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516 2 IGM 4ad .940 60 .005 b s g
ead) s [gA dad .872 60 .000 N T
2441 6 2 IgA Aad .926 60 .001 b e g5
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pad) ic Aay) G5 14 32.50 | 455.00 004 AR

sall die 1gG Aaf > il 6 219G 4ef 2

sl vie |G dad < Ledl 6 20 IgG 4 b

a b bl Bula ) Gl e ISV ) Qi 13 28) Ll labial) s,

Baa Ll degena (S b duc liall clidgsslal)




47

daan wual) Bt 3 [ el (ol Gabiau) e die Cuiilal caanall Lo il ciliagsslall (ali

(ol i A Lo il il g ) b G (33 (el ) — 13 8 el Sl

Related-Samples Wilcoxon Signed Rank Test

Positive Differences
3007 a (N=14)

[u] Negative Differences
(N=46)
(Number of Ties = 0)
s. o
=
100
0

«1,000.00 80000 60000 -40000 -20000 00 20000 40000
IgG J s 6 3y £ 2) 3 Aadll

Related-Samples Wilcoxon Signed Rank Test

Positive Differences
20.04 a (N=12)
Negative Differences
o (N=48
15.04 (Number of Ties = 0)
10.0M
<
S0
0 T
-100.00 5000 00 S0.00 10000

1gM J s 6 2agg sl aie daidl)

Related-Samples Wilcoxon Signed Rank Test

DPomm Differences
(N=14)
Negative Differences
.(N:lﬁ)

(Number of Ties = 0)

10000 -50 00 [ ] S0 00 10000
IgA J w4 6 Jay £l 3 Aaidl)

Slidgaslall Zpmbal) Cantg Apmshal) wl) (p Alaall ieagll (sl 20 a8y Jpanll sy

Gl e e JS pe e ial



48 | e sl i o ] o) R Galaas] e e cattlell Gind) Rielad) Cldslall o

O 4l Mann-Whitney jladl) alaialy Il ) Qidsill 21 &) Jgaad) g
) Glyaaie (e IS e dae Liall clialgaglall dpelall caatg daxgdal) 4adl)
O} G528 196G oo liall (dsaglall Ay jsill (s (5892 B8 25ag an]

.p value= 0.028
bl Jlaall a5 19G dad agie Liasye 12 (63 OIS (Liasye 36 xie Gly) G
Ssin e Lyngn il 35 Amalal) adll a3 19G e lial) clsaslal) (it of (6
oL
Eisin ol (gl Jsll Jane e 1GG e laall culsslall dagis il i o cm S
e geaadl DI P value <0.05 culSs sl
sl Jara a3y} Gus IGM oo liall Glgaslall Ay il) (G (S5 B8 29as Jansl LS

.P value= 0.017 il

IgM Galsislall 0 %6.7 dasts agie wiape 4 2l OIS ¢ (gppiiall Jatll Liasy 16 7 il
D a5 Aamandall ) s 1M oLl (lguglal) s o (61 el Jlaall
sl Joill Aalall 2loy) e Lyngn

@il G Bl ) ) Gigan e IGM oLl alsaglad) ks pail) g ol cps S
.P value >0.05

oY) Gigas g 1A e liall Galsaglall daity juiill (G (S9n ()8 29ag Jaasl Gl

P value= 0.004 ssiall Jsaall aalall alasls ,P value= 0.049



89 | e bl i o ] ond) R Galaa] e e catlell Gnd) Rielad) Cludslill o
alidi) agadl %16.7 sty iape 10 ,bl) Igyeha (Al i yal) Ao gans e IS
%13.3 Aoty (= 8, "jm‘ dyﬁﬂ \);t\;\ ugﬂ\ ‘5.‘.4)‘«1\ a.c‘}AM (yasa u\S «ﬂjﬁj
Joall dalally iyl Gigan e Liaoa Dl 5 duaulall sdl) caas IgA Lalessl o (4
- Gyl
P value >0.05 slésll Gigan Ao IgA o lial) clguglall oty juanl) fig ol (s 8
i) ) e poa A Uial) il slal) iy )y A tall gl sl 120 Jgand
Ry hdially J 5 sy
daadl ari y p y p ¥
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sadl ais| ,gdl 6 o | pallde | gl 6 ag | sl aie ;
)
Ggadl) Llaiay) RSV Jalza 290" 247 .150 .193 .097 .054
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ag Y 4l HLadY) il cjelils (EUtOS ydigas cSoKal diges Ll sanall il puiiall

e el dad Gy el o\ cuanall Guis ae BUtOS jdige ADle cliiul . (5Ha9n 3%
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) 1.36 35.32 92.64 39.41
axd 1.28 31.56 88.17 32.06
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0.000 120.62 263.92 0.001 151.87 177.5 IgA

Jie o b e Cinglfi ¢ oiayal) (e %60 e bl Eigan Wiy cjell WS

19-286K5 %16.7 duais &30 b Jie sad bl ) %10 duass @byl Clgal

1 8y Jsalls e s LS .%6.7 G

s Lases Y5 1GA 519G Ao Ll lidlgoglal) s (g Lilian] A BDAe 95 e

oo Ble Alalall L) Cha oSS o IGA e liall (plgrslall als jud 3

Llea 4 oad) 4l Cua Lcbili) 3W %36.7 Jolie %23.4 dasy dowsits il

Ay o) Daagiyn ilS elgus At ) llal e dabalid) gl

Loses Wy LY Gagan (e a0y TKE o 2 Sall o bl (e aine il elliS

.107 ,106 ,105 2\:\“}):“1\ thu\g‘




58 | e el B 3 el ) aliasl) e e cantlelll Gund) Aielad) cludsulall o

b ol ISy LYY Gigan g 1M e il Galsaglall s (g 3Bke aai ol Laiy
Aoty alas) skt g (8,%73.3 Lty alal) Jaall e (ilgaslal) 13
csall e %6.7 vie  anball Jlaall (550 Galgaglal

sk pe %010 2o Loty i) b Sas Al Hanna LM et al du) 3ils 14,
vyl (e Y05 2 Baad Ay @ild

Legd 123 o1 1l Santachiara et al 4wy, Salawu et al du)s clld callay Ly
AAliall 320 P SLEY) Eigasy 8ab)

dsag Langly Y] Gigan ol b (goaial) Joall Aaliall 30 Pla Limye 16 zlia) LS
dgngall 0l (90 Lass Yy IGM 5 IGA o liad) Gl glall (i (py Lilias) dage 48Dle
cgsdall Joall dalall 52l) (g

2 IOA [ty Lo legi Alagpally 19-28S) Loges Vg Akl Y] of Gl yusls 5,

siiall Jgsall aaY)

..

oot g Lilaa) Lals ADhe 3ng (990 ,%3.3 Lawwiy (prmnye die 5l Wl ciiaa SIS
gl Cagan g dae liall Cilidgaglal)

Gyl asial) Heals o) CML G ddadize (395 38 8l s ol elly Had o8
) ol

zseas Bl e Adjpra (90 il jgumd 40l ¢(dis 80) adie yery wapall aaf oIS
6 222 AP J a3al (i jall Jgat pa e Silacalya) (50 (A3 65) sena AV (sl

cuiilalY b 2Okl e el



59 | e el B 3 el ) aliasl) e e cantlelll Gund) Rielad) ludsulall o

Slidgglall Gt g Lilas) dege dDle 268 Y adl Ly cojelal celld ) dila)
15 a8 Jsanll miage go LS (Lijalls Lisanll) Eandlall dilaiual) (g dac Lidl)
.Salawu et al 4.2y Santachiara et al Zul)y o (385 2ag

dasiy Lilian) pen (il Cagan ciell il Hanna et al du ae Cillasy Loy

2 e 1l 12 30 MMR (I cpinall oayall tie IGM e liall (s slal



H Goan wtlyd B 3 [ eyl (gl lian¥) iy e Cunslall ianall due Ll Cilidgsslall

OLY) Gigan gyshi e ) (1 dac lial) Clilgiglalls age i Cigan ) cuisilaly) (53

ccaiiledl Ladlall Golaia) e clidgiglall sda (all age il Glla (ol
el 6 IS unnlaY L £ e aa Lyp duc liall il guglall 8las
oyyad) Glidaeall s 5SU dadleall pe GULSY) Gigan EulaY oL

18 o e B _apall e 5T Taae sy Jolal dastio sae (Slg Alilas bl 6yl

(il g glally Amsae dallaal gz liny (il

el T iy s Ll Wl (TR e S8 Juad) Gugal e dilea il ool



Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

gabal

1- Siegel RL, Miller KD, Jemal A. (2017). Cancer Statistics. CA Cancer J
Clin. 67:7.

2- Sant M, Allemani C, Tereanu C, et al. (2010). incidence of hematologic
malignancies in Europe by morphologic subtype: results of the
HAEMCARE project. Blood. 116:3724.,

3- Faderl S, Talpaz M, Estrov Z, et al. (1999). the biology of chronic
myeloid leukemia. N Engl Med. 341:164.

4- Bjorkholm M, Kristinsson SY, Landgren O, Goldin LR. (2013). No
familial aggregation in chronic myeloid leukemia. Blood. 122:460.

5- Bellanne-Chantelot C, Chaumarel I, Labopin M, et al. (2006). Genetic
and clinical implications of the VVal617Phe JAK2 mutation in 72 families
with myeloproliferative disorders. Blood. 108:346.

6- Huang X, Cortes J, Kantarjian H. (2012). Estimations of the increasing
prevalence and plateau prevalence of chronic myeloid leukemia in the era
of tyrosine kinase inhibitor therapy. Cancer. 118:3123.

7- World Health Organization Classification of Tumours of
Haematopoietic and Lymphoid Tissues, Swerdlow SH, Campo E, Harris
NL, et al. (2008). (Eds), IARC Press, Lyon.

8- Hu Y, Swerdlow S, Duffy TM, et al. (2006). Targeting multiple kinase
pathways in leukemic progenitors and stem cells is essential for improved
treatment of Ph+ leukemia in mice. Proc Natl Acad Sci USA. 103:16870.

9- Allouche M, Bourinbaiar A, Georgoulias V, et al. (1985). T cell lineage
involvement in lymphoid blast crisis of chronic myeloid leukemia. Blood.
66:1155.

10- Baccarani M, Deininger MW, Rosti G, et al. (2013). European
Leukemia Net recommendations for the management of chronic myeloid
leukemia: 2013. Blood. 122:872.

11- Cross NC, White HE, Miiller MC, et al. (2012). Standardized
definitions of molecular response in chronic myeloid leukemia. Leukemia.
26:2172.

12- Emanuel PD. (2008). Juvenile myelomonocytic leukemia and chronic
myelomonocytic leukemia. Leukemia. 22:1335.

13- Hughes TP, Kaeda J, Branford S, et al. (2003). Frequency of major
molecular responses to imatinib or interferon alfa plus cytarabine in newly
diagnosed chronic myeloid leukemia. N Engl J Med. 349:1423-1432.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

14- Sokal JE, Cox EB, Baccarani M, et al. (1984). Prognostic
discrimination in "good- risk™ chronic granulocytic leukemia. Blood.
63:789.

15- Hasford J, Baccarani M, Hoffmann V, et al. (2011). Predicting
complete cytogenetic response and subsequent progression-free survival
in 2060 patients with CML on imatinib treatment: the EUTOS score.
Blood. 118:686.

16- Nowell P, Hungerford D. (1960). A minute chromosome in human
chronic granulocytic leukemia. Sience. 132:1497.

17- Rowely, JD. (1973). A new consistent chromosomal abnormality in
chronic myelogenous leukemia identified by quinacrine fluorescence and
giemsa staining. Nature. 243:290293.

18- Bartram, CR, de Klein, A and Hagemeijer. (1983). A. translocation of
c-abl oncogene correlates with the presence of a Philadelphia
chromosome in chronic myelocytic leukemia. Nature. 306:277-280.

19- Groffen J, et al. (1984). Philadelphia chromosomal breakpoints are
clustered within a limited region, bcr, on chromosome 22. Cell. 36:93-99.

20- Lugo TG, et al. (1990). tyrosine kinase activity and transformation
potency of bcr-abl oncogene products. Sience. 247:1079-1082.

21- Daley GQ Van Etten RA and Baltimor D. (1990). induction of chronic
myelogenous leukemia in mice by the p210bcr/abl gene of the
Philadelphia chromosome. Sience. 247:824-830.

22- Druker BJ, Tamura S and Buchdunger E. (1996). effects of a selective
inhibitor of the Abl tyrosine kinase on the growth of Bcr-Abl positive
cells. Nat Med. 2:561-556.

23- Deininger M, Goldman JM, Lydon NB, Melo JV. (1997). The
tyrosine kinase inhibitor CGP571488 Selectively inhibits the growth of
BCR-ABL positive cells. Blood. 90:3691-3698.

24- Druker BJ, Talpaz M, Resta D, et al. (1999). clinical efficacy and
safety of any ABL-specific tyrosine kinase inhibitor as targeted therapy
for chronic myeloid leukemia. Blood. 94:368.

25- Van Etten RA. c-Abl regulation. (2003). A tail of two lipids. Curr
Biol. 13: R608.

26- Santachiara R, Maffei R, Martinelli S, et al. (2008). Development of
hypogammaglobulinemia in patients treated with imatinib for chronic
myeloid leukemia or gastrointestinal stromal tumor. Haematologica.
93(8):1252-1255.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

27- Spiers AS, Bain BJ, Turner JE. (1977). The peripheral blood in
chronic granulocytic leukemia. Study of 50 untreated Philadelphia-
positive cases. Scand J Haematol. 18:25.

28- Vardiman, JW, et al. (2002). The World Health Organization (WHO)
classification of the myeloid neoplasm. Blood. 100:2292.

29- McWhirter JR, Galasso DL, Wang JY. (1993). A coiled-coil
oligomerization domain of Bcr is essential for the transforming function
of Bcr-Abl oncoproteins. Mol Cell Biol. 13:7587.

30- Maru Y, Witte ON. (1991). The BCR gene encodes a novel
serine/threonine kinase activity within a single exon. Cell. 67:459.

31- Chuang TH, Xu X, Kaartinen V, et al. (1995). Abl and Bcr are
multifunctional regulators of the Rho GTP-binding protein family. Proc
Natl Acad Sci U S A. 92:10282.

32- Diekmann D, Brill S, Garrett MD, et al. (1991). Bcr encodes a
GTPase-activating protein for p21rac. Nature. 351:400.

33- Van Etten RA, Jackson P, Baltimore D. (1989). The mouse type 1V c-
abl gene product is a nuclear protein, and activation of transforming
ability is associated with cytoplasmic localization. Cell. 58:669.

34- Van Etten RA, Jackson PK, Baltimore D, et al. (1994) The COOH
terminus of the c- Abl tyrosine kinase contains distinct F- and G-actin
binding domains with bundling activity. J Cell Biol. 124:325.

35- Jackson P, Baltimore D. (1989). N-terminal mutations activate the
leukemogenic potential of the myristoylated form of c-abl. EMBO J.
8:449.

36- Van Etten RA. (1999). Cycling, stressed-out and nervous: cellular
functions of c- Abl. Trends Cell Biol. 9:179.

37- Kharbanda S, Ren R, Pandey P, et al. (1995). Activation of the c-Abl
tyrosine kinase in the stress response to DNA-damaging agents. Nature.
376:785.

38- Wen ST, Van Etten RA. (1997). The PAG gene product, a stress-
induced protein with antioxidant properties, is an Abl SH3-binding
protein and a physiological inhibitor of c-Abl tyrosine kinase activity.
Genes Dev. 11:2456.

39- Lewis JM, Baskaran R, Taagepera S, et al. (1996). Integrin regulation
of c-Abl tyrosine kinase activity and cytoplasmic-nuclear transport. Proc
Natl Acad Sci U S A. 93:15174.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

40- Plattner R, Kadlec L, DeMali KA, et al. (1999). c-Abl is activated by
growth factors and Src family kinases and has a role in the cellular
response to PDGF. Genes Dev. 13:2400.

41- Hardin JD, Boast S, Schwartzberg PL, (1995). et al. Bone marrow B
lymphocyte development in c-abl-deficient mice. Cell Immunol. 165:44.

42- Melo JV. (1996). The diversity of BCR-ABL fusion proteins and their
relationship to leukemia phenotype. Blood. 88:2375-2384.

43- Melo JV. (1997). BCR-ABL gene variants. Baillieres Clin Haematol.
10:203-222.

44- Arun AK, Senthamizhselvi A, Mani S, et al. (2017). Frequency of
rare BCR-ABLL1 fusion transcripts in chronic myeloid leukemia patients.
Int J Lab Hematol. 39:235-242.

45- Xue M, Wang Q, Huo L, et al. (2019). Clinical characteristics and
prognostic significance of chronic myeloid leukemia with rare BCR-
ABL1 transcripts. Leuk Lymphoma. 60:3051-3057.

46- Konopka JB, Watanabe SM, Witte ON. (1984). An alteration of the
human c-abl protein in K562 leukemia cells unmasks associated tyrosine
kinase activity. Cell. 37:1035.

47- Lugo TG, Pendergast AM, Muller AJ, Witte ON. (1990) Tyrosine
kinase activity and transformation potency of bcr-abl oncogene products.
Science. 247:1079.

48- Li S, llaria RL Jr, Million RP, et al. (1999). The P190, P210, and
P230 forms of the BCR/ABL oncogene induce a similar chronic myeloid
leukemia-like syndrome in mice but have different lymphoid
leukemogenic activity. J Exp Med. 189:1399.

49- Van Etten RA. (1992). Malignant transformation by abl and
BCR/ABL. In: Oncogene es and Tumor Suppressor Genes in Human
Malignancies, Benz CC, Liu ET (Eds), Kluwer Academic Publishers,
Norwood, MA. p.167.

50- Druker BJ, Tamura S, Buchdunger E, et al. (1996). Effects of a
selective inhibitor of the Abl tyrosine kinase on the growth of Bcr-Abl
positive cells. Nat Med. 2:561.

51- Carroll M, Ohno-Jones S, Tamura S, et al. (1997). CGP 57148, a
tyrosine kinase inhibitor, inhibits the growth of cells expressing BCR-
ABL, TEL-ABL, and TEL-PDGFR fusion proteins. Blood. 90:4947.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

52- Savage DG, Szydlo RM, Goldman JM. (1997). Clinical features at
diagnosis in 430 patients with chronic myeloid leukaemia seen at a
referral centre over a 16-year period. Br J Haematol. 96:111.

53- Niemeyer CM, Kratz C. (2003). Juvenile myelomonocytic leukemia.
Curr Oncol Rep. 5:510.

54- Arico M, Biondi A, Pui CH. (1997). Juvenile myelomonocytic
leukemia._ Blood. 90:479.

55- Passmore SJ, Chessells JIM, Kempski H, et al. (2003). Pediatric
myelodysplastic syndromes and juvenile myelomonocytic leukaemia in
the UK: a population-based study of incidence and survival. Br J
Haematol. 121:758.

56- Vardiman JW, Pierre R, Bain B, et al. (2001). Chronic
myelomonocytic leukemia. In: World Health Organization Classification
of Tumours, Pathology and Gene tics of Tumours of Haematopoietic and
Lymphoid Tissues, Jaffe ES, Harris NL, Stein H, Vardiman JW (Eds),
IARC Press, Lyon. p.49.

57- Bain BJ. (1996). Eosinophilic leukemias and the idiopathic hyper
eosinophilic syndrome. Br J Haematol. 95:2.

58- Bain BJ. (2003). Cytogenetic and molecular genetic aspects of
eosinophilic leukemias. Br J Haematol. 122:173.

59- Elliott MA. (2004). Chronic neutrophilic leukemia: a contemporary
review. Curr Hematol Rep. 3:210.

60- Kurzrock R, Bueso-Ramos CE, Kantarjian H, et al. (2001). BCR
rearrangement- negative chronic myelogenous leukemia revisited. J Clin
Oncol. 19:2915.

61- Westbrook CA, Hooberman AL, Spino C, et al. (1992). Clinical
significance of the BCR-ABL fusion gene in adult acute lymphoblastic
leukemia: a Cancer and Leukemia Group B Study (8762). Blood.
80:2983.

62- Brunner AM, Campigotto F, Sadrzadeh H, et al. (2013). Trends in all-
cause mortality among patients with chronic myeloid leukemia: a
Surveillance, Epidemiology, and End Results database analysis. Cancer.
119:2620.

63- Bower H, Bjorkholm M, Dickman PW, et al. (2016). Life Expectancy
of Patients with Chronic Myeloid Leukemia Approaches the Life
Expectancy of the General Population. J Clin Oncol. 34:2851.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

64- Gambacorti-Passerini C, Antolini L, Mahon FX, et al. (2011).
Multicenter independent assessment of outcomes in chronic myeloid
leukemia patients treated with imatinib. J Natl Cancer Inst. 103:553.

65- Hasford J, Pfirrmann M, Hehlmann R, et al. (1998). A new prognostic
score for survival of patients with chronic myeloid leukemia treated with
interferon alfa. Writing Committee for the Collaborative CML Prognostic
Factors Project Group. J Natl Cancer Inst. 90:850.

66- Pfirrmann M, Baccarani M, Saussele S, et al. (2016). Prognosis of
long-term survival considering disease-specific death in patients with
chronic myeloid leukemia. Leukemia. 30:48-56.

67- Pfirrmann M, Clark RE, Prejzner W, et al. (2020). The EUTOS long-
term survival (ELTS) score is superior to the Sokal score for predicting
survival in chronic myeloid leukemia. Leukemia. 34:2138.

68- Druker BJ, Talpaz M, Resta DJ, et al. (2001). Efficacy and safety of a
specific inhibitor of the BCR-ABL tyrosine kinase in chronic myeloid
leukemia. N Engl J Med. 344:1031-1037.

69- Cortes J, Kantarjian H. (2012). How | Treat newly diagnosed chronic
phase CML. Blood. 120:1390.

70- Hochhaus A, Baccarani M, Silver RT, et al. (2020). European
Leukemia Net 2020 recommendations for treating chronic myeloid
leukemia. Leukemia. 34:966.

71-Yun S, Vincelette ND, Segar JM, et al. (2016). Comparative
Effectiveness of Newer Tyrosine Kinase Inhibitors Versus Imatinib in the
First-Line Treatment of Chronic-Phase Chronic Myeloid Leukemia
Across Risk Groups: A Systematic Review and Meta-Analysis of Eight
Randomized Trials. Clin Lymphoma Myeloma Leuk. 16:e85.

72- Hochhaus A, Larson RA, Guilhot F, et al. (2017). Long-Term
Outcomes of Imatinib Treatment for Chronic Myeloid Leukemia. N Engl
J Med. 376:917.

73- Cortes JE, Gambacorti-Passerini C, Deininger MW, et al. (2018).
Bosutinib Versus Imatinib for Newly Diagnosed Chronic Myeloid
Leukemia: Results from the Randomized BFORE Trial. J Clin Oncaol.
36:231.

74- Rea D, Etienne G, Nicolini F, et al. (2012). First-line imatinib
mesylate in patients with newly diagnosed accelerated phase-chronic
myeloid leukemia. Leukemia. 26:2254-2259.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

75- Ohanian M, Kantarjian HM, Quintas-Cardama A, et al. (2014).
tyrosine kinase inhibitors as initial therapy for patients with chronic
myeloid leukemia in accelerated phase. Clin Lymphoma Myeloma Leuk.
14:155-162 e 151.

76- Jain P, Kantarjian HM, Ghorab A, et al. (2017). prognostic factors and
survival outcomes in patients with chronic myeloid leukemia in blast
phase in tyrosine kinase inhibitor era: cohort study of 477 patients.
Cancer. 123:4391-4402.

77- Baccarani M, Deininger MW, Rosti G, et al. (2013). European
Leukemia Net recommendations for the management of chronic myeloid
leukemia: 2013. Blood. 122:872.

78- Cross NC, White HE, Muller MC, et al. (2012). Standardized
definitions of molecular response in chronic myeloid leukemia. Leukemia.
26:2172.

79- O'Brien SG, Guilhot F, Larson RA, et al. (2003). Imatinib compared
with interferon and low-dose cytarabine for newly diagnosed chronic-
phase chronic myeloid leukemia. N Engl J Med. 348:994-1004.

80- Emanuel PD. (2008). Juvenile myelomonocytic leukemia and chronic
myelomonocytic leukemia. Leukemia. 22:1335.

81- Hughes TP, Kaeda J, Branford S, et al. (2003). Frequency of major
molecular responses to imatinib or interferon alfa plus cytarabine in newly
diagnosed chronic myeloid leukemia. N Engl J Med. 349:1423-1432.

82- https:www.accessdata.fda.gov/drugsatfda_docs/label/2016/021588s0471 bl.pdf
(Accessed on February 27, 2019).

83- Hehlmann R, Lauseker M, Jung-Munkwitz S, et al. (2011).

Tolerability-adapted imatinib 800 mg/d versus 400 mg/d versus 400 mg/d

plus interferon-a in newly diagnosed chronic myeloid leukemia. J Clin
Oncol. 29:1634.

84- Berman E, Girotra M, Cheng C, et al. (2013). Effect of long term
imatinib on bone in adults with chronic myelogenous leukemia and
gastrointestinal stromal tumors. Leuk Res. 37:790.

85- https:www.nobelprize.org/nobel_prizes/medicine/laureates/1972/speed read.html
(Accessed on October 18, 2018).

86- EDELMAN GM, BENACERRAF B. (1962). On structural and
functional relations between antibodies and proteins of the gamma-
system. Proc Natl Acad Sci U S A. 48:1035.

87- Porter RR. (1973). Structural studies of immunoglobulins._Science.
180:713.



http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/021588s047l
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1972/speed

Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

88- Edelman GM, Cunningham BA, Gall WE, et al. (1969). The covalent
structure of an entire gammaG immunoglobulin molecule. Proc Natl Acad
SciUS A. 63:78.

89- de Lavallade H, Khoder A, Hart M, et al. (2013). Tyrosine kinase
inhibitors impair B-cell immune responses in CML through off-target
inhibition of kinases important for cell signaling. Blood. 122(2):227-238.

90- Koskela, H L M, El Missiry, M, Ruusila, A, et al. (2017) Tyrosine
kinase inhibitor therapy-induced changes in humoral immunity in patients
with chronic myeloid leukemia ', Journal of Cancer Research and Clinical
Oncology, vol. 143, no. 8, pp. 1543-1554.

91- Salawu L, Alabi BY, Ajose OA, Adurosinmi M. (2015). Assessment
of the effects of Imatinib mesylate (Glivec) therapy on CD4+ T
lymphocytes and serum immunoglobulins in a cohort of Nigerian Chronic
myeloid leukaemia patients. J Hematol Transfus. 3(1): 1039.

92- Appel S, Boehmler AM, Griinebach F, Miller MR, Rupf A, Weck
MM, et al. (2004). Imatinib mesylate affects the development and
function of dendritic cells generated from CD34+ peripheral blood
progenitor cells. Blood. 103:538-44.

93- Dewar AL, Doherty KV, Hughes TP, Lyons AB. (2005). Imatinib
inhibits the functional capacity of cultured human monocytes. Immunol
Cell Biol. 83:48-56.

94- Taieb J, Maruyama K, Borg C, Terme M, Zitvogel L. (2005). Imatinib
mesylate impairs FIt3L-mediated dendritic cell expansion and antitumor
effects in vivo. Blood. 103:1966-7.

95- Dietz AB, Souan L, Knutson GJ, Bulur PA, Litzow MR, Vuk-
Pavlovic S. (2004). Imatinib mesylate inhibits T cell proliferation in vitro
and delayed-type hypersensitivity in vivo. Blood. 104:1094-9.

96- Seggewiss R, Loré K, Greiner E, Magnosson MK, Prince DA, Douek
DC, et al. (2005). Imatinib inhibits T-cell receptor-mediated T-cell
proliferation and activation in a dose-dependent manner. Blood. 105:
2473-9.

97- Zipfel PA, Grove M, Blackburn K, Fujimoto M, Tedder TF,
Pendergast AM. (2000). The c-Abl tyrosine kinase is regulated
downstream of the B cell anti-gen receptor and interacts with CD19. J
Immunol. 106:6872-9.

98- Paniagua RT, Orr S, Ho PP, Chan SM, Chang A, Higgins JP, et al.
(2006). Selective tyrosine kinase inhibition by imatinib mesylate for the
treatment of autoimmune arthritis. J Clin Invest. 116:2633.




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

99- Steegmann JL, Moreno G, Alaez C, et al. (2003). Chronic myeloid
leukemia patient's resistant to or intolerant of interferon alpha and
subsequently treated with imatinib show reduced immunoglobulin levels
and hypogammaglobulinemia._ Haematologica. 88(7):762—-768.

100- Breccia M, Girmenia C, Latagliata R, Loglisci G, Santopietro M,
Federico V, Petrucci L. (2011). Low incidence rate of opportunistic and
viral infections during imatinib treatment in chronic myeloid leukemia
patients in early and late chronic phase. Mediterr J Hematol Infect Dis. 3:
2011021.

101- Kaminski DA, Wei C, Qian Y, Rosenberg AF, Sanz I. (2012).
Advances in human B cell phenotypic profiling. Front Immunol. 3: 302.

102- Hans Brightbill, Mark S. Schlissel, (2009). the effects of c-Abl
mutation on developing B cell differentiation and survival, International
Immunology. 21(5): 575-585.

103- Dorsch M, Goff SP. (1996). Increased sensitivity to apoptotic stimuli
in c-Abl-deficient progenitor B-cell lines. Proc. Natl Acad. Sci. USA. 93:
13131.

104- Lam QL, Lo CK, Zheng BJ, et al. (2007). Impaired V(D)J
recombination and increased apoptosis among B cell precursors in the
bone marrow of c-Abl-deficient mice. Int. Immunol. 19:267.

105- Seiter K, Latremouille-Viau D, Guerin A, et al. (2018). Burden of
Infections Among Chronic Myeloid Leukemia Patients Receiving
Dasatinib or Nilotinib: A Real-World Retrospective Healthcare Claims
Study in the United States. Adv Ther. 35(10):1671-1685.

106- Reinwald M, Boch T, Hofmann WK, Buchheidt D. (2016). Risk of
Infectious Complications in Hemato-Oncological Patients Treated with
Kinase Inhibitors. Biomark Insights. 10(Suppl 3):55-68.

107- Inayat F, Song F, Ali NS, et al. (2019). Hepatitis B virus reactivation
following imatinib therapy: A comparative review of 9 cases. J Oncol
Pharm Pract. 25(6):1500-1508. doi:10.1177/ 1078155218790337. Epub
2018 Aug.




H Goan wtlyd B 3 [ eyl (gl lian¥) iy e Cunslall ianall due Ll Cilidgsslall

I Philadelphia chromosome l
| Normal chromosomes l [ Altered chromosomes
Chromosome 9 Chromosome 22 Chromosome 9 Chromosome 22

—_— e
-+
BCR
qll
BCR
(break point cluster i i ABL
region) Philadelphia chromosome

- = BCR + ABL (fusion gene)
ABL gene = Ch.9 (q34)
BCR gene = Ch.22 (ql1)
Translocation = t (9,22) (q34.,11)
Oncogene = BCR+ABL present on Ch.22
on short arm

labpedia.net

Ph e IS 401 1] J<al

CML I Gl o3 2811 2 (<0



F 4 . Variable region . Light chain
Antigen Constant f
binding region Heavy
chain
Fab Interchain
1 disulfide
bonds
Hinge region
Biologic Complement-binding
activity region
mediation
Fc Binds to Fc receptor

.gc.\_'m]\ U:J}ULJ\ ztzu.a :3 JS:J\



Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

Jghaall 12 28 gald)

CML 4yl Galel) 1 Jaad)

Yo amiayll (umpall (o digial) dul v
33.5 CAY
21.3 g
20 09 pali
18.6 s (e all
14.8 (s $3a) s
14.6 G
7.4 Lalic oY1
5.8 glaa
4.5 dowds Al)
4.4 dpay Cljhia)
4 Llaka oY)
2.2 alg

%oda siall dasul) A yead) Aadlal)
75.8 ek daliia
2.2 LAk daliia

15.8 i




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

NY) clpdie 143 a8, Jgand

Sokal EURO EUTOS ELTS
(32) Ll x 0.116 L 0.666 x 0.0025
(43.4- ,aall) 50 e < aall 3(10/ sasll)
A
(m) Jlakall aan | aas) x 0.345 aan X 0.042 | 4x Jabll aas | aaa x 0.0615
(7.51- JaLal Jlakal Jlalall
) Slageall slas | ola)] x 0.188 | Lexie 1.0956 Jas) x 0.4104
(J° 10 —2(700/csgiall | < Clagiaal) daes (1000/clssiall
[0.536 1500 0
cilog V) daass L) X 0.887 | 4ws x 0.0584 4w x 0.1052
(%) (210 <o) g yY! g )
(%) <l Zoass Lovie 0.20399 | Sl dass X 7
> Gl Lo
%3
Cilaeall dos dus x 0.0413
(%) Ciliaeal
sl hasl S 1000 x <l S S
Uabiie <0.8 <780 <87 <1.5680
Jaigia 1.2-0.8 1480-781 -1.5680
2.2185
3% >1.2 >1480 >87 >2.2185
Cangl 0s 0s Geind AlSe) | akadya) ciligl
CCYR CML .




74

| i bl o ] ) Gl L] e e cattball Ciind) Auelod) Cluduall o

.Sokal jdja 1144 Jgaal)
Sokal 50 blas ggaxe sl i Oidd L) 0S Lawgia
<0.8 g=x-LAV %90 Olgiw 5
1.2.0.8 o gio %90_%65 Olgiw 5-2.5
>1.2 adiye %65 L 2.5

.EUTOS i :155 Jaal)

EUTOS i Lli g gane ohall Ghiwy | i 5 J LA bgia | Gaind
18 2: CCYR
BT
<87 midie %90 %86
>87 i %82 %66

Alai) g lsil el 16 Jgand

P10 X 10 > [l Ll oo o
Glag)l ol cgh s (dghi WIS 2ag Y o

bl ol s

P10 x 450 > clsiall dlaas o

NETT Ve Ot dt;l:.&\ °

78 77 CHR




| i bl o ] ) Gl L] e e cattball Ciind) Auelod) Cluduall o

%0 Ph _iua duus Ll e 7 Lavall Alaiy)
%35-1 Ph ua s il e
%65-36 Ph s Lous Bpaall @
%95-66 Ph ua Lo Gl o
%95 < Ph ua 4 agaeall @
cilia saa) o ABL | BCR-ABL 4w EMR | :ddisall sy
6 o 3 2 1S %10 > Housekeeping JI B180
o el
IS %0.1 > BCR-ABL i :MMR
IS %0.01 > BCR-ABL 4..: :MR4 :DMR
%0.0032 > BCR-ABL i..i :MR4.5
IS
.CCYR jlazd e
%1 < BCR-ABL i 52 il Lo Cawis MMR (lai o




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

Aiadl) Baall s dulaia) g lsil Juali 17 Jgaall

Llaaiayl Jas 5ys3aall dslaiaY) ) ) 5l

CHR (i aac Ph 36%-95% Ph <35% il 3
Ph >95% BCR-ABL >10% BCR-ABL <10%

Ph >35% Ph 1-65% Ph 0% el 6
BCR-ABL >10% BCR-ABL 1-10% BCR-ABL <10%

Ph>1%| BCR-ABL 0.1-1% BCR-ABL <0.1% e 12

BCR-ABL >1%
BCR-ABL 0.1-1% | BCR-ABL < 0.01% ei 18 e s

pelal) cilislgighil) Cjaas 18 Jgaad

IgG IgA IgM IgE IgD
AL dleliad) Lle i s Csbeos) s
dui) L;n\;i T3 & Lﬁ:\;i T3 bt egin Lﬁ:\;‘ TGS L_galJ TSI
Ladll
s 0sSy)
EEE
(< shall
@l O 150.000 Kda 385.000 900.000 Kda 200.000 180.000
Kda Kda Kda




) Gl age e il anaal) oo Ll clidpaglill (i
Lren paalpl daa o [ Gadall ol (alianl) odaye die unleah &

Ol dygial A

Sadll

%80

%13

el S5 o)

19G <5 e

(bl

%6

<%1

<%1




Aaax aly] daa 0 [ Gadall gl palian¥) a e die cuiileYh Gsd) Lo bl clidgglall (ai

A i 14 &8 galal

Sokal éise sopiad)

joa sl sl

Baxs 4 el AlainY) EEALIY]
el Ay

;A.}S\ @)U
Sl

Hisa

‘EUTOS

s stiia J sl Aalal) Ay
6 22 Ay )
e

4 sl dlaiuy)
el 3 an

sty
6 2 4y 5adl
sl

6 s e dpe L)l Gl g lall jle
g

sie Leliall i g il e

: ... :..~n

1I9G ke

1I9G ke

IOM ke

IOM ke

IgA ke

IgA ke




79| A s e 3] G ) Galal) e e cantlelll Gund) Rielad) Cldslall o

il ABlgal) 5 galall

g M) Gl A LA Ao Bpaiiual) 4d8|gal)

Crajal) (Godil) alan) aape die cuidlah Siaaal) dac Lialf Cliad gspltl) (1

LI 3l el pabaaia) (8 (Hdiwale) Lladl coludyall ZulUa daas aaly) 40s Londal) Gl

feadl Cangs () Gand) 138 343 — 5ded daala— al)

e ) o dide (5 Loy e i) clidguslall e Canslody) i

A ey ly il slalin) shal aadl 134 Cansing

.E\Aw‘ M\Aj\ (';:\:\E\J L_.s,):l)*‘-"’ ua;&j c«b:l o

A1 Glydgall sk @

el (Grde il cla] @
el 6 g Z Nl el die daelidd) lidgiglal) e

-6l 6 2m5 o2l vie Ahvially Dagerl) s i @

Aalial) 558 PIa AlY) GaleV) sk o
Ottt {2 o Ailaiall Cilaslaalls Lasg 55 ey 120 Uiy 3 I5a¥) o oSiilga o)
oda o a0 o agly cdmall ASalls daylial Auyg um ilasheall sda b Lide cCandl Gals
Ayl elacl) Ll e dtas LS clgale ¢ 3UY) Y (Ko Vs dije ins Clagleall

(slasd 3 (450



80 | e pbd i o] 0w R Galaa] e e cantlell Gund) Rielad) cludslall o

coad elga (sl elhae) paeg ¢ mnall Allal (55 3m e el (gl sha) adns agarl Gl
by o) dak gl (535 o aild e Slatial ) ¢ Hlgs Jals gl
Ol WS cgale ik (ol ) ccilimigas 4 e duasy of dhylaad) of sl of agf WS
U Lall Al e dis Jlinag ilas 4 4l ol AS5Lal) jiad
12gallg Hlalial)

el (B Sl el ol dhaall (agill Jhalaa gl g Y -

e liad) lidgiglall e cuinla) 86 dijee 8 eSS Bldl) -

ALl e Ailgal)

a3 8 Sk ST o e Tegla 38lgls cBptiveall da8lsad) (ggine S aly Canllal 3
a8 all lled LS LlaY) 5y5 3 g el 6l o Hlsitia) A cllial il ol

.cﬁji 4.:\&5‘9 J)Aa L.;X. Sl g.ua‘),.:\ ui 0‘53‘3 chJj C_\E‘j Lﬁi ‘f

() ehliall Judusiall 30

[ ] &
agitdlga 3aly agl Ganill Caaa ol 3 AUy Seball (pumn V) alidSU dually tilaadle

Aible e 2 )guans dugadl)



81

| i bl o ] ) Gl L] e e cattball Ciind) Auelod) Cluduall o

Background: Imatinib is a selective tyrosine kinase inhibitor effective in the
treatment of chronic myeloid leukemia. it has a lot of effects on immune response,
as it inhibits proteins involved in various intracellular signaling pathways. But it's
effects on the humeral immunity remains unclear, particularly in the production
of immunoglobulins.

Aim: This research aims to study the role of imatinib in reduce of
immunoglobulins, which may lead to infections, death, and the correlation of this
effect with treatment response.

Materials and methods: A prospective study that includes patients with chronic
phase myeloid leukemia on imatinib treatment who visited the hematology clinic
at Damascus university hospitals (Al-Mowasat university Hospital, Al-Assad
university Hospital) in the period between 1/4/2021 and 1/4/ 2022. The data
collected includes age, gender, prognostic score (Sokal and EUTOS),
immunoglobulins levels before imatinib use and after 6 months, hematologic and
molecular response at 3 and 6 months. The predictive value (P-value) is
considered statistically significant if it is less than 0.05.

Results: This study includes 60 patients

(38 males, 22 females, mean age 57.18 years). On imatinib treatment, after 6
months there is significant reduction in immunoglobulin. P value <0.05. The
infectious episodes are increased when there is reduction of IgA and 1gG on their
lower limit of normal.

As well as, hospitalization is increased with the reduce of IgM and IgA.
There is no correlation between hypogammaglobulinemia and treatment response.

Conclusion: Imatinib led to reduce immunoglobulin, which led to increase
infections and hospitalization.

Keywords

Chronic myeloid leukemia, immunoglobulin, imatinib.
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