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To the Editor: 

 

 

A morphology exam incorporating a differential count of a recommended 500 nucleated bone marrow 

cells (Dohner, et al 2017)  continues to be requirement for an acute myeloid leukemia patient to be 

classified as in complete remission by International Working Group (IWG) response criteria (Cheson, 

et al 2003).   It has however become increasingly standard to perform morphology and flow cytometry 

in parallel to assess remission.  Like morphology, flow cytometry (MFC) assays for residual leukemia 

will enumerate blast percentage for the 5% threshold but additionally provide greater accuracy and 

the possibility to discriminate leukemic from normal blasts at a sensitivity of 10-3 to 10-4 (Schuurhuis, 

et al 2018).   Both approaches require training, experience and a representative bone marrow sample 

for reliable results and have limitations that may potentially contribute to discrepant results and inter-

laboratory variation (Walter 2018).  It has been suggested that a morphology assessment of response 

is less specific than flow cytometry when rebound normal regeneration following induction 

chemotherapy results in more than 5% normal blasts, (predominantly a feature of pediatric marrows).  

Administration of G-CSF or dysplastic changes from stressed regeneration can also add difficulty to 

morphological differential counts.     

  Outcome data from multiple previous studies applying flow cytometry to measure residual disease 

in morphological complete remission (Schuurhuis, et al 2018) have contributed to the European 

LeukemiaNet (ELN) recommendation that morphological CR without measurable residual disease 

(CRMRD-) be included as a defined response endpoint for AML (Dohner, et al 2017).  CRMRD- by flow 

cytometry is associated with a significantly better overall survival than morphological CR/CRi for 

younger adults even after first induction (63% versus 52% at five years)(Freeman, et al 2018) as 

previously shown for older patients treated intensively (Freeman, et al 2013).    

Considering the prognostic relevance of a negative MRD test (MRD-) in patients with ≥5% 

morphological blasts, flow cytometric measurements of persistent leukemia were compared with 

morphological IWG criteria in two separate pediatric trial cohorts reported over 5 years ago (Inaba, et 

al 2012, Loken, et al 2012).  The two studies defined a positive MRD test differently (≥0.1% (Inaba, et 

al 2012)  versus any MRD detected (Loken, et al 2012)) but in both cohorts, the subgroup with ≥5% 

morphological blasts but MRD- by flow cytometry post first induction had a similar outcome to those 

who achieved a CRMRD-. (Inaba, et al 2012, Loken, et al 2012).  Thus, at least for pediatric bone 

marrows, from this data morphological blast counts add no predictive value for outcome to a negative 

flow cytometric MRD test.  Should this also be the case for adults, then a negative flow cytometric 



MRD test in a representative bone marrow sample could obviate the requirement for a morphology 

blast count to define CR following induction.   

However, we observe that there is insufficient data in adult AML to corroborate flow cytometry being 

more predictive than morphology for response when morphological blast percentage exceeds the CR 

threshold.  In particular, there has been no formal evaluation in adult trials of the outcome of patients 

who have discrepant refractory / MRD- results at induction response assessment.  Moreover, the 

frequency of these discrepancies in regenerating adult bone marrow following induction 

chemotherapy remains uncertain but is likely to be less common than in the pediatric setting.  In a 

retrospective analysis of mainly adult patients only 4% of BM samples classified as refractory by 

morphology at various treatment time-points were MRD negative by flow cytometry (Ouyang, et al 

2015); a much lower frequency than that observed post first induction in the pediatric studies (26% 

(Loken, et al 2012) and 38% (Inaba, et al 2012)).  We also note from the recent article by Zhou et al 

that in their series of 87 patients with confirmed relapse by morphology, all were MRD+ by flow 

cytometry(Zhou, et al 2017).  Consequently, potential discrepancies between morphology and flow 

cytometry are most likely when testing for response rather than for relapse.  

 

This has prompted us to examine the data for discrepant morphology and flow cytometric MRD results 

post first induction in the three adult AML trials for which outcomes by flow cytometric MRD status in 

CR have previously reported by the HOVON (Terwijn, et al 2013) and NCRI (Freeman, et al 2018, 

Freeman, et al 2013) trial groups (Table 1).  Flow cytometric MRD samples were more likely to be 

hemodilute than morphology as not prioritised for ‘first pull’ bone marrow.  In these trials, the 

morphology and flow cytometric MRD results were independently reported.  Only a few adults from 

all three trials were reported to be in CR but had ≥5% leukemic blasts by flow cytometry (n=25) (Table 

1); Most (88%) survived less than 2 years. 

For adults not in CR, frequencies of MRD negativity (defined as <0.1% by HOVON or as no detectable 

MRD by NCRI) post first induction ranged from ~10% to ~31% with the highest in the HOVON/SAKK 

younger adult trial which evaluated G-CSF priming in induction.  In all three cohorts of refractory adults 

with MRD data, better outcomes were observed in the refractory/MRD- patients, although small 

numbers limit analysis.  Moreover, 3 year survival rates (Table 1) were not inferior to those of patients 

in morphological CR post first induction (3 year OS if CR/CRi, 59% in NCRI AML17, 67% in HOVON/SAKK 

AML 42A, 29% in NCRI AML16 trial of older adults) and comparable to those of patients achieving 

CRMRD-  post first induction in the NCRI studies (3 year OS if CRMRD-, 69% in NCRI AML17, 73% in 

HOVON/SAKK AML 42A, 42% in NCRI AML16).   



We note that outcomes were very similar for refractory/MRD- younger adults between the NCRI and 

HOVON trials; this was also true for the refractory/MRD+ subgroup.  Thus from the results of two 

independent cohorts, the predictive value of flow cytometric MRD in refractory adults appears robust 

and comparable despite variation in the flow cytometric MRD methodology and criteria for a positive 

test. 

 

Misclassification as refractory at induction can result in unnecessary treatment. The above results 

substantiate in adults the ELN statement that ‘remission status as assessed by flow cytometry provides 

a more reliable predictor of outcome than conventional morphology-based CR assessment (Dohner, 

et al 2017).   

It is therefore logical to propose that a morphological differential cell count should no longer be a 

requirement for CR classification of induction response when a representative (‘first pull’) bone 

marrow sample is MRD negative by a validated flow cytometric MRD assay from experienced 

laboratories.   

 

 

Jointly from:                                                           
 
Sylvie D Freeman                                  Jacqueline Cloos 
Robert K Hills                                         Angèle Kelder 
Nigel K Russell                                       Gert J Ossenkoppele 
UK NCRI AML Trial Group                    Gerrit J Schuurhuis 
                                                              HOVON AML Trial Group 
                 
References 

Cheson, B.D., Bennett, J.M., Kopecky, K.J., Buchner, T., Willman, C.L., Estey, E.H., Schiffer, C.A., 
Doehner, H., Tallman, M.S., Lister, T.A., Lo-Coco, F., Willemze, R., Biondi, A., Hiddemann, W., 
Larson, R.A., Lowenberg, B., Sanz, M.A., Head, D.R., Ohno, R., Bloomfield, C.D., International 
Working Group for Diagnosis, S.o.R.C.T.O. & Reporting Standards for Therapeutic Trials in 
Acute Myeloid, L. (2003) Revised recommendations of the International Working Group for 
Diagnosis, Standardization of Response Criteria, Treatment Outcomes, and Reporting 
Standards for Therapeutic Trials in Acute Myeloid Leukemia. Journal of Clinical Oncology, 21, 
4642-4649. 

Dohner, H., Estey, E., Grimwade, D., Amadori, S., Appelbaum, F.R., Buchner, T., Dombret, H., Ebert, 
B.L., Fenaux, P., Larson, R.A., Levine, R.L., Lo-Coco, F., Naoe, T., Niederwieser, D., 
Ossenkoppele, G.J., Sanz, M., Sierra, J., Tallman, M.S., Tien, H.F., Wei, A.H., Lowenberg, B. & 
Bloomfield, C.D. (2017) Diagnosis and management of AML in adults: 2017 ELN 
recommendations from an international expert panel. Blood, 129, 424-447. 

Freeman, S.D., Hills, R.K., Virgo, P., Khan, N., Couzens, S., Dillon, R., Gilkes, A., Upton, L., Nielsen, O.J., 
Cavenagh, J.D., Jones, G., Khwaja, A., Cahalin, P., Thomas, I., Grimwade, D., Burnett, A.K. & 
Russell, N.H. (2018) Measurable Residual Disease at Induction Redefines Partial Response in 



Acute Myeloid Leukemia and Stratifies Outcomes in Patients at Standard Risk Without NPM1 
Mutations. Journal of Clinical Oncology, 36, 1486-1497. 

Freeman, S.D., Virgo, P., Couzens, S., Grimwade, D., Russell, N., Hills, R.K. & Burnett, A.K. (2013) 
Prognostic relevance of treatment response measured by flow cytometric residual disease 
detection in older patients with acute myeloid leukemia. Journal of  Clinical Oncology, 31, 
4123-4131. 

Inaba, H., Coustan-Smith, E., Cao, X., Pounds, S.B., Shurtleff, S.A., Wang, K.Y., Raimondi, S.C., Onciu, 
M., Jacobsen, J., Ribeiro, R.C., Dahl, G.V., Bowman, W.P., Taub, J.W., Degar, B., Leung, W., 
Downing, J.R., Pui, C.H., Rubnitz, J.E. & Campana, D. (2012) Comparative analysis of different 
approaches to measure treatment response in acute myeloid leukemia. Journal of Clinical 
Oncology, 30, 3625-3632. 

Loken, M.R., Alonzo, T.A., Pardo, L., Gerbing, R.B., Raimondi, S.C., Hirsch, B.A., Ho, P.A., Franklin, J., 
Cooper, T.M., Gamis, A.S. & Meshinchi, S. (2012) Residual disease detected by 
multidimensional flow cytometry signifies high relapse risk in patients with de novo acute 
myeloid leukemia: a report from Children's Oncology Group. Blood, 120, 1581-1588. 

Ouyang, J., Goswami, M., Tang, G., Peng, J., Ravandi, F., Daver, N., Routbort, M., Konoplev, S., Lin, P., 
Medeiros, L.J., Jorgensen, J.L. & Wang, S.A. (2015) The clinical significance of negative flow 
cytometry immunophenotypic results in a morphologically scored positive bone marrow in 
patients following treatment for acute myeloid leukemia. American Journal of Hematology, 
90, 504-510. 

Schuurhuis, G.J., Heuser, M., Freeman, S., Bene, M.C., Buccisano, F., Cloos, J., Grimwade, D., 
Haferlach, T., Hills, R.K., Hourigan, C.S., Jorgensen, J.L., Kern, W., Lacombe, F., Maurillo, L., 
Preudhomme, C., van der Reijden, B.A., Thiede, C., Venditti, A., Vyas, P., Wood, B.L., Walter, 
R.B., Dohner, K., Roboz, G.J. & Ossenkoppele, G.J. (2018) Minimal/measurable residual 
disease in AML: a consensus document from the European LeukemiaNet MRD Working 
Party. Blood, 131, 1275-1291. 

Terwijn, M., van Putten, W.L., Kelder, A., van der Velden, V.H., Brooimans, R.A., Pabst, T., Maertens, 
J., Boeckx, N., de Greef, G.E., Valk, P.J., Preijers, F.W., Huijgens, P.C., Drager, A.M., Schanz, 
U., Jongen-Lavrecic, M., Biemond, B.J., Passweg, J.R., van Gelder, M., Wijermans, P., Graux, 
C., Bargetzi, M., Legdeur, M.C., Kuball, J., de Weerdt, O., Chalandon, Y., Hess, U., Verdonck, 
L.F., Gratama, J.W., Oussoren, Y.J., Scholten, W.J., Slomp, J., Snel, A.N., Vekemans, M.C., 
Lowenberg, B., Ossenkoppele, G.J. & Schuurhuis, G.J. (2013) High prognostic impact of flow 
cytometric minimal residual disease detection in acute myeloid leukemia: data from the 
HOVON/SAKK AML 42A study. Journal of Clinical Oncology, 31, 3889-3897. 

Walter, R.B. (2018) Minimal Residual Disease Testing After Induction Chemotherapy for Acute 
Myeloid Leukemia: Moving Beyond Prognostication? Journal of Clinical Oncology, 36, 1463-
1465. 

Zhou, Y., Wood, B.L., Walter, R.B., Becker, P.S., Percival, M.E., Bar, M., Shaw, C., Gardner, K., 
Hendrie, P., Abkowitz, J., Appelbaum, F.R. & Estey, E. (2017) Is there a need for morphologic 
exam to detect relapse in AML if multi-parameter flow cytometry is employed? Leukemia, 
31, 2536-2537. 

 

 



Table 1  

 
 

 

Younger Adults Older Adults 

NCRI UK AML17(Freeman, et al 2018) 
 

HOVON/SAKK AML 42A11 
 

NCRI UK AML166 
 

Post 1st Induction   
 
 

N=259 

 
 
 

N=81 
 

 
 
 

N=79 
 

 
Patients ‘Not in CR 
with MFC-MRD data’ 
 
 
 
 
 
No.  (% ) 
 
 
3 year OS  
 
Median OS 
 
 
 
3 year CIR 
 
3 year RFS 
 
 
No.  of CR1 
transplants 
 
 

Not in CR but  

MFC-MRD- 
 
 
25 (9.7%) 
  
 
61% 
 
57 months 
 
 
 
26% 
 
63% 
 
 
8 allo 
 
  
 

Not in CR and 
MFC-MRD+ 
  
     
 234 (90.4%) 
 
 
33% 
 
16 months 
 
 
 
52% 
 
36% 
 
 
102  allo   
 
 
 

Not in CR but  

MFC-MRD- 
 
  
25 (30.9%) 
 
 
60% 
 
Not reached with 
median follow-up 
of 31 month 
 
32% 
 
56% 
 
 
5 allo 
9 auto 
 
 

Not in CR and 
MFC-MRD+ 
 
     
56 (69.1%) 
 
 
27% 
 
14 months 
 
 
 
54% 
 
34% 
 
 
22 allo 
9  auto 
 
 

Not in CR but  

MFC-MRD- 
 
  
21 (20.8%) 
 
 
35% 
 
 

Not in CR and 
MFC-MRD+ 
     
  
80 (79.2%) 
 
 
<10%  
 
 



  

Patients in CR but  
≥5% blasts by 
 flow cytometry 
 

N= 7 
6 died within 2 years 

N=3 
1 died within 2 years 

N=15 
All dead by 20 months 

 

 

CR, Complete Remission by morphology; MFC-MRD, measurable residual disease by flow cytometry; MFC- MRD+, MRD positive;  

MFC-MRD- , MRD negative; OS, overall survival; CIR, cumulative incidence of relapse; RFS, relapse free survival; CR1 transplant, transplant 

in first remission.   

 

 

 

 


