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Abstract: Objective: The aim of this study was to identify the prognostic and predictive relevance of CD10, BCL6 and MUM1/IRF4 rearrangements and protein expression in a sample of patients with diffuse large B-cell lymphomas (DLBCL). 
Methods: This retrospective study was conducted on 60 patients with DLBCL who were treated between January 2009 and September 2013 in Clinical Oncology Department of Tanta University Hospitals. All patients were evaluated by immunohistochemical (1HC) analysis for (CD10, BCL6 and MUM1/IRF4) protein expression. Based on the algorism of Hans et al 2004 patients were biologically subdivided into two groups: Germinal center B-cell (GCB) (n= 30, 50%) and non- GCB phenotypes (n=30, 50%) correlated with IP1score system using CH1-square test and survival (Failure – free and overall) (FFS & OS) using Kaplan- meier. 
Results: the median age of the present study population was 49.9 years. The median follow- up period was 35 months. Twenty-eight patients (28/60, 47%) were IHC staining positive for CD10, 30 patients (30/60, 50%) were IHC staining positive for BCL6 and 30 patients (30/60, 50%) were IHC staining positive for MUM1/IRF4. Both study groups were matched for age, sex, stage, and treatment protocols received. For response to treatment no significant difference in between both study groups ; however, there was higher objective response rate (CR+PR) in GCB than non-GCB groups,( 74% versus 54%, P=0.309) respectively. Survival analysis based on IHC revealed that inferior outcomes in 3-year OS and FFS with non-GCB versus GCB groups (17% versus 67%, P=0.001) for OS and (44% versus 79%, P= 0.002) for FFS respectively. The statistical analysis at univariate level revealed that non- GCB subgroup did worse independent of IP1 score system. Great negative significant difference was found in the 3-year FFS of non-GCB patients with omission of target therapy (29% versus 75%. P=0.001). 
Conclusion: Biological markers (CD10, BCL6 and MUM1/IRF4) over protein expression were necessary for antigen receptors driven B-cell proliferation and associated with adverse prognosis and high predictive value independently of the IPI score in DLBCL patients. The number of ongoing clinical studies attests to the search for novel targeted agents tailored toward these specific molecules. 
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1. Introduction:
Diffuse large B-cell lymphoma (DLBCL) is the most common type of aggressive non-Hodgkin's lymphoma (NHL) representing approximately 30-40% of adult NHL (Arnold S Freedman 2015)(1). The International Prognostic Index (IPI) is widely  used for risk stratification of  DLB CL,  predict different prognosis using five clinical factors that are  age >  60 versus ≤60, An Arbor stage I-II versus III-IV, number of extra-nodal sites of disease > 2 versus < 2, performance status ( PS) 0-1 versus > 2  and serum lactate dehydrogenase (LDH) level  normal versus > 1 times normal in the training samples ,then four risk groups were defined as follows: 0 or 1 as low risk, 2 as low- intermediate risk, 3 as high- intermediate risk and 4 or 5 as high risk , these four risk groups had distinctly different rates of complete response (CR), disease-free survival (DFS) and OS (2013 ASH Annual Meeting)(2). However, even within these IPI risk groups, a variability in outcome has been observed. Thus, finding new tools to better classify DLBCL patients into different prognostic subgroups is important. DLBCL is a heterogeneous disease, as the microarray analysis showed that patients with DLBCL expressing a gene expression profile (GEP) of germinal center B cells (GCB) have a longer survival than patients of activated B cells (ABC). Since the clinical utility is limited by high cost of microarray analysis, many algorithms were introduced to stratify DLBCL based on the IHC expression profile of CD10 (Pileri SA 2011)(3), BCL6 (B-cell/lymphoma 6) (Falini B et al 2012)(4) , and MUM1/ IRF4 (multiple myeloma-1/interferon regulatory factor-4) (Natkunam Y et al 2011)(5).  In DNA microarray studies, mRNA expression of CD10 and BCL6 is suggested to be correlated with GCB phenotype, while MUM1/IRF41 mRNA expression is associated with non-GCB phenotype (Hans, et al 2004 & Ying Huang, et al 2012)(6,7).This conclusion was the motive to conduct the present study, address immunohistochemical B-cell markers (CD10-Bcl6-MuM1/IRF4) expression, their association with  different prognostic factors including international prognostic index (IPI) risk categorization and their impact on  survival (overall survival and failure free survival) in DLBCL  patients.

2. Materials and methods:
Patients:  
This retrospective study was carried out on 60 pathologically diagnosed DLBCL patients treated at Clinical Oncology Department, Tanta University Hospitals between January 2009 and September 2013. The study conformed to the accepted ethical standard with approval code number (2030/08/13). All medical files of the patients were gathered and reviewed carefully for the extent of disease, established clinical and histo-morphological factors. Twenty- eight patients received chemotherapy alone  CHOP/21 days ( cyclophosphamide, doxorubicine, vincristine and prednisone), 32 patients received immuno-chemotherapy R-CHOP/21 days (Rituximab) and 21 patients received involved field radiotherapy either with chemotherapy or immuno- chemotherapy.
Immunohistochemistry Study: 
Immunohistochemical staining were performed in Pathological Department  on formalin-fixed, paraffin embedded, 4µ sections from patients samples, mouse monoclonal primary antibodies against CD10 (Lab Vision Catalogue # MS-728 - R7), Bcl-6 (Lab Vision Catalogue # MS-1114-R7), and MUM-1 (Dako Clone # MUM1p) were performed at room temperature. The scoring was based on the algorithm described by Hans CP et al. (2004)(6) and validated by others, Berglund M et al. (2005)(8) & van Imhoff GW et al. (2006)(9). Accordingly, the samples were scored positive for CD10, Bcl-6, and MUM-1, if 30% or more of the tumor cells were stained with an antibody. The cases were assigned to GCB group if CD10 alone or together with Bcl-6 was positive. If both CD10 and BCL-6 were negative, the cases were considered to be non-GCB group. If CD10 was negative and Bcl-6 positive, the classification was based on MUM-1expression: if MUM-1was negative, the cases were assigned to GCB group, whereas MUM-1–positive cases joined non-GCB group.
Treatment Response and Survival Evaluation:
Assessment of treatment efficacy was made according to RECIST: (Nishino M et al 2010)(10) Complete Response (CR): complete disappearance of all target lesions for a period of at least one month. Partial Response (PR): At least 30% decrease in the sum of the longest diameter of measurable lesions (target lesions), taking as reference the baseline sum of the longest diameter. Stationary Disease (SD): Failure to attain CR/PR or PD. Progressive Disease (PD): Any new lesion one or more or increase by 20% or more in the sum of the longest diameter of measurable lesions ( target lesions) taking as reference the smallest sum of longest diameter recorded since the treatment started.
B-cell markers expression were correlated with different prognostic factors including IPI scoring system and survival (FFS&OS) with median  follow- up period 35 months( range 8- 50 months). Analysis of data was carried using the Statistical Program for Social Science version 15 (SPSS Inc., Chicago, IL., USA). Description of quantitative variables were expressed as mean, standard deviation, and range, and description of qualitative variables were expressed as number and percent. Chi-square test (χ2) was used to compare between groups regarding the presence of B symptoms, PS scale, affected extra nodal sites number, disease stage, high LDH level. Overall survival (OS) was calculated from the date of diagnosis until last follow- up or death from any cause. Failure free survival (FFS) was calculated from the start of therapy to the date of disease progression, relapse, or disease-or treatment-related death . Statistical analysis was performed at the univariate level by means of Kaplan-Meier techniques, Log-rank test was used to calculate p-value.

3. Results:
Immunohistochemistry Results:
With the aid of IHC staining study among  60 patients pathologically proved DLBCL in the present study, 28 patients were IHC staining positive for CD10 ,BCL6 & negative for MUM1  classified as GCB group. Among the remaining 32 patients, 30 were IHC staining positive for MUM1 and negative for BCL6 and CD10 classified as non GCB group. The remaining 2 patients with IHC staining negative for MUM1, positive for BCL6 and negative CD10 was classified as GCB  (Table 1) (Figure 1&2).

Table 1. Expression of B Cell markers in all 60 subjected DLBCL patients
	B cell marker
	Positive
	Negative

	
	n
	%
	N
	%

	CD10
	28
	46.7
	32
	53.3

	BCL6
	30
	50
	30
	50

	MUM1/IRF4
	30
	50
	30
	50



Patients, Treatment and Disease characteristics:
The clinical data, including the five clinical parameters that comprise the IPI scoring system (age, an arbor stage, LDH serum level, extra-nodal presentation and PS) with age ranged from 22-79 years (median, 49.9+10.8 years) in the whole study population. The follow up period ranged from 8-50 months (median, 35 months). The GCB and non -GCB groups were matched as regard to age, sex distribution and stage of disease and treatment protocols received. However ,there were significant patients with  low  risk and low-intermediate risk IPI scores in the GCB subgroup versus non-GCB group (93% versus 26%, p=0.022) respectively, in contrast to  significant patients with high- intermediate  risk and high risk IPI scores in the non- GCB subgroup versus GCB subgroup (73% versus 7%, p=0.0001) respectively. In spite of 22 patients (74%) in GCB group versus 16 patients (54%) in non -GCB were responders (CR+PR) and 8 patients (26%) versus 14 patients (46%) were non responders (SD+PD) in GCB and non-GCB groups respectively, there was insignificant statistical difference in treatment response (p=0.309).Patients, treatment and disease characteristics for both study groups (GCB& non GCB) were listed in Table 2.
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Figure 1. For GCB phenotype





Figure 2.  For non- GCB phenotype
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Survival analysis and Response to treatment:
To evaluate the prognostic efficacy of the three B-cell markers, we performed survival analysis based on the individual markers alone and in combination. Median OS in GCB group was 43 months (range, 8-50) versus 20 months in non-GCB group (range, 9-43). Median FFS in GCB group  was 33 months (range, 5-43) versus 18 months in non-GCB group (range,3-41) According to the current status (n=22, 73%) patients in non- GCB group versus (n=10, 33%)  patients in GCB group were died (p=0.002). First, we evaluated 3-year OS and FFS with significant difference in outcome was observed between the two groups. According to the Kaplan-Meier estimates, the 3- year OS rates were 67% versus 17% (p=0.001) in GCB and non-GCB groups respectively (Figure 3). Similarly, the 3- year FFS was 79% versus 44% (p=0.002) in GCB and non-GCB groups respectively (Figure 4). Therefore, we confirmed a proof- of - survival with GCB phenotype in the present study. CR +PR rates in the GCB and non-GCB subgroups were (n=22, 74%) versus (n=16, 54%) respectively but without significant value (p=0.309).
IPI prognostic power with GCB and Non- GCB groups:
We also explored the prognostic  significance of  IPI scoring system, instead of individual included factors in IPI and sub-grouped  the patients into LR (IPI score 0&1), LIR ( IPI score 2), HIR (IPI score 3), and HR( IPI score 4&5)  within GCB  & non- GCB groups  in responders (CR+PR) .  In GCB group, 11,11,0 and 0 patients had low IPI scores respectively. The 3- year FFS was 80%, 86%, 0% & 0% for IPI scores respectively (P=0.308). In the non- GCB group, 4, 4, 5 and 3 patients had low and high IPI scores respectively. The 3- year FFS was 80%, 86%, 67% & 17%  for IPI scores respectively  ( p= 0.039). Statistical analysis at the univariate level showed that with the IHC-defined GCB phenotype, clinical characters such as males, young patients, and early stages were associated with a significantly favorable survival rate, independently of other IPI parameters. Whereas these factors were not independently significant prognostic factors in non-GCB group (Figure 5, 6, 7, 8), (Table 3).
Survival in GCB or Non-GCB groups treated with or without rituximab therapy:
Among the GCB subgroup, no significant difference was found in the 3- year FFS of patients treated with or without target therapy which were (83% and 74%, p=0.229). However, there were great significant differences in the 3-year FFS of non- GCB patients treated with or without target therapy (75% versus 29%, p= 0.001) (Figure 9, 10), (Table 3). Therefore, we demonstrated that subgrouping determined by the cell of origin on the basis of IHC successfully predicted the prognosis of DLBCL patients treated with the standard regimen.
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Table 2. Patients, treatment and disease characteristics in both GCB and non GCB groups
	Characteristics
	Total No.: 60
	Chi Square

	
	Germinal
	Non-germinal
	X2
	P-value

	
	N 30
	%
	N 30
	%
	
	

	Age:
	
	
	0.271
	0.602

	Median age
	(22-72)
	49.9+10.8
	
	

	Gender
	
	
	
	
	
	

	M
	16
	53
	18
	60
	0.271
	0.602

	F
	14
	47
	12
	40
	
	

	Current status
	
	
	
	
	
	

	Alive
	20
	67
	8
	27
	9.642
	0.002

	Dead
	10
	33
	22
	73
	
	

	Stage at presentation
	
	
	
	
	
	

	I
	16
	53
	9
	30
	3.35
	0.067

	II
	10
	33
	11
	37
	
	

	III
	4
	13
	10
	33
	
	

	I PI risk scoring groups
	
	
	
	
	
	

	Low R (LR)
	12
	40
	4
	13
	29.200
	0.003*

	LIR
	16
	53
	4
	13
	
	

	HIR
	2
	7
	6
	20
	
	

	High R (HR)
	0
	0
	16
	53
	
	

	B Symptoms
	
	
	
	
	
	

	Yes
	6
	20
	16
	53
	7.179
	0.007

	No
	24
	80
	14
	47
	
	

	Target therapy
	
	
	
	
	
	

	Yes
	16
	53
	16
	53
	0.0
	1.000

	No
	14
	47
	14
	47
	
	

	RTH
	
	
	
	
	
	

	Yes
	10
	33
	11
	37
	0.072
	0.787

	No
	20
	67
	19
	63
	
	

	Response to treatment
	
	
	
	
	
	

	CR
	12
	41
	8
	27
	2.735
	0.309

	PR
	10
	33
	8
	27
	
	

	SD
	4
	13
	4
	13
	
	

	PD
	4
	13
	10
	33
	
	


* Significant


Table 3. The correlation of 3-year FFS and prognostic factors in patients with objective response (CR & PR) in GCB and non GCB groups.
	Patients characters
	3-year FFS
	Chi Square

	
	Germinal N=22
	Non-germinal N=16
	X2
	P-value

	IPI score system:
	
	
	
	

	Low Risk LR
	80 %
	80 %
	4.259
	0.039*

	Low-Intermediate Risk  LIR
	86 %
	86 %
	
	

	High-Intermediate Risk  HIR
	-
	67%
	
	

	High Risk  HR
	-
	17%
	
	

	Sex:
	
	
	
	

	M
	80 %
	44 %
	8.098
	0.004*

	F
	73 %
	44 %
	
	

	B. Symptoms
	
	
	
	

	Yes
	88 %
	33 %
	6.957
	0.082

	No
	71 %
	57 %
	
	

	Target therapy
	
	
	
	

	Yes
	83 %
	75 %
	13.677
	0.001*

	No
	74 %
	29 %
	
	

	Radiotherapy 
	
	
	
	

	Yes
	89 %
	61 %
	12.760
	0.001*

	No
	38 %
	25 %
	
	


* Significant.
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Figure 3. 3- year Overall survival (OS) rate in both GCB and non GCB group (P = 0.001)

Figure 4. 3-year Failure free survival (FFS) rate in both GCB and non GCB (P =0.002)
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Figure 5. 3-year FFS of LR- IPI in GCB and non-GCB groups
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Figure 6. 3-year FFS Of LIR-IPI in GCB and non-GCB groups
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Figure 7. 3-year FFS Of HIR-IPI in GCB and non-GCB  groups
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Figure 8. 3-year FFS  Of HR –IPI in GCB and non-GCB groups



Figure 9. 3-year Failure free survival (FFS ) rate in the presence of  target therapy in both GCB and non GCB group (P=0.229)


Figure 10. 3-year Failure free survival (FFS ) rate in the absence of target therapy in both GCB and non- GCB group (P=0.001)




4. Discussion:
DLBCL is a fast-growing, aggressive form of NHL .DLBCL is fatal if left untreated; but with timely and appropriate treatment, approximately 70% of all patients can be cured (Arnold S Freedman, et al. 2015)(1). Recently, a significant improvement of the outcome has been obtained by combining a monoclonal anti-CD20 antibody, rituximab with chemotherapy (Habermann TM, et al. 2006)(11). Despite the advances, response to treatment is heterogeneous and outcome is often unpredictable. Furthermore, treatment is costly. These facts raise the need to identify more accurately the patients who might benefit from target therapy. In DLBCL, International Prognostic Index (IPI) is considered to be the most important prognostic factor for survival, and therefore the strongest indicator for identification of high-risk patients, who are unlikely to be cured with standard chemotherapy (Salles G, et al. 2011)(12). However, age, performance status, stage, number of extra nodal involvement, and LDH level, which constitute the parameters of IPI, do not provide any information of the biologic features of DLBCL, nor predict the response to therapies (Catherine Thieblemont 2013)(13). Recently, these results have been translated into a clinically applicable approach using immunohistochemistry, based on the expression of Bcl-6, CD10, and MUM1, subsequently  DLBCL can be subdivided into GC and non-GC subtypes, which have been shown to be important outcome predictors for chemotherapy-treated patients (Natkunam Y,et al.2011)(5).
Because of the ability of recently developed IHC staining technique to classify DLBCL into GCB and non-GCB
The current retrospective study was conducted and included 60 patients, 30 of them were GCB, DLBCL while the other 30 were non- GCB, DLBCL based on Hans, et al. (2004)(6). IPI scoring system  in the current study including the five prognostic factors showed 73% versus 7% of patients presented with HIR &HR in non GCB and GCB respectively (p=0.001),  patients > 60 years were 60% versus 53% in non -GCB versus  GCB group  respectively (P= 0.602). This was in agreement with Wolfram Klapper, et al. (2012)(14), however  Liu YH, et al. (2008)(15) reported that a peak age in the sixth decade occurs equally in both GCB and non GCB groups. Males were more common than females in the non -GCB versus GCB groups 60% versus 53%, respectively with insignificant difference (P=0.602), in agreement with that reported by Luciano J, et al (2008)(16). Higher PS > 2 among non-GCB group than GCB one representing 53% versus 20%, respectively (p=0.007) in agreement with Liu YH, et al. (2008)(15) & Saad, et al. (2010) (17). Late presentation, stage III, was more common in non-GCB than GCB group and it was 33% versus 13% respectively (P = 0.067), in agreement with Berglund M, et al. (2005)(8), however, Zhang Zizhen, et al. (2013)(18)  reported that early presentation was more common in non GCB group but also with no statistical significance. Another controversy was reported by Heidi Nyman, et al (2007) & Ivana Ilic, et al. (2009)(19,20) who found that either early or late disease stage presented equally in both groups . Extra nodal presentation ≥ 2 sites was common in non-GCB than GCB group 60% versus 33% respectively, (P=0.038). However these results were different from those reported by Kai Fu, et al. (2008)(21) who found that extra-nodal presentation whether more or less than 2 sites presented equally in both groups on a study performed on 243 de novo DLBCL patients. B symptoms were associated with 53% of patients of the non -GCB group and 20% of GCB group with  statistical significant difference (p=0.007), in harmony with Berglund, M et al. (2005)(8), however, Zhang Zizhen, et al (2013)(18) found no association of B symptoms with either groups. High serum LDH level was more common in non -GCB group 87% versus 47% in  GCB group respectively (P =0.001), similar to aforementioned results of Liu, YH et al. (2008)(15) & Saad, et al. (2010)(17). Regarding treatment response, higher objective response rate (CR & PR) and lower non responders (SD& PD) were achieved in GCB group 74% & 26% respectively versus 54% & 46% in the non GCB group respectively (p = 0.309), in harmony with Saad et al. (2010)(17), however Ivana Ilic, et al. (2009)(20) reported similar clinical outcome of patients in both groups , This could be due to early presentation of selected cases.
Regarding survival,  the 3- year overall survival rates were better for GCB than non-GCB group and they were  67% and 17% respectively (p = 0.001). For failure free survival, the 3- year FFS rates were better among GCB than non GCB group and it was 79% and 44% respectively (p = 0.002) ,similar to aforementioned results, Sharon L. Barrans, et al. (2002)(22), Hoeller S, et al. (2010) (23), Heidi Nyman, et al (2007)(19), Ritsuko Seki, et al. (2009)(24), Saad, et al (2010)(17) & Visco C, et al (2012)(25), supported the negative impact of non-GCB group on survival. However, Lluı́s Colomo, et al. (2003)(26), John Linderoth, et al. (2003)(27) & Wilson WH, et al. (2008)(28) had found no difference in survival between the GCB and non-GCB groups.
Regarding impact of molecular classification of DLBCL with different variables on survival, for age, the 3-year FFS rates were better in the GCB group than non- GCB group at any age range whether >60 or ≤60 years, this difference was statistically significant, (p = 0.003). However Wolfram Klapper, et al (2012)(14) reported that prognostic significance of the molecular subtypes of DLBCL is independent of the patient age. Regarding gender, sex was clearly had no impact on FFS within each GCB and non -GCB groups, however there was significant positive survival with GCB group irrespective to gender (p=0.004). This was in agreement with Akiko Miyagi, et al (2012)(29) who found no association of gender with survival in either groups. Also, serum LDH level, there was no significant difference regarding the impact of serum LDH on survival in GCB group, however the current results showed lower FFS rates for patients with high serum LDH among non GCB group, in agreement with Akiko Miyagi, et al. (2012)(29). In the current study, as regard  the five prognostic variables of IPI risk  categorization there was  statistically significant impact on survival  (p=0.039) irrespective to molecular basis ,in agreement with Shen Yang, et al. (2009)(30), Akiko Miyagi Maeshima, et al. (2012)(29),  Adam J. Olszewski  (2014)(31), Zheng Zhou, et al. (2014) (32) for GCB group all responders had low risk IPI without significant survival difference with non-GCB group, however, the non-GCB group did worse independent of IPI scoring system.
In our series, for patients treated without the addition of rituximab, the 3-year FFS in the GCB subgroup was significantly better than that in the non-GCB subgroup (74% versus 29%, p=0.001). However, such a difference did not exist in patients treated with immunochemotherapy, which suggests that the expression of germinal center markers does not correlate with a more favorable outcome in the rituximab era. The addition of rituximab improved markedly the clinical outcome among the non- GCB group only. The mechanism is unknown but a chemosensitizing effect of the antibody was suggested in previous study (Koivula S, et al 2011)(33). Many clinical studies have demonstrated that the poor outcome of ABC-like DLBCL might relate to the constitutive activation of the nuclear factor kappa β pathway (Davis R E, et al 2001)(34). Lymphoma cell culture studies also showed that rituximab may suppress the constitutively active NF-kB pathway in the non-GCB-type DLBCL via significantly upregulating RKIP expression, resulting in decreased activity of the NF-kB pathway and diminishing NF-kB DNA- binding activity (Lam LT, et al. 2008(35) & Yeung K, et al 2000(36)) and further leading to the enhanced sensitivity of chemotherapy, in agreement with  Nyman, et al. (2007)(19), Seki R, et al. (2009)(24),  Ying Huang, et al. (2012)(7) & Yan Li, et al. (2014)(37) where they found that the additional benefit of rituximab confined only to patients with IHC defined non-GCB DLBCL but not to those with GCB DLBCL and reported no difference in survival between GCB and non-GCB subgroups in the post-rituximab era, which implies that the addition of rituximab eliminates the prognostic significance of the classification of DLBCL on the basis of the cell of origin. However, Zu-Guang Xia, et al. (2010)(38) & Kai Fu, et al. (2008)(21) reported that improved outcome in patients treated with chemo-immunotherapy in both GCB and non-GCB subtypes.

Conclusions: 
DLBCL is a clinically and biologically heterogeneous group associated with diverse response to optimal therapy, choice of treatment is still based on clinical features only. Recent identification of GCB-like and ABC-like DLBCL subtypes, gain insight of these molecular characteristics, predicting a subset of patients with poor survival who can hopefully benefit from addition of rituximab with cost effectiveness. New entities with clinical relevance are emerging. In the near future, this have a major impact on defining the most appropriate treatment to propose to patients with DLBCL.
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