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MICRO ABSTRACT

Acute lymphoblastic leukemia (ALL) in elderly patients is challenging, and while
allogeneic stem cell transplantation (alloHCT) has established benefits in younger
candidates, its use in the elderly can be difficult. We identified 84 ALL patients 70
years or older in the EBMT registry that underwent alloHCT. Our results
demonstrate favorable outcome especially in those achieving first complete
remission with >50% 2-year OS. AlloHCT appears feasible in select elderly ALL

patients.

CLINICAL PRACTICE POINTS

e What is already known about this subject?

Acute lymphoblastic leukemia (ALL) has dismal outcome in elderly patients, and
while allogeneic stem cell transplantation (alloHCT) has established benefits in
younger candidates, its use in the elderly can be difficult.

e What are the new findings?

AlloHCT appears feasibly in elderly patients and our results demonstrate
favorable outcome especially in those achieving first complete remission with
>50% 2-year OS.

e How might it impact on clinical practice in the foreseeable future?

We believe our results can help shift the paradigm of alloHCT usage in elderly
patients as it appears to be a valid option especially in carefully selected

candidates.
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ABSTRACT

The treatment of acute lymphoblastic leukemia (ALL) in patients older than 70 is
extremely challenging with dismal outcome. Allogeneic stem cell transplantation
(alloHCT) has seen many advancements in the last decades showing benefits in
younger ALL patients, but this treatment modality is decreasingly used with
increasing age due to high treatment-related mortality. We identified 84 ALL
patients 70-84 years old allografted in 2002-2019 from a matched related (23%),
unrelated (58%), haploidentical (17%) or cord blood (2%) donor at EBMT
participating centers with a median follow-up of 23 months. The 2-year relapse
incidence (RI) and non-relapse mortality (NRM) were 37% and 28%, respectively,
and 2-year leukemia-free survival (LFS), overall survival (OS) and GVHD-free,
relapse-free survival (GRFS) were 35%, 39% and 23%, respectively. The strongest
predictor of outcome was disease status at transplant whereby patients in first
complete remission (CR1) had >50% 2-year OS, reflected in multivariate analysis
(MVA) with significant improvement in RI, LFS and GRFS (HR 0.23, 0.49 and 0.54,
respectively). Furthermore, karnofsky score 290 reflective of good functional
status positively influenced NRM in both univariate and MVA (HR 0.37), and
interestingly, donor CMV positivity appeared to negatively affect Rl, LFS and OS
in univariate analysis and Rl in MVA (HR 2.87). Our data suggest that alloHCT is

an option for elderly ALL patients, particularly those carefully selected and
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85 transplanted in CR1 especially if failed or without access to novel non-
86 chemotherapy-based approaches.
87
88 KEYWORDS
89 Acute lymphoblastic leukemia; allogeneic stem cell transplantation; elderly
90 patients; complete remission; haploidentical transplantation; graft-versus-host
91 disease.
92
93 ABREVIATIONS
94 - Acute lymphoblastic leukemia (ALL)
95 - Overall survival (0S)
96 - Allogeneic stem-cell transplantation (alloHCT)
97 - Total body irradiation (TBI)
98 - Reduced-intensity conditioning (RIC)
99 - Acute Leukemia Working Party (ALWP)
100 - European Society for Blood and Marrow Transplantation (EBMT)
101 - Karnofsky performance status (KPS)
102 - @Graft-versus-host disease (GVHD)
103 - Cytomegalovirus (CMV)
104 - Myeloablative conditioning (MAC)
105 - Leukemia free survival (LFS)

106 - Non-relapse mortality (NRM)
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Hazard ratio (HR)

Confidence interval (Cl)

Philadelphia chromosome (Ph)
Hematopoietic Cell Transplantation-Comorbidity Index (HCT-CI)
T cell depletion (TCD)

Chimeric antigen receptor (CAR)
Pegylated-asparaginase (PEG-ASP)
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121 INTRODUCTION

122

123 The management of acute lymphoblastic leukemia (ALL) in elderly patients is
124 challenging with a generally dismal outcome. In fact, while patients above the age
125 of 55 only constitute around a fifth of diagnosed ALL, they account for over half of
126 ALL-related deaths.! This striking discrepancy is explained by age-related
127 increased comorbidities and higher-risk genetic alterations leading to lower
128 remission rates, higher relapse rates, and poor overall survival (OS). Patients often
129 do not respond well to chemotherapy, and even those achieving remission have
130 <25% 5-year survival.2 While the benefits of allogeneic stem-cell transplantation
131 (alloHCT) in younger ALL patients have been well established, with a long term
132 survival advantage exceeding 4 fold in certain patients,3” its indication for elderly
133 patients is controversial and rarely made due to its concomitant high treatment-
134 related mortality,® and older patients are often excluded from investigational
135 trials. Furthermore, many of the alloHCT for ALL are based on myeloablative total
136 body irradiation (TBI) which cannot be delivered to elderly patients due to high
137 toxicity.’ 1> Many advancements in reduced-intensity conditioning (RIC) have been
138 made however, which is proving to be a promising option for selected patients
139 and increasing study eligibility.1>'® Clinical trials with alloHCT in elderly patients
140 remain extremely rare, and results from both prospective and retrospective
141 studies have so far yielded conflicting results with little evidence for benefit of
142 transplant in such patients.}”' This missing gap in the literature drove us to
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143 conduct this retrospective analysis using the European Society for Blood and
144 Marrow Transplantation (EBMT) registry, which we believe will provide better
145 understanding of alloHCT outcome and whether this modality is feasible is in this
146 population.

147

148 MATERIALS AND METHODS

149 Study Design and Data Collection

150 This was a retrospective, registry-based, multicenter analysis. Data were provided
151 and approved by the Acute Leukemia Working Party (ALWP) of the EBMT.® The
152 EBMT is a voluntary collaborating working group of more than 600 transplant
153 centers that are required to report all consecutive stem cell transplantations and
154 follow-up once a year, with regularly performed audits to determine the accuracy
155 of the data. Since the 1° of January 2003, all transplantation centers have been
156 required to obtain written informed consent prior to data registration with the
157 EBMT, as per the guidelines of the Declaration of Helsinki of 1975.

158

159 Eligibility criteria for this analysis included elderly patients (aged > 70 years) with
160 ALL who received a first alloHCT between 2000 and 2019 from an HLA-matched
161 related, unrelated, haploidentical or cord blood donor with bone marrow,
162 peripheral blood or cord blood stem cells. Variables collected included recipient
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163 and donor age and gender, date of diagnosis, disease status and Karnofsky
164 performance status (KPS) score at the time of transplant. Transplant-related
165 factors included date, conditioning regimen and graft-versus-host disease (GVHD)
166 prophylaxis, in vivo T-cell depletion, donor type, and patient and donor
167 cytomegalovirus (CMV) status.

168 Definitions

169 Myeloablative conditioning (MAC) was defined as a regimen containing either TBI
170 with a dose > 8 Gy, a total dose of oral busulfan (Bu) > 8 mg/kg, or a total dose of
171 intravenous Bu > 6.4 mg/kg. All other regimens were defined as RIC.2° Diagnosis
172 and grading of acute?? and chronic GVHD?? were performed by transplant centers
173 using standard criteria. High-resolution HLA allele typing at loci A, B, C, DRB1 and
174 DQ was retrieved from the EBMT registry for both the patient and the donor.

175 Endpoints

176

177 Endpoints included leukemia free survival (LFS), OS, non-relapse mortality (NRM),
178 relapse incidence (RI), acute and chronic GVHD, and GVHD-free, relapse-free
179 survival (GRFS), with all outcomes measured from the time of alloHCT. LFS was
180 defined as survival without leukemia relapse or progression, with patients
181 censored at the time of last contact. OS was defined as the time until death from
182 any cause. NRM was defined as being alive until death with no previous leukemia
183 relapse. GRFS was defined as being alive with neither grade llI-IV acute GVHD,
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184 extensive chronic GVHD, nor relapse.?® Surviving patients were censored at the
185 time of last contact.

186

187 Statistical analysis

188

189 The Kaplan-Meier method was used to calculate the probabilities of OS and LFS.
190 Cumulative incidence functions were used to estimate Rl and NRM in a competing
191 risk setting. Death and relapse were considered as competing events for acute and
192 chronic GVHD.

193 Univariate analyses were done using the Gray’s test for cumulative incidence

194 functions and the log rank test for OS, GRFS, and LFS. A Cox proportional

195 hazards model was used for multivariate regression, including status of the

196 disease at HSCT (first complete remission [CR1] vs other), donor type (MSD vs
197 other), year of HSCT and factors associated with the outcome in univariate.

198 Results were expressed as hazard ratio (HR) with a 95% confidence interval (Cl).
199 All tests were two sided. The type-1 error rate was fixed at 0.05 for

200 determination of factors associated with time-to-event outcomes. All analyses
201 were performed using SPSS 24.0 (SPSS Inc, Chicago, IL, USA) and R version 3.4.0
202 (R Core Team. R: a language for statistical computing. 2014. R Foundation for

203 Statistical Computing, Vienna, Austria).

204

205 RESULTS

10
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206 Patient and Transplantation Characteristics

207 Eighty-four patients (43% female; median age 72 years; range 70-84) met the
208 eligibility criteria and were included in this study (Tables 1 & 2) with a median
209 follow-up for alive patients of 23 months (IQR 6-46). More than half (53%) of the
210 patients were in CR1, 26% were in second or subsequent remission (CR2+), and
211 21% had advanced disease. Thirteen % had T-cell acute lymphoblastic leukaemia
212 (T-ALL), 35% were Philadelphia chromosome positive, 21% were Philadelphia
213 chromosome (Ph) negative, and 31% had B-cell acute lymphoblastic leukemia (B-
214 ALL) with unknown Ph status. The KPS score was > 90 in 59% of the patients and
215 the Hematopoietic Cell Transplantation-Comorbidity Index (HCT-CI) was 1-2, and
216 >=3 in 11% and 17% of patients, respectively. Conditioning was MAC in 22.6% of
217 the patients (Supplementary Table 1) and 40.5% received TBI. In vivo T cell
218 depletion (TCD) was used in 55% of patients. Sixty-eight % of the patients and 57%
219 of the donors were CMV positive. Sixteen percent of patients were males who
220 received a graft from a female donor. Patients were allografted from a matched
221 related (23%), matched unrelated (58%), haploidentical (17%) or cord blood donor
222 (2%).

223

224 Transplant outcomes

225

226 Median time from diagnosis to alloHCT was 8.8 months (IQR 5.7-16.3). Day +180
227 acute GVHD grades II-1V and IlI-1V were encountered in 30% and 10% of patients,

11
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228 respectively, whereas the 2-year cumulative incidence of chronic and extensive
229 GVHD were 34% and 23%, respectively. The 2-year Rl was 37% and NRM 28%. The
230 2-year LFS, OS and GRFS were 35%, 39% and 23%, respectively. (Tables 3 & 4) The
231 main causes of death of the 46 deceased patients were primary disease (45%),
232 infections (29%) and GVHD (10%) (Table 5).

233 In the univariate analysis (Tables 3 & 4), patient age, ALL subtype, conditioning
234 intensity, TBI use, patient and donor gender, female to male donor, and in vivo
235 TCD did not affect any of the transplant outcomes. On the other hand, at least one
236 outcome was affected by the status at transplant, donor type, KPS score and HCT-
237 Cl, year of transplant, and patient and donor CMV serology. In fact, patients in CR1
238 had a significantly better 2-year outcomes compared to CR2+ and advanced
239 disease with relapse rates of 14% versus 54% and 64% respectively (p=0.001), LFS
240 of 52% versus 21% and 18% respectively (p=0.009), OS of 53% versus 33% and 21%
241 respectively (p=0.029), and GRFS of 36% versus 8% and 13% respectively (p=0.01).
242 (Table 3) (Figure 1). Patients with a KPS score > 90 had a significantly lower NRM
243 (17%) compared to 44% in those with a KPS < 90 (p=0.016), and those transplanted
244 from CMV positive donors had a higher Rl of 50% versus 21% in CMV negative
245 donors (p=0.007), and worse LFS (23% versus 49%; p=0.012) and OS (25% versus
246 55%; p=0.024) (Table 3). On the other hand, patients undergoing haploidentical
247 transplants and those with HCT-CI scores >3 had significantly higher rates of day
248 +180 grade IlI-IV acute GVHD (29% p=0.04 and 36% p=0.015 respectively). Patients
249 transplanted before 2015 (median) had lower rates of day +180 grade II-IV acute

12
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250 GVHD (14% versus 41%; p=0.016) and 2-year chronic GVHD (13% versus 46%;
251 p=0.018), whereas patients with a positive CMV serology had lower rates of
252 chronic (23% versus 55%; p=0.007) and extensive chronic GVHD (11% versus 57%;
253 p=0.001) (Table 4).

254 In multivariate analysis (Table 6), CR1 was significantly associated with improved
255 RI, LFS and GRFS with HR of 0.23 (p = 0.007), 0.49 (p = 0.034) and 0.54 (p = 0.027)
256 respectively. KPS above 90 was significant for improved NRM with a HR of 0.37 (p
257 = 0.025), and donor CMV positivity negatively affected Rl with HR of 2.87 (p =
258 0.039) but was no longer a predictor or LFS (HR 1.86; p = 0.062) and OS (HR 1.96;
259 p =0.057).

260

261 DISCUSSION

262 In this study we evaluated the predictive factors for post-transplant outcome in
263 elderly ALL patients above the age of 70 years using 84 patients from the EBMT
264 registry. We found that RI, LFS, OS and GRFS were significantly better in patients
265 transplanted after achieving CR1, and that Rl (and possibly LFS and OS) were

266 significantly worse if donors were CMV positive. A KPS score = 90 at transplant
267 was associated with better NRM but gave no overall survival benefit. These

268 results may help guide treatment choice for this particularly challenging

269 population.

270 The main challenges when treating elderly ALL patients are centered around the
271 lack of options and effective treatment strategies. In fact, conventional

13
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272 chemotherapy has so far yielded suboptimal results in this population, and while
273 younger counterparts are often offered more intensive therapies such as alloHCT
274 and chimeric antigen receptor (CAR) T-cells, the more elderly are often left

275 behind, as it can be difficult selecting those eligible and deciding on whether to
276 use full-intensity regimens such as MAC and TBI.

277 Ph-negative ALL is drug-resistant by nature, and elderly patients often require
278 reduction of key administered drugs throughout the course of therapy which
279 reflects in poor outcome using conventional chemotherapy alone.>1%1224.25

280 Conversely, the proportion of Ph-positive ALL increases with increasing age,

281 historically considered high-risk disease, the introduction of tyrosine kinase

282 inhibitors (TKIs) led to better CR rates and lower induction mortality.?%2’ This has
283 yet to reflect on long-term survival, as 5-year OS remains around 14% for

284 patients older than 60 years receiving imatinib with full intensity regimens.?®
285 High subsequent relapse rates could be overcome with the use of second and
286 third generation TKIs owing to their higher potency.?%-34

287 AlloHCT is considered a standard of care for high-risk ALL patients and offered as
288 consolidation for all fit candidates when suitable donors are available. Elderly
289 patients can be particularly challenging as they often present with high-risk

290 disease and often lack the required fitness to undergo such intensive therapy.
291 Studies investigating alloHCT in older patients have reported a 3-year OS of

292 around 40% with NRM from matched donors of approximately 25%.>:3> While
293 prospective randomized trials have yet to establish a definitive answer, our data

14
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294 suggest that alloHCT is feasible in patients above 70 years of age, with almost
295 40% surviving beyond 2 years, especially if transplanted in CR1 where survival
296 exceeds 50%. It is important to note that although a bad KPS score was

297 associated with higher NRM, there was no impact on LFS, OS, nor GRFS, likely
298 because of small numbers.

299 An important aspect and possible setback when considering alloHCT is donor
300 availability and optimal selection. Physicians are often torn between proceeding
301 with the first available donor or waiting for a more optimally matched one to
302 maximize outcome. Matched related donors are traditionally favored, but

303 advancements in haploidentical alloHCT has significantly improved outcomes for
304 candidates lacking such donors,3¢-38 a challenge particularly faced with elderly
305 patients. There are data that even suggest better outcomes compared to

306 matched sibling donor for minimal residual disease (MRD)-positive disease.? It
307 has been also recently published that all donor choices provide comparable

308 results in certain ALL patients,3”4041 which appears to apply to elderly patients as
309 donor type had no measurable impact on outcome suggesting that the first

310 available donor should be used regardless of compatibility.

311 While data from alloHCT in elderly ALL patients remain scarce, results can also be
312 extrapolated from elderly acute myeloid leukemia (AML) patients. Recently

313 published data from the ALWP comparing outcomes between 713 patients 270
314 years and 16,161 patients age 50 to 69 years with AML who underwent alloHCT
315 between 2004 and 2014 have shown worse outcomes in elderly patients except

15
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316 those with active disease.*? In fact, survival at 2 years was 38% (95% Cl 34%-42%)
317 in elderly group compared to 50% (95% Cl 49%-50%) in the younger patients (p <
318 0.001). In patients with active disease, corresponding percentages were 35%
319 (95% Cl 29%-41%) in the elderly and 33% (95% Cl 31%-34%) in younger patients
320 (p =0.36).

321 There is mounting interest for earlier use of novel agents such as inotuzumab
322 and blinatumomab in ALL treatment given their impressive activity and

323 tolerability which has also been reflected in the elderly population. Inotuzumab
324 in combination with low-dose cyclophosphamide, dexamethasone and

325 methotrexate in newly diagnosed elderly Ph-negative ALL patients (median age
326 68 years) was shown to be safe and highly efficacious with CR rates reaching
327 98%.%3 This was reflected by a 3-year OS of 56%, far superior to standard

328 chemotherapy. Blinatumomab is currently being investigated both as frontline
329 and relapse therapy in combination with the POMP regimen (mercaptopurine,
330 vincristine, methotrexate, and prednisone) (ClinicalTrials.gov identifier:

331 NCT02143414), dasatinib and corticosteroids (ClinicalTrials.gov identifier:

332 NCT02143414, NCT02744768), and tyrosine kinase inhibitors in Ph-positive

333 patients (ClinicalTrials.gov identifier: NCT03263572). Patients with T-ALL

334 however, lack the availability of such novel drugs and currently remain with an
335 unmet treatment need. A sequential-based conditioning for these patients can
336 therefore be an option, especially in the relapsed/refractory RR setting.*

16
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337 CAR T-cells are also emerging for the treatment of ALL especially in the RR

338 setting. The CD19-directed CAR T Isagenlecleucel yielded impressive results with
339 80% CR rates in heavily pretreated ALL mostly in pediatric patients.* This led to
340 its approval as salvage therapy by the FDA for young (< 25 years) fit RR-ALL

341 patients.*® The ZUMA-3 study is a phase | trial investigating the use of KTE-X19,
342 an autologous anti-CD19 CAR T in RR adult ALL patients.” Recently published
343 interim analysis of 45 patients ranging from 18 to 77 years of age over 16

344 months median follow-up showed acceptable safety and encouraging efficacy
345 with up to 84% of patients achieving CR or CR with incomplete bone marrow
346 recovery and a median survival of 15 months. Phase Il results are still awaited.
347

348 LIMITATIONS

349 Many challenges were faced during the design and data analysis of this study,
350 and results should be interpreted with caution. Firstly, this study was limited by
351 its retrospective registry-based nature, and by the inclusion of only transplant-
352 eligible patients. The authors acknowledge that there is a probable selection bias
353 whereby only relatively fit elderly patients were deemed eligible for transplant,
354 not necessarily reflective of all elderly ALL patients above 70. Similarly, the

355 patient group was treated over an 18-year period which accounts for a relatively
356 narrow subgroup of all ALL transplants, again putting into question the data

357 generalizability. While multivariate analysis was performed, the small sample
358 size was underpowered to show significant results, whereby models were limited

17
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359 in both size and significance. Finally, other limitations also included missing data
360 such as MRD status, comorbidities index for all patients and the use of TKIs as
361 part of treatment course.

362

363 CONCLUSION

364 AlloHCT has seen many advancements over the last decades allowing for

365 significant improvements in acute leukemia patients outcome. The elderly

366 population however has yet to take full advantage of these advancements, as
367 treating physicians are sometimes reluctant to subject these patients to alloHCT
368 due to their usual frailty, more aggressive disease with short life expectancy, and
369 higher treatment-related mortality. We propose that alloHCT is feasible in this
370 subgroup with over 50% 2-year OS in patients with favorable outcome

371 predictive-factors such as achieving CR1, good functional status and donor CMV
372 negativity. Interestingly, donor choice did not have a notable impact on

373 outcome, albeit CMV positivity might confer worse survival, making any available
374 donor a suitable candidate. These results can hopefully help guide decision-

375 making regarding undergoing alloHCT in older patients pending prospective trials
376 to confirm these findings. It is worth noting that non-chemotherapy-based novel
377 immunotherapies such as BITE antibodies, inotuzumab, and CAR T-cells are

378 potentially good alternatives to alloHCT when available and should also be

379 considered in such patients.
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n=84

Patient Characteristics
N (%)/ Median (Range) [IQR]

Age (years) 71.5 (70-83.8) [70.5-72.9]

Year of Transplant 2015 (2002-2019)

Follow-up (months) 23.2 [6.1-45.8]

Gender

Male 48 (57.1%)
Female 36 (42.9%)
Diagnosis

Ph- B-ALL 18 (21.4%)
Ph+ B-ALL 29 (34.5%)

Ph-unknown B-ALL
T-ALL
missing

26 (31.0%)
11 (13.1%)
13 (15.5%)

Status at transplant
First CR

CR2+

Advanced

44 (52.4%)
22 (26.2%)
18 (21.4%)

Karnofsky score
<90

>=90

missing

32 (38.1%)
46 (54.8%)
6 (7.1%)

HCT-CI

HCT-CI =0
HCT-Cl=1or2
HCT-CI >=3
missing

31 (36.9%)
9 (10.7%)
14 (16.7%)
30 (35.7%)

Patient CMV serology
CMV-
CMV+

27 (32.1%)
57 (67.9%)

Table 1: Patient characteristics. Ph= Philadelphia; CR=

Complete remission; HCT-Cl= Hematopoietic Cell

Transplantation-Comorbidity Index; CMV=

Cytomegalovirus.




Transplant Characteristics

n=84

N (%)/ Median (Range) [IQR]

Diagnosis to transplant (months)

8.8 (2.1-101) [5.7-16.3]

Donor
Matched sibling
Unrelated
Haploidentical
Cord blood

19 (22.6%)

49 (58.3%)

14 (16.7%)
2 (2.4%)

Source of stem cells
Bone marrow
Peripheral blood
Cord blood

13 (15.5%)
69 (82.1%)
2 (2.4%)

Donor Gender
Male

Female
missing

55 (65.5%)
25 (29.8%)
4 (4.8%)

Female to male
No

Yes

missing

69 (82.1%)
13 (15.5%)
2 (2.4%)

Donor CMV serology
CMV-

CMV+

missing

36 (42.9%)
47 (56.0%)
1 (1.1%)

In vivo T-Cell Depletion
No
Yes

38 (45.2%)
46 (54.8%)

Conditioning
MAC
RIC

19 (22.6%)
65 (77.4%)

MAC Chemo
RIC Chemo
MAC TBI

RIC TBI

3 (3.6%)
47 (55.9%)
16 (19.0%)
18 (21.5%)

Post-transplant cyclophosphamide

No
Yes
missing

67 (79.8%)
16 (19.0%)
1 (1.2%)

Table 2: Transplant characteristics. CMV= Cytomegalovirus;

MAC= Myeloablative conditioning; RIC= Reduced intensity




Cause of death

n=46
N (%)

Original disease

19 (41.3%)

Infection 12 (26.1%)
GVHD 4 (8.7%)
Interstitial pneumonitis 3 (6.5%)
Multi-organ failure 2 (4.3%)
Other transplant related 1(2.2%)
Failure/Rejection 1(2.2%)
Missing 4 (8.7%)

Table 3: Cause of death.




2 year

Relapse

NRM

LFS

oS

GRFS

Whole population

36.6%6[25.3-48]

28%[17.8-39.1]

35.4%[24-47]

38.6%6[26.6-50.5]

23.1%][13.5-34.2]

CR1
Status at transplant CRz+
Advanced
P value
Ph- B ALL
Ph+ B ALL
T ALL
P value
All B ALL
< Median
> Median
P value
Matched sibling
Unrelated

Diagnosis

Age at transplant

Donor _ )
Haploidentical

P value
<90
>=90
P value
0
lor2
>=3
P value
< Median
> Median
P value
MAC
RIC
P value
No
Yes

Karnofsky

HCT-CI

Year of transplant

Conditioning

TBI
P value
Male
Patient sex Female
P value
Male
Donor sex Female
P value
No

Female to male transplant Yes
P value
CMV-
CMV+
P value
CMV-
CMV+
P value
No

Yes

Patient CMV

Donor CMV

In vivo T-cell depletion

P value

14.1%[4.9-27.9]
53.9%[27-74.7]
64.4%[34.9-83.2]
0.001
24.2%][6.7-47.6]
30.7%[14.1-49]
68.8%[15.3-92.8]
0.28
28.9%[15.8-43.4]
35.8%[20.2-51.7]
37.7%[21.4-53.9]
0.8
18.4%[3.9-41.3]
38.7%[24.2-53]
55.9%[18.5-81.8]
0.21
24.2%[10.2-41.2]
45.5%[29.4-60.3]
0.07
29.8%[13.6-48]
38.9%[6-72.9]
42.7%[10.1-72.9]
0.64
38.4%[20.5-56.1]
36%[21.4-50.8]
0.47
37.4%][13.9-61.3]
3696[23.4-48.8]
0.72
32.7%[18.9-47.2]
43.7%[23.9-62]
0.41
36.4%[20.9-52.1]
37.1%[20.6-53.6]
0.99
30.1%[17.3-43.9]
46.1%[23.6-66.1]
0.2
33.8%[21.9-46.1]
58.206[17.7-84.5]
0.09
35.8%[13.3-59.2]
38.1%[24.8-51.2]
0.37
20.8%][8.1-37.5]
49.9%[33-64.7]
0.007
39.296[21.2-56.9]
34.4%[20-49.2]
0.54

349%[18.2-50.5]
24.8%[8.4-45.6]
17.2%[3.8-38.7]
0.5
37.9%[14-61.9]
27.8%[11.6-46.6]
0%

0.11
32.9%[18.3-48.3]
15%[5.9-28]
40.4%[23.2-57]
0.06
30.8%][7.5-58.7]
29.2%[16.4-43.2]
119%[0.4-41.2]
0.64
44.3%[25.1-62]
16.7%[7-30]
0.016
28.6%[13-46.4]
36.1%][1.1-79.6]
22.9%][2.8-54.4]
0.68
36.1%[18.2-54.3]
22.7%[11.3-36.5]
0.55
15.8%[3.7-35.6]
30.7%][18.8-43.5]
0.65
30.4%[17-44.9]
24.4%[9.9-42.4]
0.88
26.1%[13.6-40.4]
29.1%[14-46.2]
0.72
29.3%[16.8-43.1]
24.1%[7.8-45.2]
0.45
28.7%[17.4-40.9]
15.4%][2.2-40.1]
0.42
25.3%[7.6-48]
28.7%[17-41.6]
0.81
30.1%[14.3-47.7]
26.9%[14-41.6]
0.65
23.9%[9.9-41.2]
31.6%[17.7-46.5]
0.92

51.9%[33.6-67.5]
21.3%[6.1-42.7]
18.3%[4.6-39.4]
0.009
37.9%[14.9-61]
41.6%[22.2-59.9]
31.2%][4.6-64.3]
0.73
38.296[22.8-53.4]
49.2%[31.9-64.3]
2296[9.4-37.8]
0.2
50.8%[21.1-74.4]
32.19%[18.8-46.3]
33.1%]8.1-61.4]
0.42
31.5%[15.4-49.1]
37.8%[22.7-52.7]
0.61
41.6%[22.9-59.4]
25%[1.4-63.9]
34.4%]8.2-63.4]
0.87
25.5%[11-42.9]
41.3%[25.9-56.1]
0.12
46.8%][21.7-68.5]
33.39%[20.9-46.1]
1
36.9%[22.3-51.6]
31.9%[14.8-50.5]
0.52
37.5%[22.1-53]
33.8%[17.8-50.6]
0.6
40.6%[26-54.7]
29.8%[11.7-50.4]
0.63
37.6%[24.9-50.2]
26.4%][4.6-56.1]
0.34
38.9%[15.9-61.7]
33.296[20.7-46.2]
0.23
49%][29.5-66]
23.2%[11.1-37.9]
0.012
36.9%[19.2-54.7]
34.1%[19.7-49]
0.75

52.8%[33.9-68.6]
33.1%][13.8-54]
20.6%[5.2-43]
0.029
37.2%[14.4-60.4]
41.9%[21.7-60.8]
30.3%][4.4-63.3]
0.55
37.5%[21.8-53.3]
49.3%[31.5-64.8]
27.8%[13.2-44.5]
0.3
48.39%[19.5-72.3]
36.29%[21.7-50.8]
40.2%[10.9-68.7]
0.52
34.4%][17.3-52.2]
40.7%[24.7-56.2]
0.42
44.3%[24.9-62.1]
25%[1.4-63.9]
29.6%][5.2-60.7]
0.88
29.9%[13.8-47.8]
44.6%[28.5-59.4]
0.3
44.2%[19.3-66.7]
37.6%[24.2-51]
0.85
37.2%[22.2-52.1]
41.5%[22-59.9]
0.87
38%[22-53.9]
39.6%[21.9-56.8]
0.4
44.3%[29.3-58.3]
28.6%[10.2-50.4]
0.57
42.3%[28.8-55.1]
17.3%][1.1-50.2]
0.25
47.3%[20.9-69.9]
35.296[22.2-48.5]
0.25
54.6%[33.8-71.3]
25.29[12.5-40.2]
0.024
47.3%[27.2-65]
32.8%][18.5-47.9]
0.65

369%[19.7-52.7]
7.5%[0.6-27.5]
12.7%][2.2-33]
0.01
29.5%]8.7-54.3]
25.6%[9.9-44.8]
17.7%][1-52.2]
0.13
24.5%[11.3-40.3]
28.4%][13.8-45]
18.4%[7.3-33.4]
0.92
47.8%[20.2-71.2]
15.5%[6.1-29]
21.4%]3.5-49.3]
0.08
19.3%[7.3-35.6]
27.7%[14.7-42.4]
0.92
24.6%[10.3-42.1]
26.7%][1.5-65.9]
21.4%([3.5-49.3]
0.86
25.9%[11.4-43.2]
20%[8.3-35.4]
0.7
43.79%][20.2-65.2]
19.5%[9.9-31.5]
0.74
27.4%[15-41.2]
14.7%[3.1-34.7]
0.47
21.8%][9.5-37.2]
24.3%[10.9-40.6]
0.9
29.8%[17-43.6]
9.5%[0.8-31.3]
0.37
26.1%[15.3-38.3]
24.6%][4.8-52.4]
0.33
18.59%][3.6-42.4]
26.5%[15.2-39.2]
0.9
25.1%][9.8-43.9]
18.8%[8.2-32.6]
0.27
29%[13.7-46.3]
19.8%[8.8-33.9]
0.92

Table 4 : Univariate analysis. CR= Complete remission; Ph= Philadelphia; MAC= Myeloablative conditioning; RIC= Reduced
intensity conditioning; CMV= Cytomegalovirus; TBI=Total Body Irradiation.




180 days

2 year

Acute GVHD II-IV

Acute GVHD llI-IV

chronic GVHD

ext. chronic GVHD

Whole population

29.6%[20.1-39.8]

9.9%[4.6-17.6]

33.6%6[21.7-46]

23.3%[12.9-35.4]

Status at transplant

Diagnosis

Age at transplant

Donor

Karnofsky

HCT-CI

Year at transplant

Conditioning

Patient sex

TBI

Donor sex

Female to male transplant

Patient CMV

Donor CMV

In vivo T-cell depletion

CR1
CR2+
Advanced
P value
Ph- B ALL
Ph+ B ALL
T ALL
P value
All B ALL
< Median
> Median
P value
Matched sibling
Unrelated
Haploidentical
P value
<90
>=90
P value
0
lor2
>=3
P value
< Median
> Median
P value
MAC
RIC
P value
Male
Female
P value
No
Yes
P value
Male
Female
P value
No
Yes
P value
CMV-
CMV+
P value
CMV-
CMV+
P value
No
Yes
P value

29.2%[16.1-43.6]
36.4%[16.9-56.3]
29.4%[10.1-52]
0.9
27.8%[9.6-49.7]
29.6%[13.8-47.4]
45.5%[14.9-72.2]
0.53
28.9%[16.4-42.6]
33.296[18.8-48.2]
29.3%(16.2-43.6]
0.69
22.29%[6.5-43.6]
29.6%[17.2-43.1]
42.9%[16.6-67.1]
0.45
29%[14.2-45.6]
32.4%[19.7-45.7]
0.84
33.8%[17.3-51.2]
22.2%[2.8-53]
50%[21.5-73.2]
0.35
13.8%][4.2-28.9]
40.9%[27.2-54]
0.016
38.9%[16.8-60.7]
28.9%[18.2-40.6]
0.31
37%[23.1-50.8]
23.29%[10.7-38.4]
0.19
2506[13.8-38]
39.8%[22.9-56.3]
0.14
31.5%[19.6-44.1]
33.7%[15.6-52.9]
0.78
309%[19.5-41.3]
41.7%[13.9-67.8]
0.34
41.79%[22.4-60]
25.9%(15.1-38.2]
0.18
37.7%[21.6-53.8]
24.4%[13-37.8]
0.27
41.1%[24.8-56.7]
22.7%[11.6-36.1]
0.11

4.8%[0.8-14.3]
18.2%]5.5-36.8]
11.8%][1.8-32]
0.24
5.69%[0.3-23.1]
11.1%[2.7-26.2]
18.2%[2.4-45.7]
0.55
8.9%[2.8-19.5]
12.5%[4.5-24.8]
7.3%[1.9-18]
0.42
5.69%[0.3-23.2]
6.29%][1.6-15.6]
28.6%[8.2-53.3]
0.04
6.5%][1.1-18.9]
12%[4.8-22.7]
0.41
6.79%][1.1-19.5]
0%
35.7%[12.2-60.4]
0.015
3.49%][0.2-15.3]
13.5%[5.9-24.3]
0.15
16.7%[3.9-37.2]
7.9%[2.9-16.3]
0.25
8.79%][2.7-19.1]
11.4%][3.5-24.5]
0.66
8.39%[2.6-18.3]
12.1%[3.7-25.8]
0.55
7.4%][2.3-16.4]
16.7%][5-34.1]
0.21
7.5%][2.7-15.4]
25%[5.4-51.7]
0.07
11.1%[2.7-26.2]
9.3%[3.4-18.8]
0.82
11.4%[3.5-24.5]
8.9%][2.8-19.5]
0.73
13.5%]4.8-26.6]
6.8%[1.7-16.9]
0.33

33.3%[16-51.7]
55.6%[27.4-76.7]
79%[0.3-28.8]
0.013
13.9%[1.8-37.9]
41.7%[19.5-62.7]
44.3%][4-81.3]
0.18
30.9%[16-47.1]
34.4%[17.6-51.8]
32.6%[16.1-50.2]
0.76
16.3%][2.1-42.6]
41.9%[25.2-57.7]
21.8%[1.8-56]
0.28
44.8%[24.9-62.8]
21.6%[9.8-36.3]
0.18
49.6%[28-67.9]
19%[0.3-62.4]
14.9%][2.2-38.9]
0.32
139%(3-30.7]
46%[27.8-62.5]
0.018
26.5%[5-55.4]
35.5%(21.9-49.3]
0.62
33.5%[17.6-50.2]
33.3%[16.1-51.7]
0.76
36.6%[21.3-52]
30.8%[10.6-54]
0.32
37.3%[22.3-52.3]
30.7%[9-56]
0.38
35.6%[22.4-48.9]
10%[0.4-38.2]
0.49
55.4%[24.3-78.2]
22.6%[11.5-36]
0.007
43.4%][21.6-63.5]
25.296[12.2-40.5]
0.29
38.3%[18.1-58.4]
30.4%[16-46.2]
0.33

29.3%[13.2-47.4]
34.1%[10.3-60.2]
0%

0.08
9.5%][0.3-37.7]
27.8%[10.5-48.5]
44.3%][4-81.3]
0.09
20.8%][8.7-36.5]
27.5%[12.6-44.8]
18.3%[6.2-35.5]
0.54
10.2%][0.4-38.5]
31.7%][17.1-47.4]
0%

0.11
31.5%][14.4-50.2]
14%][4.9-27.7]
0.26
33.8%][15.6-53.2]
19%][0.3-62.4]
0%[NaN-NaN]
0.13
8.7%[1.3-25.1]
32.7%][16.6-50]
0.054
7.4%]0.4-29.8]
27.2%[14.8-41.2]
0.24
20.9%[8-37.9]
26.2%[11.1-44.3]
0.4
24.7%][11.9-39.8]
21.2%][5.3-43.9]
0.64
22.8%[10.9-37.2]
27.8%][6.7-54.5]
0.93
24.5%[13.3-37.4]
0%

0.48
56.7%][16.2-83.7]
11.1%][4-22.4]
0.001
36.9%][16.3-57.7]
14.4%[5-28.6]
0.1
17.8%][5.1-36.9]
25.2%[12.1-40.5]
0.82

Table 5 : Univariate analysis. CR= Complete remission; Ph= Philadelphia; MAC= Myeloablative conditioning;

RIC= Reduced intensity conditioning; CMV= Cytomegalovirus; TBI=Total Body Irradiation.




Outcome Variables HR (95% ClI) p value

CR1 vs other 0.23 (0.08-0.67) 0.007

MSD vs other 0.48 (0.13-1.77) 0.27

Relapse o

Donor CMV positivity 2.87 (1.06-7.77) 0.039

Year of HSCT 0.96 (0.84-1.10) 0.55

CR1 vs other 1.05 (0.43-2.58) 0.91

NRM MSD vs other 0.60 (0.20-1.85) 0.38
KPS>=90 0.37 (0.15-0.88) 0.025

Year of HSCT 0.91 (0.79-1.05) 0.18
CR1 vs other 0.49 (0.26-0.95) 0.034

LES MSD vs other 0.54 (0.23-1.26) 0.16
Donor CMV positivity 1.86 (0.97-3.58) 0.062

Year of HSCT 0.95 (0.87-1.05) 0.3

CR1 vs other 0.61 (0.32-1.20) 0.15

0s MSD vs other 0.61 (0.26-1.41) 0.25
Donor CMV positivity 1.96 (0.98-3.91) 0.057

Year of HSCT 1.0 (0.91-1.11) 0.95
CR1 vs other 0.54 (0.31-0.93) 0.027

GRFS MSD vs other 0.54 (0.25-1.14) 0.1
Year of HSCT 0.99 (0.91-1.08) 0.77

CR1 vs other 0.85 (0.39-1.86) 0.67

Acute GVHD II-IV MSD vs other 0.70 (0.24-2.06) 0.52
Year of HSCT 1.10 (0.95-1.27) 0.22

CR1 vs other 0.81 (0.32-2.04) 0.65

Chronic GVHD MSD vs other 0.50 (0.11-2.21) 0.36
Patient CMV positivity 0.44 (0.17-1.11) 0.08

Year of HSCT 1.01 (0.82-1.23) 0.96

Table 6: Multivariate Analysis. HR: Hazard ratio. Cl: Confidence interval. CR1: First complete
remission. MSD: Matched sibling donor. HSCT: Hematopoietic stem-cell transplantation. NRM:
Non-relapse mortality. KPS: Karnofsky score. LFS: Leukemia-free survival. OS: Overall survival.
GRFS: GRFS and relapse free survival. GVHD: Graft-vs-host disease.






