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Abstract
Introduction: Most Zimbabweans access medical care through tiered health systems. In 2013, HIV care was decentralized to
primary care clinics; while oncology care remained centralized. Most persons in Zimbabwe with Kaposi sarcoma (KS) are diag-
nosed late in their disease, and the prognosis is poor. Little is known about whether educational interventions could improve
KS outcomes in these settings.
Methods: Interventions to improve KS detection and management were evaluated at eight Zimbabwe primary care sites (four
rural/four urban) that provided HIV care. Interventions included a standardized KS clinical evaluation tool, palliative care inte-
gration, standardized treatment and improved consultative services. Interventions were implemented between February 2013
and January 2016 using a randomized stepped-wedge cluster design. Sites were monitored for KS diagnosis rates and KS out-
comes, including early diagnosis (T0 vs. T1 tumour stage), participant retention and mortality. Analyses controlled for within-
clinic correlations.
Results: A total of 1102 persons with suspected KS (96% HIV positive) were enrolled: 47% incident (new diagnosis), 20%
prevalent (previous diagnosis) and 33% determined as not KS. Early (T0) diagnosis increased post-intervention, though not
significant statistically (adjusted odds ratio [aOR] = 1.48 [95% confidence interval (95% CI): 0.66–3.79], p = 0.37). New KS
diagnosis rates increased 103% (95% CI: 11–273%), p = 0.02) post-intervention; although paired with an increased odds of
incorrectly diagnosing KS (aOR = 2.08 [95% CI: 0.33–3.24], p = 0.001). Post-intervention, non-significant decreases in 90-day
return rates (adjusted hazard ratio [aHR] = 0.69 [95% CI: 0.38–1.45], p = 0.21) and survival (aHR = 1.36 [95% CI: 0.85–2.20],
p = 0.20) were estimated.
Conclusions: KS training interventions at urban and rural Zimbabwe decentralized primary care clinics significantly increased
overall and incorrect KS diagnosis rates, but not early KS diagnosis rates, 90-day return rates or survival.
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1 INTRODUCT ION

Despite the rollout of antiretroviral therapy (ART) in 2004,
AIDS-associated Kaposi sarcoma (AIDS-KS) remains a major
cause of morbidity and mortality in Zimbabwe [1, 2]. Late pre-

sentation of disease, concomitant opportunistic infections, and
limitations in ART and chemotherapy access lead to unique
challenges and high mortality rates for AIDS-KS in Africa
[3–9]. Reducing the AIDS-KS burden in Zimbabwe and other
African countries requires evidence-based recommendations
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and strategies that address the prevention, screening, early
diagnosis and treatment of this malignancy, particularly in pri-
mary care settings.

In Zimbabwe, the population is mostly rural and obtains
medical care, including human immunodeficiency virus (HIV)
diagnosis and ART, through a tiered system of local health
centres, district, provincial and central hospitals in which
nurses and community health workers are the initial pri-
mary healthcare contacts [10]. Zimbabwe’s HIV Treatment
and Care Programme expanded rapidly from its rollout in
2004, in line with the national policy of provision of ser-
vices at the primary healthcare level. The National HIV
Strategic Plan (2013–2017) details extension of access to
testing and treatment at this level, training of healthcare
providers and integration of primary healthcare services for
HIV in the tiered system of referral for centralized, tertiary
care.

The National ART Guidelines were amended in 2016 to
reflect the Ministry of Health and Child Care commitment to
the Global Fast Track 90-90-90 targets by 2020 and for con-
sistency with World Health Organization recommendations
that all HIV-positive persons receive ART. Although nurses
overseeing ART are trained on the rollout, indications, effects
and toxicities of ART drugs, there is little training on the iden-
tification, diagnosis and management of HIV-related malignan-
cies. Training of healthcare workers in cancer detection, treat-
ment and end-of-life care is required to reduce the burden
of disease and improve outcomes and survival in low- and
middle-income countries [11].

To improve outcomes of AIDS-KS in Zimbabwe and other
African settings, KS screening, diagnosis and treatment rec-
ommendations must be integrated into primary HIV care set-
tings. Strategies are needed to increase early-stage KS diag-
nosis, when it is most likely to respond to ART alone and
thereby reduce the need for expensive, difficult to access
and potentially toxic chemotherapy. These strategies must be
feasible, simple and sustainable in resource-constrained pri-
mary care settings with high HIV burdens. We developed
a package of training interventions focused on KS recogni-
tion and improved symptom control targeted at primary HIV
care providers. We conducted a community-based randomized
stepped-wedge cluster trial to ensure the intervention was
received by all involved clinics. Using this format, we aimed to
identify whether training healthcare workers in AIDS-KS diag-
nosis and care improved the health outcomes of people with
AIDS-KS.

2 METHODS

2.1 Study oversight and monitoring

Study design details are available at ClinicalTrials.gov
NCT01764360. The study was approved by the institu-
tional review boards of the Medical Research Council of
Zimbabwe, University of Colorado Anschutz Medical Campus
and the Joint Parirenyatwa Hospital and University of Zim-
babwe College of Health Sciences. Written, informed consent
was obtained from all study participants.

2.2 Interventions

A package of interventions was developed to improve KS care
by providing training in clinical recognition and evaluation of
KS, palliative care and symptom control (see File S1). The
Intervention Package comprised three components: (1) A KS
Standardized Evaluation (KS-SE) [12]. Early KS diagnosis is
highly dependent on clinical detection of suspected KS lesions.
The KS-SE was developed with input from Zimbabwean clin-
icians experienced in KS care to improve bedside diagnos-
tic skills to assess common clinical presentations of KS. The
KS-SE promoted a quick, comprehensive physical examina-
tion of patients with AIDS-KS, and was recommended for use
at diagnosis and annually thereafter to document treatment
response. (2) Palliative care education and integration into the
primary care of persons with AIDS-KS. The training was mod-
ified to focus on AIDS-KS symptomatology and delivered by
specially trained and experienced Zimbabwean doctors and
nurses whose main practice is in the provision of home-based
palliative care. (3) Consultative and educational services for
primary care providers in rural areas. Training modules incor-
porating KS recognition, particularly early KS diagnosis, treat-
ment, symptom control and palliative care, were developed by
a team of Zimbabwean nurses and doctors experienced in KS
care. In addition, each site was encouraged to consult with the
study team for assistance in the diagnosis and management of
AIDS-KS.

2.3 Trial design

The Intervention Package impact on AIDS-KS outcomes was
evaluated by a stepped-wedge randomized cluster trial design
(Figure 1) [13, 14]. Monitoring of KS diagnoses and outcomes
began in February 2013, 15 weeks before the first implemen-
tation of the Intervention Package, and continued until the
studies end in January 2016 (evaluation period). The evalua-
tion period was 150 weeks for all sites. Sites were random-
ized to begin the Intervention Package at different times such
that the intervention was eventually implemented at all sites
during the study. The time from initial monitoring to interven-
tion initiation ranged from 15 to 64 weeks (pre-intervention
period). The time from the start of the intervention to the
end of the study ranged from 86 to 135 weeks (intervention
period).

2.4 Study settings

The Intervention Package was implemented at eight primary
care sites (four rural and four urban). Urban sites were
located within the metropolitan area of Harare and rural sites
within a 200 km radius of Harare. All sites received sup-
port for HIV care through the President’s Emergency Plan
for AIDS Relief (PEPFAR) [15], provided primary HIV care
services, including HIV staging and assessment, initiation and
follow-up of ART, and had a minimum census of 1000 persons
living with HIV receiving care.

2.5 Randomization

The intervention order for urban and rural sites was block
randomized. Within blocks, sites were then randomized to
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Figure 1. Timeline for study implementation and completion for randomized stepped-wedge cluster trial. Each site was monitored for
Kaposi sarcoma diagnoses and outcomes throughout the entire study period (evaluation period, weeks 0–150). The light-shaded area
shows the time when each of the eight sites was monitored prior to implementation of the Intervention Package (pre-intervention
period). The dark-shaded area shows the time when sites were monitored after the implementation of the Intervention Package (inter-
vention period). The time of intervention implementation was randomly assigned for each site; because the Urban-1, Urban-2 and Urban-
4 sites are in close geographic proximity, and share staff and patients, these three sites were randomized as a cluster. The Urban-3 site
was the first site to begin the intervention at week 15. The last site to begin the intervention was the Rural-1 site at week 64.

obtain the order for implementation of the Intervention Pack-
age. This design ensured that urban and rural sites had a sim-
ilar number of weeks in the pre-intervention and intervention
periods. Three of the four urban sites were grouped together
in the randomization as they were in close geographic proxim-
ity and shared staff and patients.

2.6 Participants

Persons of all ages with suspected or confirmed KS who
received care at the participating sites at any time during the
study period were asked to participate.

2.7 Study procedures

The study included a Monitoring Team and Intervention Team.
Team membership was mutually exclusive and worked inde-
pendently. The Monitoring Team visited each site weekly
throughout the evaluation period. Monitors were blinded to
the site randomization results and to when each site began
the intervention period. At site visits, the monitors distributed
study forms and trained site staff on form completion and

keeping daily logs of the total number of patient visits, new KS
diagnoses (incident cases) and patients with previously known
KS (prevalent cases). They did not provide training in any
aspect of KS diagnosis or treatment.

The Intervention Team included at least one doctor expe-
rienced in palliative and AIDS-KS patient care and one nurse.
At each site, the Intervention Team conducted trainings
directed at all levels of primary care providers (doctors,
nurses, allied health professionals and ancillary staff). Training
methods were interactive, case-based and included pho-
tographs of common presentations of KS, and discussion of
KS cases with various HIV- and KS-related complications.
Trainings emphasized early recognition of the disease, includ-
ing demonstration of a focused full-body examination for KS,
potential KS mimics, and appropriate management of KS and
complications including concomitant opportunistic infections.
Healthcare providers were watched and given feedback as
they did a KS-focused clinical examination after a training
demonstration. In the first month of the intervention period
for each site, training included three 4-hour sessions; there-
after, training was done monthly for 2–4 hours per session
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through the end of the study. The Intervention Team also
provided training to community health workers and traditional
healers on KS recognition and referral for medical treatment
and distributed posters and brochures in the community to
increase awareness of KS.

Prior to the start of training and at subsequent follow-up
trainings, healthcare providers were asked to self-rate their
knowledge and skills in six areas (performance of a KS-specific
history and examination, clinical detection of KS, assessment
of KS symptoms, performance of KS staging, management of
KS symptoms and principles of palliative care) using a 5-point
Likert scale (ranging from 1—“I have no knowledge or skill” to
5—“I am an expert”).

To confirm KS diagnosis, doctors and nurses were trained
to do punch biopsies of suspected KS skin lesions, and sites
were provided with the necessary supplies for specimen col-
lection, storage and transport to pathology at the Univer-
sity of Zimbabwe College of Health Sciences. Biopsies were
read by a histopathologist who had completed the AIDS Clin-
ical Trials Group/AIDS Malignancy Consortium training in KS
histopathology [16]. Sites were encouraged to obtain biopsies
from at least one skin lesion for all KS suspects. When biop-
sies were not obtained, KS diagnosis was made by the treating
clinician and confirmed by expert opinion after a clinical exam-
ination by a study team physician experienced in the evalu-
ation and treatment of KS. Confirmed KS cases, whether a
biopsy or clinically confirmed, were classified as prevalent if
diagnosed prior to the start of the study and incident if newly
diagnosed after study initiation.

2.8 Outcomes

We hypothesized that the training interventions would lead to
more active KS surveillance by primary care providers result-
ing in increased overall and early-stage KS diagnoses. Anal-
yses included confirmed AIDS-KS only. Outcomes measured
were the proportion of confirmed incident (newly diagnosed)
KS over time and the proportion of confirmed incident KS
identified at stage T0 (T0/(T0 + T1)) with T0 and T1 defined
by ACTG criteria [17]. We also hypothesized that the inter-
vention would improve AIDS-KS survival and retention in care
among incident KS cases. Retention was measured as the time
to the second visit, usually a month from the diagnostic visit,
which was required for patient review and administration of
chemotherapy when needed, with censoring at the maximum
follow-up time. The number of required clinic visits varied
according to individual clinical need, with not often more than
four chemotherapy pulses given monthly, reverting to visits
every 3 months depending on clinical disease and treatment
response. Non-death loss-to-care was included because loss-
to-care in ART programmes in African settings is associated
with a high risk of mortality [18]. Death among participants
with incident confirmed KS was evaluated separately.

2.9 Statistical methods

Non-linear mixed effects models were used to account for the
site, subject and time effects [14]. Time to event outcomes
during the evaluation and intervention periods utilized Cox
frailty models, accounting for site effects and time-varying

covariates, including transitions from evaluation to interven-
tion periods. Step functions were used to account for non-
proportional hazards. Given incomplete participant and site ID
and a lower response rate post-intervention, a Welch’s two-
sample t-test was used to compare self-ratings of KS knowl-
edge pre- and post-intervention.

3 RESULTS

3.1 Intervention delivery and uptake

The Intervention Package was implemented at each site
as shown in Figure 1. Across eight sites, 2534 health-
care providers attended at least one training session, includ-
ing 1658 nurses, 454 primary healthcare workers, 280
paramedics and 142 medical doctors. In addition, 205 tra-
ditional medicine practitioners and 47 community advocates
received training. Prior to the first training session, 771 KS
knowledge assessment surveys were completed by healthcare
providers with 170 surveys completed at subsequent sessions
(Table 1). At baseline, most healthcare providers indicated no
or little knowledge or skill in each of the six areas (Likert
scale: 1.4–2.0). At subsequent assessments, most participants
reported at least some knowledge in each area (Likert scale:
2.6–3.1).

3.2 Intervention effect on KS identification

Across the eight sites, 1102 individuals with suspected KS
were identified. The proportion of HIV clinic visits with sus-
pected KS increased during the intervention period at all sites
although the size varied by site (Figure 2). KS diagnosis was
confirmed by expert clinical examination or biopsy in 744
(68%) of 1102 KS suspects (Figure 3), including 520 (62%)
of 834 new diagnoses (incident cases) and 224 (84%) of 267
existing diagnoses established prior to the study (prevalent
cases). The time between provisional diagnosis and expert
opinion or histopathology was 1–2 weeks (maximum 4 weeks).
The mean rate of confirmed incident KS across sites increased
from 2.1 (95% confidence interval [95% CI]: 1.3, 3.3) per
week pre-intervention to 4.2 (95% CI: 2.9, 6.4) per week in
the intervention period (p = 0.021), although the frequency of
incorrectly diagnosing someone with KS also increased from
19.9% to 34.3% (adjusted odds ratio [aOR] = 2.08; 95% CI:
1.33, 3.24, p = 0.001).

Of the 520 individuals with confirmed incident KS, 74
were enrolled pre-intervention and 446 during the interven-
tion period (Table 2). Incident KS cases were similar in gen-
der, age, race and HIV status regardless of enrolment period.
During the intervention period, a smaller percentage of inci-
dent KS cases were enrolled at a rural location (31% vs. 50%),
had prior ART use (58% vs. 69%) or had current tuberculo-
sis treatment (14% vs. 19%) compared to the pre-intervention
period.

3.3 Intervention effect on early KS diagnosis

The proportion of T0 stage KS increased from 9.5% pre-
intervention to 11.7% in the intervention period (Figure 4). In
models adjusted for age, sex, clinic location (rural/urban), HIV
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Table 1. Healthcare provider self-rating of Kaposi sarcoma knowledge

Pre-intervention

(n = 771)a,b
Post-intervention

(n = 170)b,c p-value

How would you rate your knowledge and skills in the following areas?d

Principles and practice of palliative care 2.0 (0.9) 2.7 (1.1) <0.001*

Performance of a KS-specific history and exam 1.6 (0.8) 2.8 (1.1) <0.001*

Assessment of KS symptoms 1.8 (0.8) 3.1 (1.1) <0.001*

Detection of KS by history and exam 1.8 (0.8) 3.0 (1.1) <0.001*

Performance of clinical staging of KS diseases 1.4 (0.7) 2.6 (1.0) <0.001*

Management of KS symptoms 1.6 (0.8) 2.8 (1.1) <0.001*

aPre-intervention self-assessments were performed on the first day of the training intervention but prior to any trainings.
bMean (standard deviation).
cPost-intervention self-assessments were performed at 4, 24 or 48 weeks after implementation of the training intervention.
dSite staff was asked to rate themselves as: I have no knowledge or skill (1); I have little knowledge or skill (2); I have some knowledge or skill
(3); I have a lot of knowledge or skill (4); I am an expert (5).
*p<0.05 considered statistically significant.

Figure 2. Effect of the training intervention on Kaposi sarcoma (KS) diagnosis rate. The proportion of all weekly HIV clinic visits that
were patients with a suspected KS diagnosis is shown for the duration of the study period for each site. Vertical dashed lines indicate
the time that the training intervention was introduced. Sites are grouped by urban (left panel) and rural locations (right panel). The tick
mark rug indicates study enrolment times for confirmed KS cases (black tick marks) and participants initially identified as having KS but
later determined to not have KS by expert opinion (grey tick marks).
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Figure 3. Diagram for identification of Kaposi sarcoma (KS) cases. A total of 1102 suspected cases of KS were evaluated during the
combined pre-intervention and intervention periods: 358 were determined to not be KS by expert opinion. Of the 744 confirmed KS
cases, in 224 cases, the diagnosis of KS was made prior to study week 0. Of the 520 confirmed KS cases diagnosed after week 0, 74
were diagnosed during the pre-intervention period and 446 during the intervention period.

Table 2. Baseline characteristics of confirmed new Kaposi sar-

coma diagnoses made during the study evaluation period

Pre-interventiona

(n = 74)

Interventionb

(n = 446)

Female 31 (41.9%) 175 (39.2%)

Agec 37.5 (33.0; 43.0) 37.0 (32.0; 43.0)

Black African 74 (100%) 446 (100%)

Rural location 37 (50%) 138 (30.9%)

Prior antiretroviral therapy 51 (68.9%) 352 (57.6%)

Current treatment for

tuberculosis

14 (18.9%) 60 (13.5%)

HIV antibody positive 74 (100%) 446 (100%)

CD4+ cells (per mm3)c,d 179 (50; 330) 184 (59; 346)

Oral KS present 30 (42.3%) 220 (49.8%)

KS stage T0a,e 7 (9.5%) 52 (11.7%)

Note: All numbers given are n (%) unless otherwise specified.
aNew KS diagnoses were made prior to the date that the train-
ing intervention was introduced at the site where the KS evaluation
occurred.
bNew KS diagnoses were made on or after the date that the train-
ing intervention was introduced at the site where the KS evaluation
occurred.
cMedian with interquartile range (IQR).
dCD4+ cell count data were available for 55 participants enrolled
in the pre-intervention period and 321 participants enrolled in the
intervention period.
eACTG criteria for KS staging.

Figure 4. Kaposi sarcoma (KS) diagnoses relative to the time of
implementation of the intervention for each clinic. Time of diag-
nosis is shown for the 520 new confirmed KS cases relative to
the time of the intervention at each site (vertical shaded line).
Filled circles are ACTG stage T0 KS; empty circles are ACTG
stage T1. The proportion of T0 diagnosis in each period is shown.
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Table 3. Adjusted odds ratios for tumour stage at diagnosis (T0 vs. T1) for individuals with confirmed Kaposi sarcoma newly

diagnosed at enrolment (n = 520)

Odds ratio (95%

confidence intervals) p-value

Enrolled during intervention period versus pre-intervention period 1.48 (0.66, 3.79) 0.37

Age (per 10-year increase) 0.91 (0.68, 1.21) 0.52

Female versus male sex 1.47 (0.83, 2.58) 0.18

Rural versus urban enrolment site 1.65 (0.69, 3.96) 0.18

Time since HIV diagnosis (per 1-year increase) 1.05 (0.83, 1.18) 0.41

HIV negative versus HIV positive 0.38 (0.02, 2.03) 0.36

Prior antiretroviral therapy versus no prior antiretroviral therapy 0.69 (0.38, 1.26) 0.23

Figure 5. Adjusted Cox proportional hazards model of survival. Adjusted Cox proportional hazards model of survival of new (incident)
Kaposi sarcoma (KS) cases by pre- and post-intervention status (denoted by line width) with stratification by enrolment at a rural (vs.
urban) clinic and tuberculosis status (denoted by colour). Adjustment covariates age, sex and time since HIV diagnosis were set to
median values (age = 37 years, sex = male, time from HIV to KS = 0.92 years) with separate graphs for T0 and T1 status. Only the
520 confirmed incident (newly diagnosed) KS cases were included in the analysis. Censoring occurred at the maximum clinic visit.

status, time since HIV diagnosis and ART use, the odds of T0
stage confirmed KS diagnosis among incident cases, within a
clinic, in the intervention versus pre-intervention periods was
1.48 (95% CI: 0.63, 3.49; p = 0.37) (Table 3).

3.4 Intervention effect on retention in care and
mortality

Among confirmed incident KS cases, 5.4% had non-death loss-
to-care in the pre-intervention period compared to 8.2% in
the intervention period (Figure 3). However, the relative rate
of return for a second clinic follow-up increased over time
for the intervention period compared to the pre-intervention
period: adjusted hazard ratio (aHR) = 0.67 (95% CI: 0.38,
1.21; p = 0.19) for the first 90 days; aHR = 1.37 (95% CI:
0.79, 2.39; p = 0.26) for 90–180 days; and aHR = 2.84 (95%
CI: 1.47, 5.48; p = 0.002) after 180 days. Incident KS 1-year
mortality was 37% (95% CI: 32%, 42%) with 41% of deaths

identified pre-intervention compared to 28% in the interven-
tion period. Among incident KS cases, the time to death aHR
was 1.36 (95% CI: 0.85, 2.20; p = 0.20) adjusted for age,
sex, T stage, time since HIV diagnosis and stratified by tuber-
culosis and clinic location to maintain proportional hazards
(Figure 5).

4 D ISCUSS ION

To determine if healthcare worker training in AIDS-KS diagno-
sis and care led to better health results for people with AIDS-
KS in Zimbabwe, we carried out one of the largest prospec-
tive trials of KS diagnosis and management in sub-Saharan
Africa to date. To improve knowledge across the healthcare
spectrum, we trained nurses and doctors from HIV and non-
HIV-focused clinics, pharmacists, rehabilitation technologists,
administrative staff, community health workers and traditional
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healers. By conducting the intervention in both urban and
rural clinics, our findings are generalizable to AIDS-KS in Zim-
babwe, where the majority of the population lives in rural
areas. Healthcare providers self-reported improved knowl-
edge and ability to identify and manage KS post-training. Dur-
ing the intervention period, diagnoses of KS increased and
although earlier T0 stage new confirmed KS diagnoses also
increased, this change was not statistically significant.

A small proportion of individuals newly diagnosed with KS
in our study were identified at the T0 stage (11%), simi-
lar to prior studies in Africa [5, 6, 19–21], which may be
indicative of barriers to accessing care rather than health-
care provider diagnostic skillsets. Distance to a clinic, prices
of transportation or healthcare, lack of education and use
of traditional healers [22–24] may lead to individuals waiting
until late-stage disease to seek out appropriate care. Tradi-
tional healers and community health workers were included
in our educational programmes and we distributed posters
and brochures to increase community awareness of KS but
our intervention did not include other measures to decrease
barriers to medical care access nor more active community
engagement approaches. Outcomes in our study may have
also been affected by scheduled rotations of clinical staff. Peri-
odic rotation of new less experienced healthcare staff into the
clinic while trained staff rotated out over the course of the
study required continuous repetition of initial training mod-
ules and limited our ability to progress to more advanced
training for many staff.

Although the intervention increased the overall rate of KS
diagnosis, the rate of incorrectly diagnosing someone with
KS also increased. Diagnosis of KS in African primary care
settings is difficult as there are several mimicking disorders
[25, 26], disseminated or pulmonary KS is hard to distin-
guish from tuberculosis [4, 27], and there is limited access
to tumour biopsies for histologic diagnosis. Previous stud-
ies have reported up to 30% discordance between clinical
and histopathologic KS diagnoses in South and East Africa
[26, 28]. At our sites, the frequency of incorrect KS diag-
nosis was 16% prior to the study and 20% during the pre-
intervention period. The increased rate of incorrect diagno-
sis during the intervention period (35%) was unexpected since
the intervention included training in KS clinical diagnosis after
which healthcare providers reported feeling more confident
in their abilities to diagnose KS, though the post-intervention
response rate was low (22%) which limits interpretation. How-
ever, the increase in overall KS diagnoses suggests that the
intervention empowered primary care providers to examine a
patient and attempt a diagnosis, even though not always KS.
It is possible the response rate may have improved with fur-
ther training, and that the programme may have needed to
continue to have maximum effectiveness.

Despite skin biopsy training and the availability of punch
needles and other biopsy supplies, only 16% of incident cases
were confirmed by histopathology. We did not investigate the
reasons for the low uptake of skin biopsies but suspect the
cost of sending biopsies to a central pathology laboratory and
the need for additional clinic visits to review biopsy results
might have been inhibitory. In sub-Saharan Africa, the posi-
tive predictive values of KS diagnosis by clinical examination
compared to biopsy are estimated at 59–84%. Of individuals

incorrectly diagnosed with KS requiring alternative treatment,
up to 16–35% were considered clinically benign, and 5–6%
had alternative diagnoses that were life-threatening [28–30].
To improve the accuracy of KS diagnosis in Zimbabwe and
other African settings, affordable, timely and scalable testing
that is amenable for busy primary care clinics needs to be
identified.

We did not detect statistically significant effects of the
intervention on mortality. Overall mortality was high, poten-
tially due to the large proportion of individuals presenting
with advanced KS. Studies completed in sub-Saharan Africa,
including one in Zimbabwe, have reported increased mortal-
ity risk among individuals with more advanced tumour bur-
den (T1) [5, 7, 9, 31]. Although study participants received
ART, ART alone is not adequate treatment for advanced
KS. Absent or inadequate chemotherapy has been associated
with increased AIDS-KS mortality [5–9, 32, 33]. Chemother-
apy requires resources for travel to treatment facilities and
payment for cancer therapy; unfortunately, these resources
are not available to many AIDS-KS patients in sub-Saharan
Africa [3]. The trend for increased time to death during the
intervention, while not statistically significant, suggests that
educational interventions targeted at African primary care
providers have the potential to decrease mortality from KS.
Programmes to reduce cancer morbidity and mortality in sub-
Saharan Africa should focus on continuing to build infrastruc-
ture and capacitating healthcare personnel to provide afford-
able, accessible and effective chemotherapy.

There was evidence that the intervention improved reten-
tion in care for newly diagnosed AIDS-KS. The relative rate
of return for a second clinic visit increased over time with
incremental increases in the aHR measured at 3-month inter-
vals after starting the intervention, reaching statistical signifi-
cance after 180 days. Trainings were provided multiple times
at each site. Improvements in retention over time may reflect
the time required for a sufficient number of site staff to par-
ticipate in trainings and for the trained staff to garner expe-
rience in applying what they learned to their clinical practice.
Repetition in training over time may lead to better improve-
ments in knowledge and application of that knowledge in clin-
ical practice.

This study had limitations. Since this study focused on
determining the effects of healthcare provider training on
the early diagnosis and subsequent health outcomes of
individual patients, we collected individual participant but not
provider data and so we were unable to identify groups of
providers who were more accurate in their KS diagnoses.
An incorrect KS diagnosis, either false negative or false
positive, could have adversely affected clinical outcomes from
lack of appropriate treatment or toxicities from unnecessary
treatments. The high mortality does not suggest a high
rate of misdiagnosis of KS for otherwise benign conditions.
However, if participants had other life-threatening conditions
that were misdiagnosed as KS, incident mortality would have
been overestimated. Although including both rural and urban
clinics increased the generalizability of our results to AIDS-KS
in Africa, it is important to note that participants had to
present to a participating site potentially excluding individuals
with more severe KS or those unable to present to a clinic
because of physical or monetary barriers, likely leading to an
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underestimate of T1 stage presentation and overall KS mor-
tality. Our study was also insufficiently powered to detect
modest effects on T0 diagnosis (OR<1·89) and on mortality
and we cannot exclude the possibility that the intervention
had effects smaller than what we identified. Although our
study was conducted during the early decentralization of HIV
treatment in Zimbabwe, initial KS diagnosis and treatment in
Zimbabwe, and other African countries, remain largely decen-
tralized and our findings remain relevant in the present day.

5 CONCLUS IONS

Training Zimbabwean healthcare providers in KS diagno-
sis and care increased confidence in their clinical abilities
and improved retention in care. Basic knowledge regarding
early KS diagnosis, the use of biopsy, treatments, such as
chemotherapy, and symptom palliation should be included in
standard curricula for primary healthcare providers in Zim-
babwe and other African countries with a high burden of
AIDS-KS. Improvements in morbidity and mortality caused
by AIDS-KS in sub-Saharan Africa will likely require a multi-
pronged approach that includes oncology training of health
workers in rural areas, increased public knowledge of AIDS-
KS, and increased access to affordable cancer diagnostics and
effective chemotherapies.
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SUPPORT ING INFORMAT ION

Additional information may be found under the Supporting
Information tab for this article:
File S1: SIKO KS Clinical Management Manual.
Information on file format. A PDF file containing the manual
used during the described intervention for KS diagnosis and
management.
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