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Background 

•  Thanks to TKIs, in our days the OS of most CML 
patients is expected to be similar to that of a 
control population without leukemia 

•  The majority of them however is bound to a life-
long therapy with TKIs 



The Goal of CML therapy is moving (?) 

Disease control- Best OS 
•  A return to your normal life expectancy in the  

presence of on-going treatment? 
 
 

Operational cure 
•  No evidence of disease in the absence of treatment – 

treatment free remission (TFR) 
 



PCR data: all patients, both arms 

Months from randomisation 
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7,431 data points, IS 

Courtesy of Stephen O’Brian 

Cells highly sensitive to apoptosis  

Cells less sensitive to TKI therapy  

Which	
  is	
  the	
  nature	
  of	
  these	
  less	
  sensi0ve	
  
cells?	
  
	
  
Are	
  they	
  “sleeping	
  stem	
  cells”	
  or	
  “resistant	
  
subclones”?	
  Maybe	
  a	
  mixture	
  of	
  both?	
  
	
  



Graham et al. Blood 2002 

Primitive quiescent BCR-ABL+ leukemic stem cells  
are less sensitive to imatinib 
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Censored observations 

•  Median time to MR4.5 was accelerated by more than 1 year in the nilotinib arm (24 months versus 
not reached in the imatinib arm; P = .0011) 

P = .0011 

Crossover 

Leber B, et al. Blood. 2013:[abstract 94]. 



Methods to Overcome the Resistance 
of Ph+ Progenitors  

•  To hit the molecular pathways implicated in 
their resistance 

•  To change the natural environment in which 
they can survive 

•  To exploit some phenotype differences with 
respect to their normal counterpart 

 



Combination therapy  

•  TKIs of BCR-ABL with different mechanisms of 
action 

•  Drugs affecting molecular pathways other than 
BCR-ABL  



•  Developed to gain greater 
BCR-ABL1 inhibition, with 
activity against BCR-ABL1 
mutations conferring 
resistance to TKIs 

•  Potential to combine with 
TKIs for greater 
pharmacological control of 
BCR-ABL1  

T 

BCR-ABL1  
Protein 

Nilotinib 
(ATP Site) 

ABL001 
(Myristoyl Site) 

ABL001 Is a Potent, Specific Inhibitor of BCR-ABL1 With a 
Distinct Allosteric Mechanism of Action 

Ottmann O, et al. Blood. 2015:[abstract 138]. 



Nilotinib (75 mg/kg) BID 

Combination of ABL001 and Nilotinib Prevents the Emergence 
of Resistance (KCL-22 CML Xenograft)a 

a Each line represents individual animals. 
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ABL001 (30 mg/kg) BID 

A337V/P223S detected 

T315I detected 

Nilotinib (75 mg/kg) BID + ABL001 (30 mg/kg) BID 
Dosing stopped on day 77, all mice remain disease free > 176 days 

180 180 

Wylie A, et al. Blood. 2014:[abstract 398]. 



Stem Cells International 7

Wnt/!-cantenin

Jak
/ST

AT
5

SIRT 1
Autophagy

PML

Cycling cells

Quiescent

CML stem cell

BC
R-

AB
L

Scd1

Al
ox

5

M
sr1

Lip
id

meta
bo

lis
m

Zileuton

TGF-!/FOXO/

BCL-6

CML 
stem cells

Sirtinol
TV-6SIRT 1 

FOXO
p53

HBC
AG490
TG101209
ONO44580

Jak2

STAT5

PTEN, p53, Bcl2

FZD
CD27/
CD70

Indomethacin
Av-65
GSK3!

!-arrestin
needed

Wnt

Gli 1
Gli 2
Gli 3

PTCH

Ihh, Shh, Dhh

LDE225
GDC-0449
PF0444913
BMS833923
Cyclopamine

CQ
HCQ

Ba!lomycin

Ly364947TGF-!1

FOXO

BCL-6 ↓ p53
↓ Arf

RI-BPI

PI3K-Akt

IFN?

PML

mTOR

PML

!-cantenin

SM
O↓ m

iR-326

So
nic

he
dg

eh
og

NH4Cl

As
2O

3

Figure 5: Alternative signaling pathways for overcoming resistance of CML Stem Cells against tyrosine kinase inhibitors. Sonic hedgehog
(Shh), Indian hedgehog (Ihh), Desert hedgehog (Dhh), Smoothened (Smo), STAT5 (signal transducer and activator of transcription),
retroinverso BCL6 peptide inhibitor (RI-BPI), chloroquine (CQ), hydroxychloroquine (HCQ), Sirtuin 1 (SIRT1), tenovin-6 (TV-6),
Arachidonate 5-lipoxygenase (Alox5), stearoyl-CoA desaturase 1 (Scd1), promyelocytic leukemia protein (PML), arsenic trioxide (As2O3),
and Interferon alpha (IFN).

7.3. JAK/STAT. BCR-ABL protein activates several signaling
pathways, including the JAK/STAT pathway that stimulates
cell proliferation, di*erentiation, and cell migration. +e
signal transducer and activator of transcription 5 (STAT5)
is a downstream e*ector of BCR-ABL; it is constitutively
activated due to its phosphorylation by BCR-ABL [56, 57].
STAT5was validated as a therapeutic target for CML a,er the
discovery that murine CML did not develop in mice lacking
STAT5 [58]. Inhibition of STAT5 phosphorylation has been
shown to be an interesting target for eliminating leukemic
stem cells [56].

JAK2 is also activated in CML, but its role is not totally
understood. Inhibition of JAK2 signalling reduced BCR-ABL
and other downstream oncogenic signaling pathways [59].
Several inhibitors of JAK2 have been developed since its inhi-
bition overcomes imatinib resistance by inducing apoptosis
in imatinib-resistant cell lines (including those harboring
T315I cells). AG490, a potent and speci3c JAK2 inhibitor
reduced BCR-ABL-induced oncogenicity and inhibited cell
survival of imatinib-sensitive CML cell lines. AG490 induced
apoptosis also in imatinib-resistant CML cell lines expressing

the famous T315I mutation [60]. Other JAK2 inhibitors such
as TG101209 and HBC were shown to have clinical e4cacy
against CML cell lines, and, in combination with imatinib,
HBC signi3cantly induced apoptosis in CML-BC cells. A
new dual kinase inhibitor for JAK2 and ABL kinases called
ON044580 was recently discovered and was shown to target
both imatinib-sensitive and resistant K562 CML cells. By
contrast, it has been shown in a recent study that JAK2 is
dispensable for CML cell survival and maintenance in vitro
and in vivo [57]. Given the controversial 3ndings about the
importance of JAK2 in CML, further research is still needed
to con3rm its validity as a therapeutic target.

7.4. Wnt/!-catenin. Canonical Wnt/!-catenin signaling is
another signaling pathway that plays a major role during
embryogenesis (reviewed in [61]). !-catenin represents the
central downstream e*ector of the canonical Wnt signaling
pathway. +e canonical pathway can be activated in several
ways. Wnt ligands bind to Frizzled and LRP6 receptors.+is
results in !-catenin stabilization and nuclear translocation

Several strategies to hit pathways preferentially activated in 
LSCs with respect to NSCs	
  

Hamad A et al. Stem cell int 2013 



Single-arm Dose-finding Phase Ib Multicenter Study of the Oral 
Smoothened Antagonist LDE225 in Combination With Nilotinib in CML-CP 
Patients Who Have Failed Other TKIs (CAMN107Y2101) 

•  CML-CP patients who failed prior therapy with other BCR-ABL inhibitors 
•  Primary outcomes:  

•  Incidence rate and category of DLTs 
•  Determination of MTD and/or recommended Phase II dose combinations of 

nilotinib with LDE225 
•  Secondary outcomes: 

•  Rate of MMR, CMR, MCyR, CCyR 
•  PK 

http://clinicaltrials.gov/show/NCT01456676. 



The Hematopoietic Niche Can Provide 
Support to CML Progenitor Cells Survival  

Growth factors? 

Corbin AS et al., 2011 



Courtesy of Danilo Perrotti 

JAK2 inhibitors 

PP2A inducers 
(Forskolin) 



Ito et al: Nature 2008 

          ATO decreases PML expression  



 Prost S et al., Nature 2015 



Tessa Holyoake & David Vetrie, Nature 2015  



 Stephane Prost et al., Nature Medicine 2015 



 Ph-positive cells are very sensitive  
to immuno-mediated suppression 

  
BMT and SCT data  

–  clear GVL effect (less GVL in “twins” transplant) 

–  efficacy of DLI therapy in patients who relapsed 

–  long-term relapses in patients who became apparently 
PCR-negative 



 IFN-α therapy 
  

•  Anti-proliferative effect? 

•  Immuno-mediated suppression? 

•  Combination of the two mechanisms? 



FRENCH 
SPIRIT1 

NORDIC3 Ger-CML 
Study IV2 

MDAnderson4 

IFN type PEG PEG No PEG  PEG + 
G-CSF  
(IMA 800) 

MMR Yes Yes No No 
CCyR No No No No 
Survival No NA No No 
Toxicity Yes Yes No Yes 

1.  Preudhomme C et al., N Engl J Med. 2010;363(26):2511-21.  
2.  Hehlmann R et al., JCO 2011;29:1634-1642.    
3.  Simonsson B, et al. Blood 2011;118(12):3228-3235 
4.  Cortes J et al. Cancer. 2011;117(3):572-80. 

Interferon + Imatinib  
combination studies  



SPIRIT trial: Study design 

Imatinib 400 mg/day 

Imatinib 600 mg/day 

  
  

Imatinib 400 mg/day +Ara-C 
20mg/m², 14 days / month 

Imatinib 400 mg/day +  
Peg IFNα2a 90 µg / week 

R 

Imatinib 
400mg alone 

 
For 14 days 

Randomization 
1:1:1:1 

Guilhot F et al. ASH Annual Meeting 2009; Preudhomme C et al., N Engl J Med. 2010 Dec 23;363(26):2511-21. 



IM+ IFN Peg  IM Pre (171) Post (50) Pre (171) Post (52) 

Response rate before 
IM 400 :          14% 
PegIFN 90µg: 25% 
 
Response rate after 
IM 400  :          10% 
PegIFN 45µg:  28% 

P<0.0001 

Superior Molecular Responses by 12 months 

(≤4 log reduction IS) 

  

Johnson-Ansah H, et al. Blood 2011;118(21): [abstract 456]  Oral Presentation 



IMATINIB 400 mg x 1 for 3 months 
 

CHR No CHR 

Randomize 

IMATINIB 400 mg x 1  
+ PEG-IFN 50 µg/w  

 
IMATINIB 400 mg x 1 

 

NordCML002 (Sokal IR/LR) 

Primary endpoint: MMR at 12 months 
Simonsson B, et al. Haematologica 2010;95(12): [abstract 1110]. 

Simonsson B, et al. Blood 2011;118(12):3228-3235 



MMR at week 52 per treatment arm (ITT) 

Arm B 
(IMATINIB + 
PEG-IFNα2B 

Simonsson B, et al. Blood 2011;118(12):3228-3235 



Month 1 

Priming  
 

PEG-Interferon-
α2a  

90 µg/wk x 4 wks 
 

•  42 patients enrolled 
•  All Sokal risk scores 

Follow-up  
 

24 months or 
until study 
conclusion 

Month 24 

Nilotinib 
 300 mgx2/d  

+  
PEG-Interferon-

α2a  
45 µg/wk 

Inclusion Screening 

CP CML ≤ 3 
Months 

(No treatment 
except HU or 
anagrelide) 

Nicolini FE, et al. Blood (ASH) 2012: Abstract  166 

Nilotinib + (Peg)IFN-α2a: 
NiloPeg trial design 



Nicolini FE, et al., Blood 2012;120:[abstract 166]. 

•  Molecular responses [Intention To Treat analysis]  

* Data pending 

Time since Peg-IFN-α2a initiation (months) 
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Nilotinib + (Peg)IFN-α2a:  
NiloPeg trial results 



CML V (TIGER) study 
 

R 

Induction 

Nilotinib 2x300mg/d 
PEG-IFN 30(-50)µg/w 

cont. Nilotinib 

PEG-IFN 50µg/w 

Nilotinib 2x300mg/d 

Maintenance 

--- 

--- 

Cure? 

Confirmed  MMR 
after > 24 mo. 

> 12 mo. MR4 

Nilotinib Intolerance à Imatinib 
Nilotinib Resistance à Transplantation/Dasatinib 
Suboptimal Response à Nilotinib 400 mg BID 

>36 months therapy Discontinuation 

A. Hochhaus, pers. comm. 



Immuno-adoptive therapy approaches to try 
to eradicate Ph+ stem cells 

•  Ph-­‐pos	
  cells	
  specific	
  an/gens?	
  
– BCR-­‐ABL	
  junc/on	
  pep/des	
  (Bocchia	
  M	
  et	
  al.)	
  

•  An/gens	
  preferen/ally	
  expressed	
  by	
  Ph-­‐posi/ve	
  
cells:	
  
–  IL1R1	
  (Järås	
  M	
  et	
  al.,	
  PNAS	
  2010)	
  
– WT1(David	
  Scheinberg,	
  Bal/more	
  2012)	
  	
  
– PR1	
  an/gens	
  (Kanodia	
  S	
  et	
  al.,	
  PLoSOne	
  2010)	
  





“Adoptive immunotherapy”:  
Generation of WT1-specific clones 

Cloning	
  

Flask	
  Expansion	
  

Cryopreserva0on	
  

Bag	
  expansion	
  
+IL-­‐2	
  +αCD3	
  

INFUSION	
  

Leukapheresis	
  

DONOR	
  

PATIENT	
  

CD8+ Dendritic Cells 
WT1 peptide (RMFPNAPYL) 

CD8- 

1-­‐2	
  S0mula0ons	
  
+IL-­‐2	
  +IL-­‐7	
  +IL-­‐15	
  +IL-­‐21	
  

Total production time: ~10-12 weeks  



CAR-­‐T	
  cell?	
  



Check-­‐point	
  inhibitors?	
  



Conclusion: 
Major Questions Are Still Unanswered 

 
§ Does the immune system still play a role in CML in the 

TKI era? 

§ To which extent could we use drugs that will target not 
only the leukaemic stem cells but also other stem cells? 



Chemotherapy? 

Jabbour E et al., Lancet Oncology 2016 

Busulfan? 



 
 
 

Thank you! 
 

(giuseppe.saglio@unito.it) 
 
 

Discussion 


