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Introduction 
Mul$ple	Myeloma	is	the	second	most	common	hematological	
malignancy	and	represents	a	con2nuous	medical	challenge	since	all	
pa2ents	eventually	progress	despite	of	many	new,	recently	approved	
drugs.	The	incidence	of	Mul2ple	Myeloma	is	about	6	to	8	out	of	
100.000	in	Western	Countries	[1].	Given	the	current	lack	of	las2ng	
therapeu2c	benefit	for	Mul2ple	Myeloma	pa2ents,	there	is	a	need	for	
new	and	personalized	treatment	op2ons.	
We	aim	to	address	this	issue	by	introducing	a	new	immunotherapy	
drug	(APO010)	in	the	treatment	of	Mul2ple	Myeloma	combined	with	
an	advanced	Drug	Response	Predictor	analysis	in	order	to	select	the	
pa2ents	with	the	highest	likelihood	of	benefit	from	APO010	treatment.	

APO010	
APO010	is	a	completely	new	immuno-oncology	drug.	It	is	the	first-in-
class	of	a	recombinant	form	of	FAS-ligand	which	mimics	cytotoxic	T-
lymphocyte	(CTL)	signaling	to	induce	cancer	cell	apoptosis.	The	CTLs	
bind	to	the	cancer	cell	via	the	Fas	ligand	to	a	receptor	(CD95)	on	the	
tumor	cell.	APO010	is	synthesized	as	a	mega	FasL	consis2ng	of	six	FasL	
and	mimics	a	CTL	that	binds	to	the	cancer	cells	hence	inducing	
apoptosis.		
This	unique	and	differen2ated	cytotoxic	mechanism	of	ac2on	has	the	
poten2al	of	being	a	breakthrough	immunotherapy	product	in	Mul2ple	
Myeloma	as	these	cells	express	CD95	(FAS-receptor).		

Methods 
APO010	response	predictor	(APO010-DRPTM),	is	based	on	gene	
expression	clusters	obtained	by	comparing	associa2ons	between	gene	
expression	profiles	and	growth	inhibi2on	by	APO010	in	a	panel	of	cell	
lines.	A	second	step	has	included	filtering	the	iden2fied	gene	
expression	profile	against	mRNA	expression	from	a	collec2on	of	3200	
human	tumors,	thereby	making	a	predic2ve	profile	for	APO010	
responsiveness	(Fig.1).	We	have	ini2ated	screening	relapsed/
refractory	Mul2ple	Myeloma	pa2ents	by	isola2ng	CD138	posi2ve	
myeloma	cells	from	the	bone	marrow	and	applying	APO010-DRPTM	in	
order	to	select	the	pa2ents	with	the	highest	likelihood	of	benefit	from	
APO010	treatment.	
 

Conclusions	
Combining	APO010	with	DRPTM	analysis	will	add	a	precision	
medicine	element	to	immuno-oncology	treatment	of		
Mul2ple	Myeloma.	This	will	enable	us	to	iden2fy	pa2ents	
with	high	likelihood	of	response	and	thereby	facilitate	
focused	future	trial	design	and	pa2ent	recruitment	to	achieve	
clinical	success.	
	
	
Expected	achievements		
•  Introducing	immunotherapy	in	the	treatment	of		Mul2ple	

Myeloma	
•  The	use	of	DRP	will	ensure	higher	response	rate	
•  Saving	2me	and	reduce	cost	

Figure	1:	The	principle	behind	the	drug	response	predic5on	method	
Drug	Response	Predictor		

APO010	was	tested	in	25	pa2ents	with	solid	tumors	in	a	phase	1	study	
(NCT00437736	).The	drug	was	well	tolerated.		
Pre-clinical	studies	(Fig2,3)	have	revealed	that	APO010	is	highly	efficient	in	
Mul2ple	Myeloma.	Therefore,	a	phase	1b	trial	will	be	conducted	in	pa2ents	
with	Mul2ple	Myeloma	that	have	been	pre-screened	for	sensi2vity	using	the	
APO010	DRP(TM)	technology		

Figure	4.	Strategy	for	inclusion	of	biomarker	posi5ve	pa5ents	in	the	Phase	1b	study		
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Table	1:	Each	green	circle	represents	the	predicted	APO010	sensi5vity	of	a	Mul5ple	
Myeloma	pa5ent		
The	predic5ons	are	normalized	to	a	scale	of	0-100	for	all	3522	pa5ents	in	this	plot		

Phase	1b	study	in	Mul$ple	Myeloma	
The	study	will	be	a	phase	1b,	open	label,	dose	escala2on	study	to	
inves2gate	the	tolerability	and	efficacy	of	APO010	in	pa2ents	with	
relapsed	Mul2ple	Myeloma	selected	by	APO010-DRPTM.	It	will	
mul2-center	study	at	hematology	departments	in	Denmark.	
	
The	screening	is	being	done	through	Oncology	Venture	and	will	
iden2fy	15	Mul2ple	Myeloma	pa2ents	most	likely	to	benefit	from	
treatment	with	APO010.	These	pa2ents	will	then	be	enrolled	in	a	
mul2-center	Phase	1b		trial,	which	is	planned	to	begin	in	early	
2017.		
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%DFNJURXQG
7KH�DQWLPHWDEROLWH���ÁXRURXUDFLO����)8��LV�WKH�EDFNERQH�LQ�V\VWHPLF�
WUHDWPHQW�RI�SULPDU\�DQG�PHWDVWDWLF�FRORUHFWDO�FDQFHU��&5&���ZLWK�
further activity in a wide range of solid tumors. As not all patients will 
EHQHÀW�IURP���)8�WUHDWPHQW�WKHUH�LV�D�FOLQLFDO�QHHG�IRU�ELRPDUNHUV�RI�
response to adjuvant 5-FU. The current project seeks to validate a 
SUHGLFWLYH���)8�JHQH�H[SUHVVLRQ�SURÀOH��$�VLPLODU�PRGHO�KDV�UHFHQWO\�
been validated with MD Anderson in three different clinical settings 
[1] and with researchers from AstraZeneca with fulvestrant [2].

'UXJ�5HVSRQVH�3UHGLFWLRQ
A validated response prediction method is used in the 5-FU 
sensitivity prediction. As shown in Fig. 1, the method is based on 
in vitro sensitivity data and cell line microarray results in a model 
WKDW�DOVR�LQFRUSRUDWHV�FOLQLFDO�YDULDEOHV��%LRPDUNHU�SURÀOHV�KDYH�
previously been developed for a number of drugs and validated 
against 24 published clinical trials.

Figure 1: The principle behind the drug response prediction method.
Drug Response Prediction

0HWKRGV
The 5-FU signature consisted of in total 205 positively and 
negatively correlated genes mapped to 669 probe sets.
7KH�VLJQDWXUH�ZDV�DSSOLHG�WR�JHQH�H[SUHVVLRQ�SURÀOHV�RI�D�VXEVHW�RI�
the PETACC-3 patient cohort obtained previously from pretreatment 
IRUPDOLQ�À[HG�SDUDIÀQ�HPEHGGHG��))3(��WLVVXH�IURP�����VWDJH�
,,,�FRORQ�FDQFHU��&&��SDWLHQWV�WUHDWHG�DGMXYDQWO\�ZLWK���)8�ZLWK�RU�
without irinotecan [3].Gene expression data was obtained through a 
customized Colon DSA gene expression array from ALMAC applied 
on the PETACC-3 CC population.

It was also tested on ALMAC Colon DSA data obtained from FFPE 
tissue from 359 stage II CC patients who did not receive adjuvant 
treatment [4]. The analyses were performed using Cox proportional 
KD]DUGV��&3+��UHJUHVVLRQ�PRGHOV�DQG�.DSODQ�0HLHU�FXUYHV��7KH�
log- rank test was used to compare the survival curves.

5HVXOWV
:H�IRXQG�D�VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFH�EHWZHHQ�WKH�.DSODQ�
0HLHU�FXUYHV�IRU�WKH�3(7$&&���SDWLHQWV�VWUDWLÀHG�E\�WKHLU���)8�
SURÀOH�VFRUH��,Q�WKLV�DQDO\VLV��QRW�LQFOXGLQJ�DQ\�IXUWKHU�FRYDULDWHV��
SDWLHQWV�ZLWK�D�KLJK���)8�VFRUH�VKRZHG�D�VWDWLVWLFDOO\�VLJQLÀFDQWO\�
EHWWHU�UHODSVH�IUHH�VXUYLYDO��5)6���KD]DUG�UDWLR��+5�� �����������
&,��������������S����H������1� �����VWDJH�,,,�SDWLHQWV��DQG�RYHUDOO�
VXUYLYDO��26���+5� ��������������������3� ����Hï����ELQDU\�VFRUHV���
In the untreated cohort no differences were observed in RFS  
�+5� �������������������3 �������QRU�LQ�26��+5� �������������������
3� ��������

)LJXUH����.DSODQ�0HLHU�FXUYHV�²�VXESRSXODWLRQ�IURP�3(7$&&���VWXG\�VWUDWLÀHG�E\�WKH�
��)8�SURÀOH�VFRUH��7KH�HQGSRLQW�LV�UHODSVH�IUHH�VXUYLYDO��5)6��

)LJXUH����.DSODQ�0HLHU�FXUYHV�²�VXESRSXODWLRQ�IURP�WKH�3(7$&&���VWXG\�VWUDWLÀHG�
E\�WKH����)8�SURÀOH�VFRUH��7KH�HQGSRLQW�LV�RYHUDOO�VXUYLYDO��26��

7KH�HIIHFW�RI�WKH���)8�SURÀOH�UHPDLQHG�VLJQLÀFDQW�LQ�WKH�3(7$&&���
subpopulation when performing an analysis with a multivariable Cox 
Proportional Hazards model. Several relevant clinicopathological 
SDUDPHWHUV��LQFOXGLQJ�PLFURVDWHOOLWH�LQVWDELOLW\��06,��YV�VWDELOLW\�
�066��DQG�.5$6�PXWDWLRQ�VWDWXV��ZHUH�LQFOXGHG�DV�FRYDULDWHV�
�VHH�7DEOH����

Table 2: Results from a multivariable Cox Proportional Hazards model. We used 
RYHUDOO�VXUYLYDO��26��DV�HQGSRLQW��:H�UHSRUW�WKH�KD]DUG�UDWLR��+5��HVWLPDWHV�DQG�WKHLU�
FRQÀGHQFH�LQWHUYDO�IRU�DOO�YDULDEOHV�ZLWK�D�S�YDOXH���������)XUWKHU�YDULDEOHV�LQFOXGHG�
LQ�WKH�PRGHO�DUH��%5$)��PXWDWLRQ��WUHDWPHQW�JURXS��DJH��VH[��WXPRU�VLWH�DQG�7�VWDJH�
1 and 2.

7DEOH����7KH����PRVW�LPSRUWDQW�JHQHV�IRU�SUHGLFWLQJ��)8�VHQVLWLYLW\���$��DQG�UHVLVW-
DQFH���%���UHVSHFWLYHO\

)LJXUH����.DSODQ�0HLHU�FXUYHV�²�VWXG\�RI�QRQ�WUHDWHG�SDWLHQWV�VWUDWLÀHG�E\�WKH���)8�
SURÀOH�VFRUH��7KH�HQGSRLQW�LV�UHODSVH�IUHH�VXUYLYDO��5)6��

&RQFOXVLRQV
7KH�ÀQGLQJ�RI�WKLV�VWXG\�ZDV�WKDW�WKH���)8�UHVSRQVH�SURÀOH�
VLJQLÀFDQWO\�VHSDUDWHG�WKH�3(7$&&���SDWLHQWV�LQWR�JURXSV�RI�JRRG�
and poor survival independently from selected clinicopathological 
parameters such as stage, age and MSI/MSS-status. Due to the 
design of the PETACC-3 study it is not possible to precisely validate 
D�SUHGLFWLYH�YDOXH�RI�WKH����)8�UHVSRQVH�SURÀOH�RQ�WKLV�FRKRUW��VLQFH�
patients in both treatment groups received 5-FU. We therefore 
DOVR�DSSOLHG�WKH���)8�UHVSRQVH�SURÀOH�WR�DQ�XQWUHDWHG�&&�SDWLHQW�
population in order to validate the prognostic association of the 
SURÀOH�LQ�XQWUHDWHG�SDWLHQWV�

In contrast to the data derived from the PETACC-3 study, we did 
QRW�REVHUYH�DQ\�VWDWLVWLFDOO\�VLJQLÀFDQW�SURJQRVWLF�HIIHFW�RI�WKH�
��)8�SURÀOH�LQ�WKH�XQWUHDWHG�&&�SDWLHQW�FRKRUW��7KHVH�ÀQGLQJV�
VXSSRUW�D�SRWHQWLDO�SUHGLFWLYH�YDOXH�RI�WKH���)8�SURÀOH��+RZHYHU��WKH�
presented results needs further validation.
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Background
The antimetabolite 5-fluorouracil (5-FU) is the backbone in systemic
treatment of primary and metastatic colorectal cancer (CRC), with
further activity in a wide range of solid tumors. As not all patients will
benefit from 5-FU treatment there is a clinical need for biomarkers of
response to adjuvant 5-FU. The current project seeks to validate a
predictive 5-FU gene expression profile. A similar model has recently
been validated with MD Anderson in three different clinical settings [1]
and with researchers from AstraZeneca with fulvestrant [2].

Methods
The 5-FU signature consisted of in total 205 positively and negatively
correlated genes mapped to 669 probe sets.
The signature was applied to gene expression profiles of a subset of
the PETACC-3 patient cohort obtained previously from pretreatment
formalin fixed paraffin embedded (FFPE) tissue from 636 stage III colon
cancer (CC) patients treated adjuvantly with 5-FU with or without
irinotecan [3].Gene expression data was obtained through a
customized Colon DSA gene expression array from ALMAC applied on
the PETACC-3 CC population. 
It was also tested on ALMAC Colon DSA data obtained from FFPE
tissue from 359 stage II CC patients who did not receive adjuvant
treatment [4]. The analyses were performed using Cox proportional
hazards (CPH) regression models and Kaplan-Meier curves. The log-
rank test was used to compare the survival curves.

Results
We found a statistically significant difference between the Kaplan-Meier
curves for the PETACC-3 patients stratified by their 5-FU profile score.
In this analysis, not including any further covariates, patients with a
high 5-FU score showed a statistically significantly better relapse free
survival (RFS) (hazard ratio (HR) = 0.54 (95% CI 0.41, 0.71), p < 1e-
05, N = 636 stage III patients) and overall survival (OS) (HR = 0.47
(0.34, 0.63), P = 7.4e�07; binary scores). In the untreated cohort no
differences were observed in RFS (HR = 0.92 (0.64,1.33), P=0.671) nor
in OS (HR = 0.96 (0.67, 1.4), P = 0.849).

Conclusions
The finding of this study was that the 5-FU response profile significantly
separated the PETACC-3 patients into groups of good and poor survival
independently from selected clinicopathological parameters such as
stage, age and MSI/MSS-status. Due to the design of the PETACC-3
study it is not possible to precisely validate a predictive value of the 5-
FU response profile on this cohort, since patients in both treatment
groups received 5-FU. We therefore also applied the 5-FU response
profile to an untreated CC patient population in order to validate the
prognostic association of the profile in untreated patients.
In contrast to the data derived from the PETACC-3 study, we did not
observe any statistically significant prognostic effect of the 5-FU profile
in the untreated CC patient cohort. These findings support a potential
predictive value of the 5-FU profile. However, the presented results
needs further validation.

Figure 1: The principle behind the drug response prediction method .

Drug Response Prediction
A validated response prediction method is used in the 5-FU sensitivity
prediction. As shown in Fig. 1, the method is based on in vitro
sensitivity data and cell line microarray results in a model that also
incorporates clinical variables. Biomarker profiles have previously
been developed for a number of drugs and validated against 24
published clinical trials.

Table 2: Results from a multivariable Cox Proportional Hazards model. We used overall survival
(OS) as ")!+*&).���"�,"+*,.�.%"�%�4�,!�,�.&*������"-.&(�."-��)!�.%"&,� *)6!") "�&).",0�'�#*,��''
variables with a p-value < 0,05. Further variables included in the model are: BRAF mutation,
treatment group, age, sex, tumor site and T-stage 1 and 2.
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resistance (1B), respectively

Table 1B
Gene Description
NT5E 5’-nucleotidase, ecto (CD73)
CNN3 calponin 3, acidic
ACTN1 actinin, alpha 1
FLNA filamin A, alpha
ATP2B
4

ATPase, Ca++ transporting,
plasma membrane 4

CYR61 cysteine-rich, angiogenic
inducer, 61

ACTN1 actinin, alpha 1
LGALS
1

lectin, galactoside-binding,
soluble, 1

RHOC ras homolog family member C

RAB32 RAB32, member RAS
oncogene family

Table 1A
Gene Description
APRT adenine phosphoribosyltransferase
GSR glutathione reductase

TUFM Tu translation elongation factor,
mitochondrial

MRPS2 mitochondrial ribosomal protein S2

MTHFD
2

methylenetetrahydrofolate
dehydrogenase (NADP+ dependent) 2,
methenyltetrahydrofolate cyclohydrolase

WDR59 WD repeat domain 59
ANP32
B

acidic (leucine-rich) nuclear
phosphoprotein 32 family, member B

PMM2 phosphomannomutase 2
STOML
2 stomatin (EPB72)-like 2
NDUFA
B1

NADH dehydrogenase (ubiquinone) 1,
alpha/beta subcomplex

 HR CI 95 %
5FU predict 1 unit = 1 iqr 0.69 0.58, 0.82
T stage T4 vs T3 2.03 1.4, 2.95
N stage N2 vs N1 2.01 1.45, 2.79
grade G34 vs G12 1.81 1.07, 3.07
KRAS mut vs wt 1.89 1.34, 2.67
MSI, MSI vs MSS 0.42 0.21, 0.81

�&$/,"�����+'�)��"&",� /,0"-�5�-./!3�*#�)*)�.,"�."!�+�.&").-�-.,�.&6"!��3�.%"������+,*6'"
score. The endpoint is relapse free survival (RFS).

The effect of the 5-FU profile remained significant in the PETACC-3
subpopulation when performing an analysis with a multivariable Cox
Proportional Hazards model. Several relevant clinicopathological
parameters, including microsatellite instability (MSI) vs stability (MSS)
and KRAS mutation status, were included as covariates (see Table 2).
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Background
The antimetabolite 5-fluorouracil (5-FU) is the backbone in systemic
treatment of primary and metastatic colorectal cancer (CRC), with
further activity in a wide range of solid tumors. As not all patients will
benefit from 5-FU treatment there is a clinical need for biomarkers of
response to adjuvant 5-FU. The current project seeks to validate a
predictive 5-FU gene expression profile. A similar model has recently
been validated with MD Anderson in three different clinical settings [1]
and with researchers from AstraZeneca with fulvestrant [2].

Methods
The 5-FU signature consisted of in total 205 positively and negatively
correlated genes mapped to 669 probe sets.
The signature was applied to gene expression profiles of a subset of
the PETACC-3 patient cohort obtained previously from pretreatment
formalin fixed paraffin embedded (FFPE) tissue from 636 stage III colon
cancer (CC) patients treated adjuvantly with 5-FU with or without
irinotecan [3].Gene expression data was obtained through a
customized Colon DSA gene expression array from ALMAC applied on
the PETACC-3 CC population. 
It was also tested on ALMAC Colon DSA data obtained from FFPE
tissue from 359 stage II CC patients who did not receive adjuvant
treatment [4]. The analyses were performed using Cox proportional
hazards (CPH) regression models and Kaplan-Meier curves. The log-
rank test was used to compare the survival curves.

Results
We found a statistically significant difference between the Kaplan-Meier
curves for the PETACC-3 patients stratified by their 5-FU profile score.
In this analysis, not including any further covariates, patients with a
high 5-FU score showed a statistically significantly better relapse free
survival (RFS) (hazard ratio (HR) = 0.54 (95% CI 0.41, 0.71), p < 1e-
05, N = 636 stage III patients) and overall survival (OS) (HR = 0.47
(0.34, 0.63), P = 7.4e�07; binary scores). In the untreated cohort no
differences were observed in RFS (HR = 0.92 (0.64,1.33), P=0.671) nor
in OS (HR = 0.96 (0.67, 1.4), P = 0.849).

Conclusions
The finding of this study was that the 5-FU response profile significantly
separated the PETACC-3 patients into groups of good and poor survival
independently from selected clinicopathological parameters such as
stage, age and MSI/MSS-status. Due to the design of the PETACC-3
study it is not possible to precisely validate a predictive value of the 5-
FU response profile on this cohort, since patients in both treatment
groups received 5-FU. We therefore also applied the 5-FU response
profile to an untreated CC patient population in order to validate the
prognostic association of the profile in untreated patients.
In contrast to the data derived from the PETACC-3 study, we did not
observe any statistically significant prognostic effect of the 5-FU profile
in the untreated CC patient cohort. These findings support a potential
predictive value of the 5-FU profile. However, the presented results
needs further validation.

Figure 1: The principle behind the drug response prediction method .

Drug Response Prediction
A validated response prediction method is used in the 5-FU sensitivity
prediction. As shown in Fig. 1, the method is based on in vitro
sensitivity data and cell line microarray results in a model that also
incorporates clinical variables. Biomarker profiles have previously
been developed for a number of drugs and validated against 24
published clinical trials.

Table 2: Results from a multivariable Cox Proportional Hazards model. We used overall survival
(OS) as ")!+*&).���"�,"+*,.�.%"�%�4�,!�,�.&*������"-.&(�."-��)!�.%"&,� *)6!") "�&).",0�'�#*,��''
variables with a p-value < 0,05. Further variables included in the model are: BRAF mutation,
treatment group, age, sex, tumor site and T-stage 1 and 2.
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resistance (1B), respectively

Table 1B
Gene Description
NT5E 5’-nucleotidase, ecto (CD73)
CNN3 calponin 3, acidic
ACTN1 actinin, alpha 1
FLNA filamin A, alpha
ATP2B
4

ATPase, Ca++ transporting,
plasma membrane 4

CYR61 cysteine-rich, angiogenic
inducer, 61

ACTN1 actinin, alpha 1
LGALS
1

lectin, galactoside-binding,
soluble, 1

RHOC ras homolog family member C

RAB32 RAB32, member RAS
oncogene family

Table 1A
Gene Description
APRT adenine phosphoribosyltransferase
GSR glutathione reductase

TUFM Tu translation elongation factor,
mitochondrial

MRPS2 mitochondrial ribosomal protein S2

MTHFD
2

methylenetetrahydrofolate
dehydrogenase (NADP+ dependent) 2,
methenyltetrahydrofolate cyclohydrolase

WDR59 WD repeat domain 59
ANP32
B

acidic (leucine-rich) nuclear
phosphoprotein 32 family, member B

PMM2 phosphomannomutase 2
STOML
2 stomatin (EPB72)-like 2
NDUFA
B1

NADH dehydrogenase (ubiquinone) 1,
alpha/beta subcomplex

 HR CI 95 %
5FU predict 1 unit = 1 iqr 0.69 0.58, 0.82
T stage T4 vs T3 2.03 1.4, 2.95
N stage N2 vs N1 2.01 1.45, 2.79
grade G34 vs G12 1.81 1.07, 3.07
KRAS mut vs wt 1.89 1.34, 2.67
MSI, MSI vs MSS 0.42 0.21, 0.81
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score. The endpoint is relapse free survival (RFS).

The effect of the 5-FU profile remained significant in the PETACC-3
subpopulation when performing an analysis with a multivariable Cox
Proportional Hazards model. Several relevant clinicopathological
parameters, including microsatellite instability (MSI) vs stability (MSS)
and KRAS mutation status, were included as covariates (see Table 2).
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Drug	Response	Predictor	(DRPTM)	
A	validated	response	predic2on	method	is	used	in	the	evalua2on	of		
predic2on	of	sensi2vity	to	APO010.	As	shown	in	Fig.	1,	the	method	is	
based	on	in	vitro	sensi2vity	data	and	cell	line	microarray	results	in	a	
model	that	also	incorporates	clinical	variables.	The	DRPTM	Biomarker	
profiles	have	previously	been	developed	for	a	number	of	other	drugs	[2]. 
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