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Abstract

Background: In Botswana, nearly two-thirds of cervical cancer patients are HIV-positive. This 

study examined the relationship between CD4 count and chemoradiation therapy outcomes among 

cervical cancer patients with HIV.

Setting: A prospective cohort study of 231 HIV-positive women with locally invasive cervical 

cancer was conducted in Gaborone, Botswana from January 2015 to February 2018.

Methods: Primary outcome was survival, defined as time from scheduled end of chemoradiation 

therapy to death or last contact with patient. Nadir CD4 count was defined as lowest CD4 available 

before cancer diagnosis. Delta CD4 count was defined as improvement from nadir CD4 to CD4 at 

cancer diagnosis. Hazard ratio (HR) analyses were adjusted for presenting variables (age, baseline 

hemoglobin, cancer stage, and performance status) and treatment variables (chemotherapy cycles 

and radiation dose).

Results: 231 patients were included in nadir CD4 analysis; 139 were included in delta CD4 

analysis. Higher delta CD4 was significantly associated with reduced mortality after adjusting for 

presenting and treatment variables (CD4 100–249: HR 0.45, 95% CI 0.21–0.95; CD4 ≥ 250: HR 
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0.45, 95% CI 0.20–1.02) . Higher nadir CD4 showed a trend towards reduced mortality after 

adjusting for presenting and treatment variables (HR 0.94, 95% CI 0.84–1.06).

Conclusions: Higher delta CD4 (greater improvement from nadir CD4 to CD4 at cervical 

cancer diagnosis) is significantly associated with lower mortality. While not statistically 

significant, data suggest that higher nadir CD4 may reduce mortality. These results reinforce the 

importance of early HIV diagnosis and ART initiation, as their effects impact cervical cancer 

outcomes years later.
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INTRODUCTION

Cervical cancer is a major -- and preventable -- cause of morbidity and mortality worldwide.
1 The burden of disease is especially high in sub-Saharan Africa, which has the highest 

incidence of cervical cancer in the world.2,3 In Botswana, an upper middle-income country 

from this region, cervical cancer is the most common gynecologic cancer and the leading 

cause of cancer death among women.1,4,5 The high prevalence of HIV in Botswana is an 

additional factor contributing to the increasing burden of cervical cancer. As of 2016, 21.9% 

of adults between age 15 and 49 are living with HIV in Botswana.6 Nearly two-thirds of 

cervical cancer cases in Botswana occur in patients who are HIV-positive.4,7

Cervical cancer is an AIDS-defining condition, yet its association with HIV-related 

immunosuppression is not fully understood. HIV-related immunodeficiency is known to 

increase the risk for acquisition and persistence of genital human papillomavirus (HPV) 

infection and leads to higher rates of cervical cancer.8 It is believed that HIV-induced 

immunosuppression leads to an inability to control HPV expression, resulting in increased 

risk of persistent infection, increased oncogenicity of high-risk HPV subtypes, and increased 

activity of low-risk HPV subtypes.9 However, contrary to other AIDS-defining illnesses 

which only present with severe immunosuppression, most cervical cancer cases in HIV-

infected women occur in individuals with relatively preserved immune systems (CD4 cell 

count > 200 cells/mm3) at the time of cancer diagnosis.10 Also in contrast to other AIDS-

defining illnesses in which ART-related immune reconstitution is clearly beneficial, the 

impact of antiretroviral therapy (ART) on progression to cervical cancer remains uncertain. 

Indeed, to date, registry-based data have consistently shown lack of effect of ART on 

cervical cancer incidence.11-15 Clinical research, on the other hand, has produced more 

conflicting results regarding both the effect of ART on HPV infection and persistence, as 

well as its impact on cervical disease progression/regression.16-22 Despite these 

inconsistencies, most literature shows that more advanced HIV disease is associated with 

increased HPV prevalence and increased rate of progression of cervical disease.23-27 HIV 

research has shown that nadir CD4 is a consistent predictor of functional immune 

reconstitution and an important predictor of prognosis in HIV infected individuals.28 

Initiating ART after the immune system has been already severely damaged by HIV may 

result in an inability to regain functional local and systemic immune responses, even in the 

context of large increases in CD4 cell count and a sustained fall in viral load. While it is not 
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known how CD4 cell count levels or the extent of immune reconstitution after ART affect 

survival among HIV-infected women receiving cervical cancer treatment (chemoradiation), 

it is possible that some of the issues mentioned above play a role in conditioning treatment 

response and survival during cancer treatment.

In this study, we examined the relationship between CD4 cell count and survival among 

HIV-infected patients with cervical cancer. We hypothesized that lower nadir CD4 cell count 

and smaller increases in CD4 cell counts will be associated with poorer survival after 

controlling for treatment- and cancer-specific variables. Accordingly, we determined the 

effect of both nadir CD4 cell count, defined as a patient’s lowest CD4 cell count prior to 

cancer diagnosis, and of delta CD4 cell count, defined as a patient’s improvement after ART 

from nadir CD4 to CD4 count at the time of cervical cancer diagnosis, on survival among 

HIV-positive cervical cancer patients who received chemoradiation therapy.

METHODS

Study Design:

Prospective observational cohort.

Population:

Patients were enrolled from two tertiary hospitals in Gaborone, Botswana (Princess Marina 

Hospital and Gaborone Private Hospital) between July 2013 and July 2017 and followed 

until September 2018. All women above the age of 18 with newly diagnosed locally invasive 

cervical were approached for enrollment. Less than 5% of patients who were approached for 

enrollment declined to participate in the study. Among HIV-positive patients, only those 

with sufficient survival data and CD4 count data were included in this analysis. Thirty-nine 

patients were excluded by these criteria, resulting in a total of 231 patients that qualified for 

final analysis. Nadir CD4 count was defined as lowest CD4 count available before cancer 

diagnosis. Delta CD4 count was defined as improvement from nadir CD4 count to CD4 

count at cervical cancer diagnosis. Of the HIV-positive women with documented nadir CD4 

counts, changes (delta) in CD4 cell count were calculated for patients with at least two 

documented CD4 count measurements at least 6 months apart. Eligible patients were 

enrolled and treated at the gynecologic oncology multidisciplinary team clinic at Princess 

Marina Hospital and at Gaborone Private Hospital with radiation or chemoradiation based 

on their stage and performance status.

Treatment of Cervical Cancer in Botswana:

The government of Botswana provides free public healthcare to all citizens, including ART 

for HIV-infected individuals and treatment for cervical cancer. The standard of care for 

locally advanced cervical cancer (FIGO stages IB1-IVB) in Botswana and globally consists 

of radiation, including external beam radiation and brachytherapy, and cisplatin-based 

chemotherapy.29-31 The standard of care for early stage invasive disease (FIGO stages IA1-

IB1) is radical hysterectomy; however, the availability of gynecologic oncology services in 

Botswana is extremely limited. Thus, many patients with early stage invasive disease who 

cannot access surgical treatment are managed with radiation with or without chemotherapy. 
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Indications for stopping or holding chemotherapy in this patient population include low 

performance status, elevated creatinine, and toxicity. Because radiation therapy is not yet 

available in Botswana’s public sector, patients are referred to Gaborone Private Hospital, the 

country’s only radiation oncology facility, and treatment is fully funded by the government 

of Botswana.

Management of HIV in Botswana:

The prevalence of HIV in Botswana is among the highest in the world at 18% among adults.
32 All patients diagnosed with cancer are screened for HIV prior to starting cancer treatment 

and initiated on ART, which is provided at no cost to all citizens through Botswana’s public 

healthcare system. Prior to 2016, ART was provided only to citizens with CD4 < 350 

cells/uL or with WHO stage 3 or 4 HIV disease, with invasive cervical cancer classified as a 

marker of WHO stage 4 disease.33 First line treatment for HIV prior to 2016 included the 

following combinations of antiretroviral medications: tenofovir + emtricitabine + efavirenz, 

emtricitabine/tenofovir (Truvada) + nevirapine, lamivudine/zidovudine (Combivir) + 

efavirenz, abacavir + lamivudine + nevirapine, and abacavir + lamivudine + efavirenz.33 In 

2016, Botswana adopted the “Treat All” policy, which expanded free ART access to all HIV

+ citizens, regardless of CD4 count or clinical stage of disease. Per Botswana’s 2016 

Integrated HIV Clinical Care Guidelines, first line treatment for HIV now consists of ART 

with emtricitabine/tenofovir (Truvada) + dolutegravir.34

While complete data on ART adherence and viral load is not available for this study 

population, ART adherence among HIV-positive individuals in Botswana has been examined 

in previous studies. A cross-sectional survey of 300 patients conducted at Princess Marina 

Hospital, the same hospital at which this study was conducted, found that 81.3% of adults on 

ART were adherent to prescribed treatment.35 Adherence was defined as no missed ART 

doses in the past 4 days, no missed ART doses in the past 1 month, and no missed ART refill 

visits in the past 3 months. Additionally, data from a recent PEPFAR-funded community 

randomized trial conducted in Botswana found that 96.5% of patients on ART achieved 

virologic suppression.36

Data Collection:

Demographic variables (age and distance from hospital), clinical variables (hemoglobin at 

cancer diagnosis, stage at diagnosis, performance status, HIV status, time on ART, nadir 

CD4 cell count, and CD4 cell count at time of cervical cancer treatment), and cancer 

treatment variables (number of chemotherapy cycles and total radiation dose) were collected 

from patient medical records, electronic medical records, and radiation treatment planning 

system. Total radiation dose was calculated in 2 Gy equivalent accounting for external beam 

and brachytherapy dose (EQD2). The use of EQD2 as a measure of total radiation dose 

combines both the external beam and brachytherapy doses in one value and accounts for 

variation in brachytherapy regimen between patients. Nadir CD4 cell count was defined as 

lowest CD4 cell count available for each patient prior to cancer therapy. Delta CD4 cell 

count was defined as improvement from nadir CD4 cell count to the CD4 cell count at the 

time of cervical cancer diagnosis.
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Outcomes:

The primary outcome was cancer survival, defined as the time from scheduled end of 

radiation therapy +/− chemotherapy until death or until last contact with the patient in 

September 2018.

Statistical Analysis:

Nadir CD4 cell count was analyzed as a continuous variable (by counts of 100 cells/mm3) 

and delta CD4 cell count was analyzed as a categorical variable with the following 

categories: < 100, 100–249, ≥ 250 cells/mm3. Hazard ratios (HR) were estimated separately 

with Cox regression models for nadir CD4 and delta CD4 cell count. HR analyses were 

adjusted for the following variables: age, baseline hemoglobin, stage of cancer at diagnosis, 

performance status, chemotherapy cycles, and radiation dose received. Additionally, nadir 

CD4 cell count was included in the final adjusted model for the analyses using delta CD4 

cell count as the main exposure. Kaplan-Meier survival curves were constructed for delta 

CD4 cell count categories as defined previously.

Ethical Approval:

All participants provided written informed consent (English or Setswana). This study was 

reviewed and approved by the institutional review board at the University of Pennsylvania 

and by the Ministry of Health in Botswana.

RESULTS

Patient Characteristics

Overall, 231 (85.6%) of 270 eligible patients were included in the study. Of these patients, 

139/231 had at least two measurements of CD4 cell count and were included in the 

appropriate analyses (Table 1). Median nadir CD4 cell count was 318 cells/mm3 

(interquartile range [IQR] 192–486 cells/mm3), and median delta CD4 cell count was 187 

cells/ mm3 (IQR 99–364 cells/mm3). The most common stage of presentation was FIGO 

IIA/IIB, and over 40% of patients received 4 or more cycles of chemotherapy. The median 

total radiation dose in 2 Gy equivalent accounting for external beam radiation and 

brachytherapy was (EQD2) 78 Gy. Over 90% of patients in both groups were on ART. 

Median survival was 633 days for nadir CD4 patients and 569 days for delta CD4 patients 

(Table 1). Cause of death data was available for 33 patients, of which 30 (90.9%) had cancer 

as the cause of death.

Nadir CD4 cell count analysis

By the end of study follow up, 75 (32.5%) patients had died. Median survival for patients 

with nadir CD4 < 200 was 550 days (IQR 343.5–830), while median survival for patients 

with nadir CD4 ≥ 200 was 647 days (IQR 328–873). There was no significant difference in 

median survival between patients with CD4 < 200 and CD4 ≥ 200 (HR 0.99, p = 0.97). 

Higher nadir CD4 cell counts showed a trend toward reduced mortality in the unadjusted 

(HR 0.93, 95% confidence interval [CI] 0.83–1.03) and adjusted (HR 0.94, 95% CI 0.84–

1.06) analyses but without reaching statistical significance (Table 2). Receipt of 
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chemotherapy was significantly associated with reduced mortality in unadjusted analysis 

(HR 0.38, 95% CI 0.23–0.62). Higher baseline hemoglobin and higher radiotherapy doses 

were significantly associated with reduced mortality in both unadjusted and adjusted 

analysis (Table 2).

Delta CD4 cell count analysis

By the end of study follow up, 49 (35.2%) patients in this subpopulation had died. Larger 

delta CD4 cell count was significantly associated with reduced mortality in the unadjusted 

analysis (CD4 ≥ 250 HR 0.41, 95% CI 0.20–0.82) and after adjusting for confounders (CD4 

100–249 HR 0.45, 95% CI 0.21–0.95; CD4 ≥ 250 HR 0.45, 95% CI 0.20–1.02; Table 3). 

The protective effect of larger delta CD4 cell counts on mortality remained significant in 

analyses not accounting for nadir CD4 cell count in the model. Higher radiotherapy doses 

and increased number of chemotherapy cycles were significantly associated with reduced 

mortality in unadjusted and adjusted analyses (Table 3 and Figure 1).

Exclusion of Stage IA Patients

Because chemoradiation is not the global standard of care for early stage invasive disease, 

both nadir CD4 and delta CD4 analyses were repeated after removal of the 5 patients with 

stage IA disease. For nadir CD4 and delta CD4 analyses, results remained relatively 

unchanged. Higher nadir CD4 cell counts showed a trend toward reduced mortality in the 

unadjusted (HR 0.93, 95% CI 0.84–1.04) and adjusted (HR 0.95, 95% CI 0.84–1.07) 

analyses but did not reach statistical significance (Appendix Table 1). Larger delta CD4 cell 

count was significantly associated with reduced mortality in the unadjusted (CD4 ≥ 250 HR 

0.39 95% CI 0.19–0.80) and adjusted (CD4 100–249 HR 0.46, 95% CI 0.22–0.97; CD4 ≥ 

250 HR 0.43, 95% CI 0.19–0.96) analyses (Appendix Table 2).

DISCUSSION

HIV infection is known to be associated with an increased risk of progression to cervical 

cancer but its role in survival among HIV-infected patients who have already progressed to 

cervical cancer is less clear. As cervical cancer treatment with curative intent becomes more 

available and accessible in settings with high prevalence of HIV, identifying factors 

associated with survival in this population becomes increasingly important for prognosis, 

treatment, and follow up. In this study, we followed HIV-infected women with cervical 

cancer to determine the effect of nadir and longitudinal changes in CD4 cell count on 

survival. We demonstrated that the degree of immune reconstitution (as indicated by the 

increase in CD4 cell count in response) by the time of cancer treatment was associated with 

cervical cancer survival. Similarly, higher levels of maximal historical immunosuppression 

(as indicated by lower CD4 cell count nadir) were associated with decreased survival, 

although the upper limit of the 95% confidence interval crossed over 1.

The association between the change (delta) in CD4 cell count in response to ART between 

nadir and the time of cancer treatment and increased cancer survival is aligned with our 

knowledge of the effects of immune reconstitution over functional immune surveillance for 

pathogens and cancers. While the introduction of ART has been revolutionary in the 
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management of HIV, not all patients reconstitute CD4+ T cells at the same rate or to the 

same extent in response to ART. Numerous studies have found nadir CD4 count to be the 

most important determinant of immune reconstitution following ART initiation.28,37-39 

Further, even in patients with a robust CD4 cell response, different degrees of local and 

systemic immune suppression remain. Impaired immunologic response after ART is 

associated with progression of HIV infection and death.37 Our results suggest that impaired 

immunological responses, as indicated by a less robust increase in CD4 cell count, are also 

associated with worse survival among cervical cancer patients receiving treatment. The 

partial immune reconstitution afforded by ART might be expected to decrease susceptibility 

to HPV infection and cervical disease. However, the local effects of improved local immune 

surveillance are uncertain. Several studies have shown that mucosal CD4+ cells are 

destroyed early in the course of HIV infection and do not significantly recover with ART, 

despite increased circulating CD4 count.40,41 The resulting deficiency in cellular immunity 

could explain poorer responses to cervical cancer therapy in women with lower nadir CD4 

counts, and our results provide further evidence for this hypothesis. Interestingly, the 

relationship between immunosuppression and HPV disease is least pronounced for HPV16, 

suggesting that certain subtypes have different efficiencies avoiding immune surveillance 

and are less dependent on a weakened immune system to cause cervical disease. The high 

prevalence of HPV16 in our population may have led to an apparently lower effect of ART 

over cervical cancer outcomes.

Higher nadir CD4 showed a trend towards reduced mortality but did not reach statistical 

significance. Higher CD4 cell count was associated with reduced mortality, suggesting that 

the patient’s historical level of maximal immune suppression might be associated with 

decreased functional immune response to decrease cancer progression or improve treatment 

response. Previous data has shown that there is an association between ART and decreased 

incidence of precancerous lesions, supporting the hypothesis that even with lower CD4 

count, ART can help improve immune function to a degree to reduce risk of infection.18,42,43 

In a recent systematic review of studies from sub-Saharan Africa looking at ART, CD4, cell 

count, and CIN, Menon et al. found that the greatest treatment effect of ART was seen with 

women starting at the lowest CD4 count, since higher CD4 counts would already be 

associated with a lower incidence of CIN2+.44 Further, in a another systematic review by 

Kelly et al. in 2018, researchers found that in studies that took into account nadir or current 

CD4 cell count or ART duration, ART was associated with a reduction in high risk HPV and 

cervical lesion outcome.45

The finding that radiotherapy dose and number of chemotherapy cycles were associated with 

lower risk of death increases our confidence in our results, as these are two well-known 

factors associated with survival.5 Therefore, we expected to find such associations in our 

study. These findings also provide additional evidence for the critical role of 

chemoradiotherapy in cervical cancer treatment.

This study is not without limitations. As this was an uncontrolled, observational study, the 

association between CD4 cell count nadir and the change in CD4 cell count with survival 

may be confounded by unmeasured factors. CD4 cell counts were not collected at regular 

intervals, and data were not available for all participants. Data on ART adherence was not 

Grover et al. Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



documented in this study population, and viral load data was only available for 50% of study 

participants. The 95% confidence intervals for the effect estimate of the association between 

nadir CD4 and survival were wide and extended over null (OR of 1.0), which may be due to 

lack of power.

Additionally, in determining mortality, the authors assumed that deaths in this cohort were 

due to cervical cancer, rather than HIV, but this assumption was not verified through 

comparison to a cohort of HIV-positive patients without cervical cancer. The overall 

mortality rate from HIV in Botswana is 22% among hospitalized patients; thus, it is possible 

that some women in this study may have died of HIV-related complications.46 However, 

among the patients with known cause of death in this study, the vast majority (90.9%) of 

deaths were due to cancer. Further studies examining cause of death may help clarify trends.

In conclusion, our results identify the degree of severity of immunosuppression and the 

degree of immune reconstitution after ART as significant predictors of mortality among 

HIV-infected women with cervical cancer. This reinforces the importance of early HIV 

diagnosis and ART initiation, as its effects could impact cervical cancer outcomes years 

later.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Kaplan-Meier Survival Curves by Delta CD4 categories
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Table 1:

Characteristics of HIV-positive patients

Characteristic Patients for nadir CD4
analysis (N = 231)

Patients for delta CD4
analysis (N = 139)

Age, years, median (IQR) 43.0 (37.0–49.0) 42.0 (36.5–48.0)

Nadir CD4 cells/mm3 median (IQR) 318.0 (192.0–486.0) 260.3 (152.0–393.0)

Nadir CD4 cells/mm3 (categorical) < 200 60 (26.0%) 52 (37.4%)

≥ 200 171 (74.0%) 87 (62.6%)

Delta CD4 cells/mm3, median (IQR) N/A 187.0 (99.0–364.0)

Delta CD4 cells/mm3 (categorical) < 100 N/A 36 (25.9%)

100–249 N/A 51 (36.7%)

≥ 250 N/A 52 (37.4%)

Stage Stage IA, IB 27 (11.7%) 16 (11.5%)

Stage IIA, IIB 113 (48.9%) 66 (47.5%)

Stage IIIA, IIIB 78 (33.8%) 48 (34.5%)

Stage IVA, IVB 11 (4.8%) 8 (5.8%)

Missing 2 (0.9%) 1 (0.7%)

Number of chemo cycles 0 48 (20.8%) 33 (23.7%)

1 18 (7.8%) 11 (7.9%)

2 16 (6.9%) 7 (5.0%)

3 30 (13.0%) 20 (14.4%)

4 62 (26.8%) 34 (24.5%)

5 43 (18.6%) 24 (17.3%)

Missing 14 (6.1%) 10 (7.2%)

Performance status (KPS
*
) ≤ 80 50 (21.7%) 33 (23.8%)

> 80 147 (63.6%) 89 (64.0%)

Missing 34 (14.7%) 17 (12.2%)

Hemoglobin at baseline, gm/dl, median (IQR) 10.5 (9.1–12.1) 10.4 (9.1–12.1)

RT dose, median EQD2 (IQR) 78.0 (68.0–80.0) 78.0 (64.0–80.0)

Treatment modality Chemo only 1 (0.4%) 1 (0.7%)

RT only 62 (26.8%) 43 (30.9%)

Chemo & RT 168 (72.7%) 95 (68.3%)

Treatment intent Curative 81 (35.1%) 45 (32.4%)

Palliative 149 (64.5%) 94 (67.6%)

Missing 1 (0.4%) 0

On ART
# 216 (93.5%) 138 (99.3%)

Median survival in days (IQR) 633.0 (329.0–866.0) 569.0 (313.0–863.0)

Baseline CD4 cells/mm3** 484.0 (335.5–629.5) 494.0 (343.0–626.0)

Baseline viral load*** ≤ 400 137 (59.3) 105 (75.5)
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Characteristic Patients for nadir CD4
analysis (N = 231)

Patients for delta CD4
analysis (N = 139)

> 400 10 (4.3) 5 (3.6)

Missing 84 (36.4) 29 (20.9)

#
ART: Antiretroviral therapy

*
KPS: Karnofsky Performance Status

**
CD4 cell count at the time closest to treatment initiation

***
Viral load at the time closest to cancer diagnosis
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Table 2:

Factors associated with death among HIV-infected cervical cancer patients (Nadir CD4, n=231)

Category Crude HR (95% CI) Adjusted HR (95% CI)

Nadir CD4 cells/mm3 (continuous by 100) 0.93 (0.83–1.03) 0.94 (0.84–1.06)

Age (years) 1.00 (0.97–1.03) 1.01 (0.98–1.04)

Number of chemo cycles None 1.00 1.00

1–5 0.38 (0.23–0.62) 0.63 (0.35–1.14)

Missing 0.74 (0.32–1.72) 0.96 (0.37–2.53)

Hemoglobin (g/dl) at baseline 1st quartile (3.7–9.0) 1.00 1.00

2nd quartile (9.1–10.4) 1.17 (0.64–2.15) 1.14 (0.59–2.21)

3rd quartile (10.5–12.1) 0.57 (0.29–1.12) 0.56 (0.26–1.21)

4th quartile (12.2–15.3) 0.35 (0.16–0.78) 0.41 (0.18–0.91)

Missing 1.68 (0.78–3.59) 1.25 (0.55–2.80)

Stage Stage I 1.00 1.00

Stage II 1.81 (0.76–4.30) 1.22 (0.49–3.05)

Stage III 2.05 (0.85–4.95) 0.84 (0.31–2.25)

Stage IV 3.16 (0.96–10.38) 0.85 (0.23–3.19)

Missing 2.34 (0.28–19.46) 0.60 (0.06–5.87)

RT dose (total EQD2) 1st quartile (9.3–67.1) 1.00 1.00

2nd quartile (67.2–77.9) 0.41 (0.23–0.74) 0.50 (0.25–0.99)

3rd quartile (78.0–79.8) 0.32 (0.17–0.60) 0.30 (0.14–0.62)

4th quartile (79.9–90.0) 0.32 (0.17–0.60) 0.33 (0.16–0.67)

Performance status (KPS
*
) ≤ 80 1.00 1.00

> 80 0.63 (0.38–1.06) 0.61 (0.35–1.06)

Missing 0.55 (0.26–1.17) 0.43 (0.19–0.97)

*
KPS: Karnofsky Performance Status
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Table 3.

Factors associated with death among HIV-infected cervical cancer patients (Delta CD4, n=139)

Category Crude HR (95% CI) Adjusted HR (95% CI)

Delta CD4 (cells/mm3) (Categorical) < 100 1.00 1.00

100–249 0.59 (0.31–1.15) 0.45 (0.21–0.95)

≥ 250 0.41 (0.20–0.82) 0.45 (0.20–1.02)

Age (years) 1.00 (0.96–1.03) 1.02 (0.98–1.06)

Hemoglobin at baseline (g/dl) 1st quartile (4.1–9.0) 1.00 1.00

2nd quartile (9.1–10.4) 1.43 (0.66–3.10) 1.72 (0.71–4.19)

3rd quartile (10.5–12.1) 0.72 (0.28–1.82) 0.60 (0.21–1.76)

4th quartile (12.2–15.3) 0.45 (0.18–1.15) 0.46 (0.16–1.30)

Missing 1.34 (0.46–3.94) 1.29 (0.39–4.27)

Stage Stage I 1.00 1.00

Stage II 1.89 (0.66–5.47) 1.12 (0.34–3.66)

Stage III 1.73 (0.59–5.12) 0.59 (0.18–2.00)

Stage IV 2.21 (0.49–9.92) 0.62 (0.11–3.64)

RT dose (EQD2) 1st quartile (9.3–63.9) 1.00 1.00

2nd quartile (64.0–77.9) 0.52 (0.25–1.08) 0.70 (0.29–1.71)

3rd quartile (78.0–80.5) 0.38 (0.17–0.82) 0.28 (0.12–0.70)

4th quartile (80.6–89.5) 0.38 (0.17–0.85) 0.41 (0.15–1.09)

Number of chemo cycles None 1.00 1.00

1–5 0.32 (0.18–0.59) 0.43 (0.21–0.88)

Missing 0.62 (0.23–1.66) 1.46 (0.46–4.61)

Performance status (KPS
*
) ≤ 80 1.00 1.00

> 80 0.82 (0.44–1.55) 0.69 (0.34–1.41)

Missing 0.31 (0.09–1.07) 0.16 (0.04–0.64)

Nadir CD4 cells/mm3 (continuous by 100) 1.07 (0.92–1.25) 1.03 (0.86–1.25)

*
KPS: Karnofsky Performance Status

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 October 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Design:
	Population:
	Treatment of Cervical Cancer in Botswana:
	Management of HIV in Botswana:
	Data Collection:
	Outcomes:
	Statistical Analysis:
	Ethical Approval:

	RESULTS
	Patient Characteristics
	Nadir CD4 cell count analysis
	Delta CD4 cell count analysis
	Exclusion of Stage IA Patients

	DISCUSSION
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3.



