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Abstract 

Background Prospective data from sub-Saharan Africa suggests that treatment outcomes for people living with HIV 
(PWH) with Hodgkin lymphoma (HL) are similar to those without HIV. However, real-world data from high-resource 
settings and retrospective studies from sub-Saharan Africa, suggest inferior outcomes. We set out to evaluate the real-
world treatment outcomes for HL in South Africa to better understand the disparate outcomes.

Methods We established a prospective, observational cohort of newly diagnosed, adult (≥ 18 years) HL cases 
recruited from Chris Hani Baragwanath Academic and Netcare Olivedale Hospitals in Johannesburg, South Africa 
between March 2021 and March 2023. Participants were followed for up to 18 months after enrollment with data 
censored on December 23rd, 2023. The primary endpoint was 1-year overall survival.

Results We enrolled 47 participants with HL including 31 PWH and 16 HIV-negative. Advanced stage disease and B 
symptoms were common at time of diagnosis irrespective of HIV status. Bone marrow biopsy, performed dur-
ing the work-up and evaluation of cytopenias, provided the initial diagnosis of HL in 16/31 (52%) PWH. HIV status 
and bone marrow involvement were associated with early mortality (within 3 months of diagnosis) and a poorer 
1-year overall survival from diagnosis (HIV: 55% vs. 88%; p = 0.03; bone marrow involvement: 50% vs. 80%; p = 0.02). 
Among evaluable participants, those that received at least 6 cycles of chemotherapy and underwent response assess-
ment, there was no difference between those with and without HIV.

Conclusion Traditional laboratory markers of poor prognosis including anemia, lymphopenia and hypoalbuminemia 
were more common among PWH and those with bone marrow involvement and suggest high risk disease. A better 
understanding of the drivers of these aggressive presentations is warranted to ensure more PWH are able to tolerate 
chemotherapy.
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Background
HIV is associated with an increased incidence of Hodgkin 
lymphoma (HL) [1]. In high-resource settings, a decrease 
in non-Hodgkin lymphoma incidence was observed with 
the advent of antiretroviral therapy (ART) [2, 3]. In con-
trast, the incidence of HL has been stable to increased in 
the ART era [4, 5]. A similar trend for HL has been noted 
in South Africa since the widespread availability of ART 
in 2005 [6].

Advanced stage presentations, along with prior and 
current tuberculosis (TB) disease are more common in 
people with HIV (PWH) and HL in South Africa [7]. Ret-
rospective studies suggest that approximately 19–38% of 
PWH with HL have active TB disease at the time of HL 
diagnosis compared to 6% of HIV-negative HL partici-
pants [7, 8]. The empiric treatment of TB in PWH with 
lymphadenopathy and constitutional symptoms has been 
proposed as a possible contributor to the advanced stage 
lymphoma presentations seen in the region [8].

Observational studies and clinical trial data from high-
resource settings show similar outcomes for HL regard-
less of HIV status in the ART era [9, 10], while real-world 
data suggest a disparity in treatment outcomes [2, 11, 
12]. Prospective data from Africa are limited but suggest 

similar outcomes regardless of HIV status [13, 14], while 
retrospective studies from South Africa have suggested 
poorer outcomes for PWH and HL [6–8]. To better 
understand these disparate outcomes, we report on the 
real-world treatment outcomes for newly diagnosed HL 
participants in Johannesburg, South Africa.

Methods
Study population
We conducted a prospective, observational study of 
newly diagnosed Hodgkin Lymphoma (HL) cases 
referred from the department of Haematology at Chris 
Hani Baragwanath Academic and Netcare Olivedale 
Hospitals in Johannesburg, South Africa. Chris Hani 
Baragwanath Academic Hospital (CHBAH) is a tertiary 
hospital in the public sector, while Netcare Olivedale 
Hospital is a private sector hospital. Between March 2021 
and March 2023, 71 participants with pathologically con-
firmed HL were referred to the study team and 52 were 
enrolled. Following pathologic review, five participants 
were excluded from the analysis. Reasons for non-enroll-
ment and exclusion are listed in Fig. 1.

Eligibility criteria included age ≥ 18 years. Family con-
sent was permitted for participants unable to provide 

Assessed for eligibility  
(n=68) Excluded (n=16)

• 4 unable to provide consent, died prior to family consent2

• 2 unable to provide consent, received chemotherapy prior to family consent3

• 2 prisoners
• 1 pregnant
• 4 not interested in study
• 3 patients received prior chemotherapy 

Patients referred to study team 
(n=71)

Not assessed (n=3)
• Deceased prior to being assessed by study team1

Enrolled in observational cohort
(n=52)

HIV (-) with HL 
(n=16)

• 15 from public hospital
• 1 from private hospital

HIV (+) with HL 
(n=31)

• 31 from public hospital

Included in analysis
(n=47) 

Excluded from analysis (n=5)
• 3 NLPHL
• 1 re-review of bone marrow pathology suggested MDS 
• 1 Grey-zone lymphoma 

Fig. 1 Referral and eligibility flow chart. NLPHL Nodular lymphocyte predominant Hodgkin lymphoma; MDS Myelodysplastic syndrome; HL 
Hodgkin lymphoma. 1All 3 cases were HIV-associated and noted to have bone marrow involvement. 2Three cases were HIV-associated and noted 
to have bone marrow involvement, 1 case was in an elderly HIV-negative individual. 3Both cases were HIV-associated and noted to have bone 
marrow involvement and disseminated tuberculosis
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consent due to deteriorating clinical status. Consent 
forms were offered in English, Zulu, and Sestho. Exclu-
sion criteria included an inability to provide consent 
(by participant or family member), incarceration, preg-
nancy or receipt of prior chemotherapy. This study was 
approved by the Johns Hopkins School of Medicine Insti-
tutional Review Board (IRB00107027) and the University 
of the Witwatersrand Human Research Ethics Commit-
tee (200208).

At enrollment, demographic information was col-
lected and an Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) assessment was per-
formed. Demographics included sex assigned at birth 
and self-identified race. Consent for medical record 
review, including clinical notes, laboratory and radiology 
data, for up to 18 months after enrollment and access to 
archived tumor biopsy material was obtained. Labora-
tory review included HIV status, CD4 count and HIV 
viral load (if HIV positive), full blood count, and com-
plete metabolic panel. Pathology reports were reviewed 
to confirm the diagnosis and confirm EBV status of the 
tumor. Standard pathologic confirmation of HL in South 
Africa includes immunohistochemistry (IHC) assess-
ment of CD3, CD20, CD15, CD30 and PAX5 [15]. Stag-
ing work-up included bone marrow biopsy (BMB) and 
whole body imaging (CT or FDG-PET/CT) and followed 
the Lugano classification [16]. Cardiac ejection fraction 
(EF) was measured by transthoracic echocardiogram. 
The International Prognostic Score (IPS) [17] was calcu-
lated using the abstracted risk factors. TB diagnosis was 
defined as any of the following: GeneXpert result of posi-
tive or trace, positive Ziehl–Neelsen (ZN) stain for acid-
fast bacilli or positive urine lipoarabinomannan (LAM). 
Treatment of TB is monitored through the National 
Institute for Communicable Disease and participants 
are assigned a local clinic for follow-up. Dosages of TB 
medicines are monitored by the local clinic. When com-
plications of TB treatment are suspected, such as drug-
induced liver injury or Isoniazid-mono resistance, these 
cases are referred to an Infectious Disease specialist for 
management.

Specimen collection and processing
Participants provided an expectorated sputum sample for 
TB testing that included GeneXpert Ultra and mycobac-
terial culture. Up to ten unstained slides were obtained 
from the formalin-fixed, paraffin-embedded (FFPE) diag-
nostic pathology specimen. Slides were shipped to the 
United States (US) for secondary pathology review.

Participant treatment and follow‑up
Study participants were treated as per institutional proto-
cols and all treatment decisions were made by the treating 

clinicians. As HL cases were enrolled at the time of refer-
ral to Haematology, some participants experienced clini-
cal deterioration and did not receive chemotherapy. 
First-line treatment for HL in South Africa is ABVD 
(doxorubicin, bleomycin, vinblastine and dacarbazine). 
If baseline EF < 50% or concern for compromised respira-
tory function due to concurrent TB, participants received 
BCVPP (carmustine, cyclophosphamide, vinblastine, 
procarbazine, and prednisone). All PWH were treated 
with concurrent ART. Prophylaxis for PWH includes 
trimethoprim-sulfamethoxazole 160/800 mg daily if CD4 
count is < 200 cells/mm3, dose is reduced to three times 
weekly if significant cytopenias are present. Ciprofloxa-
cin 500 mg twice daily and fluconazole 200 mg daily are 
added when the absolute neutrophil count < 0.5 ×  109/L. 
Radiation therapy, while available, is used sparingly as the 
demand within the public sector exceeds the availability. 
Second-line therapy for relapsed or refractory disease is 
dose-escalated BEACOPP (bleomycin, etoposide, doxo-
rubicin, cyclophosphamide, vincristine, procarbazine 
and prednisone). Treatment response is determined by 
either CT or FDG-PET/CT. Follow-up visits occurred 
every 2–3 months while on chemotherapy and included 
a review of clinical notes, laboratory data and chemo-
therapy administration. For participants non-adherent 
with Haematology follow-up, telephonic follow-up visits 
were conducted by the study team. The primary outcome 
was 1-year overall survival (OS) from time of diagno-
sis. A secondary outcome was OS from time of chemo-
therapy initiation. Participants were followed for  up to 
18  months, until death, loss to follow-up or adminis-
trative censoring on Dec 23, 2023. Cause of death was 
determined through review of medical records including 
hospital death summaries. Response assessment followed 
Lugano criteria [16].

Statistical analysis
Wealth quintiles were calculated as previously described 
[18, 19]. Data are summarized using descriptive statistics 
(continuous data) or contingency tables (categorical data) 
for demographic and baseline characteristics. Either 
the two sample Wilcoxon test for continuous factors or 
the Pearson’s chi-squared test for categorical variables 
was used to compare baseline and other characteristics 
between groups. Spearman’s correlation was used for 
the analysis of correlations between continuous variables 
with non-normal distributions.

OS was calculated from the time of diagnosis, or from 
the time of chemotherapy. Event time distributions were 
estimated with the method of Kaplan and Meier [20] and 
confidence intervals were calculated using the Brook-
meyer and Crowley method [21]. Median follow-up is 
reported using the reverse Kaplan–Meier method. Risk 
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of OS was determined using Cox proportional hazards 
regression model fitting both univariable and multi-
variable models. All variables with a p-value < 0.1 at the 
univariable level were considered for inclusion in the 
multivariable model and the final model was determined 
using the stepwise selection procedure. Model fit was 
assessed by the graphical and numerical methods and 
the final multivariate model was found not to have vio-
lated the proportional hazards assumption. All p-values 
reported are two-sided, and the significance level was 
set at 0.05 for all analyses. Statistical analyses were per-
formed using R version 4.3.1 and SAS Enterprise Guide 
7.15 (SAS Institute Inc., Cary, NC, USA).

Role of the funding source
The funder of the study had no role in the study design, 
data collection, data analysis, data interpretation, or writ-
ing of the report.

Results
Among the 47 participants with classical HL, 16 partici-
pants were HIV-negative and 31 were PWH (Table  1). 
The majority of participants were recruited from 
CHBAH (46/47). Wealth quintiles showed a similar 
distribution regardless of HIV status. The median age 
was 40  years (Interquartile range (IQR): 30–42) and 24 
(51%) participants were male. Among PWH (Table  1), 
the median CD4 count was 103 (IQR: 40–152 cells/
mm3) with 19% (6/31) with CD4 < 50 cells/mm3 and the 
majority (n = 25; 81%) had a viral load < 200 copies/mL. 
Twenty-eight (90%) PWH were on ART at time of HL 
diagnosis, 1 participant was newly diagnosed with HIV 
and 2 participants were non-adherent to ART at time of 
diagnosis and subsequently started on ART. Most PWH 
on ART (22/28; 79%) had been on ART for > 1 year and 
the majority of PWH (22/28; 79%) were on tenofovir, 
lamivudine, dolutegravir (TLD). The median duration of 
HIV infection was 8.4 years (IQR: 3.7–13.7 years).

Forty-one participants (87%) had either stage 3 or 
4 disease and 46 (98%) presented with B-symptoms 
(Table 1). Twenty-six participants (55%) had a PS ≥ 2 and 
29 (62%) had an IPS of ≥ 4. PWH were more likely to have 
an IPS ≥ 4 (74% vs 38%: p = 0.014). There was no statisti-
cal difference between PWH and HIV-negative partici-
pants with respect to age, sex, stage, or PS at time of HL 
diagnosis.

PWH had lower hemoglobin (p < 0.001), white blood 
cell count (p = 0.002), absolute lymphocyte count 
(p < 0.001) and albumin (p < 0.001). Seven PWH (23%) 
and one HIV-negative participant (6%) were receiving 
treatment for active TB disease. The diagnosis of TB 
was confirmed on sputum GeneXpert (3/8; 37.5%), urine 
LAM (4/8; 50%) or ZN stain on BMB (1/8; 12.5%). A 

prior history of TB treatment was noted in 12/31 (38.7%) 
PWH and none of the HIV-negative participants.

HL histologic subtype was determined for 31 partici-
pants with 26 cases of nodular sclerosis (14 PWH; 12 
HIV-negative) and 5 cases of mixed cellularity (3 PWH; 2 
HIV-negative). In 13 cases, BMB provided the only diag-
nostic specimen and thus subtype could not be assigned. 
Sixteen PWH (52%) and 1 HIV-negative participant (6%) 
had an initial diagnosis confirmed on BMB. Figure  2 
shows the representative IHC profile used to diagnosis 
HL in the BM from 1 participant. Marrow involvement 
(Table  1) was detected in 22 participants (20 PWH; 2 
HIV-negative) and was more common in PWH (65% vs. 
13%; p = 0.001). The histological profile for all HL cases 
is included in Supplementary Table 1. Tumor EBV status 
(Table 1) was evaluable for 28 participants (60%) with 19 
EBER- positive HLs (68%). PWH were more likely to have 
EBV-positive tumors as opposed to HIV-negative partici-
pants (84% vs. 33%; p = 0.007).

Marrow involvement (Table  2) was associated with 
male sex (p = 0.028), older age (p = 0.045) and HIV status 
(p < 0.001). The majority of PWH with marrow involve-
ment had an HIV viral load < 200 copies/mL (n = 18; 
90%), and were noted to have a lower mean CD4 count 
(p < 0.001). White blood cell count (p < 0.001), hemo-
globin (p < 0.001), platelet count (p < 0.001), absolute lym-
phocyte count (p < 0.001), and albumin (p < 0.001) were 
all lower among those with marrow involvement.

Among the 8 participants (Supplementary Table  2) 
with confirmed TB disease and started on treatment, 
there was no difference in age, sex, PS, stage, HIV status 
or CD4 count as compared to those without TB. Those 
with TB disease were more likely to have an IPS ≥ 4 (100% 
vs. 54%: p = 0.014). They were also noted to have lower 
hemoglobin (p = 0.013) and albumin levels (p = 0.04) as 
compared to those without concurrent TB.

Six participants (5 PWH; 1 HIV-negative) experienced 
significant clinical deterioration and died prior to receiv-
ing chemotherapy. Among participants that received 
less than 6 cycles of chemotherapy, 10 participants died 
and 3 participants were non-adherent with Haematol-
ogy follow-up. The majority of participants received 6 
or more cycles of chemotherapy (Table  3; n = 28; 60%). 
Twenty-seven (14 PWH; 13 HIV-negative) participants 
were evaluable for end-of-treatment response assessment 
as 1 participant that received at least 6 cycles of chemo-
therapy did not undergo imaging to assess response to 
treatment. Among participants that were evaluable for 
end-of-treatment response assessment, 17 (63%) expe-
rienced a complete response (CR), 6 (22%) had a par-
tial response (PR) and 4 (15%) had progressive disease 
(PD). There was no difference in treatment response 
between PWH and HIV-negative participants. Treatment 
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Table 1 Demographics and Baseline Variables

Total cohort
(N = 47)

HIV (‑)
(N = 16)

HIV ( +)
(N = 31)

p‑Value

Age, years (IQR) 40.0 (33.5 – 47.5) 39.5 (30.5 – 55.8) 40.0 (34.5 – 45.5) 0.9651

Sex (n)

 Male 51% (24) 50% (8) 52% (16) 0.9172

 Female 49% (23) 50% (8) 48% (15)

Race (n)

 Black 87% (41) 75% (12) 94% (29) 0.0442

 White 6% (3) 19% (3) 0% (0)

 Coloured 6% (3) 6% (1) 6% (2)

Wealth Quintile (n)

 1 21% (7) 20% (2) 22% (5) 0.9842

 2 15% (5) 20% (2) 13% (3)

 3 21% (7) 20% (2) 22% (5)

 4 24% (8) 20% (2) 26% (6)

 5 18% (6) 20% (2) 17% (4)

ECOG PS (n)

 0 or 1 45% (21) 50% (8) 42% (13) 0.5982

 > 2 55% (26) 50% (8) 58% (18)

B Symptoms (n)

 Present 98% (46) 94% (15) 100% (31) 0.1592

 Absent 2% (1) 6% (1) 0% (0)

Stage (n)

 1 or 2 13% (6) 25% (4) 6% (2) 0.0712

 3 or 4 87% (41) 75% (12) 94% (29)

Bone Marrow (n)

 Involved 47% (22) 12% (2) 65% (20)  < 0.0012

 Un-involved 53% (25) 88% (14) 35% (11)

IPS (n)

 < 4 38% (18) 62% (10) 26% (8)

 ≥ 4 62% (29) 38% (6) 74% (23) 0.0142

CD4, cells/μL (IQR) – – 103.0 (59.0–290.0) –

HIV Viral Load, copies/mL (n)

 < 200 – – 81% (25)

 ≥ 200 19% (6) –

ART (n)

 Yes – – 90% (28) –

 No 10% (3)

WBC,109/L (IQR) 4.6 (3.1–11.3) 11.6 (5.2–14.9) 3.8 (2.6–8.7) 0.0021

Hemoglobin, g/dL (IQR) 8.9 (7.2–10.9) 11.2 (9.5–13.0) 7.9 (6.4–9.2)  < 0.0011

Platelet,  109/L (IQR) 304.0 (96.0–511.5) 428.5 (300.8–516.8) 197.0 (40.5–452.0) 0.0571

ALC,  109/L (IQR) 0.9 (0.4–1.5) 1.5 (1.1–2.2) 0.5 (0.3–1.1)  < 0.0011

Albumin, g/L (IQR) 31.0 (24.0–35.5) 38.0 (33.8–42.0) 26.0 (23.0–32.0)  < 0.0011

TB Treatment (n)

 No 83% (39) 94% (15) 77% (24)

 Yes 17% (8) 6% (1) 23% (7) 0.1582

EBER Available (n)

 Yes 60% (28) 56% (9) 61% (19) –

 No 40% (19) 44% (7) 39% (12)

EBER Evaluable (n)

 Positive 68% (19) 33% (3) 84% (16) 0.0072

 Negative 32% (9) 67% (6) 16% (3)
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delays among evaluable participants occurred in 8/14 
(57%) PWH and 3/13 (23%) HIV-negative participants 
(p = 0.072). Two participants received radiation therapy: 
1 participant received radiation to a spinal mass prior to 
starting chemotherapy and 1 participant received radia-
tion to an inguinal lymph node after chemotherapy.

The 1-year OS was 66% (Fig. 3A). PWH (Fig. 3C) dem-
onstrated poorer 1-year OS, characterized by a marked 
early mortality (~ 40% mortality within 3  months of 
diagnosis), as compared to HIV-negative participants 
(55% vs. 88%; p = 0.03). All six participants that did not 
receive chemotherapy died within 1  month of HL diag-
nosis. When participants that did not receive chemother-
apy (n = 6; 1 HIV-negative, 5 PWH) were excluded from 
the survival analysis (Fig. 3B & D), 1-year OS improved 

to 65% for PWH but was still significantly worse as 
compared to HIV-negative participants (65% vs. 93%; 
p = 0.04).

Participants with marrow involvement were noted to 
have a worse 1-year OS as compared to those without 
marrow involvement from time of diagnosis (Fig.  4A). 
When participants not treated with chemotherapy (n = 6; 
5 marrow involved, 1 without marrow involvement) were 
excluded there was a trend towards worse survival for 
those with marrow involvement, but no statistical differ-
ence (p = 0.14; Fig. 4B). Similarly, participants with a CD4 
count < 50 cells/mm3 (Fig.  4C) had a 1- year OS of 17% 
compared to 63% in those with a CD4 ≥ 50 cells/mm3 
(p = 0.0005). Participants that did not receive chemo-
therapy were overrepresented in the CD4 < 50 cell/mm3 

Table 1 (continued)
For continuous variables, the median and IQR are shown. N is the number of non–missing values and n are frequencies. Numbers after percents are frequencies. Tests 
used: 1Wilcoxon test; 2Pearson’s chi-squared test test. Abbreviations: IQR: Interquartile range; ECOG PS: Eastern Cooperative Oncology Group Performance Status; IPS: 
International Prognostic Score; ART: Anti-retroviral therapy; WBC: White blood cell; ALC: Absolute lymphocyte count; TB: Tuberculosis

Fig. 2. Images from the bone marrow trephine biopsy of one of the patients included in this study. A: Demonstrating multiple tumor cells (black 
arrows), including a classical Reed-Sternberg cell, distributed in a heterocellular inflammatory background. Stained with hematoxylin and eosin, 
400× magnification. B: Immunohistochemistry for CD30, 400× magnification. Demonstrating positive staining in the tumor cells (black arrows) 
with a membrane and paranuclear dot-type pattern. C: Immunohistochemistry for CD15, 400× magnification. Demonstrating granular cytoplasmic 
staining in the tumor cells (black arrows). D: Immunohistochemistry for CD20, 400× magnification. Demonstrating negative staining in a tumor 
cell (black arrow). E: Immunohistochemistry for CD3, 400× magnification. Demonstrating negative staining in a tumor cell (black arrow). F: 
Immunohistochemistry for PAX5, 400× magnification. Demonstrating weak nuclear staining in a tumor cell (black arrow)
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(n = 4/5; 80%). When these participants were excluded 
from the analysis, there was no difference in OS based on 
CD4 count (Fig. 4D).

In the cox regression analysis (Supplementary Table 3), 
PWH (HR 4.45 [1.01–19.60]; p = 0.05), those with BM 
involvement (HR 3.33 [1.15–9.61]; P = 0.03), and a PS ≥ 2 

(HR 3.12 [1.00–9.69]; p = 0.05) had an increased risk 
for death in the univariate analysis. In the multivariate 
model, none of the parameters were significantly associ-
ated with OS.

Clinical characteristics for those patients that died, 
including HIV status, measures of virologic control, 

Table 2 Demographics and Baseline Variables by bone marrow involvement

For continuous variables, the median and IQR are shown. N is the number of non–missing values and n are frequencies. Tests used: 1Wilcoxon test; 2Pearson’s chi-
squared test test. Abbreviations: IQR: Interquartile range; ECOG PS: Eastern Cooperative Oncology Group Performance Status; IPS: International Prognostic Score; TB: 
Tuberculosis; WBC: White blood cell; ALC: Absolute lymphocyte count

Bone Marrow Involved
(N = 22)

Bone Marrow un‑Involved
(N = 25)

p‑Value

Age, year’s (IQR) 42.0 (39.0–47.8) 34.0 (32.0–44.0) 0.0451

Sex (n)

 Male 68% (15) 36% (9) 0.0282

 Female 32% (7) 64% (16)

Race (n)

 Black 91% (20) 84% (21) 0.2042

 White 0% (0) 12% (3)

 Coloured 9% (2) 4% (1)

ECOG PS (n)

 0 or 1 32% (7) 56% (14) 0.0962

 ≥ 2 68% (15) 44% (11)

B Symptoms (n)

 Present 100% (22) 96% (24) 0.3432

 Absent 0% (0) 4% (1)

Stage (n)

 1 or 2 0% (0) 24% (2) 0.0142

 3 or 4 100% (22) 76% (29)

HIV status (n)

 Positive 91% (20) 44% (11)  < 0.0012

 Negative 9% (2) 56% (14)

IPS (n)

 < 4 0% (0) 72% (18)  < 0.0012

 ≥ 4 100% (22) 28% (7)

CD4, cells/μL (IQR) 74.5 (48.0–110.8) 299.0 (265.5–468.0)  < 0.0011

HIV Viral Load, copies/mL (n)

 < 200 90% (18) 64% (7) 0.0752

 ≥ 200 10% (2) 36% (4)

TB Treatment (n)

 No 73% (16) 92% (23) 0.0792

 Yes 27% (6) 8% (2)

WBC,  109/L (IQR) 2.9 (2.0–5.3) 10.3 (4.6–14.4)  < 0.0011

Hemoglobin, g/dL (IQR) 7.8 (6.1–8.5) 9.9 (9.3–12.0)  < 0.0011

Platelet,  109/L (IQR) 91.0 (29.8–182.8) 495.0 (306.0–587.0)  < 0.0011

ALC,  109/L (IQR) 0.5 (0.3–0.6) 1.4 (1.1–2.1)  < 0.0011

Albumin, g/L (IQR) 24.5 (22.2–28.8) 35.0 (31.0–41.0)  < 0.0011

EBER Evaluable (n)

 Positive 93% (14) 38% (5) 0.0022

 Negative 7% (1) 62% (8)
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co-morbidities and number of chemotherapy doses 
received, are listed in Supplementary Table 4. The cause 
of death for the six participants that did not receive 
chemotherapy included sepsis (n = 5) and biliary obstruc-
tion (n = 1). The remaining ten deaths were attributed to 
sepsis (n = 5), disease progression (n = 1), acute decom-
pensation after chemo (n = 1), and unknown causes 
(n = 3). The majority of participant deaths (13/16; 81%) 
occurred within 3 months from diagnosis in participants 
receiving < 2 cycles of chemotherapy. The three deaths 
occurring after 3 months were due to either participant 
non-adherence to treatment (n = 1) or at home from 
unknown cause (n = 2), both of these participants experi-
enced infectious complications after chemotherapy.

Discussion
In this prospective, observational study we report on 
the clinical characteristics, response to treatment and 
1-year OS for classical HL in participants with and 
without HIV. Participants with marrow involvement 
had a poor 1-year OS (50%) and disproportionately, 
PWH with marrow involvement were unable to pro-
vide consent to participate due to deteriorating clinical 
status. While high rates of marrow involvement have 
previously been reported in PWH [22], diagnosis on 

BMB is relatively uncommon. In our study, over half of 
PWH were diagnosed on BMB that was performed dur-
ing the evaluation of cytopenias. Marrow involvement 
in the context of HIV appears to convey a particularly 
poor prognosis in our setting [6]. An interesting obser-
vation in PWH and marrow involvement was the com-
bination of a well-controlled HIV viral load and a low 
CD4 count. In this context we note, HL is associated 
with lymphopenia regardless of HIV status and several 
mechanisms have been proposed [23].

The high rates of TB disease in our cohort (22.6% in 
PWH; 6.3% in HIV-negative) are in keeping with prior 
reports from South Africa [6, 7]. Participants with TB 
disease were noted to have lower albumin and hemo-
globin levels. The hypoalbuminemia overlaps with levels 
seen in PWH, while the hemoglobin was roughly 1gm 
lower. TB has been associated with the development of 
anemia of chronic inflammation [24]. Given the limited 
number of cases in our cohort, it is unclear if this repre-
sents a clinically significant difference, but it is an impor-
tant observation to note. Interestingly, we did not see the 
empiric treatment of TB in our HL cases. This is in con-
trast to the results of a retrospective review from Cape 
Town, South Africa where over 50% of PWH received 
empiric TB treatment [8]. A worse OS in those that were 

Table 3 Treatment characteristics and response to first-line chemotherapy

N is the number of non–missing values and n are frequencies. 1Pearson’s chi-squared test. CR: complete response; PR: partial response; PD: progressive disease. 
2Evalauble participants included those participants that completed chemotherapy and underwent response assessment by either CT or PET/CT. Participants that died 
and those that were unevaluable (i.e. did not undergo response assessment by imaging) were not included in this category. 3Treatment delays were due to either 
neutropenia or participant non-adherence with therapy. *One Participant did not proceed to second line chemotherapy after achieving a partial response due to 
treatment non-adherence

Total cohort HIV (‑) HIV ( +) p‑Value

All participants N = 47 N = 16 N = 31

Number of chemo cycles (n)

 No chemo 13% (6) 6% (1) 16% (5) 0.0941

 < 6 cycles 28% (13) 13% (2) 35% (11)

 ≥ 6 cycles 60% (28) 81% (13) 48% (15)

End of treatment response assessment (n)

 CR 36% (17) 50% (8) 29% (9) 0.2091

 PR—> 2nd line 13% (6) 19% (3) 10%  (3*)

 PD—> 2nd line 9% (4) 13% (2) 6% (2)

 Unevaluable 9% (4) 6% (1) 10% (3)

 Death 34% (16) 13% (2) 45% (14)

Evaluable for end of treatment response assessment N = 27 N = 13 N = 14

Evaluable end of treatment response  assessment2 (n)

 CR 63% (17) 62% (8) 64% (9) 0.9891

 PR—> 2nd line 22% (6) 23% (3) 21%  (3*)

 PD—> 2nd line 15% (4) 15% (2) 14% (2)

Treatment delays among  evaluable3 (n)

 Yes 41% (11) 23% (3) 57% (8) 0.0721

 No 59% (16) 77% (10) 43% (6)



Page 9 of 13Vogt et al. Infectious Agents and Cancer           (2024) 19:46  

empirically treated for TB was seen in that study, while 
treatment of confirmed TB disease did not affect survival.

Among participants that were treated with chemo-
therapy, we report a 65% one-year OS in PWH and 
93% in HIV-negative participants. The survival in HIV-
negative participants is approaching outcomes seen in 
advanced stage disease in high-resource settings [25]. 
Among evaluable participants, the end-of-treatment 
response was similar for PWH and those without HIV. 
This suggests that when participants are able to tolerate 
chemotherapy and remain compliant with follow-up, 
good clinical outcomes can be achieved regardless of 
HIV status. Unfortunately, PWH were overrepresented 

in those receiving < 6 cycles of chemotherapy due to 
early mortality or participant non-adherence. What 
remains unclear is whether the advanced presentations 
seen at time of diagnosis are a manifestation of delayed 
diagnosis in an overburdened health system or whether 
a more aggressive biology is occurring in a subset of 
PWH. Interestingly, data from the US suggests a worse 
prognosis for PWH and HL with undetermined his-
tology [26]. Over 1/3 of our participants had undeter-
mined histology due to the diagnosis of HL on BMB. 
Furthermore, an increased risk of death attributable to 
HIV has been reported in large observational studies of 
HL in Italy [2] and the US [11], and continued disparity 

Fig. 3 Overall survival from diagnosis and initiation of chemotherapy. OS overall survival; CI confidence interval; No. at Risk number at risk
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in receipt of chemotherapy for HIV-associated HL has 
been noted [12]. Altogether, real-world outcomes con-
tinue to lag behind those from clinical trials for PWH.

In the backdrop of a hyper-TB epidemic with one of 
the highest rates of HIV worldwide, in South Africa 
there appears to be a subset of PWH presenting with 
an overly aggressive clinical course that is occur-
ring in a higher number, although with similar out-
comes, to real-world data from high-resource settings. 
The well documented association between EBV and 
HL in PWH [27, 28], confirmed in our study, and the 
evolving research on the clinical impact of EBV DNA 

methylation patterns offers an exciting substrate for 
future research [29].

When comparing our results to other prospective 
data from the continent, (Botswana [13] and Malawi 
[14]) similar survival between PWH and HIV-negative 
individuals has been reported. Similar to the Malawi 
study, we also note more treatment delays during 
chemotherapy among PWH that did not translate into 
poorer treatment outcomes. However, there are several 
key differences to note. The Botswana study excluded 
participants unable to provide consent and BMB data 
was not available. Given that the majority of PWH were 

Fig. 4 Overall survival by bone marrow involvement and CD4 count from diagnosis and initiation of chemotherapy. BM bone marrow; No. at Risk 
number at risk
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diagnosed on BMB in our setting, lack of access to BMB 
could limit HL diagnosis in Botswana, and given that 
marrow involvement was associated with a particularly 
poor survival, this difference could affect a compari-
son of survival outcomes between the two studies. No 
mention of diagnosis on BMB was noted in the Malawi 
study. We also included a family consent for partici-
pants and note a disproportionate number of PWH not 
enrolled in our cohort due to early mortality or urgent 
need for chemotherapy. Lastly, advanced stage and 
poor PS were universal in our setting regardless of HIV 
status, while participants with early stage disease were 
seen more frequently in both Botswana and Malawi. 
This could suggest that diagnostic delays are more com-
mon in the South African public healthcare sector, 
where the majority of our participants were recruited. 
Our findings also confirm the poor treatment outcomes 
from previous retrospective studies from South Africa 
[8] and Tanzania [30].

Our study has several limitations. The small sam-
ple size resulted in a small number of events for sev-
eral variables of interest and this can affect our power 
to detect differences among groups. Our sample size, 
is however, in keeping with the other prospective data 
from sub-Saharan Africa [13, 14]. Another important 
consideration when comparing our results to other 
studies is the overlap with participant enrollment and 
the early Covid pandemic. Three participant deaths 
occurred in the context of a Covid infection, two PWH 
developed gram-negative sepsis and one HIV-nega-
tive participant had been hospitalized for pneumonia 
and a recurrent pleural effusion, and died at home of 
unknown cause.

A major strength of our study is the reporting of real-
world treatment outcomes for HL in South Africa. These 
results are in contrast to clinical trial [10] and observa-
tional data [9] from high-resource settings showing the 
successful treatment of advanced stage HIV-associated 
HL with ABVD chemotherapy. Unfortunately, these 
studies would have excluded a large number of the par-
ticipants referred to our study team due to stringent 
eligibility criteria for clinical trials and requirement for 
consent for observational studies. We do, however, note 
an 85% overall response rate (63% CR; 22% PR) for par-
ticipants that were eligible for response assessment. In 
high-resource settings, the current focus of HL treatment 
is to move the needle by improving durable CR rates for 
clinical trial eligible participants with the incorporation 
of novel agents such as Brentuximab Vedotin [31] and 
immune checkpoint inhibitors [32, 33]. The more press-
ing question for PWH with HL worldwide, is how to 
effectively manage participants that are either unable to 
tolerate ABVD or are ineligible for clinical trials.

Conclusions
Advanced stage disease presentations were universal 
in our study, regardless of HIV status, and highlight 
the need to better understand the drivers of diagnos-
tic delay in this setting. In Johannesburg, a large per-
centage of PWH presenting with lymphoma do not 
survive long enough to have their lymphoma diagnosis 
confirmed [6, 34] and we can confirm that many others 
are too ill to receive chemotherapy at time of diagnosis. 
The current diagnostic paradigm in low-resource set-
tings appears inadequate to accommodate the increas-
ing burden of hematologic malignancies [35]. Strategies 
to improve the triage of high-risk individuals through 
the healthcare system to facilitate lymphoma diagnosis 
are needed. At the patient level, a better understand-
ing of the social determinants of health that contribute 
to participant non-adherence, another common bar-
rier to care, is warranted. Initiatives focused on bio-
marker development to improve the diagnosis of HL 
and to better identify those at high-risk for early mor-
tality could prove extremely beneficial worldwide, and 
could help shed light on the aggressive biology that was 
observed in our cohort.

Abbreviations
HL  Hodgkin lymphoma
ART   Antiretroviral therapy
TB  Tuberculosis
PWH  People with HIV
CHBAH  Chris Hani Baragwanath Academic Hospital
ECOG  Eastern cooperative oncology group
PS  Performance status
IHC  Immunohistochemistry
BMB  Bone marrow biopsy
EF  Ejection fraction
IPS  International prognostic score
ZN  Ziehl–Neelsen
LAM  Lipoarabinomannan
FFPE  Formalin-fixed, paraffin-embedded
US  United States
ABVD  Doxorubicin, bleomycin, vinblastine and dacarbazine
BCVPP  Carmustine, cyclophosphamide, vinblastine, procarbazine, and 

prednisone
BEACOPP  Bleomycin, etoposide, doxorubicin, cyclophosphamide, vincris-

tine, procarbazine and prednisone
OS  Overall survival
IQR  Interquartile range
TLD  Tenofovir, lamivudine, dolutegravir
CR  Complete response
PR  Partial response
PD  Progressive disease

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13027- 024- 00612-4.

Additional file 1.

Acknowledgements
The authors would like to thank the participants and their families for their 
participation.

https://doi.org/10.1186/s13027-024-00612-4
https://doi.org/10.1186/s13027-024-00612-4


Page 12 of 13Vogt et al. Infectious Agents and Cancer           (2024) 19:46 

Author contributions
S.L.V. – conceived and designed analysis, collected data, performed analysis 
and wrote the manuscript. G.L – collected data and manuscript review. 
M.Z. – analysed the data. J.V.—collected data and manuscript review. A.L. – 
performed the research. S.P.—performed the research. Z.W. – performed the 
research. D.C. – performed the research. T.O. – performed the research. W.S. 
– performed the research. P.A. – performed the research. K.O. – analysed the 
data. K.H. – analysed the data. R.V. – analysed the data. M.P. – performed the 
research. R.F.A.—conceived and designed analysis, manuscript review with 
revisions for important intellectual content. N.A.M. – conceived and designed 
analysis, manuscript review with revisions for important intellectual content. 
R.R.X. – conceived and designed analysis, manuscript review with revisions for 
important intellectual content. V.P. – conceived and designed analysis, manu-
script review with revisions for important intellectual content.

Funding
This work was supported in part by the following grants: Fogarty International 
Center (R25TW009340), National Cancer Institute (NCI) for the Training in the 
Molecular Targets for Cancer Detection and Treatment (5T32 CA09071), NCI 
(R01CA250069; R21CA232891; P30CA006973, P30AI094189), AIDS Malignancy 
Consortium (UM1CA121947), and the iLEAD initiative (Innovation in Labora-
tory Engineered Accelerated Diagnostics).

Availability of data and materials
The deidentified data set, data dictionary, and study protocol are available 
upon request sent to the corresponding author (svogt2@jhmi.edu).

Declarations

Ethics approval and consent to participate
This study was approved by the Johns Hopkins School of Medicine Institu-
tional Review Board (IRB00107027) and the University of the Witwatersrand 
Human Research Ethics Committee (200208).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Medicine, Johns Hopkins School of Medicine, Division 
of Hematology, 4940 Eastern Ave, Rm 4500, Baltimore, MD 21224, USA. 
2 Department of Oncology, Sidney Kimmel Comprehensive Cancer Center, 
Johns Hopkins School of Medicine, Baltimore, MD, USA. 3 Perinatal HIV 
Research Unit (PHRU), Faculty of Health Sciences, University of the Witwa-
tersrand, Johannesburg, South Africa. 4 Clinical Haematology Unit, Department 
of Medicine, Chris Hani Baragwanath Academic Hospital and Faculty of Health 
Sciences, University of the Witwatersrand, Johannesburg, South Africa. 
5 Department of Molecular Medicine and Haematology, Faculty of Health 
Sciences, National Health Laboratory Service, University of the Witwatersrand, 
Johannesburg, South Africa. 6 Division of Anatomical Pathology, Faculty 
of Health Sciences, National Health Laboratory Service, University of the Wit-
watersrand, Johannesburg, South Africa. 7 Wits Diagnostic Innovation Hub, Fac-
ulty of Health Sciences, University of the Witwatersrand, Johannesburg, South 
Africa. 8 Clinical Haematology, Netcare Olivedale Hospital, Johannesburg, 
South Africa. 9 School of Public Health, Faculty of Health Sciences, University 
of the Witwatersrand, Johannesburg, South Africa. 10 Department of Pathology, 
Johns Hopkins School of Medicine, Baltimore, MD, USA. 

Received: 29 August 2024   Accepted: 18 September 2024

References
 1. Shiels MS, Cole SR, Kirk GD, Poole C. A meta-analysis of the incidence 

of non-AIDS cancers in HIV-infected individuals. J Acquir Immune Defic 
Syndr. 2009;52(5):611–22.

 2. Cingolani A, Cozzi Lepri A, Teofili L, Galli L, Mazzotta V, Baldin GM, et al. 
Survival and predictors of death in people with HIV-associated lym-
phoma compared to those with a diagnosis of lymphoma in general 
population. PLoS ONE. 2017;12(10): e0186549.

 3. Gibson TM, Morton LM, Shiels MS, Clarke CA, Engels EA. Risk of non-
Hodgkin lymphoma subtypes in HIV-infected people during the 
HAART era: a population-based study. AIDS. 2014;28(15):2313–8.

 4. Biggar RJ, Chaturvedi AK, Goedert JJ, Engels EA, Study HACM. AIDS-
related cancer and severity of immunosuppression in persons with 
AIDS. J Natl Cancer Inst. 2007;99(12):962–72.

 5. Clifford GM, Rickenbach M, Lise M, Dal Maso L, Battegay M, Bohlius 
J, et al. Hodgkin lymphoma in the Swiss HIV cohort study. Blood. 
2009;113(23):5737–42.

 6. Vaughan J, Perner Y, McAlpine E, Wiggill T. Brief report: HIV-associated 
Hodgkin lymphoma involving the bone marrow identifies a very 
high-risk subpopulation in the era of widescale antiretroviral therapy 
use in Johannesburg, South Africa. J Acquir Immune Defic Syndr. 
2020;83(4):345–9.

 7. Patel M, Philip V, Fazel F. Human immunodeficiency virus infection 
and Hodgkin’s lymphoma in South Africa: an emerging problem. Adv 
Hematol. 2011;2011: 578163.

 8. Swart L, Novitzky N, Mohamed Z, Opie J. Hodgkin lymphoma at Groote 
Schuur hospital, South Africa: the effect of HIV and bone marrow 
infiltration. Ann Hematol. 2019;98(2):381–9.

 9. Besson C, Lancar R, Prevot S, Brice P, Meyohas MC, Marchou B, et al. 
High risk features contrast with favorable outcomes in HIV-associated 
Hodgkin lymphoma in the modern cART Era, ANRS CO16 LYMPHOVIR 
cohort. Clin Infect Dis. 2015;61(9):1469–75.

 10. Xicoy B, Miralles P, Morgades M, Rubio R, Valencia ME, Ribera JM. 
Long-term follow up of patients with human immunodeficiency virus 
infection and advanced stage Hodgkin’s lymphoma treated with 
doxorubicin, bleomycin, vinblastine and dacarbazine. Haematologica. 
2013;98(8):e85–6.

 11. Shiels MS, Koritzinsky EH, Clarke CA, Suneja G, Morton LM, Engels EA. 
Prevalence of HIV infection among U.S. Hodgkin lymphoma cases. Cancer 
Epidemiol Biomarkers Prev. 2014;23(2):274–81.

 12. McGee-Avila JK, Suneja G, Engels EA, Rositch AF, Horner MJ, Luo Q, et al. 
Cancer treatment disparities in people with HIV in the United States, 
2001–2019. J Clin Oncol. 2024;42(15):1810–20.

 13. Moahi K, Ralefala T, Nkele I, Triedman S, Sohani A, Musimar Z, et al. HIV 
and Hodgkin lymphoma survival: a prospective study in Botswana. JCO 
Glob Oncol. 2022;8: e2100163.

 14. Mponda M, Kudowa E, Craven DM, Eastburg LC, Chikasema M, Kasonkanji 
E, et al. Safety, efficacy, and affordability of ABVD for Hodgkin lymphoma 
in Malawi: a prospective cohort study. EClinicalMedicine. 2024;69: 102480.

 15. O’Malley DP, Dogan A, Fedoriw Y, Medeiros LJ, Ok CY, Salama ME. Ameri-
can Registry of Pathology Expert Opinions: immunohistochemical evalu-
ation of classic Hodgkin lymphoma. Ann Diagn Pathol. 2019;39:105–10.

 16. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, et al. 
Recommendations for initial evaluation, staging, and response assess-
ment of Hodgkin and non-Hodgkin lymphoma: the Lugano classification. 
J Clin Oncol. 2014;32(27):3059–68.

 17. Hasenclever D, Diehl V. A prognostic score for advanced Hodgkin’s 
disease. International Prognostic Factors Project on Advanced Hodgkin’s 
Disease. N Engl J Med. 1998;339(21):1506–14.

 18. Fry KFR, Chakraborty NM. Measuring equity with nationally representative 
wealth quintiles. 2014 [Available from: https:// media. psi. org/ wp- conte nt/ 
uploa ds/ 2020/ 02/ 31012 157/ Wealth- Quint ile- Guide. pdf.

 19. Rutstein SO. Steps to constructing the new DHS Wealth Index. Rockville, 
MD: ICF International. 2015;6.

 20. Kaplan EM, Meier P. Nonparametric estimation from incomplete observa-
tions. J Am Stat Assoc. 1958;53(282):457–81.

 21. Brookmeyer RC, J.J. A confidence interval for the median survival time. 
Biometrics. 1982;38:29.

 22. Rubio R. Hodgkin’s disease associated with human immunodeficiency 
virus infection. A clinical study of 46 cases. Cooperative study group 
of malignancies associated with HIV infection of Madrid. Cancer. 
1994;73(9):2400–7.

 23. Masel R, Roche ME, Martinez-Outschoorn U. Hodgkin lymphoma: a 
disease shaped by the tumor micro- and macroenvironment. Best Pract 
Res Clin Haematol. 2023;36(4): 101514.

https://media.psi.org/wp-content/uploads/2020/02/31012157/Wealth-Quintile-Guide.pdf
https://media.psi.org/wp-content/uploads/2020/02/31012157/Wealth-Quintile-Guide.pdf


Page 13 of 13Vogt et al. Infectious Agents and Cancer           (2024) 19:46  

 24. Dasaradhan T, Koneti J, Kalluru R, Gadde S, Cherukuri SP, Chikatimalla R. 
Tuberculosis-associated anemia: a narrative review. Cureus. 2022;14(8): 
e27746.

 25. Vellemans H, Andre MPE. Review of treatment options for the manage-
ment of advanced stage Hodgkin lymphoma. Cancers. 2021;13(15).

 26. Olszewski AJ, Castillo JJ. Outcomes of HIV-associated Hodgkin lymphoma 
in the era of antiretroviral therapy. AIDS. 2016;30(5):787–96.

 27. Grewal R, Irimie A, Naidoo N, Mohamed N, Petrushev B, Chetty M, et al. 
Hodgkin’s lymphoma and its association with EBV and HIV infection. Crit 
Rev Clin Lab Sci. 2018;55(2):102–14.

 28. Lupo J, Truffot A, Andreani J, Habib M, Epaulard O, Morand P, et al. 
Virological Markers in Epstein-Barr Virus-Associated Diseases. Viruses. 
2023;15(3).

 29. Shamay M, Kanakry JA, Low JSW, Horowitz NA, Journo G, Ahuja A, et al. 
CpG methylation in cell-free Epstein-Barr virus DNA in patients with EBV-
Hodgkin lymphoma. Blood Adv. 2020;4(8):1624–7.

 30. Mbai MM, Mduma E, Thuo S, Rugengamanzi E, Malichewe CV, Lugina 
EL. A comparison of clinical profile and treatment outcome of Hodgkin’s 
Lymphoma in Tanzania according to HIV status during the HAART era. 
BMC Cancer. 2024;24(1):796.

 31. Rubinstein PG, Moore PC, Bimali M, Lee JY, Rudek MA, Chadburn A, 
et al. Brentuximab vedotin with AVD for stage II-IV HIV-related Hodgkin 
lymphoma (AMC 085): phase 2 results from an open-label, single arm, 
multicentre phase 1/2 trial. Lancet Haematol. 2023;10(8):e624–32.

 32. Herrera AF, LeBlanc ML, Castellino SM, Li H, Rutherford SC, Evens AM, et al. 
SWOG S1826, a randomized study of nivolumab(N)-AVD versus brentuxi-
mab vedotin(BV)-AVD in advanced stage (AS) classic Hodgkin lymphoma 
(HL). Journal of Clinical Oncology. 2023;41(17_suppl):LBA4-LBA.

 33. Graeter A, Bowles KE, Coghill A. Safety and efficacy of immune check-
point inhibitors in the treatment of hodgkin lymphoma in people living 
with human immunodeficiency virus: a case series. Blood. 2023;142:6176.

 34. Vogt SL, Maloma L, Xian RR, Ambinder RF, Philip V, Patel M, et al. Signifi-
cance of lymph node fine needle aspiration for the diagnosis of HIV-asso-
ciated lymphoma in a low-resource setting. AIDS. 2022;36(10):1393–8.

 35. Gopal S. The case for prioritizing malignant hematology services in low- 
and middle-income countries. Semin Hematol. 2023;60(4):189–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Real-world treatment outcomes for Hodgkin lymphoma in South Africa: a prospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Specimen collection and processing
	Participant treatment and follow-up
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


