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Abstract

Objectives: To evaluate the role of plasma Kaposi sarcoma herpesvirus (KSHV) as a diagnostic and prognostic biomarker in people living with HIV (PLWH) and diagnosed with KSHV-associated diseases.

Methods: Using quantitative nested PCR targeting ORF-26 gene of KSHV, plasma levels of KSHV were measured in consecutive PLWH with KSHV-associated diseases or as part of the investigation of lymphadenopathy.

Results: Plasma KSHV assays were performed on samples from 684 PLWH and 20 HIV sero-negative people with KSHV-associated malignancies. In PLWH plasma KSHV was detected in 39% with KS, 99% with multicentric Castlemans disease (MCD), 9% with non-Hodgkin lymphoma (NHL), 2% with non-AIDS defining malignancies (NAM) and 0% with non-malignant lymphadenopathy. There was no significant difference in plasma KSHV viral load between KS, MCD or KSHV-associated NHL. The 5 year overall survival from KS diagnosis of 335 PLWH is 95.2% (95% confidence interval: 92.6-97.8%). Plasma KSHV viraemia did not predict overall survival in KS (p=0.73), nor when analysing separately those with T0 stage KS (p=0.52) or T1 (p=0.62) stage KS.

Conclusions: 
Measuring the plasma levels of KSHV as a biomarker in KSHV-associated disease has a very limited value in either diagnosis or prognostication. The only clear clinical role is the suggestion that undetectable KSHV may exclude a diagnosis of MCD in PLWH.



Introduction

Tumour biomarkers are substances that are detectable at higher levels in the body fluids (usually blood) or tissues of people with cancer. Tumour biomarkers have several important roles in cancer care. Tumour biomarkers may be used for screening at risk populations for cancer; for example the use of prostate specific antigen (PSA) for detecting prostate cancer. They may be used for establishing a diagnosis of cancer, for example the use of human chorionic gonadotropin (HCG) in diagnosing gestational trophoblastic disease. They may be used to predict prognosis in patients with cancer, for example a raised serum lactate dehydrogenase (LDH) level is an adverse prognostic factor in high grade non-Hodgkin lymphoma. The may also be used for monitoring treatment and detecting relapses of cancers, for example the use of carcinoembryonic antigen (CEA) fulfils this role in colorectal cancer treatment. 

Kaposi sarcoma herpesvirus (KSHV), which is also known as human herpesvirus 8 (HHV8), is the causative agent of Kaposi sarcoma and has a central role in the pathogenesis of KSHV-associated multicentric Castleman disease (MCD) as well as a subset of high grade non-Hodgkin lymphoma including primary effusion lymphoma (PEL), extracavity primary effusion lymphoma (ePEL) and some plasmablastic lymphomas (PBL). Nested polymerase chain reaction (PCR) assays of plasma or DNA extracted from peripheral blood mononuclear cells (PBMC) have been used to quantify KSHV viraemia. KSHV viral load has been advocated as a tumour biomarker in KSHV associated illnesses. Whilst some groups have studied KSHV DNA levels in PBMC, others have measured plasma levels, and it appears that these correlate well (1).

As a screening biomarker, the presence of KSHV viraemia has been show to predict the risk of developing KS in people living with HIV (PLWH) in some (2, 3) but not all studies (4). The use of KSHV viraemia as a diagnostic marker of KSHV disease has been studied in small cohorts of PLWH: 0-10% of KSHV infected individuals without KS and 0-52% of KSHV-infected individuals with KS have detectable KSHV viraemia (2, 4). 

As a diagnostic biomarker, it has been postulated that the KSHV viral load is able to differentiate between different KSHV-associated pathologies, with highest levels in KSHV-associated lymphomas, then MCD and lowest levels in KS (5-7). Numerous published studies have shown that KSHV is almost always detectable in the blood of patients with active MCD and that levels of KSHV DNA correlate with symptomatic disease (8-14). In contrast, KSHV DNA is only detectable in a minority of patients with KS and the levels of KSHV DNA are significantly lower (5, 14). Marcelin and her colleagues go as far as to suggest that in a patient with KS, a very high blood level of KSHV DNA may point to a diagnosis of HIV MCD (14)

The use of KSHV viral load as a prognostic indicator, or in reality a surrogate marker of tumour stage, has been studied chiefly in KS where there have been conflicting findings. One study of 26 PLWH with KS suggested that the amount of KSHV in PBMCs but not plasma correlated with the tumour stage (15). 



Methods
Assays were performed on consecutive PLWH with KSHV associated malignancies or as part of the investigation of lymphadenopathy. In addition, HIV seronegative patients with KS and MCD were tested for KSHV viraemia as part of routine clinical care. All results were collected retrospectively and correlated with prospectively collected patient clinicopathological details. Plasma samples were analysed using a quantitative nested PCR approach, targeting the ORF-26 (minor capsid protein) gene of KSHV (Micropathology, Coventry).

Comparison of variables between groups was by 2 test for nominal variables and t- test for continuous variables; all p values are two-sided. Survival was calculated from KS diagnosis until death (overall survival) or last follow-up. Survival curves were plotted according to the method of Kaplan and Meier (16). The log rank method was used to test for the significance of differences in survival distributions (17). 


Results

Plasma KSHV assays were performed on samples from 704 patients (619, 88% male), including 20 HIV seronegative patients with either KS (18) or MCD (2). The 684 PLWH included 335 with KS, 83 with MCD (of whom 50 also had KS), 153 with non-Hodgkin lymphoma (of whom 3 also had KS), 82 with non-AIDS defining malignancy (of whom 2 also had KS) and 31 with other non-malignant diagnoses.

Plasma KSHV was detected in 22% HIV negative patients with KS and 0% of HIV negative patients with MCD. In contrast, amongst PLWH plasma KSHV was detected in 39% with KS and 99% with MCD (including those who had both MCD and KS). In PLWH, plasma KSHV was detectable in 9% with NHL, 2% with NADM and 0% with non-malignant lymphadenopathy (see table 1). 

All but one of 83 PLWH diagnosed with MCD had detectable plasma KSHV and the single patient who was aviraemic did not have active symptoms at the time of the blood test. Three patients diagnosed with NHL had simultaneous diagnoses of KS and all had detectable plasma KSHV (177, 1200 & 3000 copies/mL). A further 11 patients diagnosed with KSHV-associated NHL had detectable KSHV viraemia (median 50,000 copies/mL, range: 453-130,000). This histological diagnoses for these patients with KSHV associated lymphomas were: extracavity primary effusion lymphoma (5), plasmablastic lymphoma (4), PEL (1) and EBV- and KSHV-associated germinotrophic lymphoproliferative disorder (1) (18). Two of 82 PLWH with NADM had detectable plasma KSHV (772 & 2500 copies/mL) and both had Hodgkin lymphoma with KS.

It has been postulated that plasma KSHV copy number is able to differentiate between the different KSHV-associated malignancies in PLWH. The median copy number for PLWH with detectable KSHV and KS is 6330 copies/mL, for KSHV associated lymphomas is 50,000 copies/mL and MCD is 148,350 copies/ml (see Table 2). There is no significant difference in KSHV viraemia between KS and KSHV-associated NHL (t test p=0.61), KS and MCD (t test p=0.069) or KSHV-associated NHL and MCD (t test p=0.59).

Three hundred and thirty-five (309 male) PLWH had KS without concomitant MCD, NHL or NADM and 130 (42%) had detectable plasma KSHV. Those with detectable plasma KSHV were more likely to be on combination antiretroviral therapy (cART) (98% v 93% p=0.047) but less likely to have fully suppressed plasma HIV viraemia (22% v 36% p=0.0048). There were no significant differences between the groups in gender, prior AIDS diagnosis, plasma HIV viral load, CD4 cell count, CD4%, CD8 cell count, CD8%, CD19 (B) cell count, CD19%, CD56 (NK) cell count or CD56%. Similarly, there were no differences in KS histopathological grade or in ACTG I (immune) stage of the tumours. Patients with detectable plasma KSHV were more likely to have ACTG T1 (advanced stage) KS (42% v 29% p=0.016).

All 335 PLWH with KS were treated with a stage stratified approach to the management of KS (19). Patients with T0 stage KS were treated with cART alone, whilst those with T1 stage disease were treated with cART and systemic liposomal anthracycline chemotherapy. In univariate analysis, detectable KSHV did not correlate with overall survival (log rank p=0.73). The 5 year overall survival from KS diagnosis for patients with detectable KSHV is 94.9% (95%CI: 90.3-99.5), and for those with undetectable KSHV is 95.3% (95%CI: 92.1-98.5) (see Figure 1).

In view of the treatment stratification according to tumour T stage, a further analysis of the influence of KSHV viraemia on survival was performed according to T stage at KS diagnosis. As has been previously demonstrated, T1 stage conferred a worse overall survival (19). The 5 year overall survival from KS diagnosis for patients with T1 stage KS was 89% (95%CI: 82-96%) compared to 98% (95%CI: 96-100%) for T0 (log rank p=0.037). The detection of KSHV in plasma did not influence overall survival in patients with T0 stage disease. The 5 year overall survival from KS diagnosis for patients with T0 stage KS and detectable KSHV was 97% (95%CI: 93-100%) compared to 98% (95%CI: 96-100%) for T0 with undetectable plasma KSHV (log rank p=0.52). Similarly, KSHV viraemia did not influence overall survival in patients with T1 stage KS. The 5 year overall survival from KS diagnosis for patients with T1 stage KS and detectable KSHV was 92% (95%CI: 82-100%) compared to 88% (95%CI: 77-97%) for T1 with undetectable plasma KSHV (log rank p=0.62).


Discussion

This manuscript has explored the role of plasma KSHV as a tumour marker in KSHV associated diseases. The use of plasma KSHV as a diagnostic marker in PLWH appears to be limited and this larger study contradicts previous reports that suggested that the KSHV viral load was able to differentiate between the three main KSHV-associated pathologies (5-7). These earlier publications suggested that the highest KSHV viral levels were detected in KSHV-associated lymphomas, then MCD and lowest levels in KS. Whilst KSHV viraemia was present in 99% PLWH and MCD, 39% PLWH and KS and 9% PLWH and NHL, there is no significant difference in KSHV viraemia between KS and KSHV-associated NHL (t test p=0.61), KS and MCD (t test p=0.069) or KSHV-associated NHL and MCD (t test p=0.59). 

The only clear diagnostic role in PLWH is the suggestion that undetectable KSHV may exclude a diagnosis of MCD. In this study that included 83 PLWH and MCD, only one patient had an undetectable KSHV viral load and that patient did not have active symptoms at the time of the blood test. A number of published studies have reported that KSHV is almost always detectable in the blood of patients with active MCD and that levels of KSHV DNA correlate with symptomatic disease (8-14) and this is confirmed here. Indeed it has been postulated that KSHV viraemia should be included as a marker for active MCD (20, 21), and that a decline in KSHV viraemia is a surrogate marker of response to treatment in MCD (22). Two HIV seronegative patients with MCD were also tested and despite active symptoms had no evidence of KSHV viraemia. This is explained by the different aetiology of MCD in most HIV negative people with MCD where the disease is not associated with KSHV infection (23).

[bookmark: _GoBack]The clinical utility of plasma KSHV as a prognostic variable for KS in PLWH has been explored in this series that includes 335 patients. All were treated with a stage stratified approach to the management of KS (19). Patients with T0 stage KS were treated with cART alone, whilst those with T1 stage disease were treated with cART and systemic liposomal anthracycline chemotherapy. Whilst more patients presenting with T1 stage KS had detectable plasma KSHV (42% v 29% p=0.016), the detectability of KSHV carried no prognostic significance. The overall survival from KS diagnosis for patients with KSHV viraemia did not differ from those without detectable plasma KSHV whether analysed as all KS patients (log rank p=0.73), T0 stage patients (log rank p=0.52) or T1 stage patients (log rank p=0.62). These findings differ from an the analysis of 145 patients from the Swiss HIV cohort with KS where T1 stage disease, CD4 count below 200/mm3 and detectable KSHV viraemia were independent predictors of KS evolution towards death or the need of chemotherapy (24). The differences between this study and the Swiss findings probably relate to the different treatment strategies adopted for patients with T1 stage KS.

Measuring the plasma levels of KSHV as a biomarker in KSHV-associated disease seems to have very limited value in either diagnosis or prognostication. The value of plasma KSHV measurement in screening for KS amongst PLWH has not been evaluated in this study. However the high proportion of PLWH and KS who had an undetectable plasma KSHV at the time of KS diagnosis (61%) suggests that the usefulness in screening may be limited by high false negative rates.
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