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Abstract

Background—HIV-associated Kaposi sarcoma (KS) is commonly staged using the AIDS
Clinical Trials Group criteria, which classify 3 variables-- tumor extent (T), immune status (I), and
systemic symptoms (S) — into good risk (0) and poor risk (1). Although validated in the US and
Europe, these criteria have not been systematically evaluated in sub-Saharan Africa (SSA), where
the burden of KS is greatest.

Methods—We reviewed medical charts of adult patients with HIV-associated KS seen at the
Uganda Cancer Institute from 1992-2007. Vital status at 2 years after KS diagnosis was
determined from the medical chart, or by contacting the patient or next of kin. Survival estimates
used Kaplan-Meier (KM) methods. Predictors were evaluated for 2 periods: 0—4 months and 4-24
months after diagnosis.

Results—At 2 years after diagnosis, 167 (41%) patients were alive, 156 (39%) had died, and 81
(20%) were lost to follow-up. The KM estimate of 2-year survival was 57%. S1 was associated
with death in months 0—4 [HR 6.4, 95% CI (1.9-21.1)], while T1 was associated with death in
months 4-24 [HR 4.0, 95% CI (1.4-11.5)]. Immune status was not associated with survival.

Conclusions—Systemic symptoms were strongly associated with death in the early period after
KS diagnosis, while tumor status was most predictive of death in the 4-24 month period. These
findings suggest that different processes may influence outcomes in early and late periods
following KS diagnosis. Further studies are needed to confirm these observations and to identify
better predictors of KS survival in SSA.
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INTRODUCTION

Kaposi sarcoma (KS) is among the most common HIV-associated malignancies worldwide
and is a leading cause of cancer in several African countries.12 KS is commonly staged
using the AIDS Clinical Trials Group (ACTG) criteria, which classifies three variables —
tumor extent (T), immune status (1), and systemic symptoms (S) — into good risk (0) and
poor risk (1) groups. The ACTG staging criteria was originally proposed in 1989 and
subsequently validated in 1997.3 Further studies conducted after the widespread
availability of antiretroviral therapy (ART) suggested refinements to the original staging
system, including lowering the CD4 T-cell count cut-off defining poor risk immune status.>6

Although validated in the United States (US) and Europe, the ACTG criteria have not been
systematically evaluated in sub-Saharan Africa (SSA) or other resource-limited settings,
where the burden of KS is greatest. Importantly, several features of HIV-associated KS
disease presentation and management in SSA differ from Western countries, which could
impact the prognostic value of the staging criteria. First, KS is typically aggressive in Africa,
and patients often present late with widely disseminated and rapidly progressive disease.’
Second, the high rate of KS in African women contrasts sharply with the extremely low KS
incidence among women in resource-rich countries.8-13 Third, patients frequently present
with advanced HIV and other co-morbid diseases, including tuberculosis, which may impact
survival.1 Finally, KS outcomes in Africa are quite poor compared to the US and Europe,
with 5-year survival rates less than 10% in some regions.1® These differential outcomes may
be due to both biologic factors as well as differences in resources available to manage the
disease, including timely access to antiretroviral therapy (ART). Because of the unique
features of KS presentation and management in SSA, we sought to determine whether the
ACTG staging criteria accurately predicted survival among Ugandan patients with HIV-
associated KS and whether we could construct a refined KS staging model for SSA.

METHODS

Study participants and setting

We evaluated adults with HIV-associated KS who received care at the Uganda Cancer
Institute (UCI) in Kampala, Uganda, the country’s sole national cancer referral hospital.
Patients were eligible for the study if they presented for care between September 1, 1992 and
July 31, 2007, were = 18 years of age, had histologically or clinically diagnosed KS, and had
documentation of HIV-1 infection. Only patients who had at least one clinic visit in the 6-
month period after KS diagnosis and sufficient data in their medical record to determine
components of ACTG staging, including at least one documented CD4 count and a
description of KS tumor extent at presentation, were included in the analysis.
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Data Collection

Definitions

Demographic and clinical data were obtained by review of the medical chart using a
standardized case report form. Vital status at 2 years was abstracted from the medical chart
when available; otherwise, we attempted to directly contact the patient or next of kin by
calling the telephone contacts listed in the medical record to determine the patient’s vital
status up to 2 years from KS diagnosis.

KS presentation was based on variables described at the initial clinic visit at the UCI.
Demographic variables included patient age and gender, and baseline clinical characteristics
included KS lesion morphotype, presence of edema, and disease co-morbidities. KS stage
was defined according to the AIDS Clinical Trials Group (ACTG) classification 3. Tumor
stage was defined as T1 (poor risk) if there was tumor-associated edema or ulceration, oral
involvement beyond the hard palate, or visceral involvement; otherwise stage was classified
as TO (good risk). Immune status was defined as poor risk (11) if CD4 T-cell count was <200
cells/ml and good risk (10) if =200 cells/ml. Systemic symptoms were defined as poor risk
(S1) if the patient had a history of any opportunistic infections, presence of “B” symptoms,
such as = 10% weight loss, unexplained fevers and night sweats, or Karnofsky performance
status <70. Treatments received at presentation or following KS diagnosis, including receipt
of antiretroviral therapy (ART), chemotherapy, or radiation therapy, were also abstracted
from the medical record.

Statistical methods

We estimated survival using Kaplan-Meier methodology. Survival time was defined as the
number of days from the date of clinical or histological diagnosis of KS (time zero) to the
date of death, date of last documented clinic visit, or 2 years after KS diagnosis, whichever
came first. Observations were censored at 2 years because of the paucity of clinical
information beyond that time and to limit the potential effect of patients with longer follow-
up on the overall risk estimates.

Survival curves for the different ACTG staging classifications were compared using log-rank
tests. For evaluation of the immune status staging criteria, only baseline CD4 counts
obtained within 180 days prior to or at KS diagnosis were used to determine immune status
in order to avoid immortal time bias that can arise when variables measured after time zero
are used to determine baseline covariate status.16:17 Because baseline CD4 counts were only
available for a subset of the cohort, we compared participants with and without baseline
CD4 counts using chi square or Fisher’s exact tests for categorical baseline factors and the
Mann-Whitney test for continuous baseline factors to determine if any differences in these
groups might bias our findings. To identify CD4 count classifications most predictive of
survival, we evaluated the ACTG immune status CD4 cut-off (CD4 <200 vs CD4 >200), and
2 other parameterizations: 1) CD4 <100 vs CD4 =100, shown to have better predictive value
in some studies,® and 2) continuous CD4. We used Cox proportional hazards models to
estimate unadjusted and adjusted associations of CD4 count with survival among this subset
of participants with baseline CD4 data. Model estimates were presented as hazard ratios
(HR) with 95% confidence intervals (CI).
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Next, we constructed a multivariate model for predicting survival using baseline
demographic and clinical variables, including age, sex, ACTG stage parameters (T, I, S),
presence of edema, and receipt of ART. We randomly selected two-thirds of the full cohort
(training sample) to develop the multivariate Cox model and reserved the other one-third of
the cohort (validation sample) to test the predictive ability of the model. This method should
avoid over-optimism associated with selecting and evaluating the model using the same data.
The functional form for age was explored using Martingale residuals. Although the residuals
were not linear across the entire age range, a linear pattern within those aged 18-44 years
and a separate linear pattern within those aged 45-74 years seemed plausible. We therefore
used linear splines with a knot at age=45 years to allow for separate estimates in the 2 age
groups. To assess the proportional hazards (PH) assumption, we tested for interactions
between each baseline covariate and the logarithm of analysis time, and used methods based
on cumulative sums of martingale residuals.’® Because we found that many of the variables
violated PH, we computed separate HR estimates for an early period (0—4 months post-KS
diagnosis) during which chemotherapy is usually received and a late period (4—24 months
post-KS diagnosis) after which initial chemotherapy is usually received. We postulated that
the effect of our baseline covariates may vary depending on whether a patient is first
receiving care or has already survived though initial chemotherapy.

Using the training sample, backwards selection was used to obtain a final multivariate model
with variables significant at the 0.05 level in at least one of the time periods, and baseline
survival estimates were obtained at 4 months, 1 year and 2 years post KS diagnosis. These
estimates were then used to compute model-predicted survival probabilities for each
individual in the validation dataset, at each of the 3 time points. To assess the model’s
predictive ability, we evaluated the receiver operating characteristics [ROC] of the model-
predicted survival probabilities at the 3 time points, and computed the area under the curve
(AUC).1° Two-sided p-values <0.05 were considered statistically significant. All statistical
calculations were performed using SAS 9.3 and R version 3.1.1 software.

Ethical issues

RESULTS

Approval for the study was obtained from the Makerere University School of Medicine
Ethics and Research Committee; Fred Hutchinson Cancer Research Center IRB also
approved participation of authors based at this institution (WP, EK, CC). A waiver to contact
patients, their next of kin and referral HIV clinics was obtained to determine vital status for
those participants lost to follow-up.

Patient Characteristics

A total of 404 patients with HIV-associated KS met eligibility for the study. The median age
was 35 years (range, 18-74 years) and more than half were male (53%) (Table 1). Among
those with CD4 T-cell count documented within 180 days prior to KS diagnosis (N=155),
the median CD4 T-cell count was 69 cells/ul (interquartile range (IQR), 14 — 194 cells/ul).
Patients presented with a range of KS lesion morphotypes. Clinicians did not routinely note
the presence of macular lesions, as these are the most common presentation of KS in
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Uganda; however, 213 participants (53%) were noted to have nodular lesions, 41(10%) to
have fungating lesions, and 108 (27%) to have both nodular and fungating lesions. KS-
associated edema was observed among 235 patients (58%). By the ACTG staging
classification, 321 patients (80%) had T1 tumor stage at diagnosis and 273 (68%) had
systemic symptoms meeting poor risk criteria (S1). Among those with CD4 T-cell count data
available at diagnosis, 118 patients (76%) had CD4 T-cell count below 200 cells/ul and were
classified as poor risk immune status (11).

Treatment Received

During the observation period, 306 patients (76%) received chemotherapy, which was
almost exclusively combination chemotherapy with bleomycin and vincristine. At KS
diagnosis 165 patients (41%) were receiving ART, which was generally fixed-dose
combination stavudine, lamivudine, and nevirapine (Triomune) or a lamivudine/zidovudine
(Combivir) -based three-drug regimen. An additional 59 (15%) patients received ART after
KS diagnosis, during the observation period. Only 23 patients (6%) received radiation
therapy.

Survival Estimates

At 2 years following KS diagnosis, 167 patients were alive, 156 had died, and 81 were lost
to follow-up. The Kaplan-Meier estimate of 1-year overall survival was 65% (95% CI 60% —
70%) and 2-year survival was 57% (95% CI 51% — 62%). Among those who died, 44% died
within 4 months of KS diagnosis. For patients with unknown vital status, 28% were lost to
follow-up by 4 months. The median overall survival of the cohort was not reached by 2 years
(Figure 1). Survival curves differed significantly by tumor stage (p<0.001) and by systemic
symptoms (p<0.001), but not by immune status (p=0.57). By ACTG classification, the
estimated 2-year survival percentage was 82% for good risk tumor (TO) compared to 50%
for poor risk tumor (T1); 51% for good risk immune status (10) compared to 49% for poor
risk immune status (11); and 69% for good risk systemic symptoms (S0) compared to 51%
for poor risk systemic symptoms (S1) (Figure 1; Table 2).

Association of CD4 count with Survival

To identify CD4 count classifications most predictive of survival, we restricted the analysis
to patients with baseline CD4 counts obtained within 180 days prior to KS diagnosis
(n=155). To assess potential selection bias, we compared characteristics of patients with and
without baseline CD4 T-cell count data. The groups were similar with respect to age
(p=0.10), gender (p=0.43), T1 tumor stage (p=0.91), systemic symptoms (p=0.30), edema
(p=0.09), lesion morphotype (p=0.26), and receipt of radiation (p=0.20). Those with
baseline CD4 T-cell count data had a greater proportion receiving ART at KS diagnosis
(p=0.008), and a lower proportion receiving chemotherapy (p=0.003) compared to those
without baseline CD4 data.

In addition to the ACTG immune status classification, we also explored 2 alternate
parameterizations of baseline CD4 count for their associations with survival. Due to
violations of proportional hazards, factors associated with survival were assessed for two
time periods: 0—4 months following KS diagnosis and 4-24 months following diagnosis
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(Table 3). In unadjusted analysis, ACTG immune status (CD4 T-cell count < 200 versus
>200) was not significantly associated with survival in the first 4 months after KS diagnosis
(HR=1.8, 95% CI 0.7-4.2, p=0.21) or in months 4-24 after KS diagnosis (HR=0.8, 95% CI
0.4-1.7, p=0.62). Similarly, CD4 count <100 versus =100 and continuous CD4 count were
not significant in unadjusted analysis, for either time periods. We observed similar results for
all three CD4 variables after adjusting for age, gender, ACTG tumor stage and systemic
symptoms, and ART status at KS diagnosis (Table 3).

Predictive Model for Survival

To develop a predictive survival model, we randomly selected two-thirds of the full cohort as
the training sample to construct Cox models with separate estimates for two time-periods: 0—
4 months and 4-24 months following diagnosis (Table 4). Because CD4 T-cell count was not
significantly associated with survival in either unadjusted or adjusted analyses, we excluded
this variable from further predictive models to have the full cohort available for analysis.

Unadjusted Estimates—In unadjusted models, men had lower risk of death in the 4
months following diagnosis (HR=0.5, 95% CI 0.3-1.0, p=0.04), but an increased risk of
death in months 4-24 (HR=1.8, 95% CI 1.0-3.1, p=0.046). The relationship between age
and survival was not linear across the entire age range, so separate estimates were presented
for those 18—44 years old and those 45-74 years old. Among those aged 18-44 years, older
age was associated with lower risk of death in months 0—-4 (HR per 10 years older = 0.5,
95% CI 0.3-0.8, p=0.002) but not in months 4-24. Among those aged 45-74 years, age was
not significantly associated with survival in unadjusted analysis. Poor risk ACTG tumor
stage (T1) was associated with greater risk of death in the 4—24 month period only (HR=4.9,
95% CI 1.8-13.5, p=0.002). Poor risk systemic symptoms (S1) was strongly associated with
greater risk of death in months 0-4 (HR=7.4, 95% CI 2.3-23.9, p<0.001) and in months 4—
24, albeit with a HR of lower magnitude (HR=1.9, 95% CI 1.1-3.5, p=0.03). Presence of
edema and ART status at the time of KS diagnosis were not significantly associated with
survival in either time period.

Adjusted Estimates—The final multivariate model obtained using the training dataset
included age, ACTG tumor stage and systemic symptoms. Gender did not remain significant
in multivariate analyses and thus was not retained in the final model (0—4 months: HR for
male versus female, adjusting for age, tumor stage and systemic symptoms = 0.6, 95% CI
0.3-1.1, p=0.09; 4-24 months: HR=1.5, 95% CI 0.9-2.7, p=0.15). Adjusted age estimates
were similar to the unadjusted estimates. Poor risk ACTG tumor was not linked to survival
in months 0-4, but was associated with greater risk of death in months 4-24 (HR=4.0, 95%
Cl 1.4-11.5, p=0.009). Conversely, poor risk systemic symptoms was significantly
associated with greater risk of death in months 0-4 (HR=6.4, 95% CI 1.9-21.1, p=0.003),
but less important in months 4-24 (HR=1.6, 95% CI 0.8-2.9, p=0.16).

Model validation—We assessed the predictive ability of the final model, using the

validation dataset (one-third of full cohort). The model best predicted survival status at 4
months following KS diagnosis (AUC=0.598), compared to 1 year (AUC=0.526) and 2 years
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post-KS diagnosis (AUC=0.508) (Supplementary Figure 1). However, the model’s predictive
ability was limited at all 3 time points, evidenced by the relatively low AUC values.

DISCUSSION

This is the first study to our knowledge to systematically evaluate the ACTG KS staging
criteria among patients in sub-Saharan Africa, where KS burden is greatest. Overall survival
was poor in the cohort, with a 2-year survival estimate of only 57%. We found that the risk
classifications for Tumor (T) and Systemic symptoms (S) had prognostic value, but their
ability to predict survival differed based on the time period following KS diagnosis. The
presence of systemic symptoms was associated with “early” death in the first 4 months of
treatment, whereas high tumor burden was associated with “late” death between 4 months
and 2 years after diagnosis. This difference in predictive value between early and late
periods is intriguing and suggests that different biologic processes may influence outcomes
in these periods following KS diagnosis. Nearly half of all KS patient deaths occurred in the
first 4 months of treatment, and it is plausible that factors reflected in the poor risk systemic
symptom criteria, which include history of opportunistic infection, “B” symptoms, and poor
performance status, contributed to death in the early phase of treatment. These poor risk
factors could represent advanced KS, co-morbid disease, including tuberculosis,
cryptococcosis, and other common opportunistic infections in SSA, or a pro-inflammatory
state in the setting of KS, such as KS-IRIS or the KSHV Inflammatory Cytokine Syndrome
(KICS).20 Any of these conditions could limit a patient’s ability to respond to
chemotherapy; however, if a patient does survive the initial treatment, baseline tumor burden
may be a more important determinant of longer term survival. Additional studies are needed
to test these hypotheses, but this observation may indicate the need for tailored treatment
strategies for KS patients at high risk for early death.

Baseline CD4 count was not a predictor of KS survival, which has also been observed in
other studies that have evaluated predictors of KS survival since the widespread use of
ART.>21 This finding may indicate that with increasing availability of antiretroviral therapy,
CD4 at diagnosis is less important for overall survival than it was when the ACTG criteria
were originally described in the pre-ART era. Interestingly, we did not find that receipt of
ART was associated with survival in our cohort, which has been reported by others.522
Treatment selection bias may have attenuated this observation if patients with the lowest
CD4 counts were most likely to receive ART during the period of observation. In addition,
because ART is generally managed by HIV clinics in Uganda, cancer center records may not
have adequately captured ART administration at outside clinics and underestimated ART
receipt in the cohort; we also did not have access to adherence records. Further, ART
regimens used in Uganda during the study period were not as potent as other regimens
currently available, and may not have achieved HIV viral suppression in all patients. Finally,
our final multivariate model also identified age as a predictor of survival, with younger age
associated with death in the first 4 months of treatment and older ager associated with death
after 4 months. The reason for the differential association with age is unclear, but it could
reflect more aggressive disease in the youngest patients and age-related co-morbidities in
older patients.
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Importantly, our new model, which included T, S, and age, was not very good at predicting
survival, which suggests that other factors not measured in the model may be important
determinants of outcomes. A few studies have attempted to identify additional predictors of
KS treatment response, including CD8+ T-cell counts and HIV viral load levels, but no
factor has been consistently associated with KS improvement or survival.>23-25 High pre-
treatment plasma HHV-8 quantity has also been associated with poor outcomes,®21 but the
appropriate parameterization and predictive value of plasma HHV-8 needs to be evaluated in
other cohorts. Current prospective KS studies in Uganda and elsewhere in SSA will help to
validate these observations and identify additional prognostic and treatment selective
biomarkers.

As a retrospective chart review, our study was limited by loss to follow up and incomplete
data in the medical records. In particular, many KS patients treated at the UCI were not
eligible for the study because the data in the medical chart was not sufficient to assign
ACTG staging. In addition, baseline CD4 within the first 180 days prior to KS diagnosis was
only available in a subset of participants, which may have limited our ability to detect an
association between CD4 count and survival. Similarly, other clinical parameters, including
HIV viral load or laboratory measures of organ function, were not uniformly available in the
medical charts and could not be assessed. We also did not evaluate socioeconomic factors,
such as income or education level, on survival outcomes. Finally, tTreatment provided,
particularly ART, was not consistent across the cohort, in part due to early scale-up of ART
access in Uganda during the study period. This variability in receipt of ART may have
limited our ability to determine its effect on survival, but it does reflect current gaps in
treatment access that exist for many KS patients in SSA and consequently provides a
realistic context for evaluating staging criteria in Africa.

Despite these limitations, our study demonstrates that ACTG criteria for tumor burden and
systemic symptoms are associated with survival among adults with HIV-associated KS in
sub-Saharan Africa; however, the limited predictive value of our multivariate model
demonstrates the need to identify additional biomarkers to more reliably stage KS in Africa.
Further, the poor 1-year and 2-year overall survival in our cohort demands better
implementation of existing treatment strategies, including improved access to timely ART
and chemotherapy, and the development of novel treatment interventions to improve
outcomes among patients with KS in SSA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan-Meier Survival Curves, Overall (panel A) and by ACTG Staging Criteria: B) Tumor
Extent (T), C) Immune Status (1), D) Systemic Symptoms (S).

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 April 15.



Page 12

Okuku et al.

Author Manuscript

(G5T=U) sisoubelp SH 810439 sAep O8TUIYHM ¥QD UM dsoys Auo sapnjou]

z
suosiad g 1oy Buissiw sem swoldwAs o1walsAs pue ‘uosiad T 10) Buissiw Sem Juaixa Jowny ‘suosiad g Joj Buissiw sem Bu:moN.
(%9) €2 (%TT1) 6 (%e) v (%9) 0T (%)u ‘uonerpey
(%92) 90¢ (%18) 99 (%.9) S0T (%18) €T (%)u “Adessipowsyd
(%Tv) G9T (%8v) 6€ (%8€) 09 (%0v) 99 (%) u ‘sisouBelp S Je Adelayy [esinonainuy
P3AISJaJ Juswieald |
(%89) €12 (%59) 25 (%82) 22T (%09) 66 (%)u ‘(1) swordwAs d1weIsAs
(9%92) 8TT (9%18) G2 (%24) €5 (%eL) oF z (%)u (1) smess aunwiy
(%08) Tee (%08) ¥9 (%z6) evT (%89) ¥1T (%)u ‘(T.L) waixs Jown
(%)u ‘sbers 910V
(v6T - ¥1) 69 (0zT-8) 2 (68T -01) 26 | (9v2 —G2) T0T  (401) uetpaw un0d ¥ao
(%83) GeT (%) vy (%29) L6 (%99) v6 (%)u “ewap3 Jo aoussald
(%.2) 80T (%L2) 22 (%92) ov (%82) 9v Buebuny pue seinpou paxIN
(%01) T (%sT1) 2T (%) 1T (%TT1) 8T Buryebuny
(%es) €12 (%8v) 6€ (%65) 26 (%61) 28 JenpoN
(9%)u ‘panioday adAoydioln uoisa S Je[ndeN-UON
(%€s) 5T¢ (%6v) 0ov (%85) 06 (%es) 8 (%)u ‘a1
(v, -81) 6 (09-22) 9¢ (vL-81) &€ (85-81) 9¢ (ebuey) ueipaw ‘sieak ut aby
sisoubeIp Sy 1e JnisiIsIoeIRyD
(vov=u) re3oL | (18=u) dn-mojjo4 033s0 | (95T=u) para | (L9T=U) aAllY

sisoufelq S 481V SIeaA g 1e snie1s

SIBBA Z 1B SNIeIS AQ puk [[eJanQ Sonsisloeley [edalul]d pue olydesfowsg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 April 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Okuku et al.

Table 2

1-Year and 2-Year Survival Estimates by ACTG Staging Variables and Overall

ACTG Staging Variable at KS Diagnosis

1-Year Survival Percentage (95% CI)

2-Year Survival Percentage (95% CI)

Tumor Extent

Good Risk (TO0)

83.8 (73.2 - 90.5)

82.3 (71.4-89.3)

Poor Risk (T1)

60.7 (54.8 - 66.0)

50.2 (44.2 - 56.0)

Immune Status?

Good Risk (10)

57.3(38.7-72.1)

50.9 (32.8 - 66.5)

Poor Risk (I1)

57.3 (47.3 - 66.2)

48.8 (38.5-58.3)

Systemic Symptoms

Good Risk (S0)

80.0 (71.4 - 86.3)

69.2 (59.6 - 77.0)

Poor Risk (S1)

58.3 (51.9 - 64.1)

50.7 (44.2 — 56.8)

Overall

65.3 (60.2 - 70.0)

56.8 (51.4 — 61.8)

1Among subset with CD4 count measured within 180 days before KS diagnosis (n=155).
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