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acute B-cell lymphoblastic
leukemia after hematopoietic
stem cell transplantation:
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B-cell acute lymphoblastic leukemia (B-ALL) is the most common childhood

malignancy. The cure rate has reached 90% after conventional chemotherapy

and hematopoietic stem cell transplantation (HSCT), but the prognosis of

patients with relapsed and refractory (R/R) leukemia is still poor after

conventional treatment. Since FDA approved CD19 CAR-T cell (Kymriah) for

the treatment of R/R B-ALL, increasing studies have been conducted on CAR-T

cells for R/R ALL. Herein, we report the treatment of a patient with ALL who

relapsed after allogeneic HSCT, had a complete remission (CR) to murine scFv

CD19 CAR-T but relapsed 15 months later. Partial response was achieved after

humanized CD19 CAR-T treatment, and the patient finally achieved disease-

free survival after sequential CD22 CAR-T treatment. By comparing the

treatment results of different CAR-T cells in the same patient, this case

suggests that multiple CAR-T therapies are effective and safe in

intramedullary and extramedullary recurrence in the same patient, and the

expansion of CAR-T cells and the release of inflammatory cytokines are

positively correlated with their efficacy. However, further clinical studies with

large sample sizes are still needed for further clarification.
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Introduction

B-cell acute lymphoblastic leukemia (ALL) is themost common

childhood malignancy and is usually treated with chemotherapy

and allogeneic hematopoietic stem cell transplantation (1). The cure

rate has reached 90%, but the prognosis of patients with relapsed

and refractory (R/R) leukemia after conventional treatment is very

poor (2, 3). Patients with recurrence after allogeneic hematopoietic

stem cell transplantation (allo-HSCT) are usually treated with

donor lymphocyte infusions (DLI) (4, 5). DLI can induce

complete remission (CR); however, many patients do not achieve

sustained CR (6, 7).

Drugs such as monoclonal antibodies (anti-CD20), anti-

CD19 bi-specific T cell binding agents, and anti-CD22 antibody-

drug conjugates have shown unexpected results both in the

prophase and R/R settings and continue to change the treatment

paradigm for ALL (8–10). In one phase 3 trial (11), inotuzumab

ozogamicin, an anti-CD22 antibody conjugated to caricomycin,

showed significantly higher response rates and better

progression-free survival (PFS) than standard intensive

chemotherapy in adults with R/R B-ALL. In addition, more

patients became minimal residual disease (MRD)-negative and

required allo-HSCT. In another randomized phase 3 trial

involving adults with Ph-negative R/R B-cell precursor ALL

(12), treatment with blinatumomab, a bi-specific monoclonal

antibody construct that enables CD3-positive T cells to

recognize and eliminate CD19-positive ALL blasts, resulted in

significantly longer overall survival (OS) than standard

chemotherapy. The blinatumomab group also had a 29%

lower risk of death than the chemotherapy group.

Since the first CD19 chimeric antigen receptor T (CAR-T) cell

(Kymriah) was approved by the FDA for R/R acute lymphoblastic

leukemia, several CD19 CAR-T cells have been approved by the

FDA, including Yescarta, Tecartus, and Breyanzi (13). Kymriah

and other CD19 CAR-Ts have also shown high CR rates (70%-

93%) in r/r B-ALL patients (14–19). However, some patients did

not respond, and some relapsed within one year (43-55%) (15–

19). However, one study showed that CD22 CAR-T cell therapy

had a 74% response rate in 21 patients with R/R B-ALL (20).

CD22 CAR-T cell therapy has a good response rate, even in

patients who failed to respond to CD19 CAR-T therapy or those

who have relapsed. Herein, we report the treatment of a patient

who relapsed after allo-HSCT, relapsed after murine scFv CD19

CAR-T therapy, had a partial response after humanized CD19

CAR-T therapy and finally achieved disease-free survival after

sequential CD22 CAR-T therapy.
Case

On November 5, 2016, a five-year-old male patient was

admitted to the hematology department of a local hospital due to

a neck mass. Physical examination showed scattered ecchymosis
Frontiers in Immunology 02
on the skin, the lymph nodes were swollen in the neck, axilla,

and groin, and a mass of approximately 10 cm × 8 cm × 2 cm

was detected on the right side of the neck with poor mobility, no

tenderness, no congestion in the pharynx, grade 2 tonsil

enlargement, and no abnormalities in the cardiopulmonary

region, abdomen, or nervous system. Results of a routine

blood examination revealed a white blood cell (WBC) count of

16.66×109/L, hemoglobin (HB) 114 g/L, and platelet (PLT)

count of 172×109/L. Bone marrow cytology showed that

hyperplasia was active, the proportion of granulocytes was

low, the proportion of lymphocytes, mainly primitive naive

lymphocytes, had increased (83.5%), and the proportion of

peripheral blood blast cells was 59%. Immunophenotyping

showed that abnormal cells accounted for 84.66% of nuclear

cells and expressed CD34, human leukocyte antigen DR(HLA-

DR), CD123, CD10, CD19, cCD79a, terminal deoxynucleotidyl

transferase (TDT), CD38, and CD22. Cytosolic immunoglobulin

M (CIgM), secretory immunoglobulin M (sIgM), CD117, CD20,

CD7, CD33, CD15, CD13, CD11b, CD64, CD36, CD4, CD14,

CD56, myeloperoxidase (MPO), cytoplasmic CD3 (cCD3), and

membrane CD3 (mCD3) were not expressed. All 43 fusion genes

were negative. The results of the karyotype analysis were as

follows: 58-60, XY, + 4, + 5, + 6, + 7, + 14, + 17, + 18, and + 22

[CP5]. A diagnosis of acute lymphoblastic leukemia was made.

The course of treatment for this patient is shown in Figure 1A.

On November 10, 2016, the VDLD (Vincristine,

Daunorubicin, L-asparaginase, and Dexamethasone)

chemotherapy regimen was administered. On day 15, bone

marrow cell morphology showed a severe reduction of bone

marrow hyperplasia and a naive lymphocyte proportion of 12%.

On day 33, marrow cell morphology revealed an MRD of 4.61%.

The MRD was negative after two courses of CAM

(Cyclophosphamide, Cytarabine, and Azathioprine) regimen

consolidation. Two rounds of chemotherapy with the HR-1

(Dexamethasone, Vincristine, High dose methotrexate,

Cyclophosphamide, Cytarabine, and L-asparaginase), HR-2

(Dexamethasone, Vindesine, High dose methotrexate,

Ifosfamide, Vincristine, and L-asparaginase), and HR-3

(Dexamethasone, High dose cytarabine, Etoposide, and L-

asparaginase) protocols began in February 2017, and the

VDLD+CAM×2 regimen began on August 27, 2017. On

November 8, 2017, the MTX+6-MP/CA/VD (Methotrexate,

Azathioprine, Cyclophosphamide, Cytarabine, Vincristine, and

Dexamethasone) regimen was administered, during which time

the bone marrow MRD was 0.18%. The second cycle of MTX+6-

MP/CA/VD chemotherapy was initiated in December 2017 and

the third cycle of MTX+6-MP/CA/VD chemotherapy was

initiated in March 2018. Subsequently, the MTX+6-MP/CA/

VD regimen was used for maintenance treatment. During the

period, multiple lumbar punctures were performed and

chemotherapeutic drugs were injected to prevent central

nervous system leukemia, and cerebrospinal fluid examination

showed no abnormalities.
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On September 27, 2018, the patient visited our hospital for

further diagnosis and treatment, and a physical examination

revealed no abnormalities. Results of a routine blood

examination were: WBC count, 2.77×109/L; HB 89 g/L; and
Frontiers in Immunology frontiersin.org03
PLT 353×109/L. We also noted bone marrow cytological

remission, MRD of 1.1%, and CD9, CD10, CD19, CD20,

CD34, CD38, and CD58. Chromosome analysis results were

46, XY [20]. MA (Methotrexate and Cytarabine) chemotherapy
B

C

A

FIGURE 1

Clinical treatment process and the response of the patient (A) Clinical treatment process and response of the patient. (B) Bone marrow MRD
before and after 1st CAR-T treatment. (C) Whole body PET/CT before and after 1st CAR-T treatment.
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was subsequently administered. On November 5, 2018, bone

marrow cytology revealed that the MRD was 2.01%. On

November 21, 2018, the pretreatment regimen of BUCY

+ARA-C+ATG (Busulfan, Cyclophosphamide, Cytarabine, and

Antithymocyte globulin) was started. Allo-HSCT (MNC

11.8×108/kg, CD34+ cells 9.84×106/kg) was performed on

November 28 and 29, and the donor was the father of the

patient with 5/10 HLA matches. Multiple bone marrow test

results after transplantation were negative for MRD.

In September 2019 (the ninth month after transplantation),

the patient experienced left scrotal swelling and pain; the bone

marrow morphology was relieved, MRD was negative, and

donor chimerism was 98.89%. A biopsy of the mass (left bolus

biopsy tissue) showed that it was consistent with B-cell

lymphoblastic leukemia or lymphoma. Immunohistochemistry

results were: CD10 (+), the TdT (+), MPO (+), CD43 (+), CD79a

(+), aired box gene 5+ (Pax-5 +), leucocyte common antigen

(LCA) (focal +), CD20 + (part), P53 (approximately + 25%),

CD3 (in +), CD2 (in +), CD21 (–), the Placental alkaline

phosphatase (PLAP) (-), Mum - 1 (-), Bcl-6 (-), CD30 (-),

CD5 (-), and Ki-67 (approximately 50% +). In situ

hybridization results: Epstein-Barr virus-encoded small RNA

(EBER) (-). Three-dimensional conformal radiotherapy (200

cGy/time × 13 times) was administered to the left testis and

the left scrotum was significantly reduced. Bone marrow

morphology on October 26 revealed: 1.55% naive lymphocytes,

0.78% MRD, and 99.78% donor chimerism. VDLD

chemotherapy was then administered. On the 14th day of

chemotherapy, bone marrow morphology showed low

proliferation, and the percentage of proto-juvenile cells was

5%. Donor lymphocyte infusion (MNC 1.29×108/kg) was

performed. Bone marrow morphology 12 days after infusion

(on December 2) revealed hyperplasia was active, and that the

proportion of primary and juvenile lymphocytes was 3.5%. MRD

was 5.35%, and this population of cells expressed CD10, CD19,

CD34, and CD58 (Figure 1B). The donor chimerism rate was

93.47%. PET/CT revealed: multiple lymph nodes with increased

FDG metabolism in the left side of the abdominal aorta,

posterior to the pancreas, and splenic hilum, considering

leukemia infiltration; and after radiotherapy, the left testicle

was enlarged compared to the contralateral testicle, and FDG

metabolism was not significantly increased (Figure 1C).

On December 16, 2019, peripheral blood mononuclear cells

were collected from the patient and murine scFv CAR-T cells

were cultured at Shanghai YaKe Biotechnology Ltd. After

pretreatment with the FC (Fludarabine, cyclophosphamide)

regimen, CAR-T cells were infused on December 26. On day

seven after infusion, the patient showed increased heart rate,

elevated transaminase levels, and elevated inflammatory factors,

and the CRS was assessed as grade 1 (Table 1). The CRS

classification scheme is based on the report of Lee DW et al.

(21). On January 14, 2020, the bone marrow morphology was

relieved, and immunoreactivity was negative. PET/CT revealed
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that: the left para-abdominal aorta, posterior pancreas, and

splenic hilar lymph nodes were slightly smaller than the

anterior ones, the FDG metabolism was not significantly

increased, and FDG metabolism did not increase after

radiotherapy for left testicular infiltration (Figure 1C). These

results suggested that the patient was in CR, which persisted for

15 months after discharge.

On April 11, 2021, the patient developed a facial mass on

the right side that gradually increased in size. On May 6, an

ultrasound examination revealed a 44 mm × 8 mm mass with

a poorly defined border and an irregular shape. A biopsy

under B-ultrasound guidance was performed on May 13.

Pathological findings of the biopsy tissue of the right facial

mass showed a lymphoproliferative lesion, consistent with B-

l ymphob l a s t i c l eukemia / l ymphoma (F i gu r e 2A) .

Immunohistochemical staining results were: CD79a+, CD43+,

TdT+, CD20 scattered+, PAX-5 scattered+, P53 approximately

25% weak+, CD5-, CD23-, CD3-, CD2-, CD7-, MPO-, and Ki-67

(approximately 60%+). In situ hybridization results: FBER. On

May 22, examinations showed bone marrow morphologic

remission and negative MRD, with complete donor-type

chimerism. PET/CT revealed: newly found space-occupying

lesions with increased FDG metabolism in the subcutaneous

soft tissue of the right face; and newly observed increased FDG

metabolism in the nasopharynx and slightly increased bilateral

small cervical lymph nodes (Figure 1C). On June 8, peripheral

blood mononuclear cells were collected from the donor (the

patient’s father), and humanized CD19 CAR-T cells were

cultured. After pretreatment with the FC regimen, CAR-T cells

were injected on June 17. On the fifth day after infusion, the

patient developed a low fever (37.5°C) without other discomfort

symptoms. CRS was rated grade 1. Facial MRI on days 13 and 42

after infusion revealed that the mass was smaller than before

infusion (Figure 2B).

On July 30, 2021, the patient was pretreated with the FC

protocol, and on August 3, humanized CD22 CAR-T cells

cultured from the peripheral blood mononuclear cells of the

donor (the patient’s father) were transfused back. On the first

day after the infusion, the patient developed a fever with the

highest temperature of 38.6°C. Subsequently, the patient

continued to have repeated high fevers, with the highest

temperature of 39°C, and a cough accompanied by chest

tightness and breathlessness. Chest CT showed a pulmonary

infection, which improved after antipyretic symptomatic

treatment and anti-infective treatment. Drugs used included

ibuprofen, meropenem, voriconazole, and caspofungin. No

steroid hormones were used. CRS was graded as grade 2. As

shown in Figure 3, CAR-T cell expansion and cytokine elevation

were the most dramatic after the third CAR-T cell infusion

(Supplementary Figure 1). After the third CAR-T cell infusion,

the tumor was significantly reduced in size, with no activity in

the lesion 191 and 297 days (February 10, 2022, and May 27,

2022) after the third CAR-T cell infusion (Figure 2B).
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Discuss

In this patient with acute lymphoblastic leukemia, the first

extramedullary (testicular) recurrence occurred more than nine

months after allogeneic transplantation. After radiotherapy, the

extramedullary lesions disappeared, but the bone marrow MRD

was positive. The MRD increased after chemotherapy and donor

lymphocyte infusion. After the first CAR-T cell treatment, theMRD

was negative. Extramedullary (facial) recurrence occurred after 15

months, which improved after two CAR-T cell treatments,

following which the patient continued to live disease-free.

Occasionally (≤ 2%), testicular recurrence occurs in acute

lymphoblastic leukemia (22). Ding et al. (23) showed that

testicular recurrence might directly evolve from leukemia
Frontiers in Immunology 05
clones that survive chemotherapy. It is also likely to have

relapsed independently from the bone marrow. Radiotherapy

is a good choice for patients with isolated testicular recurrences

(24). Besides, CAR-T therapy for testicular recurrence has been

started in several studies. In the study of Chen X et al. (25), all 7

patients had CR. One patient had bone marrow recurrence 6

months after CAR-T treatment, and 6 patients were still in

remission during the follow-up period (median 14 months).

Only 5 patients developed grade 1 CRS, and the remaining two

patients did not develop CRS. Rubinstein JD et al. (26) and Yu J

et al. (27) each reported 1 case of ALL with testicular recurrence

and remission after CAR-T treatment.

Based on flow cytometric assessment of CD19 expression in

B-ALL, relapse after CD19 CAR-T cell treatment can be divided
B

A

FIGURE 2

Pathology, histochemistry, and MRI images of right facial mass (A) Pathology and histochemistry of right facial mass. (B) MRI images of the right
facial mass before and after 2nd, the 3rd CAR-T cell treatment.
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B

A

FIGURE 3

Expansion and changes of T cell subsets after CAR-T cell therapy (A) The proportion of CAR-T cells in CD3+ cells after CAR-T cell therapy was
detected by flow cytometry. (B) Changes in the proportion of T cell subsets after CAR-T cell therapy. The memory phenotype is in
bulk T cells.
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into two groups: CD19-negative relapse and CD19-positive

relapse (28, 29). When the patient relapsed after the first

CD19 CAR-T cell treatment, immunohistochemistry showed

strong CD19 positivity (Figure 2A), and the patient was

classified as a CD19-positive relapse. Positive relapse is usually

due to low potency or CAR-T cell loss. Several factors limit

CAR-T cell power and efficacy, including limited long-term

persistence, immunosuppressive tumor microenvironment, and

intrinsic dysfunction associated with T cell exhaustion (30–33).

In some cases of treatment failure, secondary infusions of

CD19 CAR-T cells were not reproducibly successful if the CD19

expression in leukemic cells remained high, possibly partly due to

immune-mediated clearance of murine scFv CAR-T cells (34–36).

Previous studies have shown that humanized CAR-T remains

effective in patients who relapsed after murine scFv CAR-T cells

treatment (37, 38). Therefore, we treated the patient with a second

humanized CD19 CAR-T, resulting in a reduction of the patient’s

lesions. In this patient, the expression rate of CD19 was still very

high at the time of recurrence (Figure 2A). Among patients with

CD19-positive ALL who relapsed after murine scFv CD19 CAR-T

treatment, the humanized CD19 CAR-T CR rate (50%-64%) was

still lower than in patients who had not received CAR-T therapy

(37, 38). We believe that it may be caused by the resistance of

tumor cells to CD19 CAR-T, and the mechanism needs to be

further studied. In contrast, approximately 80% of patients with

ALL after CD19 CAR-T cell therapy had CR after CD22 CAR-T
Frontiers in Immunology 07
cell therapy, which was not different from patients who did not

receive CD19 CAR-T cell therapy (20, 39). Although we did not

detect the mean fluorescence intensity (MFI) of CD19 and CD22,

CD19 and CD22 in Figure 2A were analyzed by Image-Pro Plus

software through the method of Liu X et al. (40). The mean

density of CD19 (0.32 ± 0.01) was higher than that of CD22

(0.21 ± 0.00), indicating that the expression intensity of CD19 was

still very high. The success of CD22 CAR-T may be due to the

resistance of tumor cells to CD19 CAR-T at this time, but not to

CD22 CAR-T.

The third CAR-T cell therapy yielded surprising results, with

the patient’s lesions continuing to shrink with no significant

activity. We also found a positive correlation between CAR-T

cell expansion and the efficacy of the second and third CAR-T

therapy in the same patient. The inflammatory cytokines IFNg,
SIL-2R, TNFa, and IL-6 also showed a positive correlation with

CAR-T efficacy (Supplementary Figure 1). Treg cells inhibit

excessive immune responses by expressing CTLA4 and

secreting IL-10 and TGFb (41), reflected in changes to Treg

and IL-6 levels along with changes in inflammatory cytokines.

Relapse is observed in 30-60% of patients with acute

lymphoblastic leukemia after CD19 CAR-T cell therapy,

mostly within one year (16, 19, 28, 42, 43). Data from both

murine studies and integration site analysis after adoptive T cell

transfer in humans suggest that long-term persisting T cells are

predominantly derived from stem cell-like memory T cells
TABLE 1 Characterization of the three infusions of CAR-T cells.

1st CAR-T 2nd CAR-T 3rd CAR-T

Vector lentivirus lentivirus lentivirus

scfv Murine Humanized Humanized

CAR structure Anti-CD19(FMC63)scFV-CD8a-4-1BB-CD3z Anti-CD19 scFV-CD8a-4-1BB-CD3z Anti-CD22 scFV-CD8a-4-1BB-CD3z

Derived Autologous Allogenic Allogenic

Total cells dose 1.85×108 2.4×108 2.81×108

CAR-T ratio 79% 69.53% 56.4%

Weight (kg ) 28 31 31

CAR-T cells (/kg ) 5.2×106 5.3×106 5.17×106

Blasts% pre-CAR-T cell infusion EM+ and 5.35% in BM EM+ and MRD- EM+ and MRD-

ECOG score pre-CAR-T cell infusion 1 1 1

Expression of CD19/CD22
Before treatment

CD19+CD22+ CD19+CD22+ CD19+CD22+

Maximum of
CAR-T cells/CD3+ cells

0.19% 3.3% 17.4%

Precondition FC FC FC

Response CR Mass decrease CR

CRS 1 1 2
CAR, chimeric antigen receptor; scFv, single-chain fragment variable; ECOG, Eastern Cooperative Oncology Group; EM, extramedullary; BM, bone marrow; MRD, minimal residual
disease; FC, fludarabine cyclophosphamide; CR, complete remission; CRS, cytokine release syndrome.
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(TSCM) and central memory T cell (TCM) compartments of the

infused product (44). In this patient, effective memory T Cell

(TEM) increased after three CAR-T cell treatments and only

began to decrease six days after the second CAR-T cell

treatment. TCM increased significantly after the first and third

treatments (17.1% and 14.4%, respectively) and increased to 4%

after the second treatment (Figure 2B). Our data suggest that this

is also likely to be true after CAR-T cell therapy.

In some studies, CAR-T therapies result in antigen

escape/loss, and the rate of CD19-negative recurrence in

ALL patients is 7%-25% (14–16, 34, 45, 46), while more

patients have CD19-positive recurrence. To combat

immune escape, studies continue to combine CAR T cells

with radiation (47), checkpoint suppression (48), vaccines

(49), or other immune agonists (50, 51). Another approach is

to simultaneously target more than one antigen on cancer

cells, such as CD19, CD20, and CD22 (20, 52–54). We believe

that even if patient antigen escapes/loss, other antigens can

still be searched, and more studies are still in progress.

Summers et al. (55) showed no benefit of a second

allogeneic HSCT after CAR-T treatment for patients with

recurrence after HSCT. Moreover, the outcome of the second

HSCT is usually worse in B-ALL patients (56–58). This

patient is currently in sustained remission 14 months after

the third CAR-T treatment, and we will continue to follow

him closely.

By comparing the results of different CAR-T cells in the

same patient, this case suggests that multiple CAR-T

therapies is effective and safe in both intramedullary and

extramedullary recurrence in the same patient and that CAR-

T cell expansion and inflammatory cytokine release are

positively associated with its efficacy. Further clinical

s t ud i e s w i t h l a r g e s amp l e s i z e s a r e ne eded fo r

further clarification.
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.
Frontiers in Immunology 08
Ethics statement

The studies involving human participants were reviewed and

approved by The Ethical Committee of the 960th Hospital of the

People’s Liberation Army. Written informed consent to

participate in this study was provided by the participants’ legal

guardian/next of kin.
Author contributions

LD and FZ contributed to data collection, data analyses,

wrote the draft of the paper and had final responsibility to

submit for publication. QW, XY, QW, XS, WL, and YH

contributed to clinical protocol. All authors contributed to the

article and approved the submitted version.
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

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/

fimmu.2022.1039929/full#supplementary-material
References
1. Hunger SP, Mullighan CG. Acute lymphoblastic leukemia in children. N Engl
J Med (2015) 373(16):1541–52. doi: 10.1056/NEJMra1400972

2. Sun W, Malvar J, Sposto R, Verma A, Wilkes JJ, Dennis R, et al. Outcome of
children with multiply relapsed b-cell acute lymphoblastic leukemia: a therapeutic
advance in childhood leukemia & lymphoma study. Leukemia (2018) 32(11):2316–
25. doi: 10.1038/s41375-018-0094-0

3. Sellar RS, Rowntree C, Vora AJ, Furness CL, Goulden N, Mitchell C, et al.
Relapse in teenage and young adult patients treated on a paediatric minimal
residual disease stratified ALL treatment protocol is associated with a poor
outcome: results from UKALL2003. Br J Haematol (2018) 181(4):515–22. doi:
10.1111/bjh.15208

4. Bacher U, Klyuchnikov E, Le-Rademacher J, Carreras J, Armand P, Bishop
MR, et al. Conditioning regimens for allotransplants for diffuse large b-cell
lymphoma: myeloablative or reduced intensity? Blood (2012) 120(20):4256–62.
doi: 10.1182/blood-2012-06-436725

5. Pavletic SZ, Kumar S, Mohty M, de Lima M, Foran JM, Pasquini M, et al. NCI
first international workshop on the biology, prevention, and treatment of relapse
after allogeneic hematopoietic stem cell transplantation: report from the committee
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.1039929/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1039929/full#supplementary-material
https://doi.org/10.1056/NEJMra1400972
https://doi.org/10.1038/s41375-018-0094-0
https://doi.org/10.1111/bjh.15208
https://doi.org/10.1182/blood-2012-06-436725
https://doi.org/10.3389/fimmu.2022.1039929
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Deng et al. 10.3389/fimmu.2022.1039929
on the epidemiology and natural history of relapse following allogeneic cell
transplantation. Biol Blood Marrow Transplant (2010) 16(7):871–90. doi:
10.1016/j.bbmt.2010.04.004

6. Porter DL, Alyea EP, Antin JH, DeLima M, Estey E, Falkenburg JH, et al. NCI
first international workshop on the biology, prevention, and treatment of relapse
after allogeneic hematopoietic stem cell transplantation: report from the committee
on treatment of relapse after allogeneic hematopoietic stem cell transplantation.
Biol Blood Marrow Transplant (2010) 16(11):1467–503. doi: 10.1016/
j.bbmt.2010.08.001

7. Roddie C, Peggs KS. Donor lymphocyte infusion following allogeneic
hematopoietic stem cell transplantation. Expert Opin Biol Ther (2011) 11(4):473–
87. doi: 10.1517/14712598.2011.554811

8. Avivi I, Stroopinsky D, Katz T. Anti-CD20 monoclonal antibodies: beyond b-
cells. Blood Rev (2013) 27(5):217–23. doi: 10.1016/j.blre.2013.07.002

9. Li Z, Wang M, Yao X, Li H, Li S, Liu L, et al. Development of novel anti-CD19
antibody-drug conjugates for b-cell lymphoma treatment. Int Immunopharmacol
(2018) 62:299–308. doi: 10.1016/j.intimp.2018.06.034

10. Lejeune M, Köse MC, Duray E, Einsele H, Beguin Y, Caers J. Bispecific, T-
Cell-Recruiting antibodies in b-cell malignancies. Front Immunol (2020) 11:762.
doi: 10.3389/fimmu.2020.00762

11. Kantarjian HM, DeAngelo DJ, Stelljes M, Martinelli G, Liedtke M, Stock W,
et al. Inotuzumab ozogamicin versus standard therapy for acute lymphoblastic
leukemia. N Engl J Med (2016) 375(8):740–53. doi: 10.1056/NEJMoa1509277

12. Kantarjian H, Stein A, Gökbuget N, Fielding AK, Schuh AC, Ribera JM, et al.
Blinatumomab versus chemotherapy for advanced acute lymphoblastic leukemia.
N Engl J Med (2017) 376(9):836–47. doi: 10.1056/NEJMoa1609783

13. Watanabe N, Mo F, McKenna MK. Impact of manufacturing procedures on
CAR T cell functionality. Front Immunol (2022) 13:876339. doi: 10.3389/
fimmu.2022.876339

14. Maude SL, Laetsch TW, Buechner J, Rives S, Boyer M, Bittencourt H, et al.
Tisagenlecleucel in children and young adults with b-cell lymphoblastic leukemia.
N Engl J Med (2018) 378(5):439–48. doi: 10.1056/NEJMoa1709866

15. Maude SL, Teachey DT, Rheingold SR, Shaw PA, Aplenc R, Barrett DM,
et al. Sustained remissions with CD19-specific chimeric antigen receptor (CAR)-
modified T cells in children with relapsed/refractory ALL. J Clin Oncol (2016) 34:
Suppl 15:3011–1. doi: 10.1200/JCO.2016.34.15

16. Maude SL, Frey N, Shaw PA, Aplenc R, Barett DM, Bunin NJ, et al.
Chimeric antigen receptor T cells for sustained remissions in leukemia. N Engl J
Med (2014) 371(16):1507–17. doi: 10.1056/NEJMoa1407222

17. Lee DW, Stetler-StevensonM, Yuan CM, Fry TJ, Shah NN, Delbrook C, et al.
Safety and response of incorporating CD19 chimeric antigen receptor T cell therapy
in typical salvage regimens for children and young adults with acute lymphoblastic
leukemia. Blood (2015) 126:684. doi: 10.1182/blood.V126.23.684.684

18. Kenderian SS, Porter DL, Gill S. Chimeric antigen receptor T cells and
hematopoietic cell transplantation: How not to put the CART before the horse. Biol
Blood Marrow Transplant (2017) 23(2):235–46. doi: 10.1016/j.bbmt.2016.09.002

19. Lee DW, Kochenderfer JN, Stetler-Stevenson M, Cui YK, Delbrook C,
Feldman SA, et al. T Cells expressing CD19 chimeric antigen receptors for acute
lymphoblastic leukaemia in children and young adults: a phase 1 dose-escalation
trial. Lancet (2015) 385(9967):517–28. doi: 10.1016/S0140-6736(14)61403-3

20. Fry TJ, Shah NN, Orentas RJ, Stetler-Stevenson M, Yuan CM, Ramakrishna
S, et al. CD22-targeted CAR T cells induce remission in b-ALL that is naive or
resistant to CD19-targeted CAR immunotherapy. Nat Med (2018) 24(1):20–8. doi:
10.1038/nm.4441

21. Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N, Jensen M, et al.
Current concepts in the diagnosis and management of cytokine release syndrome.
Blood (2014) 124(2):188–95. doi: 10.1182/blood-2014-05-552729

22. Nguyen HTK, Terao MA, Green DM, Pui CH, Inaba H. Testicular
involvement of acute lymphoblastic leukemia in children and adolescents:
Diagnosis, biology, and management. Cancer (2021) 127(17):3067–81. doi:
10.1002/cncr.33609

23. Ding LW, Sun QY, Mayakonda A, Tan KT, Chien W, Lin DC, et al.
Mutational profiling of acute lymphoblastic leukemia with testicular relapse. J
Hematol Oncol (2017) 10(1):65. doi: 10.1186/s13045-017-0434-y

24. Hijiya N, Liu W, Sandlund JT, Jeha S, Razzouk BI, Ribeiro RC, et al. Overt
testicular disease at diagnosis of childhood acute lymphoblastic leukemia: lack of
therapeutic role of local irradiation. Leukemia (2005) 19(8):1399–403. doi: 10.1038/
sj.leu.2403843

25. Chen X, Wang Y, Ruan M, Li J, Zhong M, Li Z, et al. Treatment of testicular
relapse of b-cell acute lymphoblastic leukemia with CD19-specific chimeric antigen
receptor T cells. Clin LymphomaMyeloma Leuk. (2020) 20(6):366–70. doi: 10.1016/
j.clml.2019.10.016

26. Rubinstein JD, Krupski C, Nelson AS, O'Brien MM, Davies SM, Phillips CL.
Chimeric antigen receptor T cell therapy in patients with multiply relapsed or
Frontiers in Immunology 09
refractory extramedullary leukemia. Biol Blood Marrow Transplant (2020) 26(11):
e280–5. doi: 10.1016/j.bbmt.2020.07.036

27. Yu J, Hu Y, Pu C, Liang Z, Cui Q, Zhang H, et al. Successful chimeric Ag
receptor modified T cell therapy for isolated testicular relapse after hematopoietic
cell transplantation in an acute lymphoblastic leukemia patient. Bone Marrow
Transplant (2017) 52(7):1065–7. doi: 10.1038/bmt.2017.64

28. Gardner R, Wu D, Cherian S, Fang M, Hanafi LA, Finney O, et al.
Acquisition of a CD19-negative myeloid phenotype allows immune escape of
MLL- rearranged b-ALL from CD19 CAR-t-cell therapy. Blood (2016) 127:2406–
10. doi: 10.1182/blood-2015-08-665547

29. Park JH, Riviere I, Wang X, Bernal YB, Yoo S, Purdon T, et al. CD19-
targeted 19–28z CAR-modified autologous T cells induce high rates of complete
remission and durable responses in adult patients with relapsed, refractory b-cell
ALL. Blood (2014) 124:382. doi: 10.1182/blood.V124.21.382.382

30. Fraietta JA, Lacey SF, Orlando EJ, Pruteanu-Malinici I, Gohil M, Lundh S,
et al. Determinants of response and resistance to CD19 chimeric antigen receptor
(CAR) T cell therapy of chronic lymphocytic leukemia. Nat Med (2018) 24:563–71.
doi: 10.1038/s41591-018-0010-1

31. Long AH, Highfill SL, Cui Y, Smith JP, Walker AJ, Ramakrishna S, et al.
Reduction of MDSCs with all-trans retinoic acid improves CAR therapy efficacy for
sarcomas. Cancer Immunol Res (2016) 4:869–80. doi: 10.1158/2326-6066.CIR-15-0230

32. Lynn RC, Weber EW, Sotillo E, Gennert D, Xu P, Good Z, et al. C-jun
overexpression in CAR T cells induces exhaustion resistance. Nature (2019)
576:293–300. doi: 10.1038/s41586-019-1805-z

33. Long AH, Haso WM, Shern JF, Wanhainen KM, Murgai M, Ingaramo M,
et al. 4-1BB costimulation ameliorates T cell exhaustion induced by tonic signaling
of chimeric antigen receptors. Nat Med (2015) 21(6):581–90. doi: 10.1038/nm.3838

34. Turtle CJ, Hanafi LA, Berger C, Gooley TA, Cherian S, Hudecek M, et al.
CD19 CAR-T cells of defined CD4+:CD8+ composition in adult b cell ALL
patients. J Clin Invest (2016) 126(6):2123–38. doi: 10.1172/JCI85309

35. Jain MD, Davila ML. Concise review: Emerging principles from the clinical
application of chimeric antigen receptor T cell therapies for b cell malignancies.
Stem Cells (2018) 36(1):36–44. doi: 10.1002/stem.2715

36. Cao J, Wang G, Cheng H, Wei C, Qi K, Sang W, et al. Potent anti-leukemia
activities of humanized CD19-targeted chimeric antigen receptor T (CAR-T) cells
in patients with relapsed/refractory acute lymphoblastic leukemia. Am J Hematol
(2018) 93(7):851–8. doi: 10.1002/ajh.25108

37. Myers RM, Li Y, Barz Leahy A, Barrett DM, Barrett DM, Teachey DT,
Callahan C, et al. Humanized CD19-targeted chimeric antigen receptor (CAR) T
cells in CAR-naive and CAR-exposed children and young adults with relapsed or
refractory acute lymphoblastic leukemia. J Clin Oncol (2021) 39(27):3044–55. doi:
10.1200/JCO.20.03458

38. Maude SL, Barrett DM, Rheingold SR, Aplenc R, Teachey DT, Callahan C,
et al. Efficacy of humanized CD19-targeted chimeric antigen receptor (CAR)-
modified T cells in children and young adults with relapsed/refractory acute
lymphoblastic leukemia. Blood (2016) 128:217–1217. doi: 10.1182/
blood.V128.22.217.217

39. Shah NN, Highfill SL, Shalabi H, Yates B, Jin J, Wolters PL, et al. CD4/CD8
T-cell selection affects chimeric antigen receptor (CAR) T-cell potency and toxicity:
Updated results from a phase I anti-CD22 CAR T-cell trial. J Clin Oncol (2020) 38
(17):1938–50. doi: 10.1200/JCO.19.03279

40. Liu X, Ren X, Zhou L, Liu K, Deng L, Qing Q, et al. Tollip orchestrates
macrophage polarization to alleviate intestinal mucosal inflammation. J Crohns
Colitis (2022) 16(7):1151–67. doi: 10.1093/ecco-jcc/jjac019

41. Yu L, Yang F, Zhang F, Guo D, Li L, Wang X, et al. CD69 enhances
immunosuppressive function of regulatory T-cells and attenuates colitis by
prompting IL-10 production. Cell Death Dis (2018) 9(9):905. doi: 10.1038/
s41419-018-0927-9

42. Brentjens RJ, Davila ML, Riviere I, Park J, Wang X, Cowell LG, et al. CD19-
targeted T cells rapidly induce molecular remissions in adults with chemotherapy-
refractory acute lymphoblastic leukemia. Sci Transl Med (2013) 5(177):177ra38.
doi: 10.1126/scitranslmed.3005930

43. Brentjens RJ, Rivière I, Park JH, Davila ML, Wang X, Stefanski J, et al. Safety
and persistence of adoptively transferred autologous CD19-targeted T cells in
patients with relapsed or chemotherapy refractory b-cell leukemias. Blood (2011)
118(18):4817–28. doi: 10.1182/blood-2011-04-348540

44. Rivat C, Izotova N, Richardson R, Pellin D, Hough R, Wynn R, et al. Clonal
dynamics of early responder and long-term surviving CAR-T cells in humans.
Blood (2019) 134(Supplement_1):52. doi: 10.1182/blood-2019-125916

45. Rabilloud T, Potier D, Pankaew S, Nozais M, Loosveld M, Payet-Bornet D,
et al. Single-cell profiling identifies pre-existing CD19-negative subclones in a b-
ALL patient with CD19-negative relapse after CAR-T therapy. Nat Commun
(2021) 12(1):865. doi: 10.1038/s41467-021-21168-6

46. Lee DW, Stetler-Stevenson M, Yuan CM, Shah NN, Delbrook C, Yates B,
et al. Long-term outcomes following CD19 CAR T cell therapy for b-ALL are
frontiersin.org

https://doi.org/10.1016/j.bbmt.2010.04.004
https://doi.org/10.1016/j.bbmt.2010.08.001
https://doi.org/10.1016/j.bbmt.2010.08.001
https://doi.org/10.1517/14712598.2011.554811
https://doi.org/10.1016/j.blre.2013.07.002
https://doi.org/10.1016/j.intimp.2018.06.034
https://doi.org/10.3389/fimmu.2020.00762
https://doi.org/10.1056/NEJMoa1509277
https://doi.org/10.1056/NEJMoa1609783
https://doi.org/10.3389/fimmu.2022.876339
https://doi.org/10.3389/fimmu.2022.876339
https://doi.org/10.1056/NEJMoa1709866
https://doi.org/10.1200/JCO.2016.34.15
https://doi.org/10.1056/NEJMoa1407222
https://doi.org/10.1182/blood.V126.23.684.684
https://doi.org/10.1016/j.bbmt.2016.09.002
https://doi.org/10.1016/S0140-6736(14)61403-3
https://doi.org/10.1038/nm.4441
https://doi.org/10.1182/blood-2014-05-552729
https://doi.org/10.1002/cncr.33609
https://doi.org/10.1186/s13045-017-0434-y
https://doi.org/10.1038/sj.leu.2403843
https://doi.org/10.1038/sj.leu.2403843
https://doi.org/10.1016/j.clml.2019.10.016
https://doi.org/10.1016/j.clml.2019.10.016
https://doi.org/10.1016/j.bbmt.2020.07.036
https://doi.org/10.1038/bmt.2017.64
https://doi.org/10.1182/blood-2015-08-665547
https://doi.org/10.1182/blood.V124.21.382.382
https://doi.org/10.1038/s41591-018-0010-1
https://doi.org/10.1158/2326-6066.CIR-15-0230
https://doi.org/10.1038/s41586-019-1805-z
https://doi.org/10.1038/nm.3838
https://doi.org/10.1172/JCI85309
https://doi.org/10.1002/stem.2715
https://doi.org/10.1002/ajh.25108
https://doi.org/10.1200/JCO.20.03458
https://doi.org/10.1182/blood.V128.22.217.217
https://doi.org/10.1182/blood.V128.22.217.217
https://doi.org/10.1200/JCO.19.03279
https://doi.org/10.1093/ecco-jcc/jjac019
https://doi.org/10.1038/s41419-018-0927-9
https://doi.org/10.1038/s41419-018-0927-9
https://doi.org/10.1126/scitranslmed.3005930
https://doi.org/10.1182/blood-2011-04-348540
https://doi.org/10.1182/blood-2019-125916
https://doi.org/10.1038/s41467-021-21168-6
https://doi.org/10.3389/fimmu.2022.1039929
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Deng et al. 10.3389/fimmu.2022.1039929
superior in patients receiving a fludarabine/cyclophosphamide preparative regimen
and post-CAR hematopoietic stem cell transplantation. Blood (2016) 128:218–8.
doi: 10.1182/blood.V128.22.218.218

47. Weiss T, Weller M, Guckenberger M, Sentman CL, Roth P. NKG2D-based
CAR T cells and radiotherapy exert synergistic efficacy in glioblastoma. Cancer Res
(2018) 78:1031–43. doi: 10.1158/0008-5472.CAN-17-1788

48. Li S, Siriwon N, Zhang X, Yang S, Jin T, He F, et al. Enhanced cancer
immunotherapy by chimeric antigen receptor-modified T cells engineered to
secrete checkpoint inhibitors. Clin Cancer Res (2017) 23:6982–92. doi: 10.1158/
1078-0432.CCR-17-0867

49. Tanaka M, Tashiro H, Omer B, Lapteva N, Ando J, Ngo M, et al.
Vaccination targeting native receptors to enhance the function and proliferation
of chimeric antigen receptor (CAR)-modified T cells. Clin Cancer Res (2017)
23:3499–509. doi: 10.1158/1078-0432.CCR-16-2138

50. Majzner RG, Heitzeneder S, Mackall CL. Harnessing the immunotherapy
revolution for the treatment of childhood cancers. Cancer Cell (2017) 31:476–85.
doi: 10.1016/j.ccell.2017.03.002

51. Khalil DN, Smith EL, Brentjens RJ, Wolchok JD. The future of cancer
treatment: immunomodulation, CARs and combination immunotherapy. Nat Rev
Clin Oncol (2016) 13:273–90. doi: 10.1038/nrclinonc.2016.25

52. Zah E, Lin MY, Silva-Benedict A, Jensen MC, Chen YY. T Cells expressing
CD19/CD20 bispecific chimeric antigen receptors prevent antigen escape bymalignant b
cells. Cancer Immunol Res (2016) 4:498–508. doi: 10.1158/2326-6066.CIR-15-0231

53. Schneider D, Xiong Y, Wu D, Nlle V, Schmitz S, Haso W, et al. A tandem
CD19/CD20 CAR lentiviral vector drives on-target and off-target antigen
Frontiers in Immunology 10
modulation in leukemia cell lines. J Immunother Cancer (2017) 5:42.
doi: 10.1186/s40425-017-0246-1

54. Fousek K, Watanabe J, George A, An X, Samaha H, Navai SA, et al.
Targeting primary pre-b cell acute lymphoblastic leukemia and CD19-negative
relapses using trivalent CAR T cells. Blood (2017) 130:4614–4. doi: 10.1182/
blood.V130.Suppl_1.4614.4614

55. Summers C, Wu QV, Annesley C, Bleakley M, Dahlberg A, Narayanaswamy
P, et al. Hematopoietic cell transplantation after CD19 chimeric antigen receptor T
cell-induced acute lymphoblastic lymphoma remission confers a leukemia-free
survival advantage. Transplant Cell Ther (2022) 28(1):21–9. doi: 10.1016/
j.jtct.2021.10.003

56. Lund TC, Ahn KW, Tecca HR, Hilgers MV, Abdel-Azim H, Abraham A,
et al. Outcomes after second hematopoietic cell transplantation in children and
young adults with relapsed acute leukemia. Biol Blood Marrow Transplant (2019)
25:301–6. doi: 10.1016/j.bbmt.2018.09.016

57. Yaniv I, Krauss AC, Beohou E, Dalissier A, Corbacioglu S, Zecca M, et al.
Second hematopoietic stem cell transplantation for post-transplantation
relapsed acute leukemia in children: A retrospective EBMT-PDWP study. Biol
B lood Marrow Transp lant (2018) 24(8) :1629–42 . doi : 10 .1016/
j.bbmt.2018.03.002

58. Kharfan-Dabaja MA, Labopin M, Bazarbachi A, Ciceri F, Finke J, Bruno B,
et al. Comparing outcomes of a second allogeneic hematopoietic cell transplant
using HLA-matched unrelated versus T-cell replete haploidentical donors in
relapsed acute lymphoblastic leukemia: a study of the acute leukemia working
party of EBMT. Bone Marrow Transplant (2021) 56(9):2194–202. doi: 10.1038/
s41409-021-01317-7
frontiersin.org

https://doi.org/10.1182/blood.V128.22.218.218
https://doi.org/10.1158/0008-5472.CAN-17-1788
https://doi.org/10.1158/1078-0432.CCR-17-0867
https://doi.org/10.1158/1078-0432.CCR-17-0867
https://doi.org/10.1158/1078-0432.CCR-16-2138
https://doi.org/10.1016/j.ccell.2017.03.002
https://doi.org/10.1038/nrclinonc.2016.25
https://doi.org/10.1158/2326-6066.CIR-15-0231
https://doi.org/10.1186/s40425-017-0246-1
https://doi.org/10.1182/blood.V130.Suppl_1.4614.4614
https://doi.org/10.1182/blood.V130.Suppl_1.4614.4614
https://doi.org/10.1016/j.jtct.2021.10.003
https://doi.org/10.1016/j.jtct.2021.10.003
https://doi.org/10.1016/j.bbmt.2018.09.016
https://doi.org/10.1016/j.bbmt.2018.03.002
https://doi.org/10.1016/j.bbmt.2018.03.002
https://doi.org/10.1038/s41409-021-01317-7
https://doi.org/10.1038/s41409-021-01317-7
https://doi.org/10.3389/fimmu.2022.1039929
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Multiple CAR-T cell therapy for acute B-cell lymphoblastic leukemia after hematopoietic stem cell transplantation: A case report
	Introduction
	Case
	Discuss
	Data availability statement
	Ethics statement
	Author contributions
	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


