunosuppression indicates additional systemic prednisolone or methylprednisolone initiation before day 30 for acute GVHD or engraftment syndrome.
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MRD patients treated or not with LTV. The cumulative incidence of
grade II-IV acute GVHD (aGVHD) was not significantly different
in patients with LTV and without LTV in both MRD and PTCy-
cohort (Table 1).
DISCUSSION

These data demonstrated that only PTCy-haplo but not MRD
transplant recipients subjected to CMV prophylaxis by LTV
showed early recovery of total lymphocytes as well as HLA-DR+

activated T-cells. These PTCy-haplo patients with LTV showed a
significantly high incidence of cGVHD, but not aGVHD in this study.
In general, a significant increase of acute and chronic GVHD has
been reported in recipients using graft from PB which content high
HLA-DR+ activated T-cells (15–17). However, due to the protective
effect of PTCy on regulatory T-cells (18, 19), it is considered that
Frontiers in Oncology | www.frontiersin.org 4
the incidence of aGVHDwas not increased, which was compatible
to the previous report (9). On the other hand, although the reason
for early HLA-DR+ activated T-cell expansion observed after
CMV prophylaxis by LTV only in PTCy-haplo patients is still
unknown, possible underlying mechanisms could include shifts in
cytokine dynamics for CMV protection and changes in the
integrity and heterogeneity of the T-cell repertoire (20–22).

The risk factors reported for cGVHD development in PTCy-
haplo transplant recipients, including reduced-intensity conditioning
regimens, older donor age, and PB as a graft source (23), are
associated with increased alloreactive T-cell proliferation and
exhaustion. T-cell-depleting antibodies such as ATG can suppress
the development of cGVHD by removing early alloreactive T-cells
(1). The other possible mechanism of increased cGVHD in PTCy-
haplo recipients with LTV was insufficient T-cell suppression in the
early-phase of transplantation. Therefore, to inhibit early T-cell
expansion and prevent cGVHD in PTCy-haplo transplant
TABLE 2 | Lymphocytes count in MRD and PTCy-haplo.

median, mL (range) N MRD PTCy-haplo

LTV+ LTV- p value N LTV+ LTV- p value

day 30
Total lymphocytes 14 490 (156, 1848) 679 (460, 1625) 0.46 30 694 (168, 1100) 186 (15, 760) <0.001
CD3+ 12 203 (148, 1533) 441 (276, 1173) 0.27 17 275 (58, 520) 102 (4, 302) 0.019
CD4+ 12 129 (92, 346) 170 (163, 346) 0.53 17 84 (15, 232) 38 (2, 83) 0.032
CD8+ 12 84 (42, 924) 148 (64, 982) 0.2 17 148 (31, 406) 48 (1, 205) 0.055
CD19+ 12 0 (0, 18) 0 (0, 11) 1 17 0 (0, 8) 0 (0, 0) 0.26
CD56+ 12 37 (4, 203) 190 (78, 243) 0.034 17 125 (20, 388) 81 (1, 425) 0.097
CD3+HLA-DR+ 12 54 (22, 942) 130 (29, 941) 0.29 17 150 (29, 396) 59 (1, 235) 0.079
April 2021
 | Volume 11 | Article
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FIGURE 1 | Effects of CMV prophylaxis with LTV in matched related donor (MRD) transplantation and haploidentical transplantation with post-transplant
cyclophosphamide (PTCy-haplo). (A) CMV reactivation and disease rate at day 100 in MRD and PTCy-haplo transplant recipients. Statistical analysis was performed
using the Kaplan−Meier method with log-rank analysis and Gray’s test. (B) Counts of total lymphocytes (left, B1) and HLA-DR+ activated T-cells (right, B2) in MRD
and PTCy-haplo transplant recipients treated or not with LTV. Statistical analysis was performed using the Mann−Whitney U test. (C) Development of moderate-to-
severe chronic GVHD at 15 months in MRD and PTCy-haplo patients.
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recipients, additional prolonged immunosuppression after PTCy
administration could be considered.

The limitations of our study include the heterogeneous patient
background and small sample size. The data on T-cells after day 30
and functional assay for mediating alloreactive T-cells such as
interferon-gamma and tumor necrosis factor-alfa were not
collected systematically. The correlation between HLA-DR+
activated T-cells and chronic but not acute GVHD might seem
intriguing, however, we are unable to throw further light on the
mechanistic pathways behind this association in the absence of
longitudinal data. Further prospective studies on the relationship
between detailed T-cell analysis and cGVHD under LTV are
warranted because the use of LTV is expanding in the clinical
practice. Despite these limitations, the uniformity of transplantation
grafts (PB from haploidentical relatives) and GVHD prophylaxis
(high-dose Cy, then tacrolimus and MMF) in PTCy-haplo patients
could be considered a strength of this study.

In conclusion, our results revealed early HLA-DR+ activated
T-cell expansion in PTCy-haplo but not in MRD patients who
received LTV for CMV prophylaxis. These LTV-treated PTCy-
haplo recipients showed a higher incidence of cGVHD; thus, these
patients might be subjected to prolonged immunosuppression to
prevent cGVHD development. Further studies are warranted to
validate our findings and elucidate the detailed mechanisms
underlying the effects reported here.
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15. Favre G, Beksaç M, Bacigalupo A, Ruutu T, Nagler A, Gluckman E, et al.
Differences Between Graft Product and Donor Side Effects Following Bone
Marrow or Stem Cell Donation. Bone Marrow Transplant (2003) 32:873–80.
doi: 10.1038/sj.bmt.1704245

16. Vasu S, Geyer S, Bingman A, Auletta JJ, Jaglowski S, Elder P, et al. Granulocyte
Colony-Stimulating Factor-Mobilized Allografts Contain Activated Immune
Cell Subsets Associated With Risk of Acute and Chronic Graft-versus-Host
Disease. Biol Blood Marrow Transplant (2016) 22:658–68. doi: 10.1016/
j.bbmt.2015.12.015

17. Bashey A, Zhang MJ, McCurdy SR, St Martin A, Argall T, Anasetti C, et al.
Mobilized Peripheral Blood Stem Cells Versus Unstimulated Bone Marrow As
a Graft Source for T-Cell-Replete Haploidentical Donor Transplantation
Using Post-Transplant Cyclophosphamide. J Clin Oncol (2017) 35:3002–9.
doi: 10.1200/jco.2017.72.8428

18. Kanakry CG, Ganguly S, Zahurak M, Bolaños-Meade J, Thoburn C, Perkins B,
et al. Aldehyde Dehydrogenase Expression Drives Human Regulatory T Cell
Resistance to Posttransplantation Cyclophosphamide. Sci Transl Med (2013)
5:211ra157. doi: 10.1126/scitranslmed.3006960

19. Ganguly S, Ross DB, Panoskaltsis-Mortari A, Kanakry CG, Blazar BR, Levy RB,
et al. Donor CD4+ Foxp3+ Regulatory T Cells are Necessary for
Posttransplantation Cyclophosphamide-Mediated Protection Against GVHD in
Mice. Blood (2014) 124:2131–41. doi: 10.1182/blood-2013-10-525873

20. Krawczyk A, Ackermann J, Goitowski B, Trenschel R, Ditschkowski M, Timm J,
et al. Assessing the Risk of CMV Reactivation and Reconstitution of Antiviral
Frontiers in Oncology | www.frontiersin.org 6
Immune Response Post Bone Marrow Transplantation by the QuantiFERON-
CMV-assay and Real Time PCR. J Clin Virol (2018) 99–100:61–6. doi: 10.1016/
j.jcv.2018.01.002

21. Camargo JF, Wieder ED, Kimble E, Benjamin CL, Kolonias DS, Kwon D, et al.
Deep Functional Immunophenotyping Predicts Risk of Cytomegalovirus
Reactivation After Hematopoietic Cell Transplantation. Blood (2019)
133:867–77. doi: 10.1182/blood-2018-10-878918

22. Suessmuth Y, Mukherjee R, Watkins B, Koura DT, Finstermeier K,
Desmarais C, et al. CMV Reactivation Drives Posttransplant T-cell
Reconstitution and Results in Defects in the Underlying Tcrb Repertoire.
Blood (2015) 125:3835–50. doi: 10.1182/blood-2015-03-631853

23. Im A, Rashidi A, Wang T, Hemmer M, MacMillan ML, Pidala J, et al. Risk
Factors for Graft-Versus-Host Disease in Haploidentical Hematopoietic Cell
Transplantation Using Post-Transplant Cyclophosphamide. Transplant Cell
Ther (2020) 26:1459–68. doi: 10.1016/j.bbmt.2020.05.001

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.

Copyright © 2021 Terao, Matsuoka, Narita, Tsushima, Yuyama, Kuzume, Tabata,
Miura, Takeuchi and Matsue. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
April 2021 | Volume 11 | Article 666774

https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/sj.bmt.1704245
https://doi.org/10.1016/j.bbmt.2015.12.015
https://doi.org/10.1016/j.bbmt.2015.12.015
https://doi.org/10.1200/jco.2017.72.8428
https://doi.org/10.1126/scitranslmed.3006960
https://doi.org/10.1182/blood-2013-10-525873
https://doi.org/10.1016/j.jcv.2018.01.002
https://doi.org/10.1016/j.jcv.2018.01.002
https://doi.org/10.1182/blood-2018-10-878918
https://doi.org/10.1182/blood-2015-03-631853
https://doi.org/10.1016/j.bbmt.2020.05.001
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Letermovir Administration to Prevent Cytomegalovirus Reactivation Is the Potential Risk of Chronic Graft-Versus-Host Disease in Patients Who Received Haploidentical Stem-Cell Transplantation With Post-Transplant Cyclophosphamide
	Introduction
	Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


