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Autologous stem cell transplantation (ASCT) can be applied to cells at PBSC collection predicted higher relapse risk, whereas

consolidate first remission (CR1) in favorable/intermediate-risk
acute myeloid leukemia (AML) patients.1–2 However, up to 20%
of AML patients in CR1 fail to mobilize a sufficient number of
peripheral blood stem cells (PBSC).3 We evaluated safety and
effectiveness of adding plerixafor to continued G-CSF stimula-
tion in 5 AMLpatients in CR1, who had failed tomobilize at least
10 CD34+ cells/mL in the peripheral blood. The patients received
a single dose of 24mg plerixafor intravenously 4 hours before
apheresis. Subsequent PBSC collection was successful in all
patients enabling them to proceed to ASCT, and all autografts
were molecularly minimal residual disease (MRD)-negative.
These data suggest that plerixafor added to G-CSF stimulation is
effective in AML patients with otherwise failing stem cell PBSC
mobilization.
In AML patients in CR1, high CD34+ cell counts harvested in a

single apheresis or high percentages of CD34+ cells in the
autografts are associated with adverse outcome.4 We and others
demonstrated that high numbers of peripheral circulating CD34+
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delayed hematologic recovery after ASCT was associated with
better survival rates.5–8 Accordingly, a decreased mobilization
potential after induction chemotherapy can indicate a favorable
course in AML patients, in contrast to, for example, myeloma
patients undergoing high-dose chemotherapy (HDCT)/ASCT.5–7,9

Mobilization failure in AML patients in CR1 is so far poorly
studied, and subsequent alternative strategies are limited to bone
marrow (BM) harvesting with all its inconveniences. Moreover,
physicians are reluctant to use the rescue CXCR4 antagonist
plerixafor in AML patients given the possible mobilization of
residual leukemic stemcells and thepossibility toharvestmobilized
leukemic cells.10 However, this conclusion is not based on clinical
data in this situation. Accordingly,we investigated in this study the
safety and effectiveness of adding rescue plerixafor in AML
patients,which otherwisewould have failed stemcellmobilization.
We studied 5 patients with therapy-naïve de novo AML, who

received 2 cycles of induction chemotherapy at the University
Hospital of Bern. All patients had achieved CR after the first
induction cycle and were planned for consolidation with HDCT/
ASCT based on their genetic risk profiles (Table 1). The second
induction cycle comprised cytarabine and daunorubicin in all
patients, and when BM assessment on day 18 confirmed
remission, G-CSF was started on the first day of neutrophils
rising >0.5G/L. Stem cell collection was planned on the first day
of peripheral circulating CD34+ cells exceeding 20/mL. However,
all 5 patients failed to achieve at least 10/mL despite continued G-
CSF stimulation and were considered mobilization failure.
According to European Leukemia Net criteria, 4 patients had

favorable and 1 patient had intermediate risk.11 Four patients
showed mutations in the NPM1 gene, isolated in 1 case, or
combined with an FLT-ITD in 2 patients (in the first one at a
high allele ratio of 0.5; and in the second one at a lower ratio of
0.39), or IDH1 (in 1 patient). The fifth patient had biallelic
CEBPA mutations. All patients presented normal karyotypes.
The patient with high FLT3-ITD allelic ratio and NPM1
mutation underwent HDCT/ASCT due to primary biliary
cirrhosis making this patient ineligible for allogeneic HSCT.
MRD diagnostics were performed by real-time polymerase
chain reaction (PCR) for NPM1, fragment analysis for FLT3,
next-generation sequencing (NGS) for IDH1, and NGS and
Sanger sequencing for CEBPA. Molecular MRD analyses
indicated negativity both in the BM after second induction
before SC collection and in the autografts.
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Table 2

Mobilization of Peripheral CD34+ Cells and Stem Cell Collection in
Acute Myeloid Leukemia Patients With Rescue Plerixafor Admin-
istration, Engraftment, Hospitalization, and Outcome
Mobilization and apheresis, n 5
Apheresis procedures, total number, n 7
Single day of apheresis, n (%) 3 (60)
Two days of apheresis, n (%) 2 (40)

Laboratory values, median (range)
WBC, at 1st day of apheresis, G/L 35.4 (12.1–63.6)
CD34+ cells, �106/L
in PB before plerixafor administration 3.8 (1.6–6.0)
in PB after plerixafor administration 24.9 (3.0–46.8)

Collected CD34+ cells/kg 4.05 (2.05–6.29)
Vitality of CD34+ cells, % 99 (97–99)
Transfused CD34+ cells/kg 2.94 (2.06–4.30)

Engraftment, median (range)
Red cells transfusions, n 3 (2–7)
Platelet transfusions, n 4 (1–8)
Neutrophil recovery (>0.5 G/L), d 12 (11–13)
Platelet recovery (>20 G/L), d 45 (14–106)

Hospitalization, d, median (range) 24 (21–36)
Outcome
Follow-up, mo, median (range) 14 (9–17)
Complete remission at last follow-up 5/5
Relapse during follow-up 0/5

PB = peripheral blood, WBC = white blood cells.

Table 1

Clinical and Disease Characteristics at Diagnosis of 5 AML
Patients With Imminent Mobilization Failure

Parameters n=5

Age, median, y (range) 59 (23–69)
Males:females 2:3
Laboratory values, median (range)
Hb, g/L 88 (63–107)
WBC, G/L 4.84 (1.3–26.3)
Peripheral blasts, % 15 (1–68)
Marrow blasts, % 80 (30–90)
Platelets, G/L 85 (26–138)
LDH, IU/L 712 (440–1512)

FAB classification
M1 1
M2 2
M4 2

Cytogenetics
Normal karyotype 5

Mutation profiles
Mutated NPM1 only 1
Mutated NPM1, IDH1 1
Mutated NPM1, FLT3-ITD low 1
Mutated NPM1, FLT3-ITD high 1
Biallelic mutations of CEBPA 1

MRD diagnostics Technique/sensitivity at follow-up
Mutated NPM1, subtype A Real-time PCR (10�4 to 10�6)
Mutated IDH1 NGS (∼1%)
Mutated CEBPA NGS (∼1%)
Mutated FLT3-ITD Fragment analysis (5%)

ELN risk group (2017)
Favorable 4
Intermediate 1

WHO subtypes (2016)
AML with mutated NPM1 4
AML with biallelic mutations of CEBPA 1

AML = acute myeloid leukemia, ELN = European Leukemia Net, FAB = French-American-British, Hb
= hemoglobin, LDH = lactate dehydrogenase, MRD = minimal residual disease, NGS = next-
generation sequencing, PCR = polymerase chain reaction, WBC = white blood cells.
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The collection procedure in 3 patients was accomplished in a
single day following plerixafor administration, whereas 2
patients needed 2 consecutive apheresis days with plerixafor
given only at the first day. The median number of circulating
peripheral CD34+ cells at the first day of PBSC collection was 3.8
cells/mL (range 1.6–6.0) before plerixafor, and it was 24.9cells/
mL 4 hours after plerixafor administration. The median harvest
of collected CD34+ PBSC was 4.05�106/kg (2.05–6.29),
respectively (Table 2).
All patients undergoing HDCT before ASCT received full-

dosed busulfan 4mg/kg per day p.o. (days �6 to �3) and
cyclophosphamide 60mg/kg per day i.v. (days �2/�1), with
PBSC reinfusion at day 0. A median of 2.94�106/kg b.w. CD34+

PBSC was transfused (2.06–4.30�106/kg). Patients received a
median of 3 red blood cell transfusions and 4 platelet
transfusions. Neutrophils recovered >0.5G/L after a median
of 12 days (11–13 days), and the median time until platelets
increased >20G/L was 45 days (14–106 days). All patients
ultimately achieved complete hematologic recovery. The median
hospitalization duration was 24 days (21–36 days). After a
median follow-up of 14 months (9–17 months), all patients were
alive in ongoing CR1.
Whereas available data suggest that ASCT with PBSC can be

recommended to distinct subgroups of AML patients, there
2

is little information on the mobilization failure rate and on
rescue strategies for AML patients with a failed attempt of
autologous PBSC collection.12,13 In AML patients, chemo-
sensitivity of colony-forming units of granulocytes and mono-
cytes derived from BM cells were described to correlate inversely
with the peripheral maximum CD34+ cells peak during SC
mobilization.14

Plerixafor, a small-molecule inhibitor of the CXCR4 chemo-
kine receptor, has been approved in combination with G-CSF for
PBSC mobilization for lymphoma and myeloma patients.10

However, plerixafor is so far not recommended for PBSC
mobilization in AML patients due to the risk of mobilization of
leukemic cells and potential autograft contamination. We report
in this single-center study for the first time the safe and successful
second-line mobilization of PBSC with plerixafor in AML
patients who failed conventional mobilization with G-CSF after
the second induction. Despite its limitations, our study suggests
that the rescue administration of plerixafor induced significant
additional mobilization of CD34+ cells from the BM to the
peripheral blood, thereby allowing collecting sufficient CD34+

cells in all 5 patients. In fact, the median number of circulating
peripheral CD34+ cells stimulated by G-CSF increased from 3.8
to 24.9�106/L before and after plerixafor infusion. Conse-
quently, plerixafor administration enabled these patients
to proceed to subsequent consolidation with HDCT followed
by ASCT.
Due to the potential of plerixafor for comobilization of

leukemia stem cells,8 only MRD-negative patients combining
different molecular techniques (Table 1) were selected for
plerixafor application in this study, and MRD was excluded in
the autografts. Acknowledging these strict conditions, all
patients in this study maintained CR1 after a median follow-
up of 14 months. Importantly, our data are limited to AML
patients with MRD-negative CR1 in the BM and in the
autografts as candidates for plerixafor administration after
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mobilization failure with G-CSF. Molecular MRD techniques
should be comprehensive, including real-time PCR in the
case of appropriate mutations, fragment analysis, and,
increasingly, NGS.
Hematologic recovery after ASCT using plerixafor and G-

CSF stimulation for collection of CD34+ PBSC is of obvious
interest. Neutrophil recovery >0.5G/L after ASCT occurred
after a median of 12 days, and, thus, was identical as in a
previous large study in AML patients receiving G-CSF only.12

Platelet recovery >20G/L seemed prolonged in plerixafor
mobilized AML patients, with a median of 45 days versus 16
days in G-CSF-only mobilized patients in our previous
series.12 Possibly, this delayed platelet recovery in plerixafor
mobilized AML patients reflects the background of primary
mobilization failure and a poor stem cell pool in these
particular patients.
In conclusion, rescue mobilization of PBSCwith plerixafor was

highly effective and safe in our small series of AML patients with
primary mobilization failure. However, others have reported the
development of secondary myelodysplastic syndromes or AML
following rescue mobilization by plerixafor and subsequent
HDCT/ASCT in 5 out of 43 patients with lymphomas or multiple
myeloma after a median of 29 months after ASCT.15 Acknowl-
edging the fact that these patients were heavily pretreated with
80% of them having received more than 2 prior chemotherapeu-
tic regimens and with 20% having a history of previous
radiotherapy, the question may arise whether plerixafor or
rather the preceding intensive anticancer treatment truly
contributed to the development of myeloid malignancies in these
patients.15 Nevertheless, further studies should aim to better
characterize the potential of plerixafor for reliable and safe
PBSC mobilization combined with G-CSF in AML patients
planned for ASCT.
Acknowledgments

The authors wish to thank the data management, the apheresis,
the flow cytometry, and the stem cell laboratory teams of the
ASCT program at the University Hospital of Bern and its
associated partner hospitals and collaborators for documentation
of data relevant for this study.
3

References

1. Vellenga E, van Putten W, Ossenkoppele GJ, et al. Autologous
peripheral blood stem cell transplantation for acute myeloid leukemia.
Blood. 2011;118:6037–6042.

2. Mueller BU, Seipel K, Bacher U, et al. Autologous transplantation for
older adults with AML. Cancers. 2018;10:111–119.

3. Blum V, Heini AD, Novak U, et al. Hematopoietic stem cell
remobilization with vinorelbine and filgrastim in AML. Bone Marrow
Transplant. 2017;52:786–788.

4. Hengeveld M, Suciu S, Chelgoum Y, et al. High numbers of mobilized
CD34+ cells collected in AML in first remission are associated with high
relapse risk irrespective of treatment with autologous peripheral blood
SCT or autologous BMT. Bone Marrow Transplant. 2015;50:341–347.

5. Gunn N, Damon L, Varosy P, et al. High CD34+ cell dose promotes faster
platelet recovery after autologous stem cell transplantation for acute
myeloid leukemia. Biol Blood Marrow Transplant. 2003;9:643–648.

6. Von Grünigen I, Raschle J, Rusges-Wolter I, et al. The relapse risk of
AML patients undergoing autologous transplantation correlates with
the stem cell mobilizing potential. Leuk Res. 2012;36:1325–1329.

7. Keating S, Suciu S, deWitte T, et al. The stem cell mobilizing capacity of
patients with acute myeloid leukemia in complete remission correlates
with relapse risk: results of the EORTC-GIMEMA AML-10 trial.
Leukemia. 2003;17:60–67.

8. Wetzel D, Mueller BU, Mansouri Taleghani B, et al. Delayed
haematological recovery after autologous stem cell transplantation is
associated with favourable outcome in acute myeloid leukaemia. Br J
Haematol. 2015;168:268–273.

9. Raschle J, Ratschiller D, Mans S, et al. High levels of circulating CD34+

cells at autologous stem cell collection are associated with favourable
prognosis in multiple myeloma. Br J Cancer. 2011;105:970–974.

10. Uy GL, Rettig MP, Motabi IH, et al. A phase 1/2 study of
chemosensitization with the CXCR4 antagonist plerixafor in relapsed
or refractory acute myeloid leukemia. Blood. 2012;119:3917–3924.

11. Döhner H, Estey E, Grimwade D, et al. Diagnosis and management of
AML in adults: 2017 ELN recommendations from an international expert
panel. Blood. 2017;129:424–447.

12. Oberson JS, Novak U, Taleghani BM, et al. Revisiting G-CSF support
for hematologic recovery after autologous transplantation in AML
patients. Ann Hematol Oncol. 2017;4:1148–1152.

13. Alva LC, Bacher U, Seipel K, et al. Iron overload is correlated with
impaired autologous stem cell mobilization and survival in acute
myeloid leukemia. Transfusion. 2018;58:2365–2373.

14. Milone G, Avola G, Leotta S, et al. Chemosensitivity of nonleukemic
clonogenic precursors in AML patients in complete remission:
association with CD34(+) mobilization and with disease-free survival.
Exp Hematol. 2012;40:35–47.

15. Deol A, Abrams J, Masood A, et al. Long-term follow up of patients
proceeding to transplant using plerixafor mobilized stem cells and
incidence of secondary myelodysplastic syndrome/AML. Bone Marrow
Transplant. 2013;48:1112–1116.

http://www.hemaspherejournal.com

	Hematopoietic Stem Cell Mobilization With Plerixafor Is Safe and Effective in Poorly Mobilizing Acute Myeloid Leukemia Patients
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 [
    /PDFX1a:2001
  ]
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /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 true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


