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A full list of authors and affiliations appears at the end of the article.
# These authors contributed equally to this work.

Abstract

BACKGROUND—Severe combined immunodeficiency due to adenosine deaminase (ADA) 

deficiency (ADA-SCID) is a rare and life-threatening primary immunodeficiency.

METHODS—We treated 50 patients with ADA-SCID (30 in the United States and 20 in the 

United Kingdom) with an investigational gene therapy composed of autologous CD34+ 

hematopoietic stem and progenitor cells (HSPCs) transduced ex vivo with a self-inactivating 

lentiviral vector encoding human ADA. Data from the two U.S. studies (in which fresh and 

cryopreserved formulations were used) at 24 months of follow-up were analyzed alongside data 

from the U.K. study (in which a fresh formulation was used) at 36 months of follow-up.

RESULTS—Overall survival was 100% in all studies up to 24 and 36 months. Event-free survival 

(in the absence of reinitiation of enzyme-replacement therapy or rescue allogeneic hematopoietic 

stem-cell transplantation) was 97% (U.S. studies) and 100% (U.K. study) at 12 months; 97% and 

95%, respectively, at 24 months; and 95% (U.K. study) at 36 months. Engraftment of genetically 

modified HSPCs persisted in 29 of 30 patients in the U.S. studies and in 19 of 20 patients in the 

U.K. study. Patients had sustained metabolic detoxification and normalization of ADA activity 

levels. Immune reconstitution was robust, with 90% of the patients in the U.S. studies and 100% of 

those in the U.K. study discontinuing immunoglobulin-replacement therapy by 24 months and 36 

months, respectively. No evidence of monoclonal expansion, leukoproliferative complications, or 

emergence of replication-competent lentivirus was noted, and no events of autoimmunity or graft-

versus-host disease occurred. Most adverse events were of low grade.

CONCLUSIONS—Treatment of ADA-SCID with ex vivo lentiviral HSPC gene therapy resulted 

in high overall and event-free survival with sustained ADA expression, metabolic correction, and 

functional immune reconstitution. (Funded by the National Institutes of Health and others; 

ClinicalTrials.gov numbers, NCT01852071, NCT02999984, and NCT01380990.)

Severe combined immunodeficiency due to adenosine deaminase (ADA) deficiency (ADA-

SCID) is an inborn error of metabolism that results in the accumulation of adenosine and 

deoxyadenosine,1 inhibition of DNA synthesis and repair, and substantial abnormalities of 
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thymocyte development.2 Patients with ADA-SCID have profound lymphocytopenia, 

impaired immune function, and failure to thrive and, without treatment, die from infections 

by the age of 2 years.3

Expert guidelines recommend that patients initially receive enzyme-replacement therapy 

with pegylated ADA (PEG-ADA).4,5 However, because long-term enzyme-replacement 

therapy does not provide full immune reconstitution,2,6,7 allogeneic hematopoietic stem-cell 

transplantation (HSCT)5 or autologous hematopoietic stem-cell gene therapy is 

recommended as more definitive treatment.4

Ideally, HSCT is performed with cells from an HLA-matched, related donor, but such 

donors are available for only approximately 20% of patients.2,8 The main risk of HSCT is 

graft-versus-host disease, which is typically managed with potent immunosuppressive 

medications, thereby increasing the risk of infection and complications.9,10

An alternative treatment, ex vivo autologous hematopoietic stem-cell gene therapy with a γ-

retroviral vector,11,12 was approved in Europe in 2016.13 However, in clinical trials 

involving patients with primary immunodeficiencies, the use of γ-retroviral vectors has 

resulted in vector-related leukemia and myelodysplastic events caused by insertional 

oncogenesis.14–16 Recently, a patient with ADA-SCID who was treated with a γ-retroviral 

vector gene therapy (in clinical development at the time of treatment) was found to have 

lymphoid T-cell leukemia approximately 4.7 years after the gene therapy.17

We developed a self-inactivating lentiviral vector, EFS-ADA LV, in which the long-terminal-

repeat enhancer–promoter has been deleted and an internal “shortened” human elongation 

factor 1α gene promoter has been inserted to drive expression of the codon-optimized ADA 
complementary DNA transgene.18,19 This promoter has substantially less transactivation 

potential than γ-retroviral promoters.18,20,21 In this study, we evaluated the safety and 

efficacy of an investigational lentiviral gene therapy composed of autologous CD34+ 

hematopoietic stem and progenitor cells (HSPCs) that had been genetically modified ex vivo 

with EFS-ADA LV.

METHODS

STUDY DESIGN AND OVERSIGHT

We conducted an integrated analysis of data from two prospective, nonrandomized, phase 1–

2 clinical studies conducted in the United States and a separate analysis of a nonrandomized, 

prospective, phase 1–2 clinical study conducted in the United Kingdom to assess the safety 

and efficacy of an autologous investigational lentiviral vector–mediated gene therapy 

composed of CD34+ HSPCs genetically modified ex vivo with EFS-ADA LV in patients 

with ADA-SCID. Details of the vector have been published previously,18 and descriptions 

are provided in the Supplementary Methods section and Fig. S1 in the Supplementary 

Appendix, available with the full text of this article at NEJM.org. Patients in the U.S. studies 

were treated at the University of California, Los Angeles, and the National Institutes of 

Health, Bethesda, Maryland, between 2013 and 2017, and patients in the U.K. study were 

treated at Great Ormond Street Hospital, London, between 2012 and 2016.
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The studies were designed by academic authors and employees of the commercial sponsors. 

The studies were conducted in compliance with the independent ethics committees and 

institutional review boards, informed consent regulations, the Declaration of Helsinki, and 

the International Council for Harmonisation Good Clinical Practice Guidelines.

Orphan Drug and Breakthrough Therapy designations were granted by the Food and Drug 

Administration (FDA) for the investigational lentiviral gene therapy used in the U.S. studies 

(OTL-101) in October 2014 and August 2015, respectively. In August 2017, OTL-101 was 

granted a Promising Innovative Medicine Designation by the U.K. Medicines and 

Healthcare Products Regulatory Agency.

Clinical data were gathered by the authors during the treatment procedures and follow-up 

assessments. Data were analyzed in collaboration with the Orchard Therapeutics clinical and 

statistics teams, and the statistical analysis was performed by Phastar. The authors had 

access to the data, contributed to data interpretation and statistical reports, and take 

responsibility for the data integrity, accuracy, and analysis, as well as for adherence of the 

studies to the protocols, available at NEJM.org. Deidentified clinical data were transmitted 

to the sponsor without any associated private health information.

Initial drafts of the manuscript that was submitted were written by the first two authors with 

editorial support, based on authors’ direction, provided by Comradis and paid for by 

Orchard Therapeutics. The authors edited and approved the manuscript for submission and 

publication.

PATIENTS

Children with a diagnosis of ADA-SCID who were 1 month of age or older and who lacked 

an HLA-matched sibling (or a related donor [in the U.S. study in which a cryopreserved 

formulation was used]) were eligible for enrollment in one of the two U.S. studies; a 

confirmed diagnosis of ADA-SCID, either an age younger than 5 years or an age of 5 to 15 

years with preserved thymic function, and absence of a matched related donor for HSCT 

were required for participation in the U.K. study. The full list of inclusion and exclusion 

criteria is provided in Table S1. Ten patients in the U.K. study received EFS-ADA LV–

transduced CD34+ HSPCs as part of a clinical study, and 10 were treated through the 

compassionate-use program under a Great Ormond Street Hospital “Specials” 

manufacturing license. Patients who were treated in the context of the compassionate-use 

program were enrolled either before or after the study because they required timely 

treatment as a result of clinical need, did not meet the inclusion criteria or met exclusion 

criteria, received the product through a different process, or were to receive a duration of 

enzyme-replacement therapy other than the duration defined in the study protocol. Written 

informed consent was obtained from the patients or their guardians in accordance with 

guidelines of the local independent ethics committee or institutional review board.

STUDY PROCEDURES

Cell-Product Manufacture and Transplant—In the U.S. studies, CD34+ HSPCs from 

bone marrow were enriched for transduction with EFS-ADA LV. In the U.K. study, CD34+ 
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HSPCs were obtained from patients either by bone marrow harvest (3 patients) or with the 

use of mobilized peripheral blood (17 patients). The minimum target yield was at least 

1×106 CD34+ cells per kilogram of body weight (in the U.S. study in which a fresh 

formulation was used), 2×106 CD34+ cells per kilogram (in the U.S. study in which a 

cryopreserved formulation was used), and 4×106 CD34+ cells per kilogram (in the U.K. 

study) (see the Supplementary Methods). In the U.S. studies, manufacturing exceptions were 

approved by the data and safety monitoring board, institutional review boards, and the FDA.

All the patients received nonmyeloablative weight-adjusted busulfan conditioning after 

stem-cell harvest (see the Supplementary Methods). After enrichment, CD34+ HSPCs were 

transduced with EFS-ADA LV and evaluated for sterility, cell count, and viability before 

intravenous infusion. In the U.S. study in which a cryopreserved formulation was used, 

transduced HSPCs were cryopreserved before being thawed for infusion. All the patients 

were monitored for safety measures throughout conditioning, infusion of transduced HSPCs, 

and hematologic reconstitution. Patients received PEG-ADA enzyme-replacement therapy 

from the time of diagnosis until 30 days after treatment.

Clinical Monitoring and Follow-Up—Patients attended regular follow-up visits at 

which blood samples were obtained. Patients were monitored for adverse events, and 

biochemical and molecular tests, vector copy-number determinations, and vector-integration 

site analyses were performed (see the Supplementary Methods).

END POINTS

The safety end-point measures were the incidence and grade of adverse events and serious 

adverse events, including detection of replication-competent lentivirus or clonal expansion. 

Results of vector-integration site analysis were considered abnormal when a single site 

constituted more than 30% of the total integrations on two separate occasions. The primary 

efficacy end points were overall survival and event-free survival at 12 months and 

engraftment and the resulting immunologic and metabolic effects. Event-free survival was 

defined as survival in the absence of reinitiation of PEG-ADA enzyme-replacement therapy 

or rescue allogeneic HSCT. Key secondary end-point measures included overall survival and 

event-free survival at 24 months (all studies) and 36 months (U.K. study only) and measures 

of the engraftment of genetically modified HSPCs, ADA enzyme activity and 

deoxyadenosine metabolite detoxification, immune reconstitution, and infection. Infections 

of interest were severe infections and opportunistic infectious episodes, defined as infections 

leading to or prolonging hospitalization and documented infections with opportunistic 

pathogens, respectively. (A complete list of end points is provided in Table S3.)

STATISTICAL ANALYSIS

Overall survival and event-free survival were calculated and are presented as Kaplan–Meier 

curves for the time to death or an event at each study location. The safety population 

included all treated patients. Safety was analyzed descriptively over a period of 24 months 

(U.S. studies) or 36 months (U.K. study).
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RESULTS

BASELINE CHARACTERISTICS

In total, 50 patients with ADA-SCID were treated with gene therapy across the three studies 

— 30 in the United States (median age, 10.0 months; range, 4 to 51) and 20 in the United 

Kingdom (10 enrolled in the study and 10 treated through the compassionate-use program; 

median age, 11.6 months; range, 4 to 193) (Table 1). In the U.S. studies, 20 patients received 

the fresh formulation and 10 received the cryopreserved formulation. All the patients in the 

U.K. study received the fresh formulation (Table 1 and Table S2).

All the patients in the U.S. studies and 19 of the 20 patients in the U.K. study were receiving 

enzyme-replacement therapy at the time of treatment, and all patients were receiving 

prophylactic antimicrobials at screening. A total of 19 of 20 patients in the U.K. study and 

29 of 30 patients in the U.S. studies were receiving immunoglobulin-replacement therapy at 

screening; the remaining patient started immunoglobulin-replacement therapy after infusion. 

Medical histories were consistent with conditions observed in children with ADA-SCID and 

were reflective of severe immunologic disease and sequelae of repeated infections. At the 

time of analysis, all the patients had completed 24 months (U.S.) or 36 months (U.K.) of 

follow-up, with the exception of 1 U.S. patient and 1 U.K. patient who were withdrawn 

because of a lack of sustained engraftment at 5.9 months and 12.2 months after treatment, 

respectively.

SAFETY

Among all the patients, no events of monoclonal expansion, leukoproliferative 

complications, emergence of replication-competent lentivirus, or deaths were noted. The 

frequencies of the 10 most prominent integration sites detected for each patient in peripheral 

blood mononuclear cell (PBMC) DNA at different time points are shown in Figure S2.

Adverse events were reported in all patients; most of the events were mild or moderate and 

were considered related to conditioning. During 24 months of follow-up in the U.S. studies, 

73 of 421 adverse events were of grade 3 or 4, two of which (leukopenia and neutropenia) 

led to the withdrawal of one patient in whom the transduced HSPCs did not engraft. Twelve 

patients in the U.S. studies had one or more serious adverse events, most frequently 

infections (27%) and gastrointestinal events (17%), only one of which was considered by the 

investigators to be treatment-related (staphylococcal bacteremia due to contamination of the 

fresh product, which resolved on day 3 without sequelae after antibiotic treatment). During 

36 months of follow-up in the U.K. study, 60 of 321 adverse events were moderate to severe 

and 25 were serious (occurring in 55% of patients [11 of 20]), the most common being 

pyrexia (in 30% of patients). One treatment-related serious adverse event was due to known 

drug-product contamination (staphylococcus was identified in harvested HSPCs; the patient 

received intravenous antibiotics immediately after infusion, and the patient’s condition 

remained clinically stable).

Two patients in the U.S. studies and two patients in the U.K. study had serious adverse 

events of immune reconstitution inflammatory syndrome, beginning approximately 3 and 14 

months after infusion in the U.S. studies and 3 and 22 months after infusion in the U.K. 
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study; events were characterized by episodes of rash (2 of 2 U.S. patients and 1 of 2 U.K. 

patients), fever, and elevated inflammatory markers. One patient in one of the U.S. studies 

was infected with an atypical mycobacterium at initial diagnosis, for which treatment was 

ongoing, and 1 patient in the U.K. study had a preexisting bacille Calmette–Guérin 

infection. All events were considered unrelated to gene therapy and resolved with supportive 

therapy, with all linked to transitory immune dysregulation during immune reconstitution. 

No autoimmune events or cases of graft-versus-host disease were noted in association with 

this investigational gene therapy.

EFFICACY

Across all studies, overall survival was 100% at 12 months and remained at 100% at 24 

months for patients in all three studies; overall survival was still 100% at 36 months among 

the patients in the U.K. study (Fig. S3). At 12 months, event-free survival was 97% among 

the patients in the U.S. studies and was 100% among the patients in the U.K. study (Fig. 1). 

Event-free survival remained at 97% among the patients in the U.S. studies at 24 months and 

95% among the patients in the U.K. study at 24 and 36 months. Reinitiation of enzyme-

replacement therapy occurred in one patient in one of the U.S. studies; this patient was 

withdrawn from the study at 5.9 months after infusion because of a lack of engraftment and 

later received rescue HSCT. Enzyme-replacement therapy was reinitiated in one patient in 

the U.K. study at 12.2 months after treatment because of insufficient engraftment resulting 

in low ADA activity levels. Details of event-free survival and rescue treatment are provided 

in Table S4.

On the basis of vector gene marking, which was measured through determination of vector 

copy number, genetically modified granulocytes and PBMCs were detectable by month 3 in 

all patients with the exception of one patient in one of the U.S. studies, in whom engraftment 

of gene-modified cells had not been achieved. In one of the patients in the U.K. study, 

genetically modified granulocytes and PBMCs were detectable at month 3 but subsequently 

declined over time. In the patients with successful engraftment, the vector copy number was 

sustained in granulocytes through the end of follow-up. In PBMCs, the vector copy number 

increased through month 24 in both studies and was sustained through month 36 in the U.K. 

study (Fig. 2A and 2B). Similarly, in patients in the U.K. study, persistent gene marking was 

observed in CD3+ T cells and CD19+ B cells, increasing over 24 months and remaining 

stable up to 36 months (data not shown).

In all three studies, the median ADA enzyme activity in red cells increased sharply during 

the first 3 months and remained within or above levels observed in healthy children at the 

last follow-up visit (Fig. S4A and S4B).22 In the U.S. studies, the median total 

deoxyadenosine nucleotide levels in red cells remained well below the maximum threshold 

indicating adequate detoxification (0.1 μmol per milliliter11,12,23) until the end of the 

studies. Similarly, in the U.K. study, median levels of deoxyadenosine triphosphate remained 

below the maximum threshold indicating adequate detoxification12,24 through 36 months 

after treatment (Fig. 3).

At the final follow-up visit, lymphocyte counts in most patients had reached or come close 

to reaching the expected normal ranges for age for most lymphocyte populations. Median T-
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cell and T-cell subset counts decreased after conditioning and withdrawal of enzyme-

replacement therapy but began to recover at month 3, with increases sustained through 

month 24 in the U.S. studies and through month 36 in the U.K. study (Fig. 4A through 4E). 

Institutional T-cell–count thresholds for stopping prophylactic antibiotic treatment (CD4+ 

cell count >200 per cubic millimeter [U.S. studies]25 or >300 per cubic millimeter [U.K. 

study]) were met by the majority of patients. In addition, the median naive T-cell counts 

increased to levels approximately 5 times above baseline by the end of both U.S. studies and 

the U.K. study, which suggests restoration of thymopoiesis. Median T-cell–receptor excision 

circle counts increased after treatment in the U.K. study and were sustained in both U.S. 

studies and the U.K. study up to month 24 and month 36, respectively, which suggests that 

thymic output and de novo generation of naive T cells continued even after discontinuation 

of enzyme-replacement therapy (Fig. S5). Analysis of the T-cell receptor Vβ repertoire 

showed sustained clonal diversity in most patients (data not shown).

Median CD19+ B-cell and natural killer cell counts decreased to below baseline after 

treatment, as expected as a result of conditioning and cessation of enzyme-replacement 

therapy, but returned to approximately baseline levels over time (Fig. 4F and 4G). Reflective 

of improvements in B-cell function, the majority of patients had increases in serum IgM and 

IgA levels to within or above normal limits over time (Fig. S6A and S6B). Furthermore, 

90% of U.S. patients and 100% of U.K. patients discontinued immunoglobulin-replacement 

therapy by month 24 and month 36, respectively. Median IgG levels remained high after 

cessation of immunoglobulin replacement therapy (Fig. S6C). Among the patients who 

received a tetanus vaccination, 4 of 4 (100%) in the U.S. studies and 13 of 14 (93%) in the 

U.K. study had normal antibody responses when tested at least 3 months after cessation of 

immunoglobulin-replacement therapy.

Across the three studies, severe infection rates were generally low after gene therapy (Fig. 

S7). Fifteen serious infections were observed in 8 patients in the U.S. studies, including 

bronchiolitis, upper respiratory tract infection, pneumonia, bacteremia, Clostridium difficile 
colitis, device-related infection, influenza, otitis media, respiratory tract infection (viral), and 

rhinovirus infection. Eight serious infections were observed in 7 patients in the U.K. study, 

including central catheter sepsis, norovirus-related gastroenteritis, influenza, pneumonia, 

transmission of coagulase-negative staphylococcus (from known drug-product 

contamination), urinary tract infection, and oral candidiasis.

Efficacy results in U.S. patients who received the fresh formulation were similar to those in 

patients who received the cryopreserved formulation, as indicated by the median vector copy 

number in granulocytes and PBMCs, median CD3+ T-cell levels, and median ADA activity 

(Fig. S8).

DISCUSSION

All the patients in these three studies were alive and well at last follow-up, with no reports of 

fatal or life-threatening adverse events, clonal expansions, or leukoproliferative 

complications. Evidence of sustained immune reconstitution and thymic recovery was clear 

in most patients, and the large majority of patients were no longer receiving 
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immunoglobulin-replacement therapy by the end of the study. Severe infection rates were 

highest in the first 3 months after treatment, as expected because of conditioning, but were 

generally low across the full post-treatment period in all studies.

Overall and event-free survival (100% and >95%, respectively) at 12, 24, and 36 months 

compare favorably with those among patients undergoing HSCT, the current standard of 

care. Overall survival of 65 to 88% has been reported among patients receiving HSCT from 

matched and unmatched donors, and event-free survival has been reported to be 56%.23,26,27 

A U.S. study also reported 2-year survival of 100% among 28 patients receiving gene 

therapy as compared with 87% among the 40 patients who received HSCT.28

The predominantly uncomplicated clinical course we observed may be attributed to the low 

busulfan dose used for conditioning. The most notable complication was the development of 

immune reconstitution inflammatory syndrome in 4 patients, all of whom had response to 

treatment with glucocorticoids. Only two treatment failures were observed across all studies, 

with 1 U.K. patient and 1 U.S. patient being withdrawn from their studies and having 

enzyme-replacement therapy reinitiated.

In a recent consensus report, HSCT from a matched related donor and gene therapy were 

referred to as equivalent first-line options for the treatment of ADA-SCID.4 The absence of 

graft-versus-host disease and the obviation of immunosuppressive therapies are major 

potential advantages of autologous HSPC gene therapy. None of the patients described here 

had evidence of replication-competent lentivirus or clonal expansions, which adds to the 

growing evidence for the safety of lentiviral vectors that has been seen in other clinical 

studies,29–36 in which various genes have been introduced in patients with other disorders, 

with follow-up extending to more than 10 years for the first patients treated. Other potential 

advantages of gene therapy over allogeneic HSCT include the absence of a donor 

requirement and lower toxicity, since less conditioning is required. Furthermore, as 

compared with HSCT, in which enzyme-replacement therapy is discontinued before 

treatment in order to limit the expansion of host T cells and the potential for graft-versus-

host disease, a gene-therapy approach allows for continuation of enzyme-replacement 

therapy during immune reconstitution and thus for continued protection against infections 

during this period.

Autologous CD34+ HSPCs were successfully transduced with EFS-ADA LV for all patients. 

After infusion, sustained levels of gene marking in leukocytes, including short-lived 

granulocytes, were present, a finding that suggests successful and stable engraftment of 

genetically modified long-term repopulating HSPCs. The increase in vector copy number in 

PBMCs, including lymphocytes, indicates the accumulation of genetically modified cells 

and suggests that a selective survival advantage was conferred on mature genetically 

modified lymphocytes carrying the functional ADA transgene.

Restored CD19+ B-cell counts and immunoglobulin production indicate restoration of the 

humoral immune system. In the U.S. studies, 89.7% of the patients stopped receiving 

immunoglobulin-replacement therapy by 24 months (end of study), and 100% of the patients 

in the U.K. study stopped by 36 months (end of study). The treating physicians have 

Kohn et al. Page 8

N Engl J Med. Author manuscript; available in PMC 2021 November 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reported that all the patients in the U.S. studies are now no longer receiving 

immunoglobulin-replacement therapy and that all the patients in the U.K. study have 

successfully received tetanus vaccinations.

In this report, we have presented the results from three separate clinical studies involving 

distinct populations of patients with ADA-SCID in the United States and the United 

Kingdom. Although the same lentiviral vector (EFS-ADA LV) was used in all three studies, 

differences among the studies included different manufacturing processes, cell sources 

(HSPCs were harvested from bone marrow in the U.S. studies and predominantly from 

mobilized peripheral blood in the U.K. study), and final drug-product formulations (the U.S. 

studies used either fresh or cryopreserved formulations and the U.K. study used a fresh 

formulation). With a cryopreserved formulation, all release testing is conducted and 

certificates of analysis issued before administration of the conditioning regimen and 

administration of the drug product. Similar outcomes were observed regardless of the cell 

source and formulation.

The patient populations also spanned a broad age range. The U.K. study included five 

patients older than 5 years of age, three of whom were 10 years of age or older (10, 11, and 

16 years) and had been receiving enzyme-replacement therapy for more than 10 years. Thus, 

gene therapy with HSPCs that have been genetically modified ex vivo with EFS-ADA LV 

may be a robust and viable treatment option for patients with ADA-SCID, including older 

children for whom current treatments are not always suitable or effective and who may have 

reduced or absent thymic function.

Sustained engraftment of genetically modified cells resulted in restored ADA enzyme 

activity and immune system function in 48 of 50 patients with ADA-SCID who were treated 

with gene therapy consisting of HSPCs transduced ex vivo with a lentiviral vector. The high 

overall survival and event-free survival observed at 24 and 36 months compare favorably 

with survival that has been observed previously with HSCT, the current standard of care for 

the treatment of ADA-SCID.
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Figure 1. Kaplan–Meier Curves for Event-free Survival.
Event-free survival over 24 months (U.S. studies) and 36 months (U.K. study) is shown. 

Events were defined as death, rescue allogeneic hematopoietic stem-cell transplantation, or 

reinitiation of pegylated adenosine deaminase enzyme-replacement therapy. At 12 months, 

event-free survival was 97% among the patients in the U.S. studies and 100% among the 

patients in the U.K. study; it remained at 97% among the patients in the U.S. studies at 24 

months and was 95% among the patients in the U.K. study at 24 and 36 months. Circles 

indicate censored data.
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Figure 2. Median Vector Gene Marking in Granulocytes and PBMCs.
Vector copy number was determined by quantitative polymerase chain reaction (real-time or 

digital) with DNA extracted from fractionated peripheral blood with the use of primers and a 

probe specific for the human adenosine deaminase complementary DNA spanning exons 6 

and 7. Panel A shows the median vector copy number in a granulocyte fraction enriched 

through immunomagnetic depletion with antibodies to CD3, CD19, and CD56. Panel B 

shows the median vector copy number in peripheral blood mononuclear cells (PBMCs). In 

both panels, I bars indicate interquartile ranges. Values of 0 are plotted as 0.001.
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Figure 3. Median dAXP and dATP Levels in Red Cells.
Levels of deoxyadenosine metabolites measured in red cells by high-pressure liquid 

chromatography are shown. Panel A shows median total deoxyadenosine nucleotide (dAXP) 

(including deoxyadenosine monophosphate, deoxyadenosine diphosphate, and 

deoxyadenosine triphosphate [dATP]) levels, and Panel B shows median dATP purine 

metabolite levels. In both panels, I bars indicate interquartile ranges. The dashed line 

indicates the threshold below which patients are considered to have adequate detoxification.
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Figure 4 (facing page). Median Absolute Lymphocyte Counts as Determined by Flow Cytometry.
Median absolute lymphocyte counts over 24 or 36 months are shown. In all panels, I bars 

indicate interquartile ranges. NK denotes natural killer.
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