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Abstract

Obijective: There are four conditions caused by Kaposi sarcoma herpesvirus (KSHV): Kaposi
sarcoma (KS), KSHV-associated multicentric Castleman disease (MCD), primary effusion
lymphoma (PEL), and KSHV inflammatory cytokine syndrome (KICS). These KSHV-associated
disorders (KADSs) often occur in people with HIV and can lead to multiorgan dysfunction
requiring admission to the intensive care unit (ICU). However, little is known about patient
outcomes in this setting.

Methods: A retrospective study of patients with KADs admitted to the ICU between 2010-2021
was conducted, examining KAD admission diagnoses, HIV characteristics, selected cytokine
profiles, and ICU interventions. Primary outcomes were 60-day and median overall survival from
ICU admission to death from any cause.

Results: Forty-seven patients (all but one with HIV coinfection) were included. At ICU
admission, 44 patients (94%) were on antiretroviral therapy with a median CD4 count of 838
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cells/uL and HIV viral load of 23 copies/ml. The most common presentation was respiratory
failure alone (19%) or with hypotension (17%). Twenty-two (47%) patients had presumed KICS
(+/- KS) at admission and an additional KAD was diagnosed in 36% of these patients. IL-6 levels
did not vary across KAD subtype. Twenty-one (47%) patients received KAD-directed therapy in
the ICU. 60-day survival was 70% and median overall survival was 9 months.

Conclusion: The majority of patients with HIV and KADs admitted to the ICU had well-
controlled HIV. Additional KAD were diagnosed during ICU admission in a proportion of patients
who presented with presumed KICS. Critical illness did not preclude a subset of patients from
receiving KAD-directed therapy in the ICU.
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INTRODUCTION

Kaposi sarcoma herpesvirus (KSHV), or human herpesvirus 8 (HHV-8), is the causative
agent in Kaposi sarcoma (KS), primary effusion lymphoma (PEL), KSHV-associated
multicentric Castleman disease (MCD), and KSHV inflammatory cytokine syndrome
(KICS) [11. These KSHV-associated diseases (KADs) can present concurrently and can lead
to multi-organ dysfunction and mortality [2-41. KADs most commonly occur in people with
HIV (PWH) and have specific diagnostic criteria (Supplemental Table 1). KS, a vascular,
multicentric tumor, usually manifests as cutaneous lesions, but can involve the visceral
organs, most commonly the gastrointestinal and respiratory tracts; given the vascularity of
KS lesions, severe visceral KS can cause life-threatening bleeding [2l. PEL, an aggressive

B cell non-Hodgkin lymphoma, usually presents with malignant cavitary effusions in the
pleura, peritoneum, or pericardium and can lead to cardiorespiratory compromise [31. MCD,
a B cell lymphoproliferative disorder, is associated with inflammatory signs and symptoms,
including pancytopenia, hypotension, edema, and lymphadenopathy 1. It is characterized
by relapsing-remitting flares that are generally fatal if untreated [4]. The most recently
described KAD, KICS, a diagnosis of exclusion, is characterized by inflammatory symptoms
similar to MCD without a histologic diagnosis of MCD [6] or PEL. KICS, MCD, and PEL
are all associated with elevated inflammatory cytokines, such as IL-6 and 1L-10 [5-71,

The seroprevalence of KSHV infection, which is necessary for KADs, has substantial
global variation. Prevalence is highest in sub-Saharan Africa, as high as 95% in parts of
Uganda [8], compared to less than 10% in the United States (U.S.) general population [°],
though prevalence is much higher in men who have sex with men (MSM) [19]. Immune
dysregulation, most commonly HIV, is the major risk factor for development of KADs
[11-13] 'However, despite advances in antiretroviral therapy (ART), KADs persist as a
significant challenge for PWH. KS remains a common tumor in this population with over
900 cases per year in the U.S. [14] and increasing incidence among Black men in the
southern U.S. [15] despite decreases elsewhere [16]. MCD, which can occur with KS and/or
PEL, is underdiagnosed and is associated with the development of non-Hodgkin lymphoma
[5.11], PEL, a rare condition accounting for 1-4% of HIV-related lymphomas 111, has
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worse overall survival compared with other HIV-associated lymphomas and currently has no
standard treatment [3],

Widespread use of ART has changed the indications for admission to the intensive care unit
(ICU) for PWH. Previously, ICU-level care was required for malnutrition and opportunistic
infections (Ols) in young adults, which carried estimated ICU mortality rates of 70-90%. In
the ART era, ICU care for PWH is more commonly required for complications of chronic
diseases in older adults [17]. ICU mortality among PWH in the ART era is reported to be
16-37%, which is similar to patients without HIV [18]. This range in mortality is associated
with access to care, awareness of HIV status, and ART adherence. Respiratory failure

is the most common cause of ICU admission among PWH; among those with untreated
HIV, these presentations (prior to the COVID-19 pandemic) were due to Pneumocystis
pneumonia (PCP), whereas PWH on ART presented with chronic obstructive pulmonary
disease, cardiogenic pulmonary edema, and bacterial pneumonia, similar to the general
population [19: 201 Malignancies such as pulmonary KS and PEL remain important causes of
respiratory failure requiring ICU admission [21],

In addition to the psychosocial barriers and stigma that this population faces, PWH and
cancer are significantly less likely to be offered appropriate cancer treatment 221 making
them susceptible to severe disease manifestations requiring ICU-level care. However, little
is known about the admissions and outcomes of patients with KADs who require ICU-level
care in the current ART era, as existing literature is largely limited to case reports [23. 241, As
patients with symptomatic KADs and HIV can deteriorate rapidly requiring ICU admission,
better characterization is needed for optimal, equitable care of these patients. Here, we
present the admission characteristics, ICU management, and outcomes of patients with
KADs who were admitted to the ICU.

METHODS

Patient selection and study design

We conducted a retrospective review of a well-annotated cohort of patients from the HIV
and AIDS Malignancy Branch at the National Cancer Institute (NCI). Patients are referred
to our hospital from outside medical providers with a diagnosis of KAD. The inclusion
criteria for these analyses were patients with KADs, with or without HIV, who were
admitted to the National Institutes of Health (NIH) Clinical Center ICU from February
2010- June 2021. Eligible patients were enrolled on natural history protocols for sample
collection and management of KADs (NCT01419561, NCT00092222, NCT00006518,
NCT00923065). These protocols were approved by the NCI Institutional Review Board
(IRB) and conducted in accordance with the Declaration of Helsinki. All patients provided
written informed consent. In cases where patients had altered mental status, a bioethics
consult was conducted, and the legally authorized representative consented to standard of
care (NCT00923065) as approved by the NCI IRB.

For patients’ initial ICU admission, we reviewed KADs present on admission, clinical
presentation, HIV and KSHV characteristics, and ICU interventions. Per KICS criteria
(6] patients with KSHV-associated inflammation were classified as having “confirmed
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KICS” if they had undergone workup for MCD and PEL with none found prior to ICU
admission. Patients with KSHV-associated inflammation in whom MCD and PEL had not
been excluded were classified as “provisional KICS”. The types of chemotherapy and
biologics administered in the ICU for KADs were also described. To evaluate multi-organ
dysfunction, we calculated sequential organ failure assessment (SOFA) scores, incorporating
measures of oxygenation, mental status, vasopressor requirements, platelet count, bilirubin,
and creatinine on a scale from 0-24, with 24 representing the most severe organ dysfunction
[25], A SOFA score was calculated in each patient on the day of ICU admission and at

ICU discharge or death in the ICU, as appropriate. Additionally, for those who received
KAD-directed therapy in the ICU, a SOFA score was calculated on the day before first ICU
KAD treatment and the day after the final ICU KAD treatment.

We also examined KADs diagnosed during the ICU admission. Patients” presenting KADs
and KADs on ICU discharge or death were visualized using a Sankey diagram (constructed
in R studio using networkD3 package [28]). For this diagram, patients with both confirmed

and provisional KICS were classified as KICS.

Cytokine, viral, and other assays

When possible, serum samples were collected within 10 days of ICU admission and
discharge or death and stored at —=70° C. We analyzed serum inflammatory cytokine
profiles from samples stored at —70° C. Serum levels of human interleukins [(IL-) IL-2,
IL-4, IL-6, IL-1B, IL-8, IL-10, IL-12p70, IL-13)], inducible protein-10 (IP-10), interferon
gamma (IFN-y), and tumor necrosis factor alpha and (TNF-a), cytokines previously
found to be associated with KADs, were evaluated using the Mesoscale Discovery (MSD)
Proinflammatory Panel 1 human kit (Rockville, MD). Peripheral blood mononuclear cells
(PBMC) KSHYV viral load (VL) was quantified via quantitative real-time polymerase chain
reaction (PCR) using primers from KSHV K6 gene region as previously described [27].
PBMC VLs were quantified using a human endogenous retrovirus 3 (ERV-3) assay [28] and
were expressed as copies per million cell equivalents.

Statistical analysis

The primary outcome was 60-day survival and median overall survival (OS) from ICU
admission to death from any cause with follow-up through October 1%t, 2021. Survival

was evaluated using Kaplan-Meier method curves and 2-sided log-rank tests to determine
statistical differences between curves. Where available, changes in levels of cytokines
collected within 10 days of admission and discharge or death timepoints were evaluated
using the Wilcoxon sign rank test. Where available for both time points, the difference
between cytokine concentrations at discharge and admission was determined and a
comparison was made between patients who survived beyond 60 days from ICU admission
and those who died within 60 days of the ICU admission. Cytokine concentrations between
2 separate KAD diagnosis was also analyzed using Wilcoxon rank sum test. In view of the
number of tests, only p values of p<0.005 were considered statistically significant, while

p values of 0.005 to <0.05 were considered a strong trend. Due to the exploratory nature

of these analyses and the small sample size of rare conditions, no other formal correction
was made for multiple comparisons. Univariate analyses of selected prognostic factors were
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performed using the Cox proportional hazard model. Statistical analyses were completed in
STATA [29] and R Studio [301,

Patient characteristics

47 patients (44 cisgender male, 3 cisgender female) with KADs were admitted to the ICU
at the NIH Clinical Center ICU between 2010-2021 (Table 1). The median (IQR) age

was 38 years (31 — 51). Fifty-five percent of patients were non-Hispanic Black, 34% were
non-Hispanic White and 6% were Hispanic/Latinx. Ten patients (21%) had documented
chronic comorbid cardiovascular, pulmonary, or renal conditions. All but one patient (98%)
had HIV co-infection. Median (IQR) time from HIV diagnosis to ICU admission was 70
months (9 — 132), and median duration of ART was 12.5 months (7-83). Five patients

had HIV diagnosed less than 3 months prior to ICU admission. Forty-four patients (95%)
were on ART at the time of ICU admission. Median (IQR) CD4 count was 88 copies/uL
(38.5 —222.5) and median (IQR) HIV VL was 23 copies/mL (20 — 95). Where appropriate,
patients were on opportunistic infection (Ol) prophylaxis per HHS guidelines [31]. Seven
patients (15%) had one KAD present on admission, 36 patients (77%) had 2 KADs

(20 with KS and KICS), and 4 patients (9%) had KS, MCD, and PEL. Median (IQR)
KSHV VL was 885 copies/106 PBMCs (0-247728). Median (IQR) SOFA score was 6
(1-9). Thirty-three patients (70%) had received KAD-directed therapy prior to ICU
admission. Treatments included single-agent chemotherapy, immunotherapy, or combination
chemotherapy (including experimental therapy as part of a clinical trial) for PEL.

ICU admission and interventions

The median (range) ICU length of stay was 7 days (1-61). The most common presentation
was respiratory failure with (17%) or without (19%) hypotension. During ICU admission,
51% of patients required vasopressor support, 34% required mechanical ventilation, 28%
required renal replacement therapy (intermittent hemodialysis (HD) (n=4) and continuous
veno-venous hemofiltration (CVVH) (n=9)), and 40% required more than one intervention
(Table 1). Twenty-nine patients (62%) received broad-spectrum antibiotics, and 27 patients
(57%) received directed antibiotics, antivirals, or antifungals for a variety of opportunistic
(as defined by HIV.gov [31) and non-opportunistic infections (Supplemental Table 2). Anti-
infective agents were administered alongside KAD-directed therapy for 15 patients (32%).
Antiretroviral therapy was paused during admission for 7 patients due to inability to take
oral medication (n=3), acute renal failure (n=3), and concern for drug-induced pancreatitis
(n=1). It was restarted in all but 1 patient, who died in the ICU.

Twenty-two patients (47%) were admitted to the ICU with inflammatory symptoms and
elevated KSHYV VL suggestive of KICS. Of these, 12 patients had confirmed KICS and 10
patients provisionally met KICS criteria contingent on MCD and PEL exclusion. Additional
evaluation in the ICU included pathologic examination of a biopsied lymph node, cytologic
examination of pleural or peritoneal fluid after thoracentesis or paracentesis, respectively,
and exclusion of infectious etiology. Following this assessment, 2 of the 10 patients
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with provisional KICS retained a KICS diagnosis, 4 were diagnosed with MCD, 3 were
diagnosed with PEL, and 1 was diagnosed with MCD and PEL (Figure 1).

KAD therapy (chemotherapy, monoclonal antibodies, and/or immunomodulatory agents)
was administered in the ICU to 20 patients (43%). Median SOFA scores decreased after
therapy for patients with KICS and MCD, but not for patients with PEL (Supplemental Table
3). Median (IQR) time from admission to initiation of KAD therapy was 2 days (1-3). Three
patients experienced complications related to KAD-directed therapy. One patient developed
respiratory distress following rituximab infusion and recovered with administration of
bronchodilators, steroids, diuretics for pulmonary edema, and supplemental oxygen. Two
patients developed neutropenic fever; both initially recovered with antibiotics, though 1
patient ultimately died in the ICU due to disease progression.

Median (range) SOFA score was 6 (0 — 16) at ICU admission and 3 (0 — 19) at discharge

or death. Nine patients in this cohort had an initial ICU admission SOFA score of >

10, which predicts mortality of 50% [32]. Five of these patients presented with KICS (2
provisional), 3 of whom had diagnoses of MCD (1 patient) or PEL (2 patients) made in

the ICU. The remaining 4 presented with MCD (2 patients), PEL (1 patient), or MCD and
PEL (1 patient). Six of the 9 patients with SOFA scores > 10 at the time of ICU admission
received KAD-directed therapy in the ICU, and 4 of those 6 survived to ICU discharge.
Three of these patients are actively being followed up and have achieved survival longer than
6 months.

Cytokines and viral changes

Serum cytokine concentrations were measured in 29 patients at admission and 18 patients
(of whom 11 subsequently died) at the time of ICU discharge or death. At admission, IFN-y,
TNF-a, IL4, IL6, IL8 and IL10 were elevated as compared to established normal ranges
from healthy volunteers (Supplemental Table 4). Median IL10 levels decreased significantly
from admission to discharge or death among all patients (16.13 pg/ml to 5.40 pg/ml
p=0.005, Supplemental Table 4). On assessing differences in serum inflammatory cytokine
profiles by KAD on ICU admission, IL-6 levels were not different across these conditions.
IL-10 levels appeared to trend higher in patients with PEL+/-KS+/-MCD as compared to
confirmed KICS+/-KS (p = 0.03; Figure 2, Supplemental Table 5). Conversely, there was a
trend toward increased IL-8 levels among patients with KICS+/-KS as compared to those
with PEL+/-KS+/-MCD (p=0.03, Figure 2, Supplemental Table 5). There was no change

in the KSHV VL levels between KAD. The median KSHV VL was 885 copies/106 PBMCs
(n=39, IQR (0 — 247728)) at ICU admission. There was a strong trend for decreased KSHV
VL at discharge with an undetectable VL (P=0.008). There was no significant change in the
median CD4+ T cell count from admission to discharge (median at admission 88 cells/uL vs.
53 cells/uL at discharge, P=0.90) or HIV VL.

Survival outcomes and prognostic factors

ICU survival for all patients with KADs was 72%, and 60-day survival was 70%. Median
OS was 9 months from initial ICU admission. Eleven patients (23%) required ICU
readmission. Only a diagnosis of PEL+/-KS+/-MCD trended toward a significant impact
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on survival at 60 days (HR 3.37, 95% CI 0.99-11.55, Table 2), but was not associated with
worse OS following ICU admission. There was no difference between survival outcomes
between patients who had KADs — MCD+/-KS, KICS+/-KS, or PEL+/-KS+/-MCD
(Figure 3). As expected, ICU interventions required for multiorgan dysfunction, such as

the need for vasopressors or mechanical ventilation, trended toward a significant association
with worse OS [(vasopressors: HR 2.23, 95% CI 1.02-4.88), ventilation: HR 2.99 (95% CI
1.29-6.97), respectively]. However, receipt of KAD-directed therapy in the ICU was not
significantly associated with 60-day survival (HR 3.22, 95% CI 0.85, 12.14, P=0.85) or OS
(HR 1.54, 95% CI 0.71, 3.32, P=0.27, Table 2). Neither cytokines, KSHV VL, nor HIV VL
were prognostic for survival.

Autopsies were performed on 9 patients. KAD was the primary cause of death in 3 patients
(2 with pulmonary KS and 1 with PEL). An additional 4 patients had causes of death likely
related to their KAD (pleural effusions, pleuritis, diffuse alveolar damage, and disseminated
intravascular coagulation). Invasive fungal infection was the primary cause of death in 2
patients. Clinical progression of KAD resulting in multi-organ failure was the presumed
cause of death in 15 of 38 (39%) patients who did not undergo autopsy.

DISCUSSION

This retrospective analysis is the first to study patients with KADs who were admitted to
the ICU. Among those with HIV, the majority of patients were on ART with well-controlled
HIV but low CD4* T cell counts at the time of ICU admission. While KS is the most
common KAD in the U.S. and worldwide, most patients in this cohort who required ICU-
level care had more than one KAD. In fact, 47% of patients had presumed or confirmed
KICS at ICU entry, and MCD and/or PEL was diagnosed in the ICU in 36% of these
patients. Therefore, in our cohort of patients with KAD in the ICU, additional workup
—including imaging, lymph node biopsies, and flow cytometry of effusions—provided
additional diagnoses of underlying KAD and guided treatment options.

Patients with PEL had increased risk of mortality in the first 60 days of their ICU admission
but beyond this, a diagnosis of PEL did not impact overall survival. Consistent with other
studies published from our group [3:5 71 L6 and 1L10 were elevated at ICU admission
among a substantial subset of patients within the cohort. Though none of the cytokine
levels were of prognostic value, the measurement of these cytokines in combination with
KSHV-VL levels may aid critical care and infectious disease teams in identifying KAD as
a potential cause of multiorgan dysfunction in PWH in the ICU, especially when patients
present with a sepsis-like clinical picture but no identifiable source of infection.

Median time from HIV diagnosis and ART initiation to ICU admission was 70 months and
12.5 months, respectively. Well-controlled HIV and CD4* T cell count of less than 100
copies/uL may be reflective of poor immune reconstitution and it is unclear whether this

is due to prior therapy or whether this is coincidental as many KAD diagnoses present at
lower CD4* T cell counts. Outcomes in our cohort parallel those reported in HIV patients
requiring critical care writ large in the ART era, which show that factors such as malignancy
and chronic disease are significantly associated with ICU mortality, while factors related to
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HIV status have no independent association [18. 33. 341 CD4 count has been found to be a
significant predictor of mortality in some studies [33-361 but not others 371, Similar to non-
HIV infected ICU patients, the need to address multiorgan dysfunction—including the need
for mechanical ventilation [19: 33, 35, 36] yasopressors [33. 38 and renal replacement therapy
[36]_have a significant association with worse ICU mortality in PWH. These findings
were echoed in our cohort, in which requiring vasopressors and mechanical ventilation
were significantly associated with mortality. However, these observations likely reflect the
severity of multi-organ dysfunction rather than the intervention itself as causing death.
Further, ICU mortality in this cohort (28%) is very similar to estimate ICU mortality for
patients with and without HIV (16-37%) [18]. Thus, the presence of multi-organ dysfunction
in patients with KADs should not preclude critical care physicians, infectious disease
specialists, or oncologists from supporting this population through critical illness.

In addition to critical care support, 43% of patients received cancer treatment, and 32%
received both KAD therapy and anti-infective agents. While receiving KAD-directed therapy
had no impact on survival, this may have been due to the sample size or administration of
KAD therapy prior to ICU admission. However, it is important to consider cases where this
intervention may have impacted survival. For example, among a small subset of severely

ill patients with SOFA scores = 10, 6 these patients received KAD therapy, and 2 of

these patients attained stable remission with ICU and KAD treatment with no long-term
physical sequelae of ICU admission. This cohort included young patients with few chronic
medical comorbidities outside of KADs and HIV. Though it may not be possible to derive a
generalizable algorithm for KAD treatment, these analyses demonstrate that in patients for
whom critical illness is primarily driven by KADs, aggressive KAD-directed therapy may be
appropriate and, in some cases, lifesaving.

These findings focus on a single major referral center for patients with severe manifestations
of KADs or who require further workup following initial assessment by their outside
medical provider. Therefore, these cases and data may be limited in generalizability and
referral bias. Additional limitations include the heterogenous nature of these conditions
and their treatments, resulting in a small sample size. Our data is not adjusted for

multiple comparisons, favoring a more stringent cutoff for statistical significance given

the exploratory nature of these analyses. We did not adjust models for other medical
comorbidities and only a subset of patients had samples for cytokine profiling collected at
ICU admission and discharge. Cytokine analysis was also limited by potential confounding
factors (such as administration of corticosteroids) that may have contributed to decreasing
cytokine levels. Although a proportion of patients required ICU readmission, these findings
only consider the characteristics of the initial ICU admission. Finally, as KAD can

present concurrently and often have overlapping features, there may be some degree of
misclassification bias in patients with KSHV-association inflammation who may have
undiagnosed MCD or PEL. Despite these limitations, a notable strength of this study is

the well-annotated nature of the cohort and the longitudinal analyses.

In summary, patients with KADs and HIV continue to present to a critical care setting with
multiorgan dysfunction and the majority have more than one underlying KAD. Despite the
critical illness of this cohort, KAD-directed therapy with a multidisciplinary approach was
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feasible, did not appear to negatively impact survival, and in a small number of patients, this
supportive treatment resulted in remission from KAD diagnoses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. 1. KSHV-associated diseases (KADs) or combination of KADs at ICU entry (left) and
ICU discharge or death (right)

Note: The width of each line is proportional to the number of patients who underwent each
transition. Both confirmed and provisional KICS were classified as “KICS” for the purpose
of this diagram at ICU entry (left)
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Note: Diagnoses are the final diagnoses inclusive of any workup during ICU admission
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