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Essential thrombocythemia (ET) and polycythemia vera (PV) are chronic myeloproliferative
neoplasms (MPNSs) with increased risk of thrombosis, and evolution to myelofibrosis or
acute myeloid leukemia [1]. Some of the therapeutic agents commonly used as therapy for
ET and PV, such as alkylating agents, pipobroman, and radioactive phosphorus, have been
associated with an increased risk of leukemic transformation [1, 2, 3]. In recent years,
several large population based studies conducted in Italy [4], Denmark [5] or Sweden [6]
have shown an increased risk of developing a secondary solid tumor or lymphoid
malignancy in patients with ET and PV in comparison to the general population. Whether
the therapy these patients received had a role in the development of these secondary
malignancies is not clear.

Herein, we present the findings of a retrospective study of all patients with ET and PV
evaluated at MD Anderson Cancer Center between 1960 and 2014. We measured the
prevalence of secondary malignancies in these patients and their possible association with
the treatment received. Of 445 patients with a confirmed diagnosis of ET or PV, 27 were
excluded from the analysis because they were lost to follow-up after the first visit. Among
the remaining 417 patients (4,063 person-years), 168 were diagnosed with ET and 249 with
PV, with a female:male ratio of 1.4:1. We identified 32 patients who developed a secondary
malignancy (24 non-hematologic and 8 hematologic), excluding all types of leukemia,
carcinomas in situ, superficial bladder carcinoma, and non-melanoma skin cancers. The
results are summarized in Table 1. The cumulative incidence of second malignancy was
7.7% (person/years of follow up = 8 person per 1000 years). Although the calculated
standardized incidence ratios (SIRs) were suggestive of an increased probability of
developing SM among patients with ET/PV as compared to general US population (e.g. for
melanoma, thyroid carcinoma, sarcomas, NHL), the only statistically significant results were
seen for NHL, likely because fewer than 5 cases were observed in the other SM types. SIR
calculations are shown in Suppl. Tables 1 & 2. The median follow up from ET/PV diagnosis
was 108 months and median follow up from presentation to our institution was 69 months:
44% of patients were followed for more than 10 years from initial diagnosis. The median
time from diagnosis of ET or PV to diagnosis of a secondary malignancy was 82 months and
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was shorter for non-hematologic secondary malignancies than for hematologic secondary
malignancies (62 months vs 128 months, respectively). No statistically significant
differences in demographics or clinical characteristics were noted between patients with and
without secondary malignancies (Supplemental Table 3). However, we observed statistically
significant differences in clinical characteristics between treated and non-treated patients
(Supplemental Table 4). Among 358 patients (85.6%) who received cytotoxic therapy for
their ET/PV, 53% have received more than one myelosuppressive drug during follow-up,
with hydroxyurea in combination with various other agents used most often (180 patients),
followed by anagrelide (140 patients) and interferon (89 patients). Alkylating agents were
used in 31 patients [busulfan in 12, thiotepa in 5]. All patients treated with alkylating agents
were also treated with hydroxyurea, anagrelide or interferon (either before or after treatment
with the alkylating agent). Surprisingly, we observed a significantly higher number of
secondary malignancies in patients who had received no prior therapy (17%), as compared
with patients who received monotherapy (9.6%) or multiple therapies (4%) (chi-square
value = 11.952, p=0.003). However, this finding should be taken with caution. The results
could be biased by the character of our institution, which is a referral center, and therefore
by patient selection. For example, secondary malignancies were noted in 9 patients treated
with hydroxyurea; however, these patients were older, and the secondary cancers occurred
after a relatively short time on treatment (median, 3 years). In addition, many of them had
other existing cancer-risk factors, such as a prolonged (20+ years) smoking history in all
patients diagnosed with lung carcinoma or colonic polyposis in the patient diagnosed with
colorectal carcinoma. The retrospective nature of our analysis does not permit us to reach
definitive conclusions regarding the overall risk of developing secondary malignancies in
patients with ET and PV in relation to type of therapy received.

In summary, our results appear to support previously published findings [2] that secondary
malignancies occur in patients with ET and PV regardless of treatment received.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

1. Passamonti F, Rumi E, Pungolino E, Malabarba L, Bertazzoni P, Valentini M, et al. Life expectancy
and prognostic factors for survival in patients with polycythemia vera and essential
thrombocythemia. The American journal of medicine. 2004; 117(10):755-761. [PubMed:
15541325]

2. Radaelli F, Onida F, Rossi FG, Zilioli VR, Colombi M, Usardi P, Calori R, et al. Second
malignancies in essential thrombocythemia (ET): a retrospective analysis of 331 patients with long-
term follow-up from a single institution. Hematology (Amsterdam, Netherlands). 2008; 13(4):195-
202.

3. Finazzi G, Ruggeri M, Rodeghiero F, Barbui T. Second malignancies in patients with essential
thrombocythaemia treated with busulphan and hydroxyurea: long-term follow-up of a randomized
clinical trial. British journal of haematology. 2000; 110(3):577-583. [PubMed: 10997967]

4. Vannucchi MA, Masala G, Antonioli E, Susini MC, Guglielmelli P, Pieri L, et al. Increased risk of
lymphoid neoplasms in patients with Philadelphia chromosome-negative myeloproliferative
neoplasms. Cancer epidemiol biomarkers prev. 2009; 18(7):2068-2073. [PubMed: 19531676]

Leuk Lymphoma. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Masarova et al.

Page 3

5. Frederiksen H, Farkas DK, Christiansen CF, Hasselbalch HC, Sorensen HT. Chronic
myeloproliferative neoplasms and subsequent cancer risk: a Danish population-based cohort study.
Blood. 2011; 118(25):6515-6520. [PubMed: 22039256]

6. Fallah M, Kharazmi E, Sudquist J, Hemminki K. Higher risk of primary cancers after polycythemia
vera and vice versa. British journal of haematology. 2010; 153:273-285.

Leuk Lymphoma. Author manuscript; available in PMC 2017 January 01.



Page 4

Masarova et al.

(11 LYWVd) INS PaAISsqo UM UO1TRIo0sSe SII pue (| LHVd) paAlsdal Juswiess) 01 Buipiodoe ‘(2 Ty=u) siuaned |[e Jo sonsuaioeseyo urey [ + | LYvd]

Author Manuscript

(T)saul z lappelg
(M (1) nH alelsold 101 ND
m BAINA DOS
(srewsy)
(M (1) seunn z (2) 4OVNY Iseaig NAD
(1) HLO | o1Buejoyd
(r)yssunrz | (1) ANI(T) NH follte} 1081 |9
m THN-L
(M 1IVIN
m (1) seul € TONW
(1) saun € 19 JusWIEaI]L
01 Buipaodoe
(2)saun z (M NH 71091a IHN-9 Jaquinu ‘adA1 NS
(u)
(u) ‘SJusWIeal] (u) ‘adfa
‘JUsWeal] ON aidnnA ‘Adeaayiouoln
11 LYvd
[y1e-20] 9°€S VN (€8-ST) 8% (z) ve (¥1) 69 usWIeal) ON
(rLv-12) 16T (09e-¢€) z€T (zL-91) 67 0z | (52205 oSeul| ai0w pue
(r21-5'ST) €21 (vee-2) 96 (v8-s1) 25 g9 | (G20 2Lt gseull e
sjuswIead)
(ove-z0) 921 (09e-2) 80T (¥8-5T) 16 (28) €8 (e9) zze ajdninin
(295-5'2v) v¥1 (80T-¥2) 22 (L9-€2) v 9 ()2 eS1BU0
(582-9'6) 86 (ovz-2) 2L (69-02) 5's¥ 4 (18) 2 uoJspisiu|
('262-6'6) €TT (rv1-2) 8L (8/-52) 67 e | (oDt apijaibeuy
(g8z-26) €2 (912-9) 09 (08-L€) 29 ve | (2e9)eL ealpAH
(z9e-8'9) 56 (ovz—2) 09 (08-02) 67 (zv) LS (gg) 9T Adeasyrouo
sow )
‘[obued] ‘uelpow | = SOW [e6ue.] sow ‘(sbued)
awn | ‘uetpaw pyibus ‘uelpaw (%) u (%) u
dn mojjoj [e10] | juswieasy [e10] aby saew ‘syuaired adAy Juswiyead |
‘| Ldvd

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Leuk Lymphoma. Author manuscript; available in PMC 2017 January 01.



Page 5

BWIOUIDIRD |92 Snowenbs = DS “ew02esolqiioinsN = SAN ‘BlWouIded [189 [eusy = DY ‘BW0dJes anssi) 140S
=S1S ‘ewoulated Bunj |99 [lewsS = DS ‘ewouldsed Bunj 1189 J[ews-UoN = DTOSN ‘BWOUIdIRD 3ULID0PUSNINAN = 1IN ‘BWOoUIdIe) [e19310]00 = DYD ‘ewoydwA| nixng = g ‘Jown) pioydwA| pare1oosse
BSOONIA = 1 TVIN ‘ewoydwA] 199 ajjueN = TOIN ‘ewoydwA| 1189 abue| asnyid =10971a ‘Aoueubijew Arepuodas=|NS ‘SIsyI0 =H1 O ‘Uotapiaiu] =4N| ‘apijaibeuy =HOWVNY ‘BaInAX0IpAYy=nNH :Iqqy

Masarova et al.

Author Manuscript

[se1—2/] S0t saull €
‘[96—v2] 2 saull g
zegyilz—ele HLO:ANI :MOVNY »
‘[otz-2] 9¢ ‘NH sow ‘[abued]
‘ueipaw ‘NS 84043q
VN [o9e-2] 92 [ote—cl 2w [e101 (pBusa) Juswyeal |
[ty1-62]1 01T saull €
‘[8z1-5T] 98 saull g
706 29 HLO :4NI
{[891-0vT] ST HOVNY ) _sow
[set-sl g6y ‘NH [abue.] ‘ueipaw
NS 01
[tsz-T0l €2 [szT-5vT] 68 [sTe—<l 29 [e10L | XP NdIA wodyawi L
(ooT) Z:(62) T saul| € :saul| Z
(ooT) T HLO
(€8) s ‘NH
(%)
(02) 2 (sv) ¥ (ov) 9 [eloL | ‘U'INS yum ssjeN
©Q)z:w) 2 saul| € :saul| Z
G T T HLO NI
wnz:@ne "HOVNY :NH
(1) ot ¥ 6 (96) €T [e1ol (%) U ‘NS
(1) NH 13N
(T)ssun g S1S
(1) S4N BWOIIES
(@ ©D proihy L
(™ (@ nH ewoued
M NH 2708
(@ nH O10SN fun
(T)ssun g 204
sow )
‘[ebued] ‘'ueipow | SOW [e6ue.] sow ‘(aBue.)
awn | 'UBIPAW pUIbU) ‘ueIpaW (%) u (%) u
dn mojjoj [e1o1 | Iuswieady [eroL aby sajew ‘sjusired adAy Juawiyeaa |
‘| LYvd

Author Manuscript

Author Manuscript

Author Manuscript

Leuk Lymphoma. Author manuscript; available in PMC 2017 January 01.



Page 6

Masarova et al.

sjuared /TZ Ul UMOUY Sem LIBua| JusLyes) ._.,U

(69=U) s1aY10 | {(0z=U) Uosaialu| + apljaibeuy + mm_:\»xo%\fo
‘(6z=Uu) s1uabe Jaylo Yum ealnAxolpAH ‘(ST=U) uosapiaiu] + apijaibeuy ‘(G =u) uolapiau]+ eainAxoIpAH ‘(58=u) apijaibeuy + meixo%\fg
(1=u) aunindoydeataw-9 ‘(z=u) ueynsng ‘(y=u) g_c_EE_m

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Leuk Lymphoma. Author manuscript; available in PMC 2017 January 01.



