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Abstract

Background and purpose: Several studies investigated the role of C-reactive protein (CRP)
during transplantation and inflammation, and clinical outcomes after stem cell transplantation. In this
study, we examined the relationship between the earliest CRP level on admission day, and the first
outcome after transplantation, myeloid and platelet engraftment, and the length of hospitalization in
patients with Autologous hematopoietic stem cell transplantation (Auto-HSCT).

Materials and methods: In this retrospective study, using clinical records from 2014-2020,
information including patients’ demographic characteristics, CRP levels on admission day, white blood
cell, and platelet counts were investigated. Engraftment day and duration of hospitalization were also
recorded. To analyze the data, Cox regression, score process plot, Kolmogorov-type supremum test, and
linear regression were performed.

Results: Results did not show a significant relationship between CRP level on first day of
hospitalization, the day of myeloid and platelet engraftment, and duration of hospitalization (P values=
0.91, 0.68, 0.39 respectively).

Conclusion: Future studies, assessing changes in CRP levels, along with the impact of other
inflammatory factors during conditioning chemotherapy or the day of stem cell injection, might improve

our understanding of lymphoma and multiple myeloma treatment and management.

Keywords: Autologous stem cell transplantation, C reactive protein, engraftment, hospitalization

J Mazandaran Univ Med Sci 2021; 31 (199): 162-168 (Persian).

* Corresponding Author: Sayeh Parkhideh - Hematopoietic Stem Cell Research Center, Shahid Beheshti University of
Medical Sciences, Tehran, Iran (E-mail: s.parkhideh@sbmu.ac.ir)

162


https://jmums.mazums.ac.ir/article-1-16202-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

O (—S B}y oo colS Hilsa_Las
(19P-1¢A) 11o0 Jlw shsps 199 0)ladd @5 g (W 8)9s

Gan Jgha g s pagaigy b s jg) ja ppw CRP abbw gy bl
jluigs gabiis sl Jglw Sglgil aigy Gai gljlay ja (5 jiuy

'S5 il
TUasig, pledl
et (zl> pulie

P03 1 4l

duS>

ST b 55 5 sy Sl s Glajs,y b (CRP)C STy s o ilibee Sladllas 53 : 850 9 diblw
Ol gt LLS 1 gy 0 o andllan ol 53l 48 8 515wy 3590 (5Lt Jshos g 51 e IU slaaly 5 !
S 51y oo Olylos 53 (6 e Do g iman 5 (6 2k g g 1 gy by 351 L 66 52 55 CRP
1o Sl s ool glad she

S 503 SLeMbI Juls aesls =1 5ial WWAFAYA8 Gladle b St adllas o515 oy, 9 dlge
Lo Son tmbos 5 (S 200 iy S dwloms (S11 S5y 5 ik S5 55l 03955 9 CRP o (0 lecy
O 30T (SCOTE Process s yas oy » ¢ oSS wlite Sl blins Jds claesls JUT Cgmr 128 8 &y s (6 s
R (\}.v" e orwjfj Js 3 Kolmogorov-type supremum

W}éﬂ%vﬁ}ij)}}éﬂd)‘j))CRpcbﬂwéj‘b‘_;.&dib{‘J casdllas ol 51 Jol= (slaesls :laaidly
S 0L (6 s e Jsb

23 el sla, 586 uLa HLS” 53 CRP mhaw (CRP Ol i Ly SR s Jels ST sl ) sgliisnnd
.5)}Tr.a=|)§ L;j&:y&b)&b\@\;&aa&)%éhd)b G5 5ok s ilebes Sloyd et o,

s e Jsb (6 p Ay 5y <C gi;fb&:‘Jjﬁ.ag‘fjj\é;%éhd)bxﬁ:g.&lsgbajlg

oo

Sl LI W15 o L Sl s S Sl o lay 556 @Uto-HSCT) 5 I 51 (g3l (sla J gl U oy
Gladsw 8 Y das o 0L 5 sl g (Autologous hematopoietic stem cell transplantation)
D! el Eos go g5l L suxte (slosha 5 p5id Olle (51 3,0kl Slo s
313 LS, (6 s a6 diy i gy Y sans ()35 s & g—nes (MM) Multiple myeloma
RSP R JCOICIR VPRI N S SO AR NN 5l uearly engraftment) oLSCa ey (s s dodS gy

E-mail: s.parkhideh@sbmu.ac.ir S g (Sa pl:—c\f.i.;b (HSCRC) ;L s (o3l sla J sk Sl 557 10 101,65 —0 30 y3 Al 1 ghamne g0
O 1 0185 (s o (S5 e o1 s g (3L (5o s Dl 55 50 0035 STl 5 (ol O35 8 gl SIS )

Ol €018 (s e (S g5k o8l Gl (63l (5la e Dliiond S50 000 5 0L 5 ol 05 (515575 Y

Ol €05 ¢ gy g (S ke o315 i g (530 (8o I ghor Dl S e ¢ 5 5T 1 (pulis SIS Y

Ol 08 e gy g (S e o831 i g 3Ly $la I gl Dl S 5a okl F

O 08 gy g (S ke o831 Gld g 3Ly 6o J gl Dk S skl D

VB YA S g s WA Sl gl 5 WAR/A/TD 3l s b

19 11Co0 slaps « 199 a)laid @50 § (W0 )93 ohdjls il eole alSibsls alas


https://jmums.mazums.ac.ir/article-1-16202-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ohla ys spdsign b CRP abuw gy b))

Sy p sl ol GO axaS” s aalllan
Y =lu_S)d 5 o TR 5

= (€ V. wv

8 6,13 sxe e (IR.SBMU.REC.1398.118

DY e ke iy 5 ST ol 5 4

.&&éﬁjﬁ).ﬁ-\nﬁ).ﬁ

S g Lo asly

ool Y o)l Jgdor 53 Olylew Il Sleb
STk s pduisn b ks Jelge LLiol sl
oylod dgdar )3 5 4 (6 S Doke Jsb 5 (SN
ol allan gl Gl ol Sl LBF 5 ¥ Y
S gy Ao s3 WY Ol e 4 O 4 o O3 5
(Y o jlo—i Jydm) d il (6 5 5 ghd se
[HR: 0.68, 80%CI:(0.48-0.96); P-value=0.15 ]
3050 e &G o 5 4 2 3 Hls gme Jls el se
g5 e La0T Ols 53 48 Lis 8 Jobs
33 G she S At L 555 05,5 5 olay
¥ L8 0U) 4 S Ola 0 2950yl L5 D5 |
(F oslad Jgudor) Ll axdls (6 5 i (8 2ms OLe5 ),
[Beta: 2.88, 80%Cl:( 0.54 - 5.22); p-value=0.11]
238 4 e A G slaes S L Olsley ol sl
il adls (6 5 s (8 0L 555 ¥ O S5
J[Beta: 3.36, 80%Cl:(0.61-6.11); p-value=0.11]
ade Lsy SHrle Slagealy pds Zlews @uto-HSCT
sl Zo 3 (Graft versus host disease) oL .
®)3,5T 2l L sl 5 Clgdl addllas ol
Sl o S bigg 03 e Loy STB oL,
(FIhidu oo Co p |y Sl Oloys

S Shley L51,Sea 5 Pihusch aslles 30
0595 b 33 S o0 O s 5l SU oslee Sl
«(Conditioning chemotherapy) (s jlulgs Slays cond
As enls ol JIUTe ¢S5 s . azsls ¢ YL CRP

Pl 5l Cosie jasts Coge 3131 550 CRP

(CRP-C-reactive protein ) ¢ Sy 59, .3 5% o0
Colw P b 0T mhew g ol sl 5L 55
Slge (Mol e il Csie 5 B o]
S35 S5l el g Ll e L)
(F)3 55 (5 p 4y 5u 9 (Hematopoietic reconstitution)
L 6 s 535 53 CRP s LUl acadllae sl s
Olyben 53 G Ol 9 S5 Sad b 6 pdulige

e gL ,lauto-HSCT

59 9 330
Oyl

Olylas 0is il S5 axidS andllas ol o
Ol ylowy 53 1FAY-1Y44 claJla o AUtO-HSCT
S Jols baosls ol ezl 228 8 O oo S
ol 3355 390 CRP elass 0y Lay &SG31 S 503
530 Aloes (61, S 5 A gLad s IS
oy g (6 fmins Ols ) b dlomn 9 (6 pdy g
malize O bl e clsosls LT Coger .28
O5—eT (SCOre  Process ,Is s—as oy ¢ S LS
pv— Jf  J4. 9 Kolmogorov-type supremum
oSy p 3 ol 755 SLedbl Gb s plonl s
«(G-CSF) Granulocyte colony stimulating factor
055 3 8 S a3l an o 85 Sa 011 s L
Sladslw 35 435 &g 525 5550 Gl p e
spectra  optia o&Kews Ly lasws 055 (g3l

L3y edd (g ’TC“? (CO (Lakewoodterumo BCT)

CRP _2siw
5 sl 55yl sy Lo CRP ront
5330T os L (0l 51 S5 4) oSGV CRP oS
a5 8 &)y 0 (OLJITRoChe &S ,-) Hitachi912
(MQ/AL) ;2 w3 /p S ha =5 o o CRP elaws .35

b e S s s Olge 4

11Co0 sl3)s « 199 a)laids (@50 § (0 8)93

ohdjls ¢ibjy eole alGiils alas (23


https://jmums.mazums.ac.ir/article-1-16202-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ul)lSnsm g 1555 il 0

St she ©pdylism b b fol so LL3,1 Y osled Jouer

48w o eiin oSG
o o s e
AHR(95% CI) HR(80% CI)
S g S> g
SFERAGAABSVAY ) AFE A (1) o
o EE ol o
g SEFCIO= AN /SAGIFA=/48) s,
- \ - \ (o o5
% E /¥ Sheps
A CYAG /8= A Y CPA /Y= IAY) oS
YA BEGIRAND) Y AR G/RV-V/R) S gn b
- \ - \ (& r MM
VAY VY GARYANY) FFFGy )05 B (6l aieds dlob
% INE S ef
YRV RY) <108 (- YA—+/A%) A
SE L RYCIASY) A e (/YA /AY) B
W RECAYSVRR) W ABG/FYAVY) AB
- \ - ) (o)
Wias A7 (/40 =N/ Y) SV 03kl 5
/) CRP
+/A) <A (/51 -V /00) =5
- ) (o r )<
ol Jyda o bles Ol ;e AAHR
/Y Ck.u 26l gme ¥
/b Ck.u)} Sls gma E
. 1€ o Skkk
['"’-)& olde !
- T . . (o N
SN Gy lign U ks Jolge LU I oled Jouer
&€ o e &G
e o s ke
AHR(95% CI) HR(80% Cl)
S xe S5 e
R VIR ZOL A VA DBV VA VR B VAR o) o
“IVF =S
SVE AN G/PFV/YR) s,
- \ (o g
A Ak S5
D2 S X CVAT-SL VA S NV S\ o A CVA S B} oS
SOV WCYSVM) XY N CFFSVNY) R
- \ - \ (@ r MM

VY ARYCAFNY) FFEG )N b sl et dob

) S af

iad TN (10N /YY) A

Al IFAGIV=A/Y) B

4l SR YD-V/VE) AB

- ) (grr O

AABERYL YO R VIR o) CSD O ksl 5 ke
CRP

PN AR (IRV=V/09) =

- ) T eatd

el Jydas o bl Ol AAHR
/Y da.~).s Sols s *

AVAY é“")’ Sl s o
. & o kskek
& el

4—’;:-:)‘&*—“"‘—"’;;’:)‘}—9[—14—'}:1)‘;)'“—1
.Q)c—sls (Major transplantation complication)
L-swa\—Al:-Lj CRP w_'.lo\.:)\af.b)l: S>3 dﬂrjua.a
53 5o otalies Olylew 5 25,5 5 5o s 1y b
3 503 3L 3 (Reduced intensity conditioning)
3 3 e 58 pa s S (i b SYLCRP ko
O Ll e 4Bl | Caeal 3ol pen S slael S5y
)JCRPC]&»‘QJJ_’YLJQ)M))JML: ‘5-.\..9-
ke S.Maltophilia e b 4 e (03T Ol)ley
T 5 G 4 69t 5558 YL CRP
cuj}.‘T uU}:._v: Ces Q‘Sb;{ BE) ‘(“)“\":L&S“ W
j‘w:UJ_:ang_a 4Lz CRP Clﬁua}j uf'-l‘}-t"
C_‘-w‘d‘)\_qf)bu\_v}:v_J‘wdj\‘))‘) \" &}V\Jﬁ
BE CRP é&w Al v\.iJu;: &“_H"AG 4 y&.‘ 4{
:yd&wﬁdjéﬁxﬁj\dj\m

OV)AEL o &g 5 e

Y51 g Olyleg b DS 2 oolad S

(4 53) 30405 /(o3 il )iln / Koo £ 5 kel 31 il s e
N=y.r

FY/OF £1¥/FA o
J".‘?

OF (OY/F) 3

4 (FV/9) 95
Sl g

/) oS s

YA(Y+/F) S s

DY(Fa/) MM
F14 (KO -FIYY) Gabism U solen adis Sl alols
s af

FV(D/AY) A

YY(Y\/YD) B

VFOY/09) AB

Y (Ya/NY) o
v (F-ov) S 0 gl 5 sl
CRP

OY(8V/F0) <

o+ (FA/DF) >=g

Y (A-WY)

N (0-5%) S she (5 2k gy OLe3
WA £y (8 s O3 Doke

190 1K€o0 slsps « 199 o)ladd (@53 § (W 8)9s

ohdjls il eole alSibsls alas


https://jmums.mazums.ac.ir/article-1-16202-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ohla ys spdsign b CRP abuw gy b))

23 Ol o 5 Gy YL CRP e b Olles
aUt0-HSCT s MM Ol (55 (slaslllas
5 S Gl sy A 5 )l mxe ,SICRP ela
(Progression-free survival) s iy 094 sls
8 )5 B J b p i) Olslay 53 (W3l Ol
<YLCRP CLW «(Diffuse large B cell lymphoma)
055U S, Lt (53l o255 1 JS O mg/L
0025 M sle 055 s

cb}sﬂoujgmwsbu)\uwb);
23 eplie b g Al sdalin jlay 55,5 54 CRP
Olej ks 1531 50 (YL CRP xbaws Silvia aalllas
05T andllan S5 5 (Y5 Hls me L5 (5 s
sLaisy a1 L p S ol < VA (YL CRP
S YL et off el 87 (11315 LS L3 (6 e
el oks 43,8 L5 3 Lo aalllae law

w538 dsle gy suou ghyls 558 andllas
el (6 )law 358 O gmman SLeMbl OliE 5 6 5
Sy B CRP Ik g, (o) 5 255 o0 olgiiy
2 sl sl SHbg ple o oeas 5 (6
(S5 33 e 3y ol Sl S G
|)_1Y|UZ”CRPL;.>,=;_ML;|J_5GL$=£1L;”4_§
YL Cnlus il (hSCRP) High sensitivity CRP
4S CRP 0 soman (6 S b gu ol pls . Cils dal
ren 255 o ol L g b5 5 08T OT St

S Sowlpw
Sl S 0 0 men Jow 9 Sl
Ol gl e g ey 5 Sl 5 60l slad 5o
(i (S ke oS5 5 S Ol ey
o2l alllas ol planil OLSGl a7 Ol ol Ol ¢

.5‘).;'6# LS;"’)“@}Jg‘iJ cu\b))T

S Oloy Dok b Jlas ol g0 bL 51 2F o jled Jguer

<€ w o piia oSG
CJM g s e
Beta(95% Cl) Beta(80% Cl)
[EE S g
AL — /YR /5 /AY) DV VAT Y SRy | SR Y) o
¥ JANE e
DA VAL S 775 SN VA DRRVAY YA (+/OF -8/ YY) sp
_ . - . (o a5
A8 oYE Sz g5
A% A CAB-NY) N F/OA (\/AY-V/Y) S
SEE VR ECEINIY) Y /0N (+/FA-5/00) S
- . - . (@,CL,)MM
SO AT Gy D b s e s b
ofopEE ATE S0 s
Y AUAY (VWY -IA/YF) AN Y (N5 A
CAY S FAGNYR-G/FR) A O CY/FEYI9) B
R 7 C\V/0D-YF/05) YA VI CNV-V/SY) AB
- . - . (g O
VR B 4 SOVR SRV o) o D (/Y= /N) Sy O ghil 5 ke
s CRP
N XV P) =>#
(g r o<

/Y cla.n);é)bs;u:*
A c]a..»)a Gol> oxa ok
V’"“)@JL::’" sk

¢Sy L YL CRP wsls ol 51, 8s 5 Kollu

Co Olyle 53 (955 5 a5l 55 6 0l 0/F0
o=l LO0Puil ool jer (MM 4 S aUtO-HSCT
G 4 8 D)o (Slaslin oy 53 s
4SS Ab 03l QL (W gy Sl ey su9 58 <5 S Hloge
23 st S Hlege Ldd (6Hlew oluls Cg> CRP
oo s S s A S I L A e
CRP o Lo 51 (ST (6 555 anlllas .00)3 55 0
o oS il o Syl 53 Vb K b L5 1 43
oesis dlols) (Delayed HSCT) 4l b 00 5y
oLl (s (198 13 (L VY I o i U
CRP 45" 515 0Lz auto-HSCT o Ol ylews s o
oLl gl )l u;wﬁ;axc@);w
L Ohlass 53 A g 5 Jd s Oy (551 2l

0y iy (6 lay Cdoay b Jlazl 5 il YL Sy

11Co0 sl3)s « 199 a)laids (@50 § (0 8)93

ohdjls ¢Sibjy eole alGiils alas (%%


https://jmums.mazums.ac.ir/article-1-16202-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ul)lSnsm g 1555 il 0

References

1.

Hibel K, de la Rubia J, Azar N, Corradini P.
Current status of haematopoietic autologous
stem cell transplantation in lymphoid
malignancies: a European perspective. Eur J
Haematol 2015; 94(1): 12-22.

. Kahng J, Yahng S-A, Lee JW, Kim Y ,Kim

M, Oh E-J, et al. Novel markers of early
neutrophilic and monocytic engraftment after
hematopoietic stem cell transplantation. Ann
Lab Med 2014; 34(2): 92-97.

. Sato M, Nakasone H, Oshima K, Ishihara Y,

Wada H, Sakamoto K, et al. Prediction of
transplant-related complications by C-
reactive protein levels before hematopoietic
SCT. Bone Marrow Transplantation 2013;
48(5): 698-702.

. QiaoJ, Wu J, Li Y, XiaY, ChuP, Qi K, etal.

Blockage of caspase-1 activation ameliorates
bone marrow inflammation in mice after
hematopoietic stem cell transplantation. Clin
Immunol 2016; 162: 84-90.

. Wang XS, Shi Q, Shah ND, Heijnen CJ,

Cohen EN, Reuben JM, et al. Inflammatory
markers and development of symptom
burden in patients with multiple myeloma
during autologous stem cell transplantation.
Clin Cancer Res 2014; 20(5): 1366-1374.

. ahng SA, Lee JW, Kim Y, Kim M, Oh EJ,

Park YJ, et al. New proposed guidelines for
early identification of successful myeloid and
erythroid engraftment in hematopoietic stem
cell transplantation. J Clin Lab Anal 2014;
28(6): 469-477.

. husch M, Pihusch R, Fraunberger P, Pihusch

V, Andreesen R, Kolb HJ, et al. Evaluation
of C-reactive protein, interleukin-6, and

procalcitonin levels in allogeneic hematopoietic

10.

11.

12.

13.

stem cell recipients. European Journal of
Haematology 2006; 76(2): 93-101.

. Lu 'YX, Yu XC, Zhu MY. Comparison of the

diagnostic value of procalcitonin and C-
reactive protein after hematopoietic stem cell
transplantation: a systematic review and
meta-analysis. Transpl Infect Dis 2013; 15(3):
290-299.

. yu J, Lee SR, Park SG, Kang S, Kim H-J,

Park BC. Change in serum proteome during
allogeneic hematopoietic stem cell transplantation
and clinical significance of serum C-reactive
protein and haptoglobin. Experimental &
Molecular Medicine 2010; 42(9): 651-661.
Remberger M, Mattsson J. C-reactive protein
levels before reduced-intensity conditioning
predict outcome after allogeneic stem cell
transplantation. Int J Hematol 2010; 92(1):
161-167.

Harada K, Sekiya N, Konishi T, Nagata A,
Yamada Y, Takezaki T, et al. Predictive
implications of albumin and C-reactive protein
for progression to pneumonia and poor
prognosis in Stenotrophomonas maltophilia
bacteremia following allogeneic hematopoietic
stem cell transplantation. BMC Infect Dis
2017; 17(1): 638.

McNeer JL, Kletzel M, Rademaker A, Alford
K, O'Day K, Schaefer C, et al. Early elevation
of C-reactive protein correlates with severe
infection and nonrelapse mortality in children
undergoing allogeneic stem cell transplantation.
Biol Blood Marrow Transplant 2010; 16(3):
350-357.

Min C, Kim S, Eom K, Kim Y, Kim H, Lee
S, et al. Patterns of C-reactive protein release

following allogeneic stem cell transplantation

19V 11€o0 slaps « 199 o)laid @50 § (W0 )93

ohdjls il eole alSibsls alas


https://jmums.mazums.ac.ir/article-1-16202-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ohla ys spdsign b CRP abuw gy b))

14.

15.

16.

17.

are correlated with leukemic relapse. Bone
Marrow Transplant 2006; 37(5): 493-498.
Kollu V, Mott SL, Khan R, Faroogq U,
Jethava Y, Dilek I, et al. C-Reactive Protein
Monitoring Predicts Neutropenic Fever
Following Autologous Hematopoietic Stem
Cell Transplantation for Multiple Myeloma.
Cureus 2018; 10(7): e2945.

ichel C, Teschner D, Wagner E, Theobald M,
Radsak MP. Diagnostic value of STREM-1,
IL-8, PCT, and CRP in febrile neutropenia
after autologous stem cell transplantation.
Ann Hematol 2017; 6(12): 2095-2101.
akraborty R, Muchtar E, Kumar SK, Buadi F,
Dingli D, Dispenzieri A, et al. Elevated pre-
transplant C-reactive protein identifies a
high-risk subgroup in multiple myeloma
patients undergoing delayed autologous stem
cell transplantation. Bone marrow Transplant
2018; 53(2): 155-161.

Ariizumi H, Saito B, Uto Y, Hattori N,
Nakashima H, Yanagisawa K, et al. Predictive
role of levels of soluble interleukin-2 receptor
and C-reactive protein in selecting autologous
PBSC transplantation for lymphoma. Bone
Marrow Transplantation 2015; 50(2): 301-303.

18.

19.

20.

21.

Witte HM, Bonorden B, Riecke A, Biersack
H, Steinestel K, Merz H, et al. The Glasgow
Prognostic Score at Diagnosis Is a Predictor
of Clinical Outcome in Patients with
Multiple Myeloma Undergoing Autologous
Haematopoietic Stem Cell Transplantation.
Cancers 2020; 12(4): 921.

Pavli J, Auner HW, Ellis S, Szydlo RM,
Giles C, Contento A, et al. LACE-conditioned
autologous stem cell transplantation for
relapsed or refractory diffuse large B-cell
lymphoma: treatment outcome and risk factor
analysis from a single centre. Hematol Oncol
2011; 29(2): 75-80.

Spoerl S, Hendlmeier C, Hapfelmeier A,
Wildgruber M, Schmid RM, Peschel C, et al.
Characteristics and outcome of patients
presenting to the emergency department after
autologous/allogeneic stem cell transplantation.
Eur J Emerg Med 2017; 24(6): 435-442.
Artz AS, Wickrema A, Dinner S, Godley LA,
Kocherginsky M, Odenike O, et al. Pre-
treatment C-reactive protein (CRP) is a
predictor for allogeneic hematopoietic cell
transplantation  outcomes. Biol  Blood
Marrow Transplant 2008; 14(11): 1209-1216.

11Co0 sl3)s « 199 a)laids (@50 § (0 8)93

ohsdjls ¢Sibj eole alSiily alas YA


https://jmums.mazums.ac.ir/article-1-16202-fa.html
http://www.tcpdf.org

