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 Background: Non-Hodgkin Lymphoma (NHL) is a diverse group of disease 

encompassing divergent tumor types with contrasting clinical behaviors. Objectives:  
to assess the value of Ki-67 proliferative index (PI) in tissue sections of  NHL & study 

of clinico-pathological correlation  Materials and Methods: Immunohistochemical 

method was used to detect the expression of Ki-67 in 270 formalin- fixed, paraffin-
embedded tissue samples of human NHL according to WHO classification. Ki-67 PI, 

with cutoff 45% was assessed in relation to age, gender, site of involvement and B 

symptoms. Results: Significant correlation was found between high Ki67 index and 
extra nodal involvement site and B symptoms.  Mean Ki67 index included 10.8% for 

small cell, 40.2% for mantle cell, 28.5% for marginal zone and 32.1% for follicular 

lymphoma. On the other hand, mean Ki-67 index were 66.4%, 66.9.3%, 80.3%, 83.3% 
and 96.5% for diffuse large B cell, T cell (NOS), anaplastic large cell, lymphoblastic 

lymphoma and Burkitts lymphoma respectively. Conclusions: High Ki-67 PI has a 

significant role to establish the proliferative activity of tumor as prognostic index 
marker along with clinical parameters especially in small needle biopsies where exact 

typing may not be possible. 

 

 
© 2015  ARNMSBM Publisher All rights reserved. 

To Cite This Article: El-Esawy BH, AlghamdyAN, El Askary A., "Clinicopathologic Correlation  of  Ki67 Proliferative Indices among 

WHO Subtypes of Non-Hodgkin’s Lymphoma & its Prognostic Significance". Res. J. Medicine & Med. Sci.., 10(1): 1-6, 2015 

 

INTRODUCTION 

 

Non Hodgkin's Lymphoma (NHL) is a broad category consisting of several distinct types of lymphoid 

neoplasms,85% of which are B cell lymphomas and 15% being T cell lymphoma.( Bhurgri, Y., et al., 2009) To 

establish the therapeutic approach, clinically NHL is categorized into two major subtypes, indolent and 

aggressive. Indolent group includes the small lymphocytic and the follicular cleaved cell categories, while the 

aggressive group which responds well against treatment, constitutes the large cell types, Burkitt’s lymphoma 

and the lymphoblastic lymphomas. (Jemal, A., R. Siegel, E. Ward, et al. 2008) Clinical variables like age, sex, 

stage, B symptoms such as night sweats, unexplained weight loss, fever and severe itching, tumor bulk, site of 

origin and lactate dehydrogenase (LDH) together with proliferative index are important in diagnosis, grading 

and prognosis of patient’s outcome in NHL. (Aka, O.M., B.D. Aras, S. Isiksoy et al, 2014) Proliferation is a key 

feature of the tumor progression so researchers have identified markers of cell proliferation in various 

malignancies that can be evaluated in tissue samples at the first diagnostic biopsy in the recent years. (Vose, 

J.M., et al., 2002) Ki-67 expression may be used to determine the growth fraction of a given human cell 

population as it has been highly correlated with the proliferation rate. (Elmar, E., J. Gerdes, 2000) Cell 

proliferation is widely estimated by the immunohistochemical assessment of the nuclear antigen Ki-67. 

(Urruticoechea, A., et al., 2005) Its role as a proliferative index (PI) marker is due to the fact that Ki-67 is 

expressed during the active phases of cell cycle, which are G1, S, G2, and mitosis. Therefore it is an excellent 

marker for determining the growth fraction of a given cell population. (Scholzen, T., J. Gerdes, 2000) PI of Ki-

67 is a measure of the number of dividing positive cells for Ki-67 immunostaining with a total number of cells 

in a biopsy sample, which gives a more complete understanding of how fast a tumor is growing. (Brown, D.C., 

K.C. Gatter, 2002) Experimental and clinical data indicate that tumor progression and malignancy are associated 
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with increased angiogenesis and higher Ki-67 PI. (Patruno, R., et al., 2009) Furthermore, higher Ki-67 PI is 

associated with a poor prognosis, in both solid and haematological malignancies. (Kim, S.J., et al., 2007) A 

highly significant correlation is demonstrated between the proportion of Ki-67 positive cells and the 

classification into high and low-grade malignant NHL. (Gerdes, J., et al., 1984) Moreover, a positive correlation 

exists between prognosis and proliferation rates in chronic B and T cell lymphoproliferative disorders. (Höller, 

S., H. Horn, A. Lohr, et al. 2009) Ki-67 relates with the disseminated disease, it is therefore helpful in the 

prediction of disease stage and progression. (Jerkeman, M., H. Anderson, M. Dictor, et al., 2004) Ki-67 

proliferation rate greater than 20% in extra nodal marginal zone B cell lymphoma corresponds to at least stage II 

lymphoma.( Coupland, S.E., et al., 1998) The diagnostic criterion of Ki-67 PI approaches 100% in Burkitt's and 

atypical Burkitt's lymphoma.(15) Hence, due to the clinical significance of Ki-67 PI in diagnosis as well as in 

determination of prognosis of NHL, this study was conducted to assess Ki-67 PI in tissue sections for NHL with 

correlation to clinical & pathological parameters in NHL patients, to predict the behavior of disease at the time 

of presentation. 

 

MATERIAL AND METHOD 

 

2.1 Patients: 

A total of 270 patients with NHL were enrolled in this retrospective study. Also, patients refereed from 

private hospitals were included. The inclusion criteria were histopathologic diagnosis of NHL and the 

availability of detailed clinical sheet details, complete blood count, laboratory investigations, imaging studies 

and histopathological data and paraffin-embedded tumor tissues for all cases. The diagnosis of NHL was 

confirmed by tissue biopsy in all cases comprised 16 Follicular lymphomas (FL), 5 Small lymphocytic 

lymphomas (SLL/CLL), 3 mantle cell lymphomas (MCL), 10 Marginal zone lymphomas, 180 diffuse large B-

cell lymphomas (DLBCL), 12 Burkitt's lymphomas, 14 lymphoblastic lymphoma, 10 anaplastic large cell 

lymphoma & 20 T cell lymphoma NOS. 

 

2.2 Histopathologic evaluation: 

Routinely stained hematoxylin and eosin (H&E) slides were reviewed. Also special reticulin stain was 

applied in some selected cases of lymphomas. Histopathological sub-typing & grading was performed based on 

the criteria described in the World Health Organization (WHO 2008), working formulation and Kiel 

classification. 

 

2.3 Immunohistochemistry: 

2.3(A): Procedure and antibodies: 

Serial 3-μm sections were cut from the paraffin block, mounted on positively charged slides and dried 

overnight in a 60°C oven. Sections were then deparaffinized in xylene for 24 h and hydrated in a descending 

grades of alcohol; 100%, 90%, 85% and 70%. Antigen unmasking was performed by heat induced an epitope 

retrieval method by placing the slides in a plastic Coplin jar filled with citric acid buffer so that the solution 

covers the slides, then placing the jar in a microwave at 800Watt for 20 min (divided into 4 cycles 5 min each). 

The Coplin jar was then removed from the oven and allowed to cool for 15 min. Slides were placed in a 

humidified chamber and rinsed three times in phosphate buffer saline (PBS). Endogenous peroxidase activity 

was blocked by incubation of the tissue section with 3% hydrogen peroxide in water for 30 min. After washing, 

the tissue sections were then incubated with the primary monoclonal antibody, ready to use Ki-67. Two hundred 

μl of the monoclonal were added for 1 h at room temperature with Ki-67 (clone SP6 ,Neomarkers, diluted at 

1:40). The streptavidin biotin method was used as a detection kit (LSAB2, Dako). Tissue sections were 

incubated with biotinylated secondary antibody for 40 min, then with streptavidin conjugated enzyme for 30 

min during which the 3,3′ diaminobenzidine (DAB) substrate chromogen was freshly prepared then added onto 

the tissue section for 10 min in the dark. The sections were counterstained in Meyer hematotoxylin, dehydrated, 

then put in xyelene and cover-slipped by DPX mount media and examined under a light microscope. All cases 

were stained with CD20 & CD3 to confirm B or T cell origin of non Hodgkin lymphomas. (Rudiger, T., et al., 

2002) 

 

2.3:(B) Quality control of IHC: 

Appropriate negative controls for the immunostaining, consisting of histological sections of each case 

processed without the addition of primary antibody were prepared for each antigen, along with a positive control 

sections prepared with each IHC run then staining results were evaluated. (His, E.D., S. Yegappan, 2001) 

 

2.4 Assessment of IHC: 

Immunohistochemical results were scored semiquantitatively. For Ki-67 the positivity cut off was 

considered when the reactivity of lymphoma cells with antibodies was more than 45%. The pattern of staining 
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was also considered. For Ki-67, nuclear pattern were considered positive. The positivity of the immunostaining 

was detected by percentage of positive cells and intensity of staining. (His, E.D., S. Yegappan, 2001) 

 

2.5 Statistical Analysis: 

The Statistical Package for Social Sciences (SPSS) for windows (version 12) computer program was used 

for statistical analysis. Comparison between positive cases was calculated by Chi square test. P values ≤0.05 and 

≤0.01 were considered significant and highly significant, respectively, in all analyses. T-test to compare mean 

and SD between two groups. 

 

Results: 

In this study, there were 150 males and 120 females with a male to female ratio 1.5:1.2. As regard Ki-67 it 

is expressed > 45% in 70 males & 55 females with a ratio of 1.4: 1.1.Regarding age less than 60 year, Ki-67 

expression > 45% in 85case & < 45% in 70 case with a ratio of 1.7:1.4.  

The results of this study are summarized in tables 1, 2 & photos 1-4 

 
Table 1:  Ki 67 PI  in relation to clinical parameters 

  Ki 67 PI 

<45% (N) 

Ki 67 PI 

>45% (N) 

Total 

270 

P value 

Age 
 

< 60 years 
>60  years 

70 
70 

85 
45 

155 
115 

0.527 

Gender Male 

Female 

80 

65 

70 

55 

150 

120 

0.512 

Anatomical site Nodal 
Extra-Nodal 

78 
18 

82 
92 

160 
110 

0.004* 

LDH Level 

< normal 

> normal 

  

90 

30 

 

85 

65 

 

175 

95 

 

0.221 

Ann Arbor Stage 

I &II 

III & IV 

  

25 

105 

 

20 

120 

 

45 

225 

 

0.365 

B Symptoms Present 
Absent 

22 
78 

102 
68 

124 
146 

0.003* 

 

 

* Regarding patient's age and gender, they showed no significant association with Ki-67 PI at cutoff value 

of 45% while the correlation of Ki-67 PI more than 45% with extra nodal origin was highly significant (P,x2 = 

0.004). Total of 160/270 (59.2%) patients with nodal origin, 82/160 (51.3%) were assessed as having PI more 

than 45%, however 78/160(48.7%) had PI less than 45%.Out of 110/270 (40.7%) patients with extra nodal 

involvement the Ki-67 PI was more than 45% in 92/110 (83.6%) cases while only 18/110 (16.4%) cases showed 

the PI less than 45%. B symptoms were present in 124/270 (45.9%) patients, in which 102/124 (82.3%) cases 

had Ki-67 PI more than 45% while only 22/124 (17.7%) cases with B symptoms had Ki-67 PI less than 45%. 

Whereas 146/270 (54.1%) cases showed absence of B symptoms at the time of diagnosis, in which 68/146 

(46.6%) patients had Ki-67 PI more than 45% as compared to 78/146 (53.4%) patients with Ki-67 PI less 45%. 

The Ki- 67 PI more than 45% also showed significant association (P, x2 = 0.003) with presence of B symptoms 

 

Table 2:  Ki-67 PI in 270 Patients with Non-Hodgkin’s Lymphoma subtype (WHO Classification) 

Range Mean Ki67 index in% (SD) Frequency Non Hodgkin Lymphoma subtype 

5 – 90 32.1(+25.2) 16 (5.9%) Follicular lymphoma    

2 – 30 10.8(9) 5 (1.8%) Small lymphocytic lymphoma 

15 – 85 40.2(21.7) 3 (1.1%) Mantle cell lymphoma 

5 – 40 28.5(+3.7) 10 (3.7%) Marginal zone lymphoma 

15 – 100 66.4(+14.6) 180(66.7%) Diffuse large B-cell lymphoma 

90 – 100 83.3(+9.0) 14 (5.3%) Lymphoblastic lymphoma 

95 – 100 96.5(+8.0) 12 (4.4%) Burkitt's lymphoma 

15 – 100 80.3(+2.1) 10 (3.7%) Anaplastic large cell lymphoma 

20 – 100 66.9(+24.1) 20 ( 7.4%) T cell lymphoma, NOS  

 

* Regarding the frequency of NHL, DLBCL was the most common lymphoma comprising 66.7% of cases 

followed by follicular lymphoma 5.9%. Significantly high Ki67 index values were seen in aggressive NHL like 

BL, DLBCL, lymphoblastic and T-cell lymphomas as compared to indolent lymphomas. Highest mean Ki67 

index was found in Burkitt's lymphoma (96.5%) followed by lymphoblastic lymphoma (83.3%) and Anaplastic 

large cell lymphoma (80.3%). Mean Ki67 index for indolent NHL include 10.8 % for small lymphocytic 

lymphoma, 40.2% for mantle cell, 28.5% for marginal zone and 32.1% for follicular lymphoma. 
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Photomicrograph (1): Follicular lymphoma shows 

uniform nodularity throughout the lymph node 

with little variation in size and shape of the 

follicles. (H & E X 40) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photomicrograph (2): DLBCL shows large 

transformed cells with vesicular nuclei, prominent 

nuclei & scattered mitotic figures (H & E X 400) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photomicrograph (3): SLL shows focal  & weak 

nuclear staining for cyclin D 1 

(immunoperoxidase staining, hematoxylin 

counterstain X 100) 

 

 

  

Photomicrograph (4): DLBCL lymphoma shows  

diffuse & strong  nuclear staining of Ki-67 

(immunoperoxidase staining,hematoxylin 

counterstain  X 400) 

 

Discussion: 

The WHO classification of hematopoietic tumors is based on morphologic, immunophenotypic, genetic, 

and clinical features to define distinct subtypes. The WHO classification does not take into account the 

aggressiveness of the tumors largely due to significant variability in specific subtypes. However, several clinical 

trials have separated histologic subtypes according to the usual clinical behavior and biologic aggressiveness. 

They roughly segregated NHL into three groups based on proliferative index namely, indolent, aggressive and 

highly aggressive categories, however cutoff values for these categories are ill defined. 
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When we examined the relation of Ki-67 using cutoff value of 45% with  age, gender, anatomical site of 

involvement, LDH, staging and presence of B symptoms, we found that there is no significant association of Ki 

67 with age, gender, LDH, staging. However, there is a significant statistical result between the site of 

involvement and occurrence of B symptoms with high Ki-67 PI because of the relation of B symptoms with 

poor responders to chemotherapy and poor survival. (Coiffier, B., et al., 1991; Pereira, A., et al, 1987) In a study 

performed by Szczuraszek et al. (2008) no significant correlation could be detected between Ki-67 expression 

and clinical or pathological parameters of the patients like lymphoma subtypes, age and gender. This is partly in 

accordance with our study where age, gender, LDH, staging showed no statistical significance. Extra nodal 

involvement shows the aggressive nature of disease and our findings suggest high Ki-67 PI > 45% in the 

patients with extra nodal involvement with significant association (P = 0.004). Similar to our series, also 

indicated by Llanos et al. (2001) with high Ki-67 expression in extra nodal involvement of more than one area 

(P=0.03). On the contrary no significant association was seen in literature regarding high Ki 67 PI having cutoff 

at 60% with occurrence of B symptoms, whereas in our study it was seen that high PI (more than 45%) was 

significantly associated with occurrence of B symptoms (P= 0.003). The importance of Ki-67 as prognostic and 

diagnostic marker in NHL is documented in literature and it is observed in different studies that the significance 

of Ki 67 with clinical parameters remains highly informative. (Hayward, R.L., et al., 1991) Using cutoff value 

of 45%, no significant association of high PI  regarding cell lineages (P= 0.634) and specific subtypes of NHL 

(P= 0.072). However, Melo et al. (1992) showed significantly higher proportions of Ki-67 positive cells in T 

cell (11.2%) than in B cell (2.9%) disorders (P < 0.001) in contrast to a study performed by Tominaga et al. 

(1992) that the percentage of Ki-67 positive (Ki-67+) cells was lower, in T cell lymphomas than in B cell 

lymphomas, although the prognosis of T cell lymphomas is considered worse than that of B cell lymphomas. 

Our study is accordance with Broyede et al. (2009) because we also found valuable difference of mean Ki-67 PI 

within the NHL subgroups but using the cutoff value 45% of Ki 67 PI, we did not see any significant association 

of Ki-67 PI in subtypes of NHL. Hence in this study the significance of mean Ki 67 PI, to differentiate indolent 

versus aggressive subgroups rather cutoff value of Ki-67, demonstrated the diagnostic value of Ki-67 PI to be 

followed in categorization of NHL, as it is often difficult to grade NHL morphologically alone. It is worth 

noting that in our series we have some ranges of dissimilarities of clinical parameters with Ki 67 PI. Due to the 

dearth of clinical data in relation to histological and immunochemical correlations, the exact picture of patient's 

outcome and survival is still unclear, which should be resolved in terms of predictive value of Ki 67 expression 

in tissue sections. Therefore, in future studies, there is a dire need to relate the laboratory investigations with 

clinical parameters to identify the exact picture in a large number of clinicopathological studies for more 

conclusive observations. 

 

Conclusion: 

Significant association of Ki-67 PI > 45% with occurrence of B symptoms and extra nodal origin, is seen in 

NHL. Regarding diagnostic point of view, the assessment of mean Ki-67 PI is quite helpful, to differentiate 

indolent versus aggressive behavior of disease. Using cutoff value of 45%, other parameters like age, gender and 

specific phenotype showed no significant association and in dissimilarity with international data but highly 

informative in our setup as little information is available in this regard, which needs further analysis, as it has 

prognostic as well as therapeutic implications. 
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