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Genetic predictors of response to specific
drugs in primary myelofibrosis

Domenico Penna’, Natasha Szuber', Terra L. Lasho', Christy M. Finke', Rangit R. Vallapureddy', Curtis A. Hanson?,
Rhett P. Ketterling®, Animesh Pardanani', Naseema Gangat' and Ayalew Tefferi’

Primary myelofibrosis (PMF) constitutes clonal expan-
sion of myeloid cells and is characterized by “driver” (i.e.,
JAK2, CALR, and MPL) and other mutations or DNA
variants, such as ASXL1, TET2, SRSF2, IDH1, IDH2, and
U2AFI'™>. Patients with PMF have an estimated median
survival of 6 years and causes of death include leukemic
transformation; in addition, quality of life is markedly
impaired in PMF as result of frequent red blood cell
transfusion requirement, markedly enlarged spleen and
severe constitutional symptoms®®. At present allogeneic
stem cell transplant (ASCT) is the only treatment mod-
ality with potential to either cure the disease or prolong
survival of patients with PMF, while current drug therapy
offers palliative value only (e.g., reduction in spleen size,
reduction of constitutional symptoms, and improvement
in anemia)®’. In this regard, hydroxyurea (HU), JAK2
inhibitors, and interferon (IFN)-a are often used for
symptomatic splenomegaly: JAK2 inhibitors for constitu-
tional symptoms and immunomodulatory drugs (IMiDs),
erythropoiesis-stimulating agents (ESAs), and androgens
for anemia®.

The current study was approved by the Mayo Clinic
Institutional Review Board (IRB) and represents a retro-
spective evaluation of specific drug response, in terms of
anemia or splenomegaly, in patients with PMF receiving
these agents as first-line treatment. Diagnoses and treat-
ment approaches were in accordance with what was
considered standard of care at the time of initial diagnosis
or first referral®. Study patients were recruited from the
Mayo Clinic, Rochester, MN, USA. Diagnoses were
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according to the 2016 World Health Organization cri-
teria'®. To ascertain the role of genetic biomarkers, study
inclusion criteria included availability of karyotype and
next-generation sequencing (NGS)-derived mutation
information.

Variables evaluated included those that are currently
listed in MIPSS70 (mutation-enhanced international
prognostic scoring system for transplant-age patients),
MIPSS70 + version 2.0 (karyotype-enhanced MIPSS70),
and GIPSS (genetically-inspired prognostic scoring sys-
tem)'''3, For the purposes of the current study, con-
ventional response criteria were modified to reflect
clinical benefit assessment without strict adherence to
criteria designed for clinical trials. Accordingly, spleen
response was evaluated only in patients with palpable
splenomegaly and was defined as a minimum 50%
reduction in palpable spleen size, regardless of response
duration. Anemia response was evaluated only in patients
with hemoglobin level<10g/dl and was defined as
achieving transfusion-independence lasting for at least
1 month or an increase in hemoglobin of 2 g/dl, regardless
of response duration'®. Statistical analyses considered
clinical and laboratory parameters obtained at time of
diagnosis or first referral, which coincided, in all instan-
ces, with time of sample collection for mutation analysis.
Conventional methods were used for statistical analysis
(JMP® Pro 13.0.0 software; SAS Institute, Cary, NC).

A total of 432 cytogenetically- and molecularly-
annotated patients with PMF were accessed (Supple-
mentary Table 1) in order to identify 333 patients who
received first-line treatment with HU (n=97), JAK2
inhibitors (7 =41), IFN-a (n=22), IMiDs (n=58),
androgens (n=19), ESAs (n=54), and various other
drugs (n=42), and were evaluable for response. Pre-
senting features of the 333 study patients (median age 64
years; 68% males) included palpable splenomegaly (77%),

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changes were made. The images or other third party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecormmons.org/licenses/by/4.0/.

Blood Cancer Journal


http://creativecommons.org/licenses/by/4.0/
mailto:tefferi.ayalew@mayo.edu

Page 2 of 9

Penna et al. Blood Cancer Journal (2018)8:120

- 0 1'0 0 (@9 6 L 81) £ (S6) 6€ L (00 € 0 (02) € (¢8) €€ 70 (S0) ol (9) U *93ULs314
Ajpbawouads ajqodipd
(£9) 90 (€9)
0 174 (c1) 1 (€4) 8 6l) s (€9) 9 (s ¢ €l (£9) 81 (89) LT (1) ¥1  9v (%) u =OuUssqy
(€9) ((za} (49
- 0 cl L 0 (L0 € L €z oSl L (S0 1 ¥ l (¢9) 8 (¢co) €l S0 (€09 Lt (%) u:edussald
SWOIdWAS [puoINIISUOD
(£9) (59) (12)
0 174 (c) L (€18 @9 99 ¢ (Lo € Ll (02) 91 (69) €T (60) S1 LS (%) U ‘%>
(€€) (s€) (60)
- 0 4 L 0 (10 € €0 (0L we) vl S0 0 9 S0 99 6 (1¥) 91 S0 6l) v Lc (%) U 9%C=
s150]q bunpinoID
(€8) (@9) ©2) (%)
0 6¢ (L)1 (¢8) 6 (61) £ (88) 9¢ (19) € 4 ((YAR74 (8) v (1) 8l 85 U/0LXGC5
@81 (10 (%)
- 0 (o9 L 0 81) T« S0 0 (Vs L 0 € L1'0 (€9 ¢ (SHo9 1’0 (€N Sl uT/0Lxse<
521/00%na7
(19) (10 (S8) (%) u
0 6C 0 (S) § (109 (1) e6c (L1) ¢ cl (S€) vT (88) s€ (1e) 61 9  /0LX00L=
(60 () (%) u
- 0 6l<L L (L1) 1 (s9) 9 90 ® L (60 ¢l L 00 1 S €0 ov) ¢ (c1) s 0 ®) 1 Ll /0L X001>
$13/21D]d
(09) (92) (82)
0 8l L)1 (¥9) L | € (v LL (s1) ¢ €l (69) TC (08) z¢ (80) 9L /S (%) u ‘®dussqy
(09) (€0 (4]
- 0 8l L 0 ©9) v l v (69 v L (Gl ¥ 70 09) v (00 8 L (SO ¥ 9l (%) uedussald
fouapuadap uojsnysubiy
(59 (€9)
0 (06 0 81) T« 0 (bS8 |l ¢ Ll (69) 81 (59) 9 ) ¥l 6€ (%) U dUasqY
(v2) (S9) (Ly)
- 0 9C L (L)1 (¢8) 6 €0 (1) £ (18) €€ L (L1) 1 9 S0 (98 (5) ¥l 10 (8)9  vE (%) uedussald
(pa1snipp-Xas) DILISUD 31aA3s/21DIdPOY
(6€) (€9) (0€)
0 7l 0 (LD) €« o€ o1l (L)t 6 (£8) ¥1 (ov) 91 8L ¥ T (%) usseweq
(19) (L¥) 00
- 0 44 L (c) L (€18 €0 €Dy (€1 0€ S0 (s ¢ 8 L0°0 09 21 (09) v¢ €0 (1) 91 59 (%) u ‘soleN
X3S
(89) (¥6) (L0
0 lc 0 ¥9) £ v (1) 6c (c1) ¢ ol (89) €¢ (S8) v€ 60 9L 95 (%) U 'sieak o/
(@) © (€0) >(%)
- 0 Gl €0 (S0 1 9¢) v €0 (S0 € (60 Tl 1'0 (oo L L% 90 09) € (s1)9 L0 vov Ll u 'sieak 0/<
aby
(z1L (€L
(9g (v = (or =u) =
(% ‘u) =u) (9% ‘u) (LL=u) (% ‘u) =u) (% ‘u) u)o (% ‘u) sionqiyul (% ‘u) u) sonsueleIRYd
onjean 4 9suodsay SyS3 anjea 4 dsuodsay suaboipuy onjea g dsuodsdy sQINI dnjen d asuodsay -N4| dnjea 4 asuodsay OIVF 9njea g  asuodsay NH aulseg
juswiea) aulj-isiy se sjusbe asay) Buialedaa sisoiqyojpAw Arewnad yum syuaned ul sbnip >yads o) asuodsal uasjds jo siopipaid L djqel

Blood Cancer Journal



Page 3 of 9

120

Penna et al. Blood Cancer Journal (2018)8

- 0 Wwbs L 0 8l) T« L 0 () € l 0 Lx L0°0 0 oL v S0 0 € (%) U '90uasald
EXNLIENE e ]

(68) (¥6) (£6)
0 [43 oL L (16) oL ©1) 9 (c6) 8¢ (6l) € ol (#9) ST (£6) 6€ (10) 61 L/ (%) u=dussqy

©) (€)
- 0 (¥ L 0 6) L« 0 (€9) L (1) € L 0 Lx L (ool) 1 (€) L« 0 (09) L T (%) u-90uasald
uonpINW JgW

(¥6) (¥6) (96)
0 143 oL 1 (16) 0L (L1) £ (86) OF (6l) € ol (59) 9¢ (00l) o Q) 8L 0/ (%) u=dussqy

©) ()
- 0 9 L 0 6) L« L 0 (@ L« L 0 L - - 0x 1'0 (19) ¢ € (%) U 90uasald
uonvinw axIl/z-odf Y1vo

(€8) (59) (¥8)
0 0¢ (S (¢8) 6 L) ¥ (1) 6c (8l) Ll (£9) L1 (S2) o€ 920) 91 L9 (%) u 9dUssqy

(5€) ©O1)
- 0 (19 L 0 (81) T« €0 (S0 ¢ (60) L L (z1) L 9 900 (06) 6 (S2) oL L0 (€9 ¥ Tl (%) uredussaid
uonpinw ayil/1-dA1 Y1y

(¢¥) (€9) (10)
0 A 0 (59) 9 (v Oy el (L)1 6 (£9) 0L (8¢€) SL (S8) £ 0T (%) u=duasqy

(€9) (1¥) (€0)
- 0 6l 0 001 (S¥) & 90 (L) € S) cC S0 (S0 ¢ 8 L (¥9) 91 (29) s €0 (SO €L €S (%) u=dussald

uonpINW Zyvr

(c6) (€8 (€6)
0 €€ ®) 1 (oo1) Lt (1) 9 (88) 9¢ (10 € 4! (S9) 9¢ (ool) oy (67) 0T 89 (%) u ‘dussqy
@81 0
- 0 ®¢ - - Ox L o)1 (s L 0 € - - 0x €0 0 S (%) u‘3duss3ld
adf10kipy YHA
(€8) (oot) (62)
0 0€ (NI (@3 6 (1o) £ (€8) e 8¢ Ll (¢9) 0T (08) ¢€ (60 L1 85 (%) u =duUssqy
(10
- 0 Vo L 0 81) T« €0 0 ¢ - - Ox 90 (S0 9 (00 8 L0 (00 € Sl (%) uredussald
adf0/ipy 3jqpionpjun
@81 (L0
0 (S06 0 @81) T« ©) 1 60l 0 € ((7ARY (00 8 (S € 0T (%) ur=dussqy
(S2) (@9) (€2)
- 0 Jxd L (Lt @6 90 (109 (1) ec L (1o € 4! 90 (@9) 0¢ (08) ¢ 0 (@) L1 €S (%) u'=dussald
adAoKipy ajqpionp
(cl) 1)
0 whs 09) 1 81) T« 0 (9 0 14 (€¥) € 81 ¢ O ¥ 0L (%) uedussqy
98) (88) (98)
Le Sl €9
(21 (€L
(9€ ({4 = (or =u) =
(% ‘u) =u) (% ‘u) (LL=u) (% *u) =u) (% ‘) u)o (% ‘u)  siouqyul (% ‘u)  u) sdnsuseIRYd
anjea 4 asuodsay Sys3 anjead odsuodsay susaboipuy Snjeaq dsuodssy sQIN] Snjead dsuodssy -N4| Snjea 4  asuodsay DIVl @njea g asuodsay NH aulaseg

panunuod | ajqeL

Blood Cancer Journal



Page 4 of 9

120

Penna et al. Blood Cancer Journal (2018)8

syuaby Bupenwng sisalodoiyifig sys3 ‘sbnig buie|npo-ounwiwi SgI ‘O UOISHIU| D-N| ‘@dINAX0IPAH NH ‘24 9seusbolpAyap 1eiudos! /1 HAl ‘T
Bojowoy 81597 Jo JadURYUD ZHZF ‘| 10108y AleljIXne YNY 1e3]dnu |[ewsz [4YZN ‘Z 103e) Budiids you-auluibie/aunas z4Sys ‘L 1| SqUI0D Xas [euonippe [ ISy ‘@uaboduo-o1oid TdIN Td ‘Ulindnailed Y7y ‘z dseury snuer Zyvr
(z5) a|dwes ay3 ui spuaned Jo JQUINU JUBIDYINSUI Ue 33edipul ysidise Aq papadaid sanjea ay|
(S0°0 >) anjeA 4 uedyiubis e 33edIpul Pjog Ul sanjeA a3y

99 (lv) (L9
0 €l 0 (s9) 9 0 v Lo Ll (60) ¢ L (64) 1L (S€) vl (L)€ T (%) utedussqy
¥9) (65) (€9)
- 0 € 70 00 1 (S) § 900 oL € (€ 0g S0 o1 oL 4] (89) SL (59) 9z 00 (L€) Ll 9% (%) u‘=dussald
suonpINW Xsi ipjndajoud ybiH
(68) (¥6) (s6)
0 [43 0 (16) OL (00) £ (s8) s€ (61) € 9l (£9) 9t (86) 6€ (60) 0C 69 (%) u ‘duasqy
() (<)
- 0 (¥ 600 (oot) 1 6) L« S0 0 G L 0 L« €0 0 @ L« S0 0 v (%) U :9dussald
LSLO 14ven
(c6) (oot) (S6)
0 €€ 6) 1 (oob) L1 8l) L (c6) 8¢ @8l € L1l (£9) 9C (86) 6€ (60) 0T 69 (%) u ‘=dussqQy
(©)
- 0 ®c¢ - - 0« L 0 (VAR - - 0Ox €0 0 @) L« S0 0 v (%) U=dUssaud
uoppinw ¢HAd|
(v6) (oo1) (o) (L6)
0 143 ®) 1 (oon) Lt (1)L 44 @8l € L1l (r9) st (86) 6€ Q0 8L 0L (%) u =dussqy
(€
- 0 (9t - - 0« - - Ox - - Ox L (ool) L @ L« 1’0 (L9 ¢ € (%) u'adussald
uonoinw [Hdl
(c6) (¥6) (%6)
0 €€ ou L (16) 0L 81) £ (S6) 6€ (6l) € ol (59) 9¢ (ool) o (L6l 0L (%) u-dusqy
© (v)
- 0 ©®c¢€ L 0 6) L« l 0 (92 L 0 L - - O« L (€)1 € (%) udussald
uonvinw zHz3
(68) (¢8) (62)
0 [43 6) 1 (oob) Lt (€0 L ) 1€ )¢ 6l (02) 61 (89) LT (co) €L 85 (%) u‘=dussqy
(81) (10
- 0 (¥ - - 0« L1'0 0 (ool 0 (€)1 € 70 ¥S) L (¢g) €L 1’0 (tv) L SL (%) uedussald
uonpinw ¢4SYS
(v) (69) (S9)
0 Ll (c1) 1 (€1) 8 6Dy (19 1 (0¢) € ol (9) €1 (05) 0T (L) £ OF (%) u edussqy
(€9) (1) (Sp)
- 0 6l L 0 (Lo € L (S € () 0C 4] 0 L l (S9) €1 (05) 0T 900 Op) €1 €€ (%) U adussaid
uoppinw | XSY
98) (¥6) (96)
0 L€ (L)1 (@3 6 (81) £ (€6) 8¢ (61) € 9l (¢) 9 (06) 9¢ (60) 0C 0L (%) u ‘=duasqy
(21 (€L
(9g (L = (or=u) =
(% ‘u) =u) (9% ‘u) (LL=u) (% ‘u) =u) (% ‘u) u)o (% ‘u) sionqIyul (% ‘u) u) sansueeIRYd
onjeA 4 9suodsay sSyS3 anjea d dsuodsay suaboipuy onjea g dsuodsdy sQINI dnjen 4 asuodsay -N4| dnjea 4 asuodsay OIVf 9njea g dsuodsay NH auldseg

panunuod | ajqeL

Blood Cancer Journal



Page 5 of 9

Penna et al. Blood Cancer Journal (2018)8:120

L (69) €€ L (€9) ¥ (12) 21 l (Ph) L1 (82) 6€ L 0(€0 ¢ €0°0 0(89) £ (L9 21 L (s (9) U *93ULs314
Ajpbawouads ajqodipd
69 (18) (99)
(69) ¢C JAS (8¢) S (¢)) €1 ©Ov) 9L (04) s¢ (€0 € €l (€8 v (£9) TL (c) e ST (%) uedussqy
(16 (61) (¥e)
L (65) 0L A 90 001 (80 ¢ L0 ov) 9 (09) S1 L 0 € 90 09) € (€€) 9 €0 (€0 € €l (%) uedussald
SWOIdWAS [puoINIISUOD
(¢) (99) (62)
(29) vt 6€ (S0 € (L9 tL (196l W) L€ (€9 € 6 (S¥) S (59) L1 009 o¢ (%) U ‘%>
(82) (vh) (17)
L0 (€9 8 Sl €0 (09 € (€€) 9 1’0 (€€ (90 €L 4] 0 L €0 (L (s€) 9 €0 0 8 (%) U 9%C=
s150]q bunpinoID
(8 (18) (62 (%)
(69) LT Ei4 (€9) s (€8) GL (Sh) 2z (86) 6¥ )1 €l (y) L (€8) Gl (L)s 0g UT/L0LXSTs
61) (10) (%)
L 9y (€¢s L (€9) 1 (L)€ L 0 (@ L« 00 (L9 ¢ € 4] 0 (L)€ L (4 8 U/,0lxG<
521/00%na7
(08) (52) (¥8) (%) u
(€9) LT 94 (ev) S (£9) TL (o) €1 (04) s¢ (L1) ¢ cl ©r 9 (¢)) €L (61)9 ¢ /0LX00L=
(00 (50 O (%) u
€0 (S¥) § L 90 (L1) 1 (€89 0 09) 6 (09) Sl L (SO 1 ¥ S0 001 (80 S0 0 9 1/,0L%x00L>
s12/210)d
¥9) (99) (99)
92) T 6¢ (€€) € (09) 6 (Py) £ (2€) 9L (€€) € 6 99 ¥ (19) LL O ¥ ST (%) u=dussqy
o) (¥b) ¥€)
100 (ov) oL S¢ L (€9 € 09 6 L (7h) S (89) ve 4] 0 L l (€V) € (6€) £ l (ST €l (%) uedussald
fouapuadap uojsnysubiy
0 (22 (SP)
(62) 1L 7l 0 (L) T (€c¢ (L9 (ev) € L (€9 € (09) 6 (c ¢ L (%) uedussqy
(v2) 99 (S9)
1’0 (1) 0 6¢ S0 (£€) 9 (68) 9L 90 (S¥) 0T (18) ¥ 900 0 6 l (vv) v (09) 6 90 (6L) ¥ LT (%) uedussald
(Pa1Sn[pD-Xas) DILIUD 21235/21DISPOYY
(6¢) (99) (Sb)
@) €1 44 (09 ¢ (a4 (€98 (0€) sl (€e) € 6 (L9 ¥ (6€) £ (8l)€ /L (%) u ‘ssjeweq
(19 (¥b) (S9)
L0 (89) 61 33 S0 (60 ¥ (82) ¥l S0 ov) ¥1 (02) S€ 4y 0 L €0 (o€ (19) L1 L e 1z (%) u ‘soleN
X3S
(19) (89) ©2) (%)
(19) 0C €€ (¢ev) S (£9) TL (€v) 5L (04) s¢ (19 € 4 (8¢) & (¢h) €L (s o¢ u 'sieak 0/
(69) (cl) (12 (%)
L (£9) ¢l Lc 90 (1)1 (€89 L (L) £ (09) SL L 0 [ L ov) ¢ (80 s L c) 1 8 u 'sieak 0/<
aby
(9L (8€
(rs (os = (8L=u) =
(% ‘u) =u) (9% ‘u) (8L =u) (% ‘u) =u) (% ‘u) u)o (% ‘u) sionqiyul (% ‘u) u) sonsueleIRYd
onjean 4 9suodsay SyS3 anjea 4 dsuodsay suaboipuy onjea g dsuodsdy sQINI dnjen d asuodsay -N4| dnjea 4 asuodsay OIVF 9njea g  asuodsay NH aulseg

jJuswileal) aull-isiy se syusabe asayy Huiaedal sisoiquoRAw Lrewnd yum syuaned ur sbnap >ypads 0) asuodsal ejwiaue Jo siopipaid T djqel

Blood Cancer Journal



Page 6 of 9

120

Penna et al. Blood Cancer Journal (2018)8

[4] 939 ()¢ S0 (09 ¢ v L 09 ¢ () v - - Ox 10 (ool) ¢ (L) Tx l 0 € (%) u‘dussald
EXNLLENE e ]
(G)) (¥6) (s6)
(89) 8¢ g (€9) ¢S (€8) S1 (€¥) 0T (¢6) 97 (00 € Gl (1¥) £ (ve) L1 (L1)9  9€ (%) u 'edussqy
() (9)
L wWv Do L (€)1 (11) € l 09 ¢ ()4 L 0 L L 0 ) L« l 0 Tx (%) U 9dUSsald
uonbinw Jgw
(¥6) (oot) (¥6) (s6)
(65) 0€ LS (62) S (ve) L1 (h) 2T 05 (00 € Sl 6€) £ (ool) 8L (L1) 9 9€ (%) u=dussqy
©) (©)
L 9c ¢ €0 (oot) 1 ©) L« - - Ox L 0 L - - * l 0 Tx (%) u‘adussald
uonvinw axll/z-2dk1 Y1y
(£8) (69) (62)
(09) 8¢ a4 (1e) s (68) 9L (6v) 8L (v4) L€ @8l ¢ Ll ov) 9 (€8) SL (ED¥  0f (%) uedussqy
(1€) (12)
l S v (€L L 09) 1 (L) T 4] (19 v (90 ¢l L 00 1 S l (€)1 (1) € S0 (S0 ¢ 8 (%) U =dussald
uonpInw ay1l/1-adk1 Y1y
(€V) (¥b) (6¢)
(02) 91 €C 09 s (99) oL 85) 8 (@) I L)L L 09 € (€9) 9 (€T Sl (%) uedussqy
(£9) (99) (19)
4] (€9 9l LE 10 (c) L (vv) 8 S0 8%) ¥1 (89) 6¢C L (co ¢ 6 90 (€9) ¥ (L9 T1 L (L)Y €C (%) uedussald
AUOBDINW XY
(v6) (88) (9
(19) L€ LS (60) S (¥e) L1 (€¥) 0T (¢6) OF (1o) € Pl 6€) £ (ool) 81 (S)S €€ (%) u=dussqy
(cl) (€1)
S0 €1 @c¢ €0 (oot) 1 ) L« L 09 ¢ ®) v L 0 [ - - O« l 00 1 S (%) u'3uss3ld
adf10KIDy YHA
(£8) (oot) (¢8)
(09) 8¢ a4 (1e) s (68) 9L (rh) L1 (84) 6€ (6l) € ol (€9 S (€8) SL (ED¥  LE (%) uedussqy
81)
L v (€L L 09) 1 (L) T L (Sh) s (@0 L1 - - Ox S0 (L9 ¢ (1) € €0 (60 ¢ £ (%) u=dussaid
adf0/ipy 3jqpionojun
61 ()] ()
09 s 0l (L9 ¢ (L)€ (y) £ (0€) SL 0 [ (L9 ¢ (Lo € (SO € Tl (%) uedussqy
(18) (88) (89)
L0 (19) 2z 144 0 (Lo v (€8) S1 L (€¥) SL (04) S€ L (10 € ¥l S0 (€9 s (€8) G1 €0 (c) €  9C (%) uedussald
adAoKipy ajqpionp
(80 61) (10
09 6 Sl 00 1 (60 S (W s @)1l € (€9) 9 (4t 8 (%) U '9duasqy
) (18) 624)
6€ €l 0€
(C]8 (8€
(rs (os = (8L=u)
(% ‘u) =u) (9% ‘u) (8L =u) (% ‘u) =u) (% ‘u) u)o (% ‘u) sionqIyul (% ‘u) u) sansueeIRYd
onjeA 4 9suodsay sSyS3 anjea d dsuodsay suaboipuy onjea g dsuodsdy sQINI dnjen 4 asuodsay -N4| dnjea 4 asuodsay DIVl 9njea g asuodsay NH aujaseg

panunuod g ajqeL

Blood Cancer Journal



Page 7 of 9

120

Penna et al. Blood Cancer Journal (2018)8

syuaby Bupenwng sisalodoiyifig sys3 ‘sbnig buie|npo-ounwiwi SgI ‘O UOISHIU| D-N| ‘@dINAX0IPAH NH ‘24 9seusbolpAyap 1eiudos! /1 HAl ‘T

Bojowoy 91597 Jo J3dURYUS ZHZT ‘| 103108y A1eljIXne yYNY Jea|dnu |[ewsz [4¥ZN ‘T 1030ey buidijds you-auiuibie/aulias z4Sys ‘L 1| SQUIOD X3S [eUOIIPPE [ TXSY ‘DUab0du0-0301d TdIN TdW UIINd1IIIRD YYD T dSeun| snuer Zyy
(z5) a|dwes ay3 ui spuaned Jo JQUINU JUBIDYINSUI Ue 33edipul ysidise Aq papadaid sanjea ay|

(S0°0 >) anjeA 4 uedyiubis e 33edIpul Pjog Ul sanjeA a3y

(€9) (89) (49
(£5) €1 € (L0 € (19) LL 89) Ll (8¢) 6l (£1) 1 9 09) € (€€) 9 (10 € vl (%) uedussqy
(L9 (29) (€9)
L0 (19) 61 le 90 (ev) € (6€) £ 1’0 (Se) 1L (29 1€ L (00) ¢ oL 90 (€8 v (£9) Tl 90 (cl) € ¥ (%) uedussald
suonoinw sy Jojndajow ybiH
(€8) (ooL) (¢6)
(09) 2z Sy ¢ ¢ (82) ¥l (Sh) 6L (¥8) T (6l) € 9l (1¥) £ (¥6) L1 (L1)9  SE (%) u edussqy
©)
L ©9s 6 L (Cral v l ey e ©us - - Ox l 0 ) L« L 0 € (%) u‘adussald
LSLO 14ven
(¥6) (oot) (c6)
(69) 0¢ 59 (€9) 9 (0o1) 81 (rv) 1Z (96) 8% (61) € ol (s8) 9 (¥6) L1 (L)9  SE (%) u tedussqy
(®)
L 9c ¢ - - 0« L 091 )T - - Ox €0 (ool) 1 ) L« L 0 € (%) U 90ussald
uoppinw ¢HAd|
(96) (ooL) (ooL) (S6)
(09) L€ 4 (€€) 9 (ool) 81 (rh) 2T 0S 61) € ol (ool) 8L (Pl) S 9€ (%) u duasqy
©)
l 091 )« - - Ox - - Ox - - Ox - (6€) £ - 0« 0 09 L Tx (%) U '9dUsald
uonoinw [Hdl
(¥6) (¥6) (£8)
(65) 0€ 59 (1e) § (68) 91 (Sk) 2T (86) 6¥ (€ne Gl 6€) £ (ool) 8L (8)9 €€ (%) u =duUssqy
© (€1
L 9z ¢ L 09) 1 (1) T« l 0 (@ L« 10 (oot) 1 [ - - O« S0 0 S (%) udussald
uonvinw zHz3
(©9) (88) 92
(89) 8¢ 14 (€€) 9 (oo1) 8L (€v) 8L (¥8) T (19 € 14 (v) S (£9) TL (P ¥ 6C (%) U edussqy
(ch) (74
L v Do - - 0« L0 09y ©s8 L 0 [ l (€e) ¢ (€€) 9 90 (€ ¢ 6 (%) U =duUssald
uonpinw ¢4SYS
(9) (09) (S9)
(89) 81 53 (60 ¥ (82) ¥l 8%) ¥1 (89) 6¢C (Cral 8 99 S 09 6 ((ZaB LT (%) U 2dussqy
(€v) (09) (St)
l (19) vL €C S0 (09 ¢ ((eal4 S0 85) 8 () I L (c1) 1 8 €0 (444 09 6 60 © 1 /L (%) u‘=dussaid
uoppinw | XSY
(8) (o) (c6)
(59) 9 Ly (60 ¥ (82) ¥l (€¥) 0T (¢6) 9F (61) € 9l (19) S (68) 91 (L1)9  SE (%) u =dussqy
(C]8 (8€
(rs (os = (8L=u) =
(% ‘u) =u) (9% ‘u) (8L =u) (% ‘u) =u) (% ‘u) u)o (% ‘u) sionqIyul (% ‘u) u) sansueeIRYd
onjeA 4 9suodsay sSyS3 anjea d dsuodsay suaboipuy onjea g dsuodsdy sQINI dnjen 4 asuodsay -N4| dnjea 4 asuodsay OIVf 9njea g dsuodsay NH auldseg

panunuod g ajqeL

Blood Cancer Journal



Penna et al. Blood Cancer Journal (2018)8:120

moderate to severe anemia (58%), constitutional symp-
toms (31%), platelet count < 100 x 10°/1 (20%), leukocy-
tosis > 25 x 10°/1 (14%), and > 2% circulating blasts (30%).
Driver mutational status was JAK2 59%, CALR type 1/like
20%, CALR type 2/like 4%, MPL 7%, and triple-negative
10%. Karyotype included very high risk (VHR) 6%, unfa-
vorable 18%, and favorable 76%, according to the recently
revised system'”. Sixty percent of the patients harbored
high molecular risk (HMR) mutations, including ASXL1
(45%), SRSF2 (18%), U2AFIQ157 (10%), EZH2 (4%), IDH2
(4%), and IDHI1 (2%). MIPSS70 + version 2.0 risk dis-
tribution was as follows: very high 17%, high 46%, inter-
mediate 21%, low 14%, and very low 2%.

Overall, 249 patients were evaluable for spleen response,
including 218 that were treated with the specific drugs
analyzed in the current study (Table 1). Anemia response
was evaluated in 222 patients (118 were red cell transfu-
sion-dependent), including 194 (105 transfusion-depen-
dent) that were treated with the specific drugs analyzed in
the current study (Table 2).

Spleen response to HU was more likely in the presence
of ASXL1 (40% vs 17%; p = 0.06) or SRSF2 (47% vs 22%; p
= 0.1) mutations, while none of eight patients with either
U2AF1Q157 or IDH2 mutations responded, none of five
patients with VHR karyotype, and only one (9%) of 11
patients with platelet count< 100 x 10°/I responded.
Anemia responses to HU were infrequent. Overall
response rate to HU was predicted by the absence of
U2AF1Q157 mutations (64% vs 0%; p = 0.007).

Spleen response to JAK2 inhibitors was more likely in
female patients (87% vs 50%; p = 0.01), absence of triple-
negative mutational status (72% vs 0%; p =0.01), and
presence of CALR type 1/like mutations (90% vs 57%; p =
0.06). ASXLI (65% vs 65%; p = 1.0) or SRSE2 (54% vs 70%;
p =0.4) mutations did not influence spleen response to
JAK2 inhibitors. Anemia responses to JAK2 inhibitors
were largely unpredictable. In order to further verify the
aforementioned-observed associations, we accessed data
from a previous formal clinical trial of momelotinib (JAK2
inhibitor). Data from this trial showed that among 91
evaluable patients, spleen response was higher in the
presence of CALR mutations (73% vs 37%; p = 0.009) and
female sex (49% vs 39%, p = NS).

Although significant differences were not apparent,
spleen response to IFN-a was unlikely in the presence
of > 2% circulating blasts (none of six patients responded)
or presence of ASXL1 mutations (none of seven patients
responded). IFN-a was often ineffective for the treatment
of anemia. Spleen responses to treatment with IMiDs,
androgens, or ESAs were unusual, while anemia response
to all three agents was not predicted by either genetic or
clinical markers.

Our observations, which require additional examination
in a prospective setting, show a limited value of genetic
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and clinical markers in predicting response to currently
available drugs for PMF (consistent with the non-specific
mechanism of action for these drugs). The study also
confirmed the possibility that CALR mutations and female
sex predict favorable spleen response to JAK2 inhibitors
and suggest U2AFIQ157 mutations predict unfavorable
spleen response to HU, as previously proposed in formal
clinical trials.
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