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Editorial on the Research Topic

50 years of BMT: conditioning regimens and early complications
after transplantation

Since 1957, when the first Allogeneic Stem Cell Transplantation (Allo-SCT) was
performed by E. Donnall Thomas, thousands of transplants have been registered
worldwide, in particular for acute myeloid leukemia (AML). Indications continue to rise
across haematological diseases, solid tumours and immune disorders. More than six
decades later, the most significant evolutions of allo-SCT regard: i) the spectrum of
diseases that are nowadays curable with this procedure (now including malignant and non-
malignant conditions) and ii) the upper limit of age for allo-SCT eligibility (now
approaching 75-77 years) (1). Other most notable developments include the success of
unrelated donor and haploidentical SCT, an increase followed by decrease in the number of
cord blood transplants. These aspects, next to the massive expansion of SCT technology,
gradually shed a light on the issue of conditioning platforms and of transplant-related
mortality (TRM), particularly in the first 3-6 months after allo-SCT.

The Research Topic entitled “50 Years of BMT: Conditioning Regimens and Early
Complications After Transplantation® collected 4 Manuscripts.

Yanada et al. reported a very interesting analysis of the real-world data on conditioning
regimens for AML in Japan. Over more than 20 years of activity, more than 1,000
myeloablative (MAC) and more than 4,000 reduced intensity conditioning regimens (RIC)
have been registered. Total body irradiation (TBI) was the backbone of the great majority of
MAC, whereas Busulfan and Melphalan were equally distributed among the RIC regimens.
The MAC-RIC ratio mildly decreased between 2000 and 2005, but then it remained stable
over time, with more than 60% of the transplants performed with high-
intensity conditioning.
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Liu et al. reported on a retrospective series of 608 consecutive
patients with SAA, divided into those with criteria for SAA at
diagnosis, those who progressed from non-SAA to SAA (both
groups treated with immunosuppression) and those who
progressed from non-SAA to SAA, and were treated with allo-
SCT. The most important evidence is that immunosuppression
resulted less effective in SAA progressing from non-SAA, but allo-
SCT can improve the long-term outcomes.

In another Manuscript of the Research Topic reported, Colita
et al. analysed autologous transplants (ASCT) for lymphomas on
behalf of the Romanian Society for Bone Marrow Transplantation.
In particular, they focused on 222 ASCT performed with three types
of conditioning: BEAM, CLV (cyclophosphamide, lomustine,
etoposide) and LEAM (lomustine, etoposide, cytarabine and
melphalan). The overall response rate at day 100 was comparable
across the three regimens (ranging from 70 to 80%). The relapse-
free survival at 2 years was significantly better for BEAM regimen,
followed by LEAM and CLV, but this did not translate into a
survival benefit. Transplant-related mortality was similar across the
three regimens, and the most frequent grade 3/4 non-hematologic
toxicity was mucositis, with a higher incidence in the BEAM group.
Finally, Zhou et al. described a case report focusing on the role of
metagenomic next-generation sequencing (mNGS) in the diagnosis
and treatment of disseminated visceral Kaposi sarcoma after allo-
SCT. Through whole-exome sequencing, germline mutations in the
FANCI and RAD51 were detected: these genes are associated with
impairment of DNA repair, leading to tumor susceptibility. The
research of these germline mutations in donor’s DNA may be of
help for the complete understanding of the mechanisms underlying
the onset of secondary neoplasms after allo-SCT.

The issue of conditioning regimens is still a major point in the
field of allo-SCT. Myeloablation and stem cells’ engraftment was
originally obtained with Total Body Irradiation (TBI) alone or in
combination with cyclophosphamide. Subsequently, TBI was
gradually replaced by alkylators, namely busulfan, and from the
‘80s several different conditioning regimens have been developed.
These regimens have been historically classified into three main
categories: myeloablative (MAC), non-myeloablative (NMA) and
reduced intensity (RIC). This classification, based on the alkylators’
dose and on the role of myeloablation versus immunosuppression in
each transplant platform, has been widely used in the last 20 years,
both in retrospective and prospective studies. In more recent years, a
new category of conditionings has been proposed: the reduced
toxicity conditioning regimens, such as Fludarabine and Busulfan
for 4 days — FB4, that showed fully myeloablative effects, but with
reduced extra-hematological toxicity. Following the evolution of the
transplant platform, including new drugs (e.g. Treosulfan or
Clofarabine) (2, 3) and new Graft Versus Host Disease (GVHD)
prophylaxis (e.g. post-transplant cyclophosphamide) a new score for
conditioning intensity has been proposed by the Acute Leukemia
Working Party of the European group for Blood and Marrow
Transplantation (ALWP-EBMT) (4). This Transplant Conditioning
Intensity (TCI) score seems to be highly reproducible and categorizes
the different conditionings into 3 categories (low-intermediate-high),
with a clear impact on TRM and relapse incidence. Among the new
drugs proposed for conditioning in adult patients, particularly with
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AML or myelodysplastic syndromes (MDS), Treosulfan is surely one
of the most attractive one. The combination of Fludarabine and
Treosulfan 10 g/sqm/day for 3 days (FT10) has become highly
recommended for elderly patients with AML or MDS, particularly
with advanced-phase disease, following the international registrative
trial (2). Moreover, Treosulfan has been used in combination with a
second alkylator (e.g. Melphalan) in the setting of haploidentical SCT
(5). Finally, the retrospective data from our Gruppo Italiano
Trapianto di Midollo (GITMO) showed that Treosulfan has been
used in Italy for older AML/MDS patients, with high-risk diseases,
but this did not translate into an impairment of long-term outcomes
with respect to Busulfan-based conditioning regimens (6). All these
data suggests that this drug has highly in vivo anti-leukemic activity.
The issue of dose is still a matter of debate, considering that it can be
used at a dose up to 14 g/sqm/day for 3 days (FT14). This latter dose
is currently under evaluation in an Italian prospective phase II trial.

Moving to the topic of early complication after allo-SCT, in
particular during first 3-6 months after transplant, two major
aspects should be considered: i) infectious complications and ii)
acute GHVD. One of the most impressive improvement of
infections’ prevention in the transplant setting has been
represented by the introduction of Letermovir (LET) prophylaxis
against CMV from day 0 to day +100 after transplant. LET was
proved to significantly reduce CMV clinically significant infections
(CMV-csi) and CMV disease, in the context of a multicentric,
international, randomized trial. The results of the registrative study
have been confirmed in several single and multicentric experiences
and recent metanalysis grouped these data together, showing that
LET significantly reduces both CMV-related events, but also
mortality for all causes, NRM and, in some cases, significantly
improved Graft and Relapse Free Survival (GRES) (7). The
extension of LET prophylaxis in high-risk patients beyond day
+100 (until day +200) confirmed a reduction in the incidence of
CMV-csi with respect to placebo (8). Although CMV has
significantly reduced its impact in patients submitted to allo-SCT,
other issues, such as the role of anti CMV specific immune
reconstitution, are currently under study (9).

Moving to acute GVHD, we can assess that, in the last 10 years,
its incidence has maintained within 30-40% (considering grade II to
grade IV cases). This result surely must be improved, but it should
be considered within the evolution of the transplant scenario
worldwide. In fact, it is undoubtedly that an increase in patients’
age and in the spectrum of diseases addressed to allo-SCT (e.g.
myeloproliferative neoplasms) has been registered in many
Countries. These two aspects are well known risk factors for acute
GVHD, and the stability in the incidence of this complication in the
last 10 years is probably the effect of an amelioration of the
supportive care and a reduction in extra-hematological toxicity
(e.g. gastrointestinal toxicity). Moreover, the availability of new
drugs such as Ruxolitinib significantly changed the prognosis of
steroid-refractory acute GVHD and contributed to the reduction of
TRM. This latter aspect, together with the improvement in relapse
prevention with the introduction of post-SCT maintenance (e.g.
hypo-methylating agents, midostaurin,....), is associated with a
progressive amelioration of overall survival and relapse free
survival after allo-SCT in the most recent years (10).
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FIGURE 1

Most notable and recent developments in allo-SCT field. (A)
Conditioning regimen and donor source, including MAC, RIC, RTC,
Haplo, URD. (B) GvHD prophylaxis, including ATG, PTCy, new drugs/
strategies. (C) Management of complications: GvHD treatment (eg
IST, ECP, mAb, TKls, JAKi, FMT, MSC); relapse prevention and
treatment (maintenance, eg. DLI, multikinase inhibitor, small
molecules, HMA, CART); monitoring, prophylaxis and treatment of
infections (eg. bacteria, fungi, CMV, EBV, VZV, HHV6, SARS-CoV-2).
(D) Immune Reconstitution: tests for immune monitoring (eg.
routine tests [absolute lymphocyte counts, lymphocyte subsets,
antibody titers], assays currently performed in the research setting
[eg. functional assays, viral-specific response, measures of thymic
output and T/B cell repertoire]; VST, strategies to enhance immune
reconstitution (eg. Treg-based therapies, graft manipulation).
allo-SCT, allogeneic Stem Cell Transplantation; ATG, anti-thymocyte
globulin; CART, chimeric antigen receptor; CMV, Cytomegalovirus;
DLI, donor lymphocyte infusion; EBV, Epstein Barr Virus; ECP,
extracorporeal photopheresis; FMT, fecal microbiota transplantation;
GVHD, graft-versus-host disease; Haplo, haploidentical; HHV®,
Human Herpes Virus 6; HMA, hypomethylating agents; IST,
immunosuppressive agents; JAKi, Janus kinase inhibitors; mAb,
monoclonal antibody; MAC, myeloablative conditioning; MSC,
mesenchymal stromal cells; PTCy, post-transplant
cyclophosphamide; RIC, reduced intensity conditioning; RTC,
reduced toxicity conditioning; SARS-CoV-2, severe acute respiratory
syndrome related coronavirus 2; TKls, Tyrosine kinase inhibitors;
Treg, T regulatory cells; URD, unrelated donor; VST, viral-specific T
cells; VZV, Varicella-Zoster Virus.

In conclusion, we think that allo-SCT is now entering a very
challenging era, with the advent of other cellular therapies (e.g.
CART cells therapies) and with the evolution of other immune
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therapies (e.g. new molecular target drugs, monoclonal antibodies,
bi-specific antibodies). In this context, allo-SCT should be
integrated in the therapeutic program of each disease (in
particular AML). Prospective and controlled trials are strongly
warranted in order to improve anti-leukemic activity and reduce
toxicity, both in terms of infections and in terms of GVHD,
maintaining high attention to the interplay between all these
factors (Figure 1).

Author contributions

MM: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing — original draft, Writing - review & editing.
RG: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing. JE:
Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

3. El Cheikh J, Bidaoui G, Atoui A, Terro K, Sharrouf L, Zahreddine A, et al.
Clofarabine and total body irradiation (TBI) as conditioning regimen for allogeneic
stem cell transplantation in high-risk acute leukemia patients: a two-center
retrospective cohort study. Bone Marrow Transplant. (2023) 58(6):667-72.
doi: 10.1038/s41409-023-01947-z

4. Spyridonidis A, Labopin M, Savani BN, Niittyvuopio R, Blaise D, Craddock C,
et al. Redefining and measuring transplant conditioning intensity in current era: a study
in acute myeloid leukemia patients. Bone Marrow Transplant (2020) 55(6):1114-25.
doi: 10.1038/s41409-020-0803-y

frontiersin.org


https://doi.org/10.1016/j.jtct.2021.11.006
https://doi.org/10.1016/S2352-3026(19)30157-7
https://doi.org/10.1038/s41409-023-01947-z
https://doi.org/10.1038/s41409-020-0803-y
https://doi.org/10.3389/fonc.2024.1369573
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Malagola et al.

5. Lazzari L, Ruggeri A, Lupo Stanghellini MT, Mastaglio S, Messina C, Giglio F,
et al. Treosulfan- based conditioning regimen prior to allogeneic stem cell
transplantation: Long- term results from a phase 2 clinical trial. Front Oncol (2021)
11:731478. doi: 10.3389/fonc.2021.731478

6. Malagola M, Polverelli N, Martino M, Patriarca F, Bruno B, Giaccone L, et al.
Busulfan or treosulfan conditioning platform for allogeneic stem cell transplantation in
patients aged >60 Y with acute myeloid leukemia/myelodysplastic syndrome: A
subanalysis of the GITMO alloEld study. Transplant Direct (2023) 9(3):e1451.
doi: 10.1097/TXD.0000000000001451

7. Malagola M, Radici V, Farina M, Pellizzeri S, Spoldi F, Morello E, et al. CMV
prophylaxis with letermovir significantly improves graft and relapse free survival
following allogeneic stem cell transplantation. Bone Marrow Transplant (2023)
19:138-40. doi: 10.1038/s41409-023-02124-y

Frontiers in Oncology

04

10.3389/fonc.2024.1369573

8. Russo D, Schmitt M, Pilorge S, Stelljes M, Kawakita T, Teal VL, et al. Efficacy and
safety of extended duration letermovir prophylaxis in recipients of haematopoietic
stem-cell transplantation at risk of cytomegalovirus infection: A multicentre,
randomised, double-blind, placebo- controlled, phase 3 trial. Lancet Haematol (2023)
21:52352-3026(23)00344-7. doi: 10.1016/S2352-3026(23)00344-7

9. Greco R, Hoogenboom JD, Bonneville EF, Anagnostopoulos A, Cuoghi A, Dalle
JH, et al. Monitoring for virus-specific T-cell responses and viremia in allogeneic
HSCT recipients: a survey from the EBMT Cellular Therapy & Immunobiology
Working Party. Bone Marrow Transplant (2023) 58(5):603-6. doi: 10.1038/s41409-
023-01939-z

10. Abou Dalle I, El Cheikh J, Bazarbachi A. Pharmacologic strategies for post-
transplant maintenance in acute myeloid leukemia: It is time to consider! Cancers
(Basel) (2022) 14(6):1490. doi: 10.3390/cancers14061490

frontiersin.org


https://doi.org/10.3389/fonc.2021.731478
https://doi.org/10.1097/TXD.0000000000001451
https://doi.org/10.1038/s41409-023-02124-y
https://doi.org/10.1016/S2352-3026(23)00344-7
https://doi.org/10.1038/s41409-023-01939-z
https://doi.org/10.1038/s41409-023-01939-z
https://doi.org/10.3390/cancers14061490
https://doi.org/10.3389/fonc.2024.1369573
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: 50 years of BMT: conditioning regimens and early complications after transplantation
	Author contributions
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


