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a b s t r a c t 

Emergence of clonal chromosomal abnormalities in Philadelphia chromosome-negative (CCA/Ph-) cells in 

chronic myeloid leukemia (CML) patients during the treatment with tyrosine kinase inhibitors (TKIs) is an 

interesting phenomenon. Although previous studies revealed some potential impact of CCA/Ph- on CML 

patients’ outcome, clinical significance of CCA/Ph- in CML patients remains to be further elucidated. We 

retrospectively reviewed the patients with CML evaluated at Genoptix Medical Laboratory in Carlsbad, 

California from 2005 to 2015. Twenty-four CML patients with CCA/Ph- cells were identified. These in- 

clude 18 patients with single chromosomal abnormality, 4 patients with double chromosomal abnormal- 

ities, and two patients with complex cytogenetic abnormalities. In addition to trisomy 8 and monosomy 

7, we identified that 20q- was also a common abnormality in CCA/Ph- cells. Most of the patients with 

CCA/Ph- cells demonstrated no significant dysplasia or increased blasts with two exceptions: one patient 

with persistent 7q- exhibiting mild dysmegakaryopoiesis, suggestive of an early evolving myelodysplas- 

tic syndrome, and another patient with complex cytogenetic abnormalities who developed acute myeloid 

leukemia after gained MLL amplification. One patient with complex cytogenetic abnormalities showed op- 

timal response to TKI treatment, no overt dysplasia, and no disease progression during almost 4-years of 

follow-up. More interestingly, FISH tests could identify more cases with double chromosomal abnormali- 

ties and these cases showed suboptimal responses to TKI treatments. Our observation indicates that 20q- 

was also a common abnormality in CCA/Ph- cells, further FISH tests revealed additional CCA/Ph-, and the 

majority of CML patients with two or more chromosomal abnormalities in Ph- cells showed inferior re- 

sponse to TKI treatments. The results of our study suggest that CML cases with CCA/Ph- may represent a 

group of patients with heterogeneous genetic alterations. 

© 2019 Elsevier Inc. All rights reserved. 
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Introduction 

Chronic myelogenous leukemia (CML) is a clonal hematologic

disorder characterized by the presence of a fusion oncogene,
Abbreviations: CML, Chronic myelogenous leukemia; Ph, Philadelphia chromo- 

some; TKI, Tyrosine kinase inhibitor; CCA, Clonal chromosomal abnormalities; 

PCR, Polymerase chain reaction; FISH, Fluorescence in situ hybridization; MDS, 

Myelodysplastic syndrome; AML, Acute myeloid leukemia; CCyR, Complete cytoge- 

netic response; MMR, Major molecular response; BM, Bone marrow. 
∗ Corresponding author at: Department of Pathology, Immunology and Laboratory 

Medicine, Rutgers New Jersey Medical School, 185 South Orange Avenue, Newark, NJ 

07103, USA. 
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CR-ABL , which leads to uncontrolled proliferation of myeloid

ells. The fusion gene is the results of reciprocal translocation

9;22) (q34; q11) known as Philadelphia (Ph) chromosome [1] . The

uccessful use of tyrosine kinase inhibitors (TKIs) targeting the

CR-ABL oncoprotein has significantly improved the prognosis of

his disease, so that the survival of CML patients is nearly identical

o that of the general population [2,3] . During treatments with

KIs it has been shown that a small percentage of CML patients

eveloped other chromosomal abnormalities in the Ph + and Ph-

ells [4,5] . The development of additional clonal chromosomal

bnormalities (CCA) in Ph + cells is considered as cytogenetic

lonal evolution, suggesting disease progression [4] . However, the

linical significance of emerging clonal chromosomal abnormalities
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n Ph- cells remains uncertain [5] . The reported common clonal

hromosomal abnormalities in CCA/Ph- cells include trisomy

, monosomy 7 and loss of Y chromosome [6] . The incidence of

CA/Ph- cells in various treatment groups is estimated to be 2–17%

5,7–9] . In the present study, we report 24 patients with CCA/Ph-

ells. In addition to trisomy 8 and monosomy 7, we identified that

hromosome 20q- was also a common abnormality in CCA/Ph-

ells. Furthermore, we have identified one case with deletion of

hromosome 5q, one case with monosomy 8, and two cases with

omplex cytogenetic abnormalities. The results from this inves-

igation may help to understand the pathogenic and prognostic

mplications of the clonal chromosomal abnormalities in CML. 

atients and methods 

atients 

We conducted a retrospective investigation of patients diag-

osed with CML in our institute (Genoptix Medical Laboratory,

arlsbad, California, USA) between 2005 and 2015. This retrospec-

ive case study was approved by Sterling IRB (ID:4728). Twenty-

our out of 1412 patients with history of CML were identified car-

ying CCA/Ph- cells during TKI treatment. The TKI treatment in-

ludes Imatinib, Dasatinib, and Nilotinib. Cases with a loss of Y

hromosome were excluded. The diagnosis of CML was established

ccording to the criteria proposed by World Health Organization

WHO) [10] . The patients’ information was summarized in Table 1 .

aryotype analysis 

Conventional cytogenetic analysis was performed on G-banded

etaphase cells prepared from unstimulated 24-hr and 48-hr bone

arrow aspirates cultured using standard techniques. At least 20

etaphases with good quality banding were evaluated for each

ase when satisfactory cell cultures were available. A clonal cytoge-

etic abnormality is defined as the same numerical gain or struc-

ural abnormalities in at least 2 metaphases or the same numeri-

al loss in at least 3 metaphases. A complex abnormal karyotype

s defined as 3 or more cytogenetic abnormalities. The karyotype

as documented according to the International System for Human

ytogenetic Nomenclatures (ISCN 2013) [11] . The presence of CCA

as defined as development of one or more cytogenetically abnor-

al clones in patients who had a previously normal karyotype or

ho acquired additional clones in addition to previous abnormal-

ties, during clinical follow up. Since controversies exist regarding

he clinical significance of -Y and it may be an age-related phe-

omenon, cases with a loss of Y chromosome were not included

n this study [12] . 

luorescence in situ hybridization (FISH) analysis 

FISH tests were performed on cell suspension prepared from

resh bone marrow aspirate or peripheral blood pellets using

tandard FISH techniques. FISH probes and target DNA were co-

enatured at 73 °C for 5 min, followed by overnight hybridization

t 37 °C. At least 200 nuclei were examined for each probe when-

ver possible. The FISH analysis included probes specific for chro-

osome 5q, chromosome 7p/7q, chromosome 8, chromosome 20q

nd BCR/ABL . 

CR for BCR/ABL 

BCR-ABL t(9;22) quantitative assay was performed in Genop-

ix Medical Laboratory in Carlsbad, California, USA. Briefly, patient

NA was isolated and reverse transcribed to complementary DNA
cDNA). The BCR/ABL and ABL reference gene sequences were am-

lified in duplicate using multiplexed quantitative real-time PCR.

his assay can detect the major, minor, and micro BCR/ABL break-

oints and has an analytical sensitivity of better than 0.002%. 

esults 

hromosomal abnormalities 

Twenty-four out of 1412 patients with history of CML were

dentified to have CCA/Ph- cells during treatment with TKIs.

he observed frequency of CCA/Ph- was approximately 2%.

able 1 summarized the patients’ information. The chromosomal

bnormalities were identified in patients receiving three different

KIs including Imatinib, Dasatinib, and/or Nilotinib. Seventeen out

f 24 patients were male, suggestive of male predominance. Major-

ty of these patients (15 out of 24) were between 50 and 70 years

ld. The gender and age distribution reflexes the epidemiological

eatures in general patient population with CML. 

Among these 24 patients, 18 patients had single chromosomal

bnormality, including 9 patients with a trisomy 8, 6 patients with

 deletion of 20q, 2 patients with a deletion of 7q, and 1 patient

ith a monosomy 8. Four patients had double chromosomal ab-

ormalities, including 1 patient with + 8 and + mar, 1 patient with

 8 and 20q-, 1 patient with 5q- and −7/7q-, and 1 patient with

0q- and −7. Two patients had complex cytogenetic abnormalities.

We further analyzed the persistence of CCA/Ph-. Persistent

CA/Ph- was defined as continuously positive CCA/Ph- results in

equential three or more times of cytogenetic/FISH follow-up. Per-

istent CCA/Ph- was observed in 7 patients including 3 patients

ith persistent + 8, 1 patient with persistent 7q-, 1 patient with

ersistent + 8 and + mar, and 2 patients with persistent complex

aryotypes. 13 patients showed transient CCA/Ph-. The other 4 pa-

ients had only one time of abnormal cytogenetic result with no

ollow-up cytogenetic data available. 

dditional chromosomal abnormalities in CCA/Ph- cells detected by 

ISH tests 

Since rare cases with CCA/Ph- were reported to evolve into

yelodysplastic syndrome, the majority of CML cases with sin-

le chromosomal abnormality in CCA/Ph- cells were further ana-

yzed by using an MDS-associated FISH panel, including probes for

 8, 20q-, 5q-, and 7p-/7q-, to observe the possibility of an evolv-

ng myelodysplastic syndrome during follow-up in our institute

 Table 2 ). This approach revealed more additional (double) chro-

osomal abnormalities than karyotyping only (Case 20, 21, 22 in

able 2 ). The additional chromosomal abnormalities seem from dif-

erent clones. 

otential association between CCA/Ph- and molecular response to TKI 

herapy 

At the time of detection of CCA/Ph-, all 24 patients were re-

eiving TKI treatments. All 18 patients with single chromosomal

bnormality (case 1 to 18) demonstrated negative or less than

.1% of BCR/ABL fusion transcripts, indicating major molecular re-

ponse (MMR), except case 10 had BCR/ABL level higher than 0.1%

0.11%). These cases were treated with only one type of TKIs, ei-

her Imitinib or Nilotinib. All cases with double chromosomal ab-

ormalities (cases 19 to 22) showed suboptimal responses to TKI

reatments with no achievement of MMR ( Table 1 ). Cases 20 to

2 also had no complete cytogenetic response (CCyR). Case 23

as a 67-year-old male patient with a history of CML. This case

as reported in our previous publication [13] . During follow-up this

atient showed relapsed CML and persistent complex karyotypes
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Table 1 

Characteristics of CML patients with CCA/Ph-. 

Case Age/Sex TKIs CCA/Ph- Duration of follow-up Cytogenetic 

response 

Molecular 

response 

(PCR) 

Major morphological 

findings in BM 

1 65/F Imatinib + 8 

(persistent) 

7 years and 2 months CCyR MMR Normocellular 

No dyspoiesis 

2 45/M Imatinib + 8 

(persistent) 

6 years and 10 months CCyR MMR Normocellular 

No dyspoiesis 

3 71/F Imatinib + 8 6 years and 4 months CCyR MMR Normocellular 

No dyspoiesis 

4 62/M Imatinib −8 4 years and 11 months CCyR MMR Mild hypercellular 

No dyspoiesis 

5 54/M Imatinib + 8 0 CCyR MMR Mildly hypocellular 

No dyspoiesis 

6 56/M Imatinib + 8 1 year and 9 months CCyR MMR Not available 

7 40/M Dasatinib + 8 

(persistent) 

4 years and 3 months CCyR MMR Normocellular 

No dyspoiesis 

8 61/F Dasatinib + 8 2 years and 1 month CCyR MMR Normocellular 

No dyspoiesis 

9 37/F Nilotinib + 8 1 year and 4 months CCyR MMR Not available 

10 51/M Nilotinib + 8 0 CCyR No MMR 

(0.11) 

Mildly hypocellular 

No dyspoiesis 

11 85/M Imatinib 20q- 0 CCyR MMR Mildly hypercellular 

No dyspoiesis 

12 75/M Imatinib 20q- 1 year and 5 months CCyR MMR Mildly hypocellular 

No dyspoiesis 

13 57/M Imatinib 20q- 1 year and 5 months CCyR MMR Normocellular 

No dyspoiesis 

14 68/F Nilotinib 20q- 1 year and 3 months CCyR MMR Normocellular 

No dyspoiesis 

15 51/F Dasatinib 20q- 7 months CCyR MMR Mildly Hypocellular 

No dyspoiesis 

16 67/M Dasatinib 20q- 6 years and 2 months CCyR MMR Normocellular 

No dyspoiesis 

17 43/M Imatinib 7q- 

(persistent) 

3 years and 7 months CCyR MMR Normocellular 

Mild 

dysmegakaryopoiesis 

18 39/M Imatinib 7q- 2 years and 2 months CCyR MMR Mildly hypocellular 

No dyspoiesis 

19 54/M Imatinib/ 

Dasatinib/ 

Nilotinib 

+ 8 and + mar (persistent) 4 years and 3 months CCyR No MMR Normocellular 

No dyspoiesis 

20 67/F Imatinib/ 

Dasatinib/ 

Nilotinib 

+ 8 and 20q- 1 year and 3 months No CCyR No MMR Mildly hypocellular 

No dyspoiesis 

21 54/M Imatinib/ 

Dasatinib/ 

Nilotinib 

5q- and −7/7q- 5 years and 1 month No CCyR No MMR Normocellular 

No dyspoiesis 

22 54/M Imatinib 20q- and −7 2 years and 3 months No CCyR No MMR Mildly hypocellular 

No dyspoiesis 

23 67/M Imatinib/Dasatinb Persistent complex karyotype 

with + 6, + 8, 11q-, and up to 3 

mar ( MLL amplification) 

4 year and 4 months No CCyR No MMR Moderately hypercellular 

Progress to AML 

24 96/M Imatinib Persistent complex karyotype 

with 20q-, + 1, 1p-, 1q-, and 

t(1;7) (p32;q21) 

3 years and 10 months CCyR MMR Normocellular 

No dyspoiesis 
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with + 6, + 8, 11q-, and up to 3 marker chromosomes in Ph- cells.

The marker chromosomes were confirmed as MLL amplification.

Eventually this patient developed acute myeloid leukemia (AML).

Interestingly, case 24 was a 96 year old male patient had a history

of CML and persistent complex karyotypes with 20q-, + 1, 1p-, 1q-

, t(1;7) (p32;q21) after being treated with Imatinib. During almost

4-years of follow-up, this patient had no cytogenetic and molecular

evidence of residual or recurrent CML ( Fig. 1 A and B). PCR studies

for BCR/ABL1 were persistently negative. 

Morphological findings of bone marrow biopsies 

Morphologic evaluation of bone marrow biopsies from 22 pa-

tients with CCA/Ph- demonstrated no evidence of significant dys-

plasia or increased blasts, with exception of two patients: case

17 (with persistent 7q-) exhibited mild dysmegakaryopoiesis, sug-
estive of an early evolving myelodysplastic syndrome, and case

3 developed AML after gained MLL amplification. Case 6 and 9

howed no overt dyspoiesis on blood smears and had no bone

arrow biopsies available for further morphological evaluation. Al-

hough case 24 had persistent complex karyotypes with 20q-, + 1,

p-, 1q-, −7, and t(1;7) (p32;q21) during TKI treatment, there was

o significant morphological evidence of dyspoiesis and residual

isease ( Fig. 1 C and 1 D). 

iscussion 

In this study, we investigated the occurrence of the CCA/Ph-

n patients with CML. Twenty-four out of 1412 patients with

istory of CML developed chromosomal abnormalities in the Ph-

ells during the treatment with TKIs. The observed frequency is

pproximately 2% which is similar to that reported in the previous
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Fig. 1. Representative bone marrow biopsy of case 24. A and B). Karyotypes with complex cytogenetic abnormalities. C. Normocellular bone marrow, core biopsy, H&E. D). 

Maturing hematopoiesis with no overt dysplasia, bone marrow aspirate smear. 
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tudies by Feldman et al. [9] . The observed frequency is lower

han the reports from Bozkurt et al. and Deininger et al. [5,6] .

he discrepancy could be due to the fact that the previous studies

ncluded -Y in their analyses, which was excluded in the current

tudy. In addition, our study included a larger number of patient

amples. Consistent with previous reports, our study demonstrates

hat trisomy 8 and monosomy 7/7q- are common chromosomal

bnormalities in CCA/Ph- cells [6] . Interestingly, our study has

dentified that 20q- is also a common chromosomal abnormality

n Ph- cells, comprising 9/24 cases (37.5%): 6 cases among the

ases with single chromosomal abnormality, 2 cases among the

ases with double chromosomal abnormalities, and 1 case among

he cases with complex cytogenetic abnormalities. In addition,

e have detected one case with deletion of chromosome 5q and

ne case with monosomy 8. Two cases with complex cytogenetic

bnormalities have been identified. 

Most reports demonstrated that the presence of CCA in the

h-cells is transient. The persistence of CCA/Ph- was documented

n less than 30% of patients [7,15] . Our study also showed that

 out of 24 patients ( ∼29%) carried persistent chromosomal

berrations as demonstrated by subsequent follow-up cytogenetic

nalyses. These results suggest that CCA in Ph- cells can be

ersistent. 

The exact mechanisms that lead to the development of clonal

hromosomal abnormalities in Ph- cells are unknown. Several hy-

otheses have been proposed. One hypothesis suggests that since
CA/Ph- abnormalities are not present at the time of initial diag-

osis, occurrence of chromosomal abnormalities may be related to

he leukemic or treatment process [16–18] . The second hypothe-

is proposes that the chromosomal abnormalities could be arising

rom preleukemic clones that became evidence by the successful

reatment of CML [19,20] . Recent genomic studies demonstrated

hat the Ph + and Ph − clones could be either derived from a com-

on progenitor that predated the acquisition of BCR/ABL [21] or

rose independently [22] . The clone with t(9;22) acquired a prolif-

rative advantage and therefore masks the underlying clonal diver-

ity. Treatment with TKIs would suppress the proliferation of cells

ith t(9;22), which allows other abnormal clones to emerge. The

hird hypothesis suggests that Ph- cells emerging after success-

ul CML treatment may be derived from the cells that could have

ndergone significant telomere shortening [23] . Telomere shorten-

ng could be due to prolonged coexistence with the tumor clone,

he proliferative effort associated with bone marrow repopulation

ollowing successful clearance of Ph + cells, and/or direct phar-

acological inhibition of telomere preservation capabilities due

o TKI treatment [23] . Shortened telomeres may lead to func-

ional exhaustion and genomic instability and chromosomal abnor-

alities. Recent study using target deep sequencing on samples

rom CML patients has demonstrated diverse patterns of muta-

ion acquisition. While some patients had evidence of preleukemic

utations, other patients acquired new mutations during TKI

reatment [17] . 
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Table 2 

Karyotypes and FISH results of CML cases with CCA/Ph-. 

Case# Karyotype MDS-associated FISH 

panel (% abnormal cells) 

1 47,XX, + 8[15]/46,XX[5] + 8 (85%) 

2 47,XY, + 8[17]/46,XY[3] + 8 (91%) 

3 47,XY, + 8[4]/46,XY[16] + 8 (23%) 

4 45,XY, −8[6]/46,XY[14] Not performed 

5 47,XY, + 8[20] Not performed 

6 47,XY, + 8[11]/46,XY[9] + 8 (60%) 

7 47,XY, + 8[15]/46,XY[5] + 8 (82%) 

8 47,XX, + 8[8]/46,XX[12] Not performed 

9 47,XX, + 8[2]/46,XX[18] Not performed 

10 47,XX, + 8[2]/46,XX[18] Not performed 

11 46,XY,del(20)(q11.2q13.3)[2]/46,XY[18] 20q- (15%) 

12 46,XY,del(20)(q11.2q13.1)[7]/46,XY[11] 20q- (47%) 

13 46,XY,del(20)(q11.2q13.1)[3]/46,XY[17] 20q- (20%) 

14 46,XX,del(20)(q11.2q13.1)[5]/46,XX[15] 20q- (37%) 

15 46,XX,del(20)(q11.2q13.1)[2]/46,XX[29] Not performed 

16 46,XY,del(20)(q11.2q13.3)[5]/46,XY[15] Not performed 

17 46,XY,del(7)(q22)[19]/46,XY[1] 7q- (80%) 

18 46,XY,del(7)(q22)[3]/46,XY[17] 7q- (14%) 

19 47,XY, + mar[3]/47, + 8,XY[5]/46,XY[12] + 8 (35%) 

20 46,XY,del(20)(q11.2q13.3)[2]/46,XY[18] + 8 (7%); 20q- (16%) 

21 46,XY,del(7)(q22)[3]/45, −7, 

XY[1]/46,XY[16] 

7q- (17%); 5q- (5%) 

22 45,XY, −7[2]/46,XY[18] −7 (10%); 20q- (6%) 

23 48–49,XY, + 8,del(11)(q21), + 1–2mar[cp15] Not performed 

24 46,XY, −1,del(1p),del(1q), −7,del(20q) 

[5]/46,XY,t(1;7) (p32;q21),del(20q) 

[4]/46,XY[11] 

Not performed 
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The prognostic significance of CCA/Ph- is not clear. Some stud-

ies have shown that a deletion of chromosome 7 is associated

with an increased risk of evolving to a myelodysplastic syndrome

and acute myeloid leukemia [17] . Most reports have demonstrated

that the presence of CCA/Ph- has no impact on the long-term out-

comes in CML patients [5,24] . Recent report from Issa et.al. demon-

strated that when loss of Y chromosome was excluded, patients

with CCA/Ph- were found to be associated with decreased sur-

vival and increased risk of development of MDS or AML [14] . In

agreement with these reports, our study showed no definite mor-

phologic evidence of dyspoiesis. The patient with persistent 7q- in

our current report exhibited mild dysmegakaryopoiesis, which may

signify an early evolving myelodysplastic syndrome. 

Previous studies revealed that there was no significant differ-

ence in response to TKI treatment between CML with CCA/Ph-

and CML with no CCA/Ph- cases [14] . Similarly, most CCA/Ph- CML

cases with single chromosomal abnormality in our current study

showed good responses to TKI treatment (CCyR and MMR). How-

ever, 4 cases with double chromosomal abnormalities had infe-

rior responses to TKI treatment: only 1 case (1/4) achieved CCyR

and no cases (0/4) achieved MMR. Three of the four cases re-

ceived treatment with Imatinib as well as second-generation TKIs

including Dasatinib and Nilotinib. The underlying mechanism of

this phenomenon is uncertain. CCA/Ph- cases with double chro-

mosomal abnormalities may carry more underlying genomic alter-

ations/mutations which could integrate with BCR/ABL pathway or

provide alterative pathways, leading to resistance to TKI treatment.

Compared with the most recent study [14] in which only one case

had double non -Y chromosomal abnormalities, our current study

showed much more cases with double chromosomal abnormalities

from separate clones (4 out of 24). The disparity is likely due to

more nuclei (more than 200) examined by FISH tests in this cur-

rent study. This finding suggests that additional FISH tests may

help to identify CML cases harboring CCA/Ph- with inferior re-

sponses to TKI treatment. 

The two cases with complex cytogenetic abnormalities are in-

teresting and had totally different prognoses. It is commonly be-
ieved that complex cytogenetic abnormalities are associated with

oor prognoses in myeloid neoplasms. Case 23 with complex

ytogenetic abnormalities including MLL amplification showed re-

urrent CML and eventually developed AML driven from CCA/Ph-

lone [13]. Although case 24 had persistent complex cytogenetic

bnormalities with 20q-, + 1, 1p-, 1q-, t(1;7) (p32;q21), −7 dur-

ng almost 4-years of follow-up, this patient showed no cytoge-

etic and molecular evidence of residual or recurrent CML (persis-

ent CCyR and MMR). The prognostic difference in the two cases

ay imply that the involved driver mutation(s)/alteration(s) such

s MLL amplification is likely more important than complex cyto-

enetic abnormalities themselves. 

onclusions 

Our studies indicate that 20q- was also a common abnormality

n CCA/Ph- cells. Additional FISH tests detected more CML cases

ith double chromosomal abnormalities. The majority of CML pa-

ients with two or more chromosomal abnormalities in Ph- cells

howed suboptimal response to TKI treatments. These results im-

ly that CML cases with CCA/Ph- may represent a spectrum of dis-

ases with heterogeneous molecular alterations. Additional studies

re needed to define the molecular determinants and long-term

mplications of this phenomenon. Further analysis of these CML

ases carrying CCA/Ph- with suboptimal response to TKI treatments

ay help to reveal more molecular mechanisms of TKI resistance. 
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