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摘要
    加州大學舊金山(UCSF)兒童骨髓移植(BMT)中心已經有十七年的歷史，移植施行超過六百例。最有特色的移植為嚴重型免疫低下(SCID)患者的異體造血幹細胞移植，以研究美國印地安族群之該種疾患最有特色，曾發表找出該族基因位址的研究。本人在UCSF兒童醫院學習了兒童造血幹細胞移植小組如何建立與運作，組成人員與設備概況及相關訓練內容與合作方式，未來將有助於兒童的造血幹細胞移植中心的建立。另外也看見一個兒童醫院的龐大規模，知道我們與國外的巨大差距，台灣受限於現實的醫療環境與保險制度，未來還有長遠的路要走。
關鍵字：嚴重型免疫低下，造血幹細胞移植
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目的：學習建立兒童的造血幹細胞移植中心
過程：
1. 抵達美國後，先安排住宿、買家具、解決食衣住行問題，同時至加州大學舊金山(UCSF)醫學中心SISS(國際學生及學者服務中心)報到，接受Orientation，再到兒童醫院骨髓移植中心報到，與兒童醫院骨髓移植中心主任Dr. Cowan見面。
2. 與兒童醫院骨髓移植中心小組成員認識，經由每日參與查房、特別門診、與各項研討會，了解各相關成員包括藥師、專科護理師、營養師、住院醫師與主治醫師等之工作內容。
3. Dr. Cowan要求本人準備報告本院目前移植現況與兒童造血幹細胞移植訓練計畫並介紹台灣兒童癌症與骨髓移植現況，經過資料收集與整理後，於94年四月七日下午向移植小組演講。
4. 熟悉環境與醫院情況後，與Dr. Cowan與Dr.Horn討論決定研究計畫與paper主題，決定題目為:UCSF兒童骨髓移植中心嚴重型免疫缺損患者(SCID)之異體週邊血幹細胞移植成果分析，開始收集資料並閱讀相關文獻。
5. 於論文寫作過程中，資料收集遭遇許多困難，對於移植過程許多細節仍需進一步認識，但是不知如何進入情況，因此向Dr. Cowan要求到骨髓移植實驗室了解幹細胞分離、計數、冷凍與儲存、分袋等技術，並在此一過程中與免疫實驗室研究員認識，得到研究計畫需要之許多幫助，起初遭遇許多困難，終於找到頭緒。
6. 在研究計畫進行中，也逐步了解UCSF兒童醫院骨髓移植實驗室，免疫實驗室之內容與概況，明白未來在臨床之外進一步做研究之可能性。
7. 研究計畫進行中，另外申請至UCSF兒童血液腫瘤科訪問，認識到該科之制度、常規、訓練計畫、臨床知識與教學內容。回國後將有助於目前服務單位的制度建立與革新改造。
8. 最後在UCSF的Dr. Cowan指導下完成研究論文，並將初步成果投稿至美國血液病學會(American Society of Hematology)，預定於今年12月於美國Atlanta, Gorgia舉行之年度會議發表。
9. 該篇研究論文在Dr. Cowan與Dr.Horn反覆修改完成後，於返台前投稿至Bone Marrow Transplant期刊 (SCI)，以原著論文送審，題目為 CD34+ Selected T-Cell Depleted Peripheral Blood Stem Cell Transplantation from HLA-Haplocompatible Donors for the Treatment of Severe Combined Immunodeficiency Disease。(詳如附錄一)
心得
1. UCSF兒童骨髓移植(BMT)已經有十七年的歷史，移植施行超過六百例。最有特色的移植為嚴重型免疫低下(SCID)患者的異體造血幹細胞移植，以研究美國印地安族群之該種疾患最有特色，曾發表找出該族基因位址的研究，目前正在做其基因治療的動物實驗。
2. 其獨立於兒科自成一完整部門、有完善的病房設施(共六床)、工作人員組織與詳細的病房工作手冊、醫師與護理人員訓練手冊、教學資料等。令人印象深刻的是其移植小組人員的設置相當完善，醫師陣容包括兩位專任主治醫師、五至六位之兼任主治醫師、一位臨床研究員、一位住院醫師，其他成員包括兩位專科護理師(NSP)、一位藥師、一位社工、一位門診個案管理師、兩位辦公室助理、一位掌管組織抗原配對與幹細胞捐贈者之管理師(同時服務成人移植中心)、兩位血液分離中心之技術員；如此龐大的組織與我們醫院目前的情況大相逕庭。除醫師外，藥師、營養師、社工、NSP每天都參與查房，且積極主動報告訪視病人的結果與建議，藥師更會提出病人該換藥了，要換什麼藥，TPN要和目前台灣臨床所見大都聽從醫師的建議，沒有自己意見的情形大不相同。 這些人員參與每天早上的查房，我們醫院兒童醫學部基本上沒有專任的上述人員，故凡是需要移植之兒科患者，皆轉至成人腫瘤科，這樣子的情況實非吾人所願，基本上是環境使然。
3. UCSF兒童醫院骨髓移植實驗室與免疫實驗室是設在健康科學大樓的三樓(HSE 301)，地點相同。由於經費補助與獎學金偶有青黃不接的時候，因此移植實驗室的兩位技術員經常須額外支援免疫實驗室的實驗，人力的利用相當有效率，不像我們醫院，大部分的技術員是不碰研究的，只管把份內工作做好。免疫實驗室有兩位來自印度與中國大陸做博士後研究的博士，二位工讀生，偶而還有高中生來實習，美國的大學生或高中生在畢業後找工作時，非常需要具備實際的工作經驗以得到較好的工作機會與薪資，因此實驗室一有工讀生的缺，通常很快就可以找到人，對實驗室或學生自己都有好處，這種風氣值得國內提倡。
4. UCSF兒童醫院血液腫瘤科病房與BMT相連，但基本上是完全分開的兩個部門，住院醫師也分開工作，只有教學時才一起出現，人力之多令人望而興嘆。光是血液腫瘤科的主治醫師就有十多位，規模相當於本院腫瘤科。教學活動每天早上都有，由主治醫師做專題教學，參與者包括住院醫師、FELLOW、星期三是BMT教學，星期五是HEMA教學， 其他為ONCOLOGY教學。每星期有一次與病理科、影像醫學、外科、腫瘤科一起的combined conference，一個月有一次Grand Round。
5. UCSF有一般小兒科；基本上，一般小兒科涵蓋所有一般兒科疾病。在本院小兒科，我們雖然已在次專科的領域發展，但仍需參與一般兒科門診、急診、兒童健檢與疫苗注射等業務，這在UCSF是不可思議的。他們聽到時，都很疑惑，質疑這樣可能做好次專科的工作嗎?我只能苦笑。
6. 總之，在UCSF兒童醫院學習了兒童造血幹細胞移植小組如何建立與運作，組成人員與設備概況及相關訓練內容與合作方式，未來將有助於兒童的造血幹細胞移植中心的建立。另外也看見一個兒童醫院的龐大規模，知道我們與國外的巨大差距，明白我們未來還有長遠的路要走，但台灣這麼小，現實的醫療環境與保險制度實在難以配合。
建議事項
前言：
兒童骨髓移植的發展與大環境環環相扣，包括健保給付、醫師與護理人力、醫院的未來發展方向等都有微妙關係。兒童骨髓移植屬於兒科的一環，必須建立於堅強的兒童醫學部門之上才能運作，然而隨著出生率下降，病人數銳減，兒科營運日趨困難，工作辛苦造成應考之住院醫師人數逐年下降而致人力不足，因此在如此艱困之情形下，若要突然大幅增加人力的配置以進行兒童骨髓移植並不實際。一個兒童的造血幹細胞移植中心之建立是如此不容易，本人認為本科(兒童血液腫瘤科)未來最有效的運作方式仍是與陣容完整的腫瘤科合作，以降低兒科營運壓力並增加未來發展潛力與競爭力。
重要建議事項如下：
1. 目前本科(兒童血液腫瘤科)僅有吾人一位主治醫師，建議增加一位。
    本科臨床壓力沉重，如果能在人力上稍做紓解，將增加照顧移植病人的空間與時間，未來在照顧兒科血液腫瘤病患外，將有助於發展兒童造血幹細胞移植的值與量。(本科原有兩位主治醫師，一位資深主治醫師剛於九月榮退)
2. 建議從兒童血液腫瘤科病房(A093)擢昇一位資深護理人員為本科的NSP，把職缺轉移至兒童醫學部。
    因為本科病患為癌症兒童，有其特殊性，病人在A093病房做化學治療，需要專業護理人員協助做麻醉以施行骨髓穿刺與腰椎穿刺並施行椎內注射化藥，每一位新病人皆需做有關化學與放射治療的衛教與追蹤，需有絕對的耐心、抗壓性、專業背景與悲天憫人的胸懷以取得小朋友與家屬的信任，因此本科的NSP必須熟悉各種化學藥物的用法與副作用並及時處理，熟知癌末兒童的安寧治療與家屬支持，對於病情需幹細胞移植以求根治者，本科的NSP還需具備幹細胞移植之專業知識以助專案用藥申請、聯絡慈濟骨髓中心與國內公私立臍帶血銀行等，業務量複雜而繁重，需性格成熟、聰明伶俐者方能擔此重任，訓練困難耗時故不宜人才流動，如果隸屬護理部則因病房人力配置需參與一般護理輪班，無法盡心輔助上述業務。
附錄一
CD34+ Selected T-Cell Depleted Peripheral Blood Stem Cell Transplantation from HLA-Haplocompatible Donors for the Treatment of Severe Combined Immunodeficiency Disease
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Summary

  We report the results of haplocompatible peripheral blood stem cell transplantation (PBSCT) utilizing CD34+ selection and T-cell depletion for 17 patients with severe combined immunodeficiency disease (SCID). A total of 15 PBSC preparations were processed, in which two were shared between affected twins. After Isolex (n=14) or CliniMACS System (n=1) processing, a median number of 379×106 total viable nucleated cells were recovered, with a median purity of 96% CD34+ cells. All Isolex processed (n=14) cells were further T-cell depleted with OKT3 monoclonal antibody, yielding a median of 0.09% CD3+ cells. Recovery of CD34+ cells after complete processing was from 13.3% to 60.2% (median 50.1%). Overall survival was 70.6%, and EFS 58.8%, with a median follow-up of alive patients of 34 months (range 3-104 months). Fourteen patients engrafted. The median time for the recovery of T- and B-cell function was 8.5 months and 16 months, respectively, and similar to the results of T-cell depleted, haplocompatible BMT in SCID patients. When followed for more than 2 years, 100% of these patients achieved normal T-cell function. Based on these results, we conclude that for SCID patients who lack an HLA-matched related donor, CD34+ selected T-cell depleted haplocompatible PBSCT is an effective treatment.

Key words: Haplocompatible, PBSCT, SCID, T-cell depleted

Introduction

SCID comprises a collection of genetic defects involving both humoral and cellular immunity. A profound lack of immune function leads to infections which are generally fatal in infancy unless the immune system can be reconstituted.1 HLA-compatible hematopoietic stem cell transplantation (HSCT) is the treatment of choice for SCID patients. However, when there is no HLA-identical donor, a T-cell depleted haplocompatible stem cells may be used. As shown in the last European survey, 3-year survival for HLA-identical and mismatched HSCT was 77% and 54%, respectively.2
Most published articles discussing haplocompatible HSCT for SCID have been limited to transplants that derived stem cells directly from bone marrow and only a few have reported the use of PBSC.2-5 In the present study, we describe the results for 17 children with SCID treated with a HLA-haplocompatible PBSCT using a combination of CD34+ selection and T-cell depletion for the prevention of graft-versus-host disease (GVHD). We present data on engraftment, immune reconstitution, transplant-related complications and predictors of outcome.

Patients and methods

All patients with SCID who presented to the University of California San Francisco Children’s Hospital Pediatric BMT program between September 1996 and May 2005, and who did not have an HLA-matched related donor for their first transplant, were considered for the study (n=19). Two patients were not eligible for enrollment as they met one or more exclusion criteria, which included the diagnosis of adenosine deaminase deficiency, end-stage liver, lung or kidney disease, human immunodeficiency virus infection, disseminated cytomegalovirus (CMV) infection with involvement of lungs and/or central nervous system. All patients received intravenous gammaglobulin (IVIG) replacement therapy from the time of diagnosis until B-cell reconstitution, and they received antimicrobial prophylaxis with fluconazole, trimethoprim/sulfamethoxazole and acyclovir, from the time of diagnosis until T-cell reconstitution was achieved.6
After the transplant, the patients were followed every 2 weeks for the first 2 months, then monthly until 6 months, then at 3-month intervals. Patients were checked for evidence of donor engraftment and recovery of T-cell function. If there was no evidence of engraftment or improved T-cell immunity after 2 months, a second transplant was considered. B-cell studies were begun at 3 months post transplant. Patients received IVIG until B-cell immunity was recovered. 

Tests of immune reconstitution:

Chimerism was determined by HLA typing of peripheral blood mononuclear cells, fluorescence in situ hybridization with probes to the X and Y chromosomes in sex mismatch transplants, VNTR (variable number tandem repeats) and STR (short tandem repeats) techniques. And recently, HLA typing was performed separately on purified cell populations including CD3, CD19 and CD14/15.

T- and B-cell lymphocyte subsets were quantified by flow cytometric analysis using fluorochrome-conjugated monoclonal antibodies (MoAbs) to human cell-surface antigens (CD3, CD4, CD8, CD19, CD56) and a FACScan analyzer (Becton Dickinson). In vitro T-cell function was measured by lymphocyte proliferative responses to phytohemagglutinin (PHA) using a 3H-thymidine incorporation assay as previously described.3 B-cell immunity was measured by determining IgM levels (normal (40 mg/dl), anti-A and anti-B IgM isohemagglutinin titers (normal (1:8), and antibody responses to tetanus and polio vaccines. Reconstitution of T-cell function was defined as absolute lymphocyte count (1.0×109/L, and a T-cell response to mitogens that was within the 95th percentile of the normal range. Reconstitution of B-cell function was defined by the absence of IVIG administration and normal antibody responses to tetanus and polio vaccines.

All patients were treated on an IRB approved clinical protocol and parents signed consents for transplant and all associated studies.

Processing of donor cells:

We used the Isolex( 300i Magnetic Cell Selection System (Baxter Inc.) or the CliniMACS( System (Miltenyi Biotec Inc.) to process donor peripheral blood progenitor cell products to obtain a goal of 20x106 CD34+ cells/kg patient body weight. In these procedures, PBSC were mobilized with granulocyte-colony-stimulating factor and collected from a haplocompatible parent by apheresis. Both the Isolex and CliniMACS systems rely on antigen/antibody interactions and magnetic microbead technology to specifically capture and release CD34+ cells. The Isolex system uses the Isolex stem cell reagent kit containing Dynabeads(, CD34 MoAbs, and a release reagent. The CliniMACS system utilizes the CliniMACS CD34 reagent which is an iron-dextran colloid directly conjugated to CD34+ antibody.7-9
If the dose of CD3+ cells/kg patient body weight was greater than the upper limit of our goal, an additional CD3+ depletion was done. First, the CD34+ purified cell suspension was labeled with OKT3( MoAbs (Ortho Biotech Products, LP.). Dynabeads ClinExVivo( Sheep anti-Mouse IgG (Dynal Biotech Inc.) were added to the cell suspension and incubated for 30 minutes. At the end of the incubation, the cells were exposed to the MPC(-1 Magnet Particle Concentrator (Dynal A.S, N-0212 Oslo, Norway) and the unbound cell suspension (the supernatant) was collected. This usually resulted in an additional 1 log depletion of T cells with a loss of ~10-20% CD34 cells.

Data collection and analysis

The following data were collected: the patient’s diagnosis, infections at presentation; transplant information including donor/recipient HLA matching, blood typing, CMV seropositivity, conditioning regimen, and CD34+ and CD3+ cell dosage; complications during and after transplantation including incidence of acute (aGVHD) and chronic GVHD (cGVHD), infections, venoocclusive liver disease, autoimmune hemolytic anemia (AIHA), and immune reconstitution of T- and B-cells. We also collected data on growth and development; and ongoing medical issues associated with the transplant at last follow-up. We used descriptive statistics, chi square test for comparison of categorical variables, and the two-tailed t-test for the comparison of means. Kaplan-Meier analysis was used in analysis of survival and event-free survival (event was defined as a need for 2nd transplant or death). Cox’s regression multivariate analysis was used to test the association between variables such as B-cell phenotype, age at transplant, pre-transplant lung infection, CD34+ cell dose, etc. and survival. Data were analyzed using SPSS for Windows (Version 12.0, SPSS Inc., Chicago, IL, USA).

Results

The clinical characteristics of the 17 patients who were enrolled into this study are presented in Tables 1. The median age at transplant was 8 months (range 2-16.5 months). Of the 17 patients, 6 were B+ SCID of which 5 had either a family history consistent with an X-linked inheritance (n=1) or an IL2RG gene mutation (n=4). Eleven patients were B- SCID, of which two were Athabascan SCID (SCIDA).10 Of the remaining 9, four had a RAG2 mutation.

Ten of 17 patients had maternal engraftment at diagnosis, confirmed by non-HLA DNA typing, and four of the ten also had evidence of cutaneous GVHD. All donors were mothers; 8 donor/recipient pairs had 3 of 6 matched HLA loci (ie, HLA-A, B, DR), 7 pairs had a 4 of 6 match, and 2 had a 5 of 6 match (Dr1 mismatch). Eight donor/recipient pairs had identical ABO blood types, 3 were compatible (donor O+), and six were some other combination. Ten donors were CMV sero-positive, and 3 recipients had CMV antigenemia without disease at the time of transplant. Six patients received pre-transplant conditioning with immuno/chemotherapy and the first two entered into the study also received cyclosporine A (CsA) as GVHD prophylaxis. The median CD34+ dose was 20×106 cells/kg body weight (range 1.6 to 62.6×106). The median CD3+ dose was 2×104 cells/kg body weight (range 0.2 to 6.0×104).

CD34+ selection/CD3+ depletion: A total of 15 PBSC preparations were processed immediately after collection, in which two were shared between 2 sets of twins. The results are shown in Table 2. Total viable nucleated cells (TVNC) following leukapheresis were between 5.9 and 9.13×1010 containing 0.47-2.39% CD34+ cells. After Isolex (n=14) or CliniMACS system (n=1) processing, a median number of 379×106 TVNC were recovered, with a median viability of 98% and median purity of 96% CD34+ cells. All Isolex processed (n=14) cells were further T-cell depleted with OKT3 MoAbs (8 cell preparations required only 1 cycle of CD3 depletion, 5 required 2 cycles, and 1 required 3 cycles), yielding a median of 0.09% CD3+ cells. The one preparation that utilized the CliniMACS system yielded 0.06% CD3+ cells, hence did not receive further T-cell depletion. Recovery of CD34+ cells after complete processing was from 13.3% to 60.2% (median 50.1%).

A total of 8 patients had culture-documented infections during the hospitalization for transplant. The most common infection sites included lung, blood, gut, and urinary tract. The micro-organisms found in lungs were Respiratory syncytial virus (RSV) (1), Mycobacteria (1) and Mycobacteria kansasii (1). For bacteremia, they were Staphylococcus aureus (1), Staphylococcus epidermidis (2), Streptococcus mitis (1) and Enterobacter cloaca (1). Clostridium difficile (3) enteritis was the most common gut infection. Enterobacter cloaca (1), Enterovirus (1) and Enterococcus (1) were found from urine cultures.

Fourteen out of 17 patients engrafted (Table 3). Of those who did not engraft, one (UPN 315) received a further BMT from a matched unrelated donor (MUD), but unfortunately died from disseminated CMV infection. The other two (UPN 441, 446) were identical twins with T-B-NK+SCID (RAG2 deficiency), and they underwent a second BMT from a matched unrelated donor (MUD) using busulfan, fludarabine, anti-thymocyte globulin (Bu/Flu/ATG) conditioning resulting in successful reconstitution of both T- and B-cell function. Of the 14 engrafted patients, 7 developed aGVHD, most were grade I or II (n=4) and 3 were grade III. The organs involved included skin (6), gut and liver (1). All aGVHD was successfully controlled by CsA and steroid therapy. Three patients developed cGVHD of skin, without having any other organ involvement with GVHD. There was no correlation between the CD3 dose at the time of transplant and development of acute or chronic GVHD (p=0.87 and 0.37, respectively).

Four patients suffered from AIHA (Table 3) of which the outcome and treatment for three (UPN 296; 318; 324) have been reported previously.11 One patient (UPN 318), presented to the emergency room with hemoglobin of 2.5 g/dL and subsequently died from cardiogenic shock due to AIHA, and another patient (UPN 324) had AIHA with lowest Hemoglobin of 6.7 g/dL; both required CsA and steroid treatment. The remaining 2 patients (UPN 296 and 401) had only mild AIHA which spontaneously resolved when T-cell function reconstituted and required no specific treatment.

Immune reconstitution: All fourteen patients who engrafted had improved T-cell function at the last follow-up, compared with their pre-transplant T-cell function. Nine out of 14 patients had normal T-cell function at the last follow-up (Table 3). Two of these 9 patients with complete T cell reconstitution had normal B cell function recovery. They (UPN 269, 472) were off IVIG therapy and had normal antibody responses to tetanus and polio vaccines. The time until T-cell function recovery for the nine patients was 3 months (n=1), 3-6 months (n=1), 6-12 months (n=4), and more than 1 year (n=3). The time until B-cell function recovery for the two patients was 16 months and 21 months, respectively.

Overall survival was 70.6% in this study. Excluding the 3 patients (UPN 315, 441, 446) who received further BMT from MUD, EFS was 58.8% (10/17). Ten out of the 17 patients are alive 3 to 104 months (median 34 months) post PBSCT. A total of five patients died from infection or transplant-related complications, all of which were T-B-NK+SCID. Their causes of death are shown in Table 3. One patient (UPN 288) was found to have multiple pulmonary arterio-venous malformations of unknown etiology, which resulted in his respiratory demise. Patient UPN 324 suffered from severe autoimmune myositis refractory to immunosuppressive therapy, which was a rare complication related to transplantation.12-13 He was treated with multiple pulses of steroids, CsA and mycophenolate moefetil treatment. Among the 5 patients who died, 2 had normal T-cell function at the time of death; the others had not fully recovered either T-cell or B-cell function.

Of the 8 surviving patients followed for more than 2 years, most are in good general health with no evidence of susceptibility to opportunistic infections or chronic diarrhea. The body height growth curve is within the 5th and 10-25th percentiles in 3 and 5 patients, respectively. For body weight, the growth curve is within 10-25th and 50-75th percentiles in 6 and 2 patients, respectively. In general, only two patients had medical issues at last follow-up. One had speech and reading problems secondary to a seizure disorder that occurred prior to diagnosis and transplant. The other patient had loss of vision in one eye secondary to CMV retinitis that was present at diagnosis.

The B- SCID phenotype was associated with a poorer outcome compared to the B+ SCID phenotype, with 54.5% (6/11) and 100% (6/6) survival rates (Figure 1), respectively, although not statistically significant (p=0.07). In a univariate and multivariate analyze including type of SCID (B-/B+), age at transplant, lung infection occurring before transplant, CD34+ cell dose, the development of aGVHD or cGVHD, and use of conditioning prior to transplant; neither was found to impair the survival. As shown in Table 4, neither the CD3 nor the CD34 dose influenced T- or B-cell function recovery (p=0.43 and 0.08 for CD3 dose, and p=0.25 and p=0.27 for CD34 dose, respectively).

Discussion

Very few published papers have focused on haplocompatible PBSCT for patients with SCID, as BM has been used as a stem cell source in the majority of patients.2-5 In the large European study that included data between 1968 and 1999, the 3-year survival rate for HLA-mismatched HSCT for SCID was 54%.2 In the European report survival rate was shown to improve over time (50-60% from 1991-95 and 70-80% from 1996-99). In our study which analyzes patients receiving transplants from September 1996 to May 2005, overall survival was 70.6%, EFS was 58.8%. Interestingly, all of the 10 patients transplanted after 2000 are still alive. In contrast, for the PBSCT which were done before 2000 only 2 of the 7 patients have survived. More effective prevention and treatment of infections, better prevention of GVHD in the HLA non-identical setting by using more efficient methods of T-cell depletion, and better understanding of this disease by primary physicians leading to possibly earlier recognition of the disease and thus, earlier referral are important factors contributing to better survival in recent years. In our overall experience with children with SCID we have found that the second affected child in a family often does better. Interestingly, only one patient in this current series was from a family with a previously affected child.

Notably, there is a significant difference between the present study and the European report. That is, the distribution of the B+ vs B- SCID phenotype. The European study shows results on a patient population with a predominance of B+ SCID (B+ vs B-: n=79 vs 39, respectively). In our study 11 of the 17 patients had the B- phenotype, and the B- phenotype is known to be associated with a poorer outcome.2,4 The results of our study are compatible with this observation, because, all the five patients who died were B- SCID, compared with no deaths for the 6 B+ SCID. Overall survival was much higher for B+ (100%) than B- SCID (54.5%), although not statistically significant. According to previous reports, it is reasonable to consider that this high percentage of B- phenotype (64.7%) in our study might have a negative influence on the survival. 

It has been reported that in addition to the B-cell phenotype, other factors including age at transplant, lung infection occurring before transplant, CD34+/CD3+ cell dose, the development of aGVHD or cGVHD, and the use of conditioning might influence the outcome of the transplant.2,4 However, due to the limited number of cases in our study, none of these factors were proven to be significant.

T-cell depletion to prevent severe GVHD enables transplantation from HLA-haploidentical donors. In the present study, we used both the Isolex and CliniMACS devices for cell purification. For effective use of the Isolex device, we had to develop a method for additional T-cell depletion using OKT3 MoAbs. All of the cell preparations (n=14) that utilized the Isolex device required 1-3 cycles of T-cell depletion with OKT3 MoAbs with ~50% recovery of CD34+ cells. This method is effective for CD34 enrichment and T-cell depletion of haplocompatible PBSC.

There were 5 patients with X-linked SCID in this study, three (UPN 296; 401; 455) of them have been followed for more than 2 years (93, 61, and 40 months, respectively) and all have reconstituted only T-cell function. As indicated in previous reports, for patients with this type of SCID, stem cells most often develop into normal T-cells and much less frequently into normal B- cells.1 These patients, none of whom have any evidence of donor-derived B-cells post transplant, continue to have poor B-cell function and therefore will likely to require IVIG supplement for the rest of their lives.

For the 8 patients who survived for more than 2 years, 3 received conditioning including fludarabine (2) and Cy/Bu/ATG (1). The median growth curve is in the 25th percentile for both body height and weight. However, two patients reached 50-75th percentile in body weight, but no patient reached more than the 25th percentile in height. It is known that SCID patients usually have failure to thrive soon after birth, followed by repeated infections, and are often transplanted following immunosuppressive conditioning, and might suffered from possible transplant-related complications. Adverse factors such as these could have long-term effects on their growth and development and will require a long-term follow-up study for better understanding.

Our study confirms the high incidence of AIHA (4/17) in SCID patients after T-cell depleted, haplocompatible transplants that we previously reported.11 For the 4 patients in the present study, none had achieved T- or B-cell function at the time AIHA developed. Two of them were B-NK+ SCID and had severe anemia requiring treatments and the AIHA was the cause of death in one of them. For the remaining two patients, both were X-linked B+NK- SCID, had mild AIHA that resolved as T-cell function reconstituted and required no specific treatment. It is important that regular screening for hemolytic disease be done in these patients until reconstitution of T-cell immunity.

Natural killer (NK) cells are known to impair the outcome of transplant because of an association with increase risk of graft rejection. Some authors have suggested that pre-transplant conditioning be used to achieve sustained engraftment in B-NK+SCID patients.4-5 Others suggested that the NK cells in these patients may be responsible for delay in development of normal T-cell function, but did not prevent engraftment even though no chemotherapy was given.1 In our study, there were 5 NK- patients, none received conditioning, and 100% engrafted. For 12 NK+ patients, half (6) received conditioning, 4 of which (4/6) engrafted. Their conditioning regimens were: Cy/Bu/ATG (1), Cy/ATG (2), and fludarabine (3). Two of the three patients who received fludarabine didn't engraft which suggest that fludarabine may not be effective in suppressing NK cells. Of the other six NK+ patients who did not receive conditioning because of severe infections or poor general health at the time of transplant, 5 engrafted. These results, comparable to previous reports1, did not show any benefit of conditioning regimens with respect to engraftment.

For immune reconstitution of the 8 patients followed for more than 2 years, excluding the 2 patients who underwent successful BMT from an unrelated donor, 100% (6/6) had reconstituted T-cell function, 33.3% (2/6) also had achieved B-cell function (Table 3). The median time for T- and B-cell function recovery was 8.5 months and 16 months, respectively. The result is similar to T-cell depleted, haploidentical BMT in previous reports. Haddad et al described a median time to achieve normal T- and B-cell function as 8.7 and 14.9 months, respectively.1,4 

In conclusion, our results suggest that the time required for T- and B-cell function reconstitution in T-cell depleted, haplocompatible PBSCT is similar to T-cell depleted, haplocompatible BMT in SCID patients. And when followed for more than 2 years, 100% of these patients can achieve normal T-cell function after such treatment, although more than half (66.7% in our study) are likely to require long term IVIG replacement therapy. 
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Table 1. Clinical Characteristics of 17 SCID patients.

	UPN
	Sex
	Age at

PBSCT (mons)
	Diagnosis%
	Conditioning
	Maternal engraftment
	Maternal GVHD
	CD34

Dose*


	CD3

Dose#

	288
	M
	13
	1
	-
	-
	-
	16.0
	5.0

	293
	M
	8.5
	1
	-
	+
	+
	6.5
	2.0

	315
	F
	3.5
	1
	-
	+
	+
	4.0
	0.8

	318
	F
	4
	1
	Cy/ATG
	+
	+
	27.7
	0.2

	324
	M
	11.5
	1
	Cy/ATG
	-
	-
	1.6
	0.66

	441
	F
	8
	1
	Flu
	NA
	NA
	31.8
	3.19

	446
	F
	9
	1
	Flu
	NA
	NA
	9.7
	1.8

	472
	F
	15
	1
	-
	-
	-
	23.5
	6.0

	483
	F
	16.5
	1
	-
	+
	-
	30.0
	6.0

	500
	M
	4.5
	1
	-
	+
	-
	61.6
	3.1

	1088
	M
	5.5
	1
	Flu
	+
	+
	20.0
	1.4

	269
	F
	10.5
	2
	Cy/Bu/ATG
	-
	-
	62.67
	5.74

	296
	M
	9
	3
	-
	+
	-
	38.92
	1.97

	401
	M
	5.5
	3
	-
	NA
	NA
	19.6
	1.4

	455
	M
	2
	3
	-
	+
	-
	23.0
	1.4

	1056
	M
	5.5
	3
	-
	+
	-
	6.34
	3.0

	1057
	M
	5.5
	3
	-
	+
	-
	6.34
	3.0


Abbreviations: Cy, cyclophosphamide; mons: months; NA, data not available; UPN: unique patient number.

%1: T-B-NK+; 2: T-B+NK+; 3: T-B+NK- (X-linked) SCID.

*Dose×106 cells/kg body weight.

#Dose×104 cells/kg body weight.

Table 2. The results of CD34+ selection and CD3+ depletion.
	
	TVNC (×106)
	%CD34+
	%CD3+
	Viability (%)
	%Recovery of CD34+

	Pre-processing (n=15)

(Medium)
	59000-91300

(70000)
	0.47-2.39

(0.9)
	22.2-63

(41)
	97-100

(99)
	100

	Post-processing (n=15)

(Medium)
	89-970

(379)
	89-100

(96)
	0.06-4.7

(0.69)
	83-100

(98)
	15.7-76

(55)

	Post-OKT3 (n=14)

(Medium)
	54.5-719

(319)
	93-100

(97.5)
	0.008-0.4

(0.09)
	78-100

(99)
	13.3-60.2

(50.1)


Table 3. Transplant-related complications, immune reconstitution, and outcome of 17 patients.

	UPN
	aGVHD
	cGVHD
	AIHA
	Engraftment
	T cell function*
	B cell function*
	Outcome/mons post-PBSCT 
	Cause of death

	288
	+
	-
	-
	+
	+
	-
	D (5)
	Chronic lung disease

	293
	+
	+
	-
	+
	-
	-
	D (18)
	Sepsis

	315
	-
	-
	-
	-
	-
	-
	D (7)1
	CMV encephalitis

	318
	-
	-
	+
	+
	-
	-
	D (5)
	Severe AIHA

	324
	-
	-
	+
	+
	+
	-
	D (19)
	Persistent autoimmune myositis

	441
	-
	-
	-
	-
	(+)
	(+)
	A (44)2
	

	446
	-
	-
	-
	-
	(+)
	(+)
	A (43)2
	

	472
	-
	-
	-
	+
	+
	+
	A (34)
	

	483
	+
	+
	-
	+
	-
	-
	A (7)3
	

	500
	-
	-
	-
	+
	+
	-
	A (24)
	

	1088
	+
	-
	-
	+
	-
	-
	A (3)
	

	269
	-
	-
	-
	+
	+
	+
	A (104)
	

	296
	-
	-
	+
	+
	+
	-
	A (93)
	

	401
	-
	-
	+
	+
	+
	-
	A (61)
	

	455
	+
	-
	-
	+
	+
	-
	A (40)
	

	1056
	+
	-
	-
	+
	-
	-
	A (7)
	

	1057
	+
	+
	-
	+
	+
	-
	A (7)
	


Abbreviations: A/D, alive/death.

*Function recovery at last follow-up.

1Received boost PBSCT at 7.5 months old, BMT from MUD at 9 months old.

2Twin siblings with RAG2 deficiency, both graft failure, received 2nd BMT from a MUD.

3Returned to Saudi Arabia with stable condition (stable cGVHD of skin) and loss of follow-up 7 months post-transplant.

Table 4. Relationship between T/B-cell recovery and CD34+/CD3+ cell doses.

	
	Mean(SD of CD34+ dose*
	2-tailed t-test

p value
	Mean(SD of CD3+ dose#
	2-tailed t-test

p value

	T-cell recovery

Yes (n=11)

No (n=6)
	26.79(20.52

15.76(11.63
	0.25
	3.02(1.83

2.23(2.08
	0.43

	B-cell recovery

Yes (n=4)

No (n=13)
	31.92(22.44

20.12(16.89
	0.27
	4.18(2.03

2.30(1.70
	0.08


*Dose×106 cells/kg body weight.

#Dose×104 cells/kg body weight.

Figure 1. Overall survival of 17 SCID patients by lymphocyte phenotype.

[image: image2.wmf]0

24

48

72

96

120

0.0

0.2

0.4

0.6

0.8

1.0

B- SCID (n=11)

B+ SCID (n=6)


[image: image1]
Follow-up post PBSCT (months)





Probability of survival








PAGE  
24

