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Abstract: We aimed to document morphologic and immunophenotypic features, and to describe diagnostic features of bone marrow (BM) involvement in Kaposi sarcoma herpes virus Multicentric Castleman disease (KSHV-MCD). BM trephine biopsy specimens from 28 patients were revisited. Specific morphologic findings assessed were presence of lymphoid aggregates, haemophagocytosis, plasmacytosis, light chain restriction, plasmablasts, serous atrophy, dysplasia and fibrosis. Samples had been evaluated for expression of CD3, CD20, CD138, CD68, glycophorin C, CD42b, KSHV- latency-associated nuclear antigen (LANA1), EBER (2 cases) and light chains. Presence of significant numbers of KSHV-LANA1+ lymphoid/plasmacytic cells noted in 10/28 cases (36%) is indicative of BM involvement and is associated with low CD4 and CD8 counts in peripheral blood. The characteristic morphological appearance of MCD (as seen in lymph nodes) is a rare finding in BMTB. 4/5 (80%) cases with lymphoid aggregates were involved by MCD, whereas 6/23 (26.1%) cases without lymphoid aggregates were involved by MCD (p=0.023). 9/18 (50%) cases with hypercellular marrow were involved by MCD, whilst only one of 8 (12.5%) cases with normo/hypocellular marrow showed involvement by MCD. (p=0.070).  While 9/21 (42.9%) cases with increased marrow reticulin were involved by MCD, none of the cases with no increase in reticulin were involved by MCD (p=0.080). 

Reactive plasmacytosis is a frequent finding in BMTB of patients with KSHV-MCD. We conclude that in a significant proportion of patients with MCD, bone marrow is involved and involvement can be identified by KSHV-LANA1 immunohistochemistry.
Introduction

Multicentric Castleman disease (MCD) is uncommon systemic remitting-relapsing lymphoproliferative disorder that is nearly always associated with Kaposi sarcoma herpes virus (KSHV) when occurring in the setting of human immunodeficiency virus (HIV) infection. Patients present with severe constitutional symptoms, hypergammaglobulinemia, widespread lymphadenopathy and on occasions hepatosplenomegaly. Constitutional symptoms are related to increased levels of interleukin 6 (IL6) and interleukin 10 (IL10) which have been implicated in the pathogenesis of MCD (Bower et al, 2011;Casper, 2005;Oksenhendler et al, 2000;Bower et al, 2009;Aoki et al, 2001;Uldrick et al, 2010;Bower et al, 2014).  Patients with MCD have circulating high KSHV DNA viral load and high levels of viral homolog of IL6 (vIL6), which correlate with the numbers of KSHV infected cells in KSHV-MCD lymph node samples (Oksenhendler et al, 1996;Oksenhendler et al, 2002;Collins et al, 2006;Powles et al, 2007;Gerard et al, 2007). People living with HIV (PLWH) and KSHV-MCD may experience thrombocytopenia and anaemia, findings that may warrant bone marrow trephine biopsy (BMTB) to identify possible aetiologies. In one study, interstitially located KSHV-infected cells were frequently seen, while lymphoid aggregates containing plasmablasts (similar to changes in lymph nodes) were noted in only a minority of cases (Bacon et al, 2004). In another publication, similar findings were noted but without KSHV infected cells (Kreft et al, 2007). Based on these findings, it has been suggested that BMTB may aid diagnosis in PLWH presenting with cytopenia of unexplained aetiology. The presence of Castleman-like lymphoid aggregates has also been described in patients with untreated POEMS syndrome and associated KSHV-negative idiopathic Castleman disease. (Dao et al, 2011) In a recent study of 19 PLWH and MCD, diagnostic features were not present in BMTB samples (Venkataraman et al, 2013b). As reports describing BMTB changes in PLWH with KSHV-MCD are relatively scarce, we aimed to document morphologic and immunophenotypic features, and to describe diagnostic features of bone marrow (BM) involvement in KSHV-MCD.
Material and methods
From a prospective series of 62 PLWH diagnosed between 2004 and 2013 with histologically confirmed KSHV-associated MCD, diagnostic BMTB were available from 28 patients. These BMTB had been performed either as part of a diagnostic work-up or for staging purposes. Prospectively collected clinicopathological details for these 28 patients were collected.  
Histological examination: BMTB specimens were reviewed. Specific morphologic findings assessed included: the presence of lymphoid aggregates, haemophagocytosis, plasmacytosis, immunoglobulin light chain restriction, plasmablasts, serous atrophy, dysplasia and fibrosis. BMTB samples were evaluated for expression of CD3, CD20, CD138, CD68, glycophorin C, CD42b, KSHV- latency-associated nuclear antigen (LANA1), EBER and light chains. Immunohistochemistry and ISH were performed on paraffin section according to manufacturer protocols and appropriate antigen retrieval techniques. CD138 positive plasma cells estimated as a percentage of total marrow cells was used to assess plasmacytosis. Staining for KSHV-LANA1 was taken as positive in lymphoid/plasmacytoid cells if KSHV-LANA1 was observed in a speckled nuclear pattern. Images were obtained using Olympus DP70 camera from Olympus BX51 microscope.
Statistical analysis: Statistical evaluation was performed using SPSS, 21 software. Comparison of variables between groups was by 2 test for nominal variables and Mann Whitney test for non-parametric continuous variables; all p values are two-sided. 
Results

From 62 HIV seropositive patients with KSHV-associated MCD, 28 had BMTB samples available for review. The clinicopathological details of the 28 patietns is shown in TABLE 1.********I NEED TO KNOW WHICH PATIENTS TO COMPLETE THIS SECTION PLEASE SEND ME THE LIST OF THE 28***********
Histopathological findings:
Clinical and bone marrow findings in patients with KSHV-MCD are summarised in table 1.
· Lymphoid aggregates were noted in 5 cases and they were composed of mixed B and T cells. One of lymphoid aggregates showed predominantly CD20+ cells, and had scanty CD21+ FDC meshworks. Occasional HHV8+ lymphoid cells were seen in 2 of the 5 cases. None of the aggregates showed germinal centres or vascularisation mimicking those seen in nodal or splenic tissue involved by MCD. 
· Immunohistochemistry for KSHV-LANA1 was performed on all cases (28) and 10/28 (35.7%) cases were positive. In most cases KSHV-LANA1 was seen in scattered lymphoid/plasmacytoid cells in an interstitial location. In two of these cases KSHV+ cells were noted close to or within the lymphoid aggregates. In one more case, only sinusoidal endothelial cells expressed KSHV-LANA1 but the lymphoid cells were negative - a finding that raised suspicion of marrow involvement by KS. 
· Increased histiocytes were seen in 8/28 cases (29%). 5 of them showed hemophagocytosis (18%), whereas the other 3 cases did not show evidence of hemophagocytosis. 
· Plasmacytosis ranged from <3-30%. In most cases (23/28), plasma cells appeared mature, were distributed interstitially and in all but 2 cases, were polytypic for light chains. In one of these 2 cases there was lambda light chain restriction in plasma cells. In the other case kappa light restriction was noted, and plasma cells expressed CD56 and EMA, and a diagnosis of concomitant plasma cell neoplasm was rendered. Light chain immunostains were not performed on 3 cases. 
· EBER was performed on 9 cases and occasional positive cells were noted in only one of them. This case also showed co-existing occasional HHV-8 positive lymphoid/plasmacytoid cells.  

· BM cellularity ranged from 30->90%. In most cases (25/28) it was hyper or normocellular and was hypocellular in only two cases. It was not assessable in one case.  Mild or moderate increase in megakaryocytes was noted in 10 cases. In 3 of them there was marked variation in nuclear lobation. Loose clustering was seen in 4 cases. Small megakaryocytes were identified in one case. Two cases showed poorly formed erythroid islands and marked dyserythropoiesis. Non-caseating granulomas were also seen in two cases. Myeloid series was reduced in one case.  
· Interpretable reticulin stain was available for 25/28 cases. It was graded (on a scale of 0-3) as grades 0, 1, 1-2, 2 and 2-3 in 3, 10, 5, 5 and 1 case respectively. Reticulin stain was not performed on one case.
· Features of serous atrophy that have been previously described in patient with HIV were seen only in one case in our cohort. 
Correlations: Table 2 summarises different correlations.
· Patients with morrow involvement by MCD tended to be of younger age compared with those without BM involvement (median age 45 and 41 respectively) (p=0.058). 

· 4/5 (80%) cases with lymphoid aggregates were involved by MCD, whereas only 6/23 (26.1%) cases without lymphoid aggregates were involved by MCD (p=0.023). 

· 9/18 (50%) cases with hypercellular marrow were involved by MCD, whilst only one of 8 (12.5%) cases with normo/hypocellular marrow showed involvement by MCD. (p=0.070). 

· While 9/21 (42.9%) cases with increased marrow reticulin were involved by MCD, none of the cases with no increase in reticulin were involved by MCD (p=0.080).

· Cases with BM involvement (35.7% cases with KSHV+ lymphoid/plasmacytoid cells in BM) tended to have lower levels of CD8+ cells in the peripheral blood (p=0.076) as compared to those without BM involvement. On the other hand, although cases with BM involvement had lower levels of CD4+, CD19+ cells and NK cells in the peripheral blood as compared to those without BM involvement, this was not statistically significant. 
· There was no correlation between BM involvement and haemoglobin, platelet count, WCC, ESR, CRP, LDH, IgM and serum bone marrow plasmacytosis. Likewise, no correlation between BM involvement and interval between HIV infection and development of MCD was established.
· There was no correlation between BM plasma cell numbers and serum KSHV viral load (p=0.452).
Discussion

To the best of our knowledge, this is the largest series (28 cases) describing bone marrow changes in patients with KSHV-MCD. The predominant features seen in our series seem to be reactive changes which are likely to be attributable to increased serum IL-6 levels. Most of the cases 80% (23/28) showed plasmacytosis which ranged from <3% to up to 30% of marrow cells and this appears to be a prominent change in KSHV-MCD. Plasmacytosis has been previously documented in 25% of samples from patients with uncontrolled HIV infection (Karcher & Frost, 1991). As almost all cases of MCD had plasmacytosis, it likely that MCD contributes to plasmacytosis, over and above the impact of HIV infection. Plasmacytosis is thought to be related to systemic cytokine excess or due to a paracrine effect of the KSHV-infected cells (Venkataraman et al, 2013a;Oksenhendler et al, 2002). Patients with symptomatic KSHV-MCD always have marked elevation of IL-6 and IL10 in peripheral blood ((Bower et al, 2009). Plasma cells amounted to >10% in 43% (10/23) of cases.  In all cases but two, plasma cells were polytypic for light chains. One of the cases showed features of a plasma cell neoplasm with kappa restricted plasma cells and the other case showed lambda light chain restriction, reflecting the high proportion of KSHV-infected cells. It is well documented that in almost all cases of MCD, KSHV-infected cells within the lymph nodes are monotypic for lambda light chain (Naresh et al, 2008;El-Daly et al, 2010). 
From our study, bone marrow findings in KSHV-MCD can be summarised as:

1) BM involvement can be defined by presence of easily identifiable KSHV+ lymphoid/plasmacytoid cells on immunohistochemistry in patients with well documented MCD. Invariably, presence of significant number KSHV+ lymphoid/plasmacytoid cells is accompanied by increased numbers of plasma cells. In a minority of cases, lymphoid aggregates are noted and rarely (in cases with large numbers of KSHV+ lymphoid/plasmacytic cells) there is predominance of plasmacytoid cells expressing lambda light chains.

2) BM showing features of KSHV-associated haemophagocytic syndrome occurs in a minority of cases.

3) Uninvolved BM showing changes reflecting only systemic effects of MCD – hypercellularity, plasmacytosis and increased reticulin.

4) BM showing changes more attributable to HIV than to MCD – changes in erythroid, myeloid and megakaryocytic lineage cells; and granulomas.

Presence of occasional vessels with vascular KSHV+ endothelial cells within the marrow stroma is akin to subtle microscopic involvement by KS in lymph node and spleen tissue samples of MCD patients (El-Daly et al, 2010;Naresh et al, 2008).
Overall, 35.7% of the BMTBs in patients with MCD showed KSHV+ lymphoid/plasmacytic cells with a stippled nuclear staining pattern. In most cases they were seen as interstitially scattered cells and were easily identifiable. In two cases, KSHV+ cells were observed within the lymphoid aggregates. It is to be noted that presence of KSHV+ lymphoid/plasmacytoid cells is not a specific feature for KSHV-MCD but they can also be seen in other KSHV-associated diseases. (Meggetto et al, 2001) using PCR and immunohistochemistry for HHV8 and vIL6, have reported the presence of KSHV+ cells in BMTB from a small minority of patients infected with HIV and reduced CD4 count but without evidence of KSHV-MCD. 
Bacon et al (Bacon et al, 2004) reported the presence of reactive germinal centres with lambda-restricted ‘plasmablasts’ in 3/13 patients, a feature that is usually seen in nodal/splenic KSHV-MCD. We identified lymphoid aggregates in 5 cases (17.8%), and in only two of them, we were able to identify KSHV+ lymphoid/plasmacytoid cells close to or within the lymphoid aggregates. This indicates that one of the characteristic features of nodal/splenic KSHV-MCD is very rarely seen in BMTB. Although KSHV+ lymphoid/plasmacytoid cells are lambda light chain restricted, co-existence of these cells with other polytypic plasma cells, precludes identification of light chain restricted abnormal cells in most cases. 

We found that patients of MCD with BM involvement tended to have lower numbers of CD8+ cells and, although statistically not significant, lower numbers of CD4+ T cells T cells and to a lesser extent of B cells as compared to patients of MCD without BM involvement.  These findings suggest that BM involvement could represent a later disease-stage in patients with MCD and would be associated with other poor prognostic factors including peripheral depletion of T cells and B cells. 

We observed hemophagocytosis in 5 cases (18%). Clinical features of hemophagocytic syndrome were suspected in only one of them. Four of these cases have been previously reported (Stebbing et al, 2008). In contrast to our cohort, Girish Venkataraman et al 2013, failed to identify any evidence of hemophagocytic syndrome, apart from one case which showed increased phagocytic histiocytes without clinical evidence of haemophagocytic syndrome.  
Conclusion: 

To sum up, characteristic morphological features of MCD (as seen in lymph nodes) seem to be a rare finding in BMTB. Presence of significant numbers of KSHV-LANA1+ lymphoid/plasmacytic cells is indicative of BM involvement and is associated with low CD4 and CD8 counts. Reactive plasmacytosis is a frequent finding in BMTB of patients with KSHV-MCD. 
Table 1: Summary of clinical and bone marrow findings in patients with KSHV-MCD
	Parameter
	

	Mean age at MCD diagnosis (range)
	46 years (28-68)

	Male gender (%)
	23 (82%)

	Median duration HIV seropositive (range)
	

	Median CD4 cell count at MCD diagnosis (Range)
	

	ON cART at MCD diagnosis (%)
	

	Undetectable plasma HIV viral load at MCD diagnosis (%)
	

	Median plasma KSHV viral load (range)
	

	Kaposi’s sarcoma at MCD diagnosis (%)
	

	Plasmablastic microlymphoma present at MCD diagnosis (%)
	2 (7%)

	Pancytopenia ?define?
	3

	AIHA
	2

	?Anaemia
	

	?Thrombocytopenia
	

	?Leucopenia
	

	
	

	
	

	
	

	Lymphoid aggregates
	5 cases

	Hypercellular BM
	18 cases

	Normocellular BM
	7 cases

	Hypocellular BM
	2 cases

	HHV8-LANA1 positive lymphoid/plasmacytoid cells in BM
	10 cases

	Dyserythropoiesis
	2 cases

	Abnormalities in megakaryocytes
	Variation in nuclear lobation (4), loose clustering (5 cases), small mega (1 case)

	Increased plasma cells without light chain restriction
	21 cases

	Increased plasma cells with light chain restriction
	2 cases

	EBER+ cells
	1/9 cases

	Increased histiocytes without haemophagocytic syndrome
	3 cases

	Haemophagocytic syndrome
	5 cases

	Reticulin - grade 2 or grade 3
	6 cases

	Reticulin – not increased or grade 1
	18 cases


Table 2: Correlation of BM involvement by KSHV-MCD and other parameters 
	
	Median 
	Interquartile range (IQR)
	P-value (two-sided)

	PB CD4+cells
	
	
	

	MCD+
	127.00
	106.75-243.50
	0.114

	MCD-
	228.50
	147.25-494.25
	

	PB CD8+
	
	
	

	MCD+
	484.00
	301.50-708.00
	0.076

	MCD-
	787.50
	549.75-2062.25
	

	PB CD19+
	
	
	

	MCD+
	189.000
	104.000-264.500
	0.286

	MCD-
	230.000
	118.250-475.500
	

	PB NK cells
	
	
	

	MCD+
	63.000
	18.500-75.000
	0.879

	MCD-
	58.000
	28.000-138.000
	

	PB HIV viral load
	
	
	

	MCD+
	394.00
	0.00-117086.75
	0.426

	MCD-
	2782.00
	207.75-142445.75
	

	PB HHV8 DNA level at diagnosis
	
	
	

	MCD+
	4400000.00
	35000.00-15300000.00
	0.364

	MCD-
	620000.00
	23000.00-7300000.00
	

	Interval_ HIV to MCD (days) 
	
	
	

	MCD+
	2337.00
	396.25-4278.00
	0.291

	MCD-
	772.00
	158.25-3981.25
	

	PB HB
	
	
	

	MCD+
	8.700
	7.650-9.125
	0.391

	MCD-
	9.000
	7.250-10.575
	

	PB WBC count
	
	
	

	MCD+
	4.350
	2.725-8.475
	0.668

	MCD-
	6.000
	4.000-7.525
	

	PB Platelet count
	
	
	

	MCD+
	61.00
	39.00-97.25
	0.198

	MCD-
	119.00
	49.00-202.50
	

	PB ESR
	
	
	

	MCD+
	85.00
	57.00-118.00
	0.447

	MCD-
	117.00
	52.00-121.00
	

	Serum LDH
	
	
	

	MCD+
	237.00
	172.75-396.00
	0.468

	MCD-
	265.50
	193.25-466.50
	

	Serum CRP
	
	
	

	MCD+
	124.50
	71.50-168.75
	0.222

	MCD-
	106.50
	43.25-131.75
	

	Serum IgG
	
	
	

	MCD+
	20.900
	12.450-31.675
	0.306

	MCD-
	28.900
	17.550-32.725
	

	BM plasmacytosis
	
	
	

	MCD+
	6.00
	5.00-15.00
	0.715

	MCD-
	6.50
	4.25-11.25
	


PB: Peripheral blood; BM: Bone marrow
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