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Abstract Objective: To investigate the survival and genetic features in patients with polycythemia vera (PV).
Method: The clinical data of 409 patients with PV were retrospectively analyzed. Result: Among the 409 patients,
217 were males and 192 were females with median age of 56 years old. Thromboembolic events occurred in 149 ca-
ses (36.4%) and bleeding events occurred in 46 cases (11.2%). Cox regression revealed that female,old age and
cardiovascular risk factors were independent risk factors of thromboembolic events. Survival analysis showed pa-
tients in high-risk group were more likely to have thromboembolism than patients in low- and medium-risk group
(Log-rank=23. 943, P<{0.001). There were also more patients in high-risk group suffering MF/AML progression
compared with patients in low-risk group (Log-rank=4. 857, P=0. 028). Hemoglobin level was 160 to 254 g/L at
initial diagnosis. Bone marrow examination showed that 24. 9% of the patients had pancytosis. The JAK2-V617F
mutation was positive in 362 cases (89. 6% ) and was proved to be related with poor prognosis. JAK2-EXON12,
TP53,TET2 and other rare mutations were also detected. The 5-year survival of no post-PV MF/AML was
93. 0% after treatment with interferon, 79. 6 % with hydroxyurea, 90. 3% with combined treatment and 78. 5%
with no cytoreductive treatment. The survival rate of no post-PV MF/AML was significantly higher with cytore-
ductive treatment than no cytoreductive treatment ( Log-rank=4. 563, P=0. 033). Conclusion: Patients in old age
or with cardiovascular risk factors should be treated for prevention of thromboembolism as early as possible. JAK2-

V617F mutation is associated with poor prognosis in patients with PV. Cytoreductive treatment is recommended
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for high-risk group patients to delay MF/AML progression.

Key words polycythemia vera;retrospective analysis;survival; genetic features

EL V2T 40 0 18 £ 9E (polycythemia vera, PV) &
— b ol A0 A o R M R 4 E 1 MR (myelo-
proliferative neoplasm, MPN) , DA £1. 41 ffg 3% & hy F
FRSLIF A AR E N R . E RN
AL PV ORE B L OE R DL i A I R T
Sk BRI PR B, 5B 53 B3 W 0 R G Ak R i B AT 4
1 K I . B0 R el 5 AR IR B PV R ot
A7 1T B 43 AT, o I R L 552 36 28 R AIE L i IR 98 A8 1
B BB IT R IH R T A L DAR R X DU
1 &ERl5A&%
1.1 ¥R

2014-01—2018-09 FIBEHZ W HI¥IIG PV &
. G 2016 4E WHO By PV 2 Wi b ™ 8 8 &
HEATE T o, AR E 409 1] PV B3,
1.2 JFRCHIB bR i

Ol PR G2 it - I PR AE SR8 2% 5 T i 1 JiF 1A Sk
AT AR SIS O 14N e i e
@ U I ARE AR BH S o , i i K9 S LA T [l
a5 ML T TR 30 g/L L b s @ TCRL - I AR SE IR
MRAE K i #0 TG AR Ak B 2 36 AN 0 4
1.3 ik

XF 409 i PV (83 SEAT M S A, B A R
BT EA T R B L A B AR A L R A R (R e
77 A4k g EPO ZKSF . MPN & PRSI L 3 1
RELZ0 M 8 R ARG A . Bl U B ) 1R & 2019 4F1 A
7 5 B TR] 24 (4~60) AN F o G IR AR A7 B[R] A8
SCR PV K CRIAL 50 48 bR 58 2 il A T Al sl R
UK BE T B 8] AS [R) 96 97 4 TG 15 36 2 4 Ak A A7 st ) 2
SCRIR YT R IR B R R £ 4 b SR YK BE U
FR] . A2 Ry RS, B A7 0 M1 R F Kap-
lan-Meier %, COX H il AU A5 7Y FH F 7 Al i 44 T2
B GRS 2, R FH SPSS21. 0 Bt % B 47 5¢
P2, L P<0. 05 NERAHGIT#E L,
2 &R
2.1 WATH A PR

409 5l PV f b, B 217 #1(53. 1%) , % 192
B (46.9%) s RIGAEWS 14~86 %, AL RIRAEW 56
B BAEORIE TR E KA WA R LSS 16
MET .
2.2 I IRERAE B H G 434l

409 1] J 35 v, K 2808 3 A i ) 5 52 i
] — 3, D BB HE T8 n W R Ttz et [, B4l
Vi HE B Z Rt AR 2IR . Hh 92 fi(22. 5%)
e = HCRDRE IR L A ARG I & B, AE R S v IR L
F R B A I 165 1 (40, 3%) , Sk & L3k JW 105 i
(25. 7% OB WG S R is 52 Bl (12, 7%0) , =

JIWAHE 34 B (8. 3% » K BRI FE 26 i (6. 4%6) 5 0>
P T R f) L Bk 23 (5. 6 90) 5 JELE oK 197
Bl (48. 2 %) FFWE b K 39 4 (9. 5% 5 & A ol =
46 B (11, 2%) , o F #2361 (5. 6 %) . J
JRAREE 12 1] (2. 9%, B i 5 B (1. 2%) , IR H
ML 5 FCL.2%) BN i 4 B 0%) . i il
(0. 2%) 3 &AM A4 ZEFF 149 #i] (36, 4%0) , Horp
e ZE A R ki sl ik 108 il (26. 4 %), 55tk B ik 42
#1110, 3%, N BEIRFRIK 9 1 (2. 2%) , g sh ik 5 il
(L. 2% sl ik T T# k45 1 i Co. 2%6) . X
PRSI I A Y Lo I 78 A8 IS PR 3R LA I T AL e
NN [ 0 o G (1A N2 o N e B g = W 7
COX [l #5274 Z [H % 43 #7 » 45 S Wos oL & il
AR =60 %) O 048 5 9 fi B IR 3% [ 466 A JhE
(BMI==28) WM L 55 1ML | 85 i LA B PR 45 1l
PV 3 IR F ZE SR 09 4l 57 A B PR 3R L LRI R
JEAL A PV R E & A R e 28 S R B XURS: [ IR
(£ 1,

F1 PVEEMBRBREEHMESEEZST

AT HR95% CD P&
51 1.462(1.043~2.047)  0.023
IEIR>60 % 2.791(1.979~3.936) <<0.001
O I 9 5 T ey TR R 2.019(1.321~3.085)  0.003
JHF R R 1.011€0.722~1.414)  0.823
HA0 T 50>10X10° /L 0.792€0. 548~1.144) 0. 202
/MR C>450X10° /1 1.162(0. 812~1.664) 0. 208
S IR 1.442(1.003~2.074)  0.048
TR IE YT 0.892(0.488~1.629)  0.710

A58 5% Tefferi E VK PV B,
AR (=67 2 0 543 ,57~66 % ] 2 4%) A
THEC>15 X107 /L1 430 (K R (1 53 4% 5855 o
ARG 2 (0 43,152 B, R G4 (1 5% 2 43, 146
B EfE A (=3 43,111 B , [ B X A 8] 1 5 4320
FEE I IR A ZE R B Ak KU 2R AT A A A A (]
1.2), S5 B IR A% G 41 1Y JC I #e 2E A7 R I 3
BTHE.EEHEBHE (Logrank = 23. 943, P<
0. 001) , I A% 41 £8 3% 1) -1 8 2F 2 1k / 11 I 5% Ak 1
AU 382 57 16 41 BA W BRI ( Log-rank = 4. 857, P=
0. 028) , i Ik f&z 41 5 Hh A 4 AR He 2 Ak IRUES: TR 48 3T 2
B X (Logrank=2.743,P=0.098),

2.3 LI EFFIE

409 191] B 2 e B 5t 12 i A I B, 1 40 5
160~254 g/L[(198.8418.7) g/L7, £1 40 i Lt 7%
46.5% ~77. 1% [(60. 9 6. 1) %1, I 40 Mg it %k
(2.7 ~43.8) X 10°/L[(13.1+5.7) X 10° /L], Ifi.



« 674 - i PR MLV 2 2% 35

#
o

INBTT A (100~1513) X 10° /L[ (446. 2+220. 2) X
107 /L], 341 ) & 35 A i 1 %5 PR 1R /K ~F- 5 v v {E
379.4 (105. 6 ~ 864. 7) pmol/L, 4 & # 192 fi
(56.3%) . 334 il 8 3 K W i 75 EPO /K, Hoep
271 (81, 1 YO MK T IE# .

1.0h
0.8
P<0.001
B o6f
s =
s h 1R
Bk 0.4
HE
0.2f = [
&
0 1 1 | - 1 1
5 10 15 20 25
T 148 2 A7 R 18] / 4

B1 AEABMESEBRENTMEEFHEILE

1.0
P=0.074
P ffE, Rif )=0.028
0.8}
Wo6H
i
H
=9
B 0.4
g
02t
0 5 10 15 20 25
T ERTHL / g MmETFRE /&£

B2 AEABMESABRENLTERTLL/BNRERE
i 2% (LB

A F A ¥ AT B o R R B TR A B AR 4R
T BG A B R S BR 3 i (0. 700D, B R BR 102
B (24.9%) IHER 272 B (66. 5%0) , B4 AEARTT 21 f
(5.1%), 102 B (24. 9% B KL 40 B = &R 1 ifiL
A 3G AL R T 0 2T M A E A, 2T
R BIE FIE R # 167 6 (40. 8%0) . - il 16 A% 2
78 168 ] (41,1 %) F8 & BL 2L L ] sk /N, 151 491
(36. 9%0) H & A A [ B2 B 1) B B 2T 4 4 203
WEZ 228 B B Y 1 I A 40 i 1% 5% . R EPO T
R 2 v, K P VR M 4T R A VR AR K L. B
CFU-EGEPO) FHME#H 117 1 (51. 3%) .

2.4 MPN JE A6

404 ) e % AT JAK2-V617F J [H 28 725 460
RAS A PEE 362 1 (89. 6%), 43 #r JAK2-V617F
KA 5 PV I R FEAE A9 A OC 1, 45 1R WoR TAK2-
V617F 28748 BH M % 8 3 v, 2o M L 1 i L s afi /s
M R BB ) ) B AF 4 AL/ I B A B
ZEIETT, M JAK2-V617F 28748 J& 15 BH M 5 i A4 44 2E
ToHH Pk (6 2), Hoirb 232 fil#E4T JAK2-V617F %%
A E R E (2.5~ 96. 0) %, B R A5 4 (=
50%0)88 i A 5 AR 7 ff A1 (<C50 %0) 144 il , 43 B 4L
P AR A 5 AR B g 5 LA # ZE (P=0. 404) K 3%
AL/ FET (P=0. 325) YA 1k,

R 2 JAK2-V617F RET 5 PV B EIGREFMERIEXHE

JAK2-  JAK?2-
o V617F  V617F ,
2SN B 4 ¥ PE
(n=362) (n=42)
P/ 4

182 31 8.362 0.003
z 180 11
1 20 A 4/ 4
>10X10° /L 266 6 59. 947 <C0. 001
<10X10°/L 96 36
/N 5/ )
>450X10° /L 175 2 29. 035 <C0. 001
<450 10°/L 187 40
I #4442 2 / £51)
H 131 16 0.059  0.466
¥ 231 26
PR/ LT/ B
A 33 0 4.169  0.023
¥ 329 42

284 5l B Rl JAK2-EXON12, 28 4% fH P
9 1 (3. 2%) . 254 il 3 #E 1T BCR-ABL 3 [ %€
ARG, S5 B B . A 63 i AR R AT IR
AR AR R, T A 63 1l BB E Y B A
1 Ahoe 78 BN, 13 4] (20. 6 %) Jg B FE PR 28 2%, 7 16]
(11, 1%) Ry WL P 2875 ,19 4] (30. 2 %) AR AE 3 Fh 5t
Rl 2748 . 24 ] (38. 1Y) FEH A HH =4 4>, HiAb
KAy > W AR AL F TP53, TET2, DNMT3A
RUNXI, KMT2D, ABL1, FAT1, EZH2, ASXL1
85 R DG KL PR 28 AR 0 % R T e L& 3.
2.5 {RITS5%A

AW AR BT A 2 W PV B E IRIT
T3 %8 L 17 P I DR I AR AR A A A A D D o e . X
RELALIGFE bR 32 N 1 R e R e R A
MUIBTT AN T R BT S % B IR I R
FEAR |20 B T EL A TE I R R XA T R AN T 37 B



%9

A SO A VR LT AN 38 200 S8 A A7 BUAR Bk D AR ) # * 675 -

®3 636 PVEEIREERTIMRR TGN

. RALEL IR TCR/ A
RASHEH . .
(FAEFR) /Y0 e /6 B RE LR di b/ 4]

TP53 2(3.2) 0 2
TET2 6€9.5) 2 4
DNMT3A 5(7.9) 3 2
RUNX1 3(4.8) 1 2
KMT2D 11¢17.5) 6 5
ABL1 2(3.2) 1 1
FATI 9(14.3) 6 3
EZH?2 3(4.8) 2 1

it 25 1% 00 22 05 2 SN SE . WRT T R EEE T
Yo IR 5 A0 M6 T 21 40 G PR R B bk i 1
A P B R N o S 43 R A A LA BT ] DT | X
TR A T IR T B i) R R ARG R PR K T A . X
409 1] PV HBE DT 4 ~60 A Hh B ILIR AT
194 B, s IR 2% i 59 B (30. 4%, & 98 Hi
(50.5%), #F B N B B8 4 4 1k/1 1 i 14 B
(7.2%) 36T 5 (2. 6 %) - HE DA 40, 45 5 AE il 2% . figi
B0 AH S5 T 3R IR T 78 B I PR & i 31
(39. 7%) JHF-5E 39 4 (50. 0%) , Bk B N B 6 2T 4k 1k
3(3.8%), 46T 1 ] (1. 3%) JFER A TE; T K
BB R IENRIGIT 101 4, 16 IR 22 f# 41 i (40. 6 %) ,
U 49 Bl (48, 5%) , #E N BE £F 4k 3 il
(3.0%) 36T 1 B (1. 0%) . 5E K 4 B8 3= 3l Jok s 24
Wi, IR M 2 40 A SR SR OB A Sk AR
Oy FRE R S BRI A i . A R AR YR T AN PR
4l g IO . 35 BRT ] DS ARIE ST 36 91, G IR 2% A 2 49
(5.6 %) 45 5 6] (13, 9%) , HEJ& N B 6 2F 4 1k /
H I 5 (13, 9 %) . JEF 9 1 61 (2.8%)

409 fil PV BE L TINE K. TILEBRE
FRIER S AR KR AN IAIT S .5 4 o B SR 4E 1k / A i
WA AF Ry R 93, 0%.79. 6% .90, 3% .78. 5%,
Kaplan-Meier 4 75301 87w , B 40 M 36 T 4170 1 8
Lo/ R AR R E TR RE T A
(Log-rank=4.563, P=0.033), 1M B 5 T &R
RITA M ES LG I E LA 3D,

3 itig

AHEFE R PV W7 KRR R 56 %, BB
E A o O N EI N T =0 2 N N AN = 5 (DD e
BRI, 5 T — TN A 1 545 ] PV 8% 8 E bR
PERFIE 45 AR, PV RARFARE . 2 22. 5% I &
F I L IRE R A R ARG I R B, R S S W I o
WH T PV RIS W A e, MR 2 T M
W Sy B 52 i e i DL TR

MAE e ZE 8 PV & UL A I B e, — T
ey B AMF IR L 5 B0 KO A T BB A G Y
HZEMAIFEB =604 (P=0.006) &Ml JE(P=

1.0 PR BA T
0.8 I_—
R RBIAT
W 0.6
i
#
B 04l
P=0.033
0.2r
0 1 2 3 1 5
T B FE /@M ETRE /&

B3 AEATAEELEHEAEN/BNREFHLEILE

0.004), BEFR 9 ( P = 0. 005). /& g IfiL % (P <<
0. 000 D) FIE# P AR Z R (P=0. 0D, ARWF5H
COX [FH 2 Hr 7w . ot AR =60 & L0 I 55 5
oy A PS IQ [o AN I = AN N =1 =
FE) SR PV R IR AR ZE R il S FE B R &R
HI G 7 fTREAR PV Il #4428 & A4 K, 15 [ AhiF
FEAEREAR -, RN T & A O I B fE
5 R 21 BB N TR AT TR B A JE VR YT .

2005 4, James 25 kK BT 80% By PV ¥
AR PE JAK2 RN RAE .3 T PV 2 Win
. B AN SCHk R GE 1 JAK2-V617F 5848 R
it 95 % B M T AT T AR 45 R (89. 6 %) . LA B
SR, M JAK2-V617F R n] fig R 8UR &= 1Y
ARFT Y, K (RR=4. 7, P<<0.001) ., FZ Jik
JEPE(RR=3. 1, P<C0. 001) . %& & Ifi ¥ # %€ = 1
(RR=17.1,P=0.003) %, AW LI JAK2-
V617F 28748 BH M B i, Lot L 1 40 L 1 /) Al
KR BE S R AR AL B IR T, A B
8 JAK2-V61T7F 5848 5 i #4 44 28 0 1 56 &R 1%
AN T RE S B U7 B ) A A O . AR AR (R B R
W PV A 6 A Hofth /D O 28 45, f 45 JAK2-EX-
ON12.TP53.TET2.DNMT3A ,RUNX1,KMT2D
8, DR DU A9 B A /0 L B R R B/ DL 58 AR 5 TS 1)
M, AR R AR L2 1 PV B & T
4 AT P4 356 PR 5 A8 7 A A6z 0 K B 40 5014 I B L DA
BETFRE PV BUS R &,

HArolHF PV IRIT 259 £ 2 B 1Y 2 BB
A2 T B o 1 A 2l A8 e 0 19 i AR i B L (IR fE 4L (4R
<60 % HREA:JC B o s HEFE AR <P iR YT . B
Jok LB A5 /I8 7] 2 B D DEARIR Y . S A (AR >
60 % ok WEFEAE IR0 S0 HEFERE Al i iB 97, Horp— |
TSR RSN RER. TR AN
L Y PV OIS 5 R AE AR S, — TN



* 676 -

32 4%

A 1042 #] PV HE 0 E PR 5E R B NR AT
AH HE T B4 KO O M5 S 1 O AR R S R IG
(P=0.002), H% 5 W V5, Jo— 5 H IR IGIT &
R RE AR AL . AR GT I Al IR T 4
ToH BEEF A AL/ 1 A AR R B S T AR R A AR
ST 40 (Log-rank=4.563, P=0. 033) ., i Z &K 5 T
MEIGIT AN 2 R LRI 2 L, #RIEIR Xt
TH w i A ZERE S A0 M R AN e
R Y N B AT B 40 36 97 LU IE K G B 4T
YAl / A A AE B IR, Be Ak X AR 25 Y RS
FESOR R RN ASRET 52 /Y 8 3, 7] 2% 18 TAK2 #il i
S G Ay e, 32 B T A A T 21 40 L A
A5 I8 M AR B R B R R L BRI JAK2-VE17F
A HE R A e A 5 T TARUMEIR T 21

25 TR A HIR 2T 1 % B L 409 ) PV R
AT MR 43 BT, S T R PV AR 8 E K i
SR fE B 2L T PV R L R 5 A s i K
Sl RAFAE AR S L R e T S )R 97 7 XY
I I8 e VA I R AT — 8 48 5 3 . SR T A AF
G AT — 78 Ja BR o DR 7 R JR) 45 0, TG vk 3k A5
o B A W A E B B Ah . R T REAR R I &
32 IR, FIH AR B H IO T 2 B R W R
W, S BOR o AR AFAEBR . R BF 5T 45 1A
a8 2 KA S 58 F — 20 IR 5
5% ik
[1]

Tefferi A, Barbui T. Polycythemia vera and essential
thrombocythemia: 2019 update on diagnosis, risk-
stratification and management[]J]. Am ] Hematol,
2019,94:133—143.

Arber DA, Orazi A, Hasserjian R, et al. The 2016 revi-

sion to the World Health Organization classification of

[2]

myeloid neoplasms and acute leukemia [ J]. Blood,
2016,127:2391—2405.

[3]

[5]

[6]

L7]

[8]

9]

[10]

[11]

TR VLB WO 12 W BT kR LML 2 B b
AU BRI R, 1998141 — 141,
Tefferi A,Rumi E,Finazzi G,et al. Survival and prog-
nosis among 1545 patients with contemporary polycy-
themia vera: an international study [ ]]. Leukemia,
2013,27.:1874—1881.
Cerquozzi S,Barraco D, Lasho T,et al. Risk factors for
arterial versus venous thrombosis in polycythemia
vera: a single center experience in 587 patients[] ].
Blood Cancer J,2017,7:662.
James C,Ugo V,Le Couédic JP,et al. A unique clonal
JAK2 mutation leading to constitutive signalling cau-
ses polycythaemia veral J]. Nature, 2005,434 ;1144 —
1148.
Jones AV,Chase A, Silver RT, et al. JAK2 haplotype
is a major risk factor for the development of myelo-
proliferative neoplasms[ J]. Nat Genet,2009,41:446—
449.
Vannucchi AM, Antonioli E, Guglielmelli P,et al. Pro-
spective identification of high-risk polycythemia vera
patients based on JAK2 (V617F) allele burden[]].
Leukemia, 2007,21:1952—1959.
Tefferi A, Vannucchi AM, Barbui T. Polycythemia
vera treatment algorithm 2018 [ ] ]. Blood Cancer J,
2018,8:3.
Barbui T, Vannucchi AM, Finazzi G, et al. A reap-
praisal of the benefit-risk profile of hydroxyurea in
polycythemia vera: A propensity-matched study[]].
Am ] Hematol,2017,92:1131—1136.
Vannucchi AM, Verstovsek S, Guglielmelli P, et al.
Ruxolitinib reduces JAK2 p. V617F allele burden in
patients with polycythemia vera enrolled in the RE-
SPONSE study[J]. Ann Hematol, 2017, 96: 1113 —
1120.

Ok A% 8 #7.2019-06-30)



