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• HIV-infected women with advanced cervical cancer on ART tolerate concomitant chemoradiotherapy
• Most HIV+ women with cervical cancer on ART complete all prescribed cycles of radiosensitizing chemotherapy at standard dose
• 1 year PFS of HIV+ women with advanced cervical cancer on ART are similar to their HIV-negative counterparts.
• Hematologic toxicities from this standard dosing in this patient population is mostly self-limiting and manageable.
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Purpose. Todetermine the feasibility, safety, and tolerability of concomitant chemoradiotherapy administered
at standard doses in HIV-infected women with locally-advanced cervical cancer (LACC) receiving antiretroviral
therapy (ART).

Patients andmethods. Eligible participants had HIV infection and untreated, histologically-confirmed, invasive
carcinoma of the uterine cervix, FIGO stages IB2, IIA (if tumor N4 cm), IIB, IIIA, IIIB, or IVA and met standard eli-
gibility criteria. Subjects were prescribed 41.4–45 Gy external beam radiation therapy followed by high dose rate
brachytherapy concomitant with up to six weekly doses of cisplatin 40mg/m2 andwere followed for 12months.

Results. Sixty-four womenwere screened at two sites in sub-Saharan Africa, of whom 40 eligible participants
were enrolled, for a screening ratio of 1.60. Of the 38 eligible participantswho initiated study treatment, 31 (82%)
completed treatment. By the 12-month follow-up visit, 7women had died of disease and 29 of 31 (94%) returned
for follow-up. One-year progression-free survival was 76.3% (95% CI, 59.4–86.9%), and did not significantly differ
according to stage at entry (p = 0.581). Participant-reported adherence to ART was high; by 12 months, 93% of
participants had an undetectable viral load. The most common grade 3 or 4 adverse event was decreased
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lymphocyte count that affected all treated participants. Non-hematologic serious adverse events were similar to
those observed in women with LACC without HIV infection.

Conclusions. The majority of HIV-infected women with LACC can complete concomitant chemoradiotherapy
with the same cisplatin dose used in HIV-uninfected women with comparable tolerability and high ART adher-
ence while on treatment.

© 2019 Elsevier Inc. All rights reserved.
1. Background

Cervical cancer is the second most commonly diagnosed cancer and
third leading cause of cancer death among women in less-developed
countries. Nearly 90% of cervical cancer deaths occur in the developing
parts of the world. The incidence rates of cervical cancer are highest in
sub-Saharan Africawhere a high percentage of patientswith cervical can-
cer have not participated in screening programs, present with more ad-
vanced local disease and have substantially lower cure rates [1–4].

Cervical cancer is also more common in women infected with the
human immunodeficiency virus (HIV) than HIV-uninfected women [5].
Among women with HIV infection, locally-advanced cervical cancer
(LACC) causes significant morbidity often at the prime of their reproduc-
tive lives [6,7]. In a large cohort of HIV-positive women with LACC in
Botswana, nearly all (96.9%) participants presented with symptomatic
cancer and 80.8% were stage IIB or greater at the time of diagnosis [8].

Concomitant chemoradiotherapy using cisplatin as the chemothera-
peutic radiosensitizing agent is the standard of care for the treatment of
LACC. Multiple randomized, controlled trials (RCT) in HIV-uninfected
women with LACC showed improved efficacy when cisplatin was
added to radiation therapy, even inwomenwhohadhistologic evidence
of metastatic disease to pelvic and/or para-aortic lymph nodes [9]. Data
from 5 RCTs (GOG 85, RTOG 9001, GOG 120, SWOG 8797, GOG 123)
prompted an NCI alert in February 1999 that recommended consider-
ation of concomitant chemoradiotherapy for all women with cervical
cancer [2,10]. A Cochrane database review of 19 RCTs confirmed that
concomitant chemoradiotherapy improved overall survival (OS) and
progression-free survival (PFS [11]) in LACC compared to radiotherapy
alone.

The effects of anti-retroviral therapy (ART) on standard treatments
for cervical cancer are unknown largely because HIV-infected women
with LACC have typically been excluded from large-scale clinical trials
[12]. Many antiretroviral agents are known to cause drug-drug interac-
tions, so co-administration of standard therapies with ART could influ-
ence the efficacy and increase the toxicity of these treatments.
Additionally, HIV-infected women with cervical cancer often have a
poor nutritional status with limited marrow reserve while they are un-
dergoing high-dose pelvic radiation therapy concomitant with chemo-
therapy, further accentuating potential toxicities. [5]. Due to these
factors, some clinicians initiate therapy with lower than standard
weekly radiosensitizing doses of cisplatin [13], despite a paucity of
data suggesting that reduced cisplatin doses result in reduced toxicity.
Here we report the data from a prospective phase II open-label study,
AMC-081 (NCT01590017), to evaluate the feasibility and safety of con-
comitant chemoradiotherapy with ART administered at standard doses
in HIV-infected women with LACC at two sites in sub-Saharan Africa
that were part of the AIDS Malignancy Consortium (AMC), a National
Cancer Institute-supported clinical trials group.

2. Study design

2.1. Objectives

The primary objectives of this study were to evaluate the feasibility,
safety, and tolerability of concomitant chemoradiotherapy with cis-
platin in HIV-infected women with LACC who were receiving
concomitant ART. Feasibility was assessed based on 1) the proportion
of participants who completed the concomitant chemoradiotherapy
regimen, 2) the screening ratio defined as the number of potential par-
ticipants screened per enrolled participant, and 3) availability propor-
tion defined as the completion proportion at 6 and 12 months.
Exploratory objectives also included determination of 1) the 1-year
PFS and OS, 2) the effects of treatment on HIV control, 3) the recurrence
patterns for HIV-infected women with LACC, and 4) self-reported ad-
herence to ART during concomitant chemoradiotherapy.

2.2. Eligibility criteria

Eligible participants were at least 18 years old with an ECOG perfor-
mance status of ≤2 with untreated, histologically-confirmed, docu-
mented invasive squamous cell carcinoma, adenocarcinoma, or
adenosquamous carcinoma of the uterine cervix, FIGO stages IB2, IIA
(if tumor N4 cm), IIB, IIIA, IIIB, or IVA (2009 standard). All participants
were required to have HIV-1 infection documented by a primary rapid
test or E/CIA test kit and confirmed by Western blot or secondary anti-
body test and the following laboratory criteria: hemoglobin ≥10 g/dL
(6.2 mmol/L), platelet count ≥100,000/mm3 (100 × 109/L), ANC
≥ 1500/mm3 (1.5 × 109/L), creatinine clearance ≥60 mL/min
(1.00 mL/s) calculated by the Cockcroft-Gault equation for women,
AST and ALT ≤3 times the upper limit of normal (ULN), total bilirubin
≤2 times the ULN unless related to antiretroviral use (e.g., atazanavir
and indinavir), in which case the direct bilirubin had to be ≤2 times
the ULN. Participants receiving transfusion, erythropoietin, or myeloid
growth factor support were eligible for this study. All participants
were to be prescribed combination ARTwith the goal of virological sup-
pression using an acceptable regimen that adhered to national guide-
lines for treatment of HIV infection. ART treatment-experienced
participants, defined as women with a HIV viral load N400 copies/mL
who have been on ART for N4months could be enrolled if an alternative
ART regimen was available that included at least two ART drugs that, in
the opinion of the site investigator, were expected to have activity based
on genotypic testing and treatment history.

Womenwere excluded if they had a hysterectomy, priormalignancy
within the past 24 months (Kaposi sarcoma that did not require sys-
temic therapy was allowed), were pregnant or breast feeding, had an
acute active uncontrolled infection such as tuberculosis or malaria or
had a history of significant cardiovascular disease. Women were ex-
cluded if imaging showed enlarged para-aortic lymph nodes that were
suspicious for metastasis.

2.3. Recruitment procedures

Participants were enrolled at two AIDSMalignancy Consortium sites
located in Johannesburg, South Africa and Harare, Zimbabwe. Quality
assurance for radiation equipment and review of treatment planning
at both siteswas provided by the NCI–supported Imaging and Radiation
Oncology Core (IROC, MD Anderson Houston, Texas, USA). Sites had the
protocol approved by their Institutional Review Board (IRB)/Indepen-
dent Ethics Committee (IEC) and any relevant national and local
authorities.

The local pathology reviewwas done prior to enrollment to confirm
participant eligibility. A central pathology review (K.W.)was performed
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for all study participants, which confirmed the local diagnosis and his-
tology in all cases. One participant was enrolled with histology that
did not meet eligibility criteria (adenoid basal carcinoma). She was
treated as per protocol and her toxicity data was included in this report,
but efficacy and other data were excluded.
3. Study modalities

3.1. Radiation therapy procedures

After clinical staging and study-mandated CT of the abdomen and
pelvis to document the absence of extra-pelvic disease, all participants
received cisplatin concomitant with external beam radiation therapy
and brachytherapy (see Fig. 1 for study schema). Radiation therapy
(RT) began within 7 days of enrollment. All participants underwent CT
treatment planning and IMRT was not allowed in this study. All partici-
pants received 41.4–45 Gy external beam RT delivered to the pelvis in
23–25 fractions of 1.8 Gy. Treatmentswere delivered daily,five fractions
per week and completed within 5 weeks ±3 days. Bladder distention
and bowel exclusion devices were allowed. Attempts were made to ex-
clude all small bowel from treatment field after 50.4 Gy.

Following completion of whole pelvic RT each participant received
high dose rate (HDR) intracavity brachytherapy using vaginal applica-
tors and a standard medical source listed on the American Association
of Physicists in Medicine (AAPM) source registry [14]. Dose specifica-
tions were calculated by accepted global standards. All participants re-
ceived 35–43.6Gy equivalent dose (EQD2) to Point A by
brachytherapy using one of the following regiments: two fractions of
9Gy, three fractions of 7-8Gy, or four fractions of 6-7Gy. Thus the com-
bination of whole pelvic RT and brachytherapy resulted in a total equiv-
alent dose of 80-85Gy to the target.

Six participants received a parametrial boost at the discretion of the
treating radiation oncologist. The radiation oncologist chose the dose to
be delivered to the involved parametrium based on bulk of parametrial
disease at presentation. The parametrial boost was 5.4–9.0 Gy in 3–5
fractions of 1.8 Gy per fraction given using opposed fields –AP/PA (ante-
rior-posterior/posterior-anterior), daily to midplane if unilateral or bi-
lateral parametrial boost was used.
Fig. 1. Study
Every effort was made to encourage the participant to comply with
the radiation treatment prescribed and complete therapy within
56 days. Quality control for all of the treatment plans were performed
by IROC and final review was performed by one of the radiation oncol-
ogy investigators (M.G.).

3.2. Chemotherapy and antiretroviral therapy

Cisplatin 40mg/m2was administered intravenously over 30–60min
weekly on days 1, 8, 15, 22, 29 and 36 for up to a total of 6weekly cycles.
Three participants with CD4+ T-cell counts under 200cells/mm3 were
started at 25 mg/m2 as per protocol. All participants were prescribed
combination ART. Participants already on an effective ART regimen
remained on that regimen during study treatment. Participants could
begin ART on the day of study enrollment to meet eligibility criteria. Al-
though specific drugs were not prohibited, investigators were advised
to avoid didanosine, stavudine, zidovudine and tenofovir because of po-
tentially overlapping neurological, hematologic, and renal toxicities
with cisplatin. If co-administration was unavoidable and graded toxic-
ities occurred that required modification of the cisplatin dose, the use
of alternative antiretroviral drugs without overlapping toxicities were
considered before modifying the cisplatin dose.

All toxicities were graded according to the Common Toxicity Criteria
(CTCAEv4.0). Cisplatin dosemodificationswere prespecified for grade 2
or higher hematologic and non-hematologic toxicities. The following
levels were applied sequentially for cisplatin dose reductions: dose
level −1 = 30 mg/m2, dose level −2 = 25 mg/m2. If graded adverse
events recurred on dose level −2, cisplatin was discontinued. Dose re-
ductions based on hematologic parameters are described in Table 1. Ad-
verse event reporting was performed according to NCI Cancer Therapy
Evaluation Program (CTEP, http://ctep.cancer.gov) guidelines.

3.3. Monitoring

All participants were monitored weekly during chemoradiotherapy
with complete blood count and differential, serum creatinine, electro-
lytes, review of the interimmedical history including concomitantmed-
ications and adverse events, and assessment of ART adherence, and
these assessments were repeated at completion of chemoradiotherapy.
schema.

http://ctep.cancer.gov


Table 2
ART regimens in AMC-081.

ART regimen N (%)

NNRTI-based regimens 38
Efavirenz-based regimen 30 (79)
Nevirapine-based regimen 8 (21)

Protease inhibitor-based regimen 2
Atazanavir 1(2)
Lopinavir/ritonavir 1(2)

Table 3
Cervical cancer characteristics at enrollment.

Disease characteristics N(%)

Histologic diagnosis

23M.H. Einstein et al. / Gynecologic Oncology 153 (2019) 20–25
Physical examination was repeated at day 22 and at the completion of
chemoradiotherapy. After completing protocol therapy, participants
were followed every 3 months for one year. Physical examination and
review of the interimmedical history, concomitantmedications and re-
view of adverse events was performed at each follow-up visit, and CD4
T-cell count, HIV viral load, and CT scan of the abdomen and pelvis were
performed at 6-month intervals.

4. Statistical considerations

The sample size was based on testing the null hypothesis that the
treatment completion rate is 0.50 against the alternative that it is
≥0.70 at the one-sided 0.10 significance level with power of 0.90 using
a one-sample Chi-square test. This yielded a sample size of 38 study par-
ticipants. The primary outcome measure of treatment completion rate
was estimated as the proportion of all women initiating treatment
who completed cisplatin treatment with 95% confidence interval. Suc-
cessful completion of concomitant chemoradiotherapy is defined as re-
ceiving 5 or more cycles of cisplatin and completion of the equivalent
doses per fraction of N78Gy to Point A. The screening ratio was esti-
mated as the number of women screened divided by the number of en-
rolled subjects and its 95% confidence interval was based on the Poisson
distribution. The Kaplan-Meier method was used to describe PFS and
OS.

5. Results

Sixty-four women were screened at two sites, one in Zimbabwe
(Parirenyatwa Hospital) and one in South Africa (Charlotte Maxeke Jo-
hannesburg Academic Hospital), of whom 40 eligible participants
were enrolled, for a screening ratio of 1.60 (95% CI, 1.25 to 2.04). 41
were screened at the Zimbabwe site of which 26 were enrolled. 23
were screened at the Johannesburg site of which 14 were enrolled. Of
the 24 women who were screened and ineligible, the most common
reasons were metastatic disease identified on screening CT scan (n =
10, 43%) and abnormal laboratory results (n = 10, 43%). Additionally,
one had an active pelvic thrombus, one was reclassified as stage IB1,
and one had an ectopic kidney. One participant was inadvertently en-
rolled with a diagnosis of adenoid basal carcinoma. This participant
was considered evaluable for toxicity but was excluded from all other
analyses.

Eligible participants were an average (SD) of 44.0 (5.5) years of age,
all having acquired HIV through heterosexual contact with a median
(range) CD4 count of 424 cells/mm3 (139–1204). ART for participants
is shown in Table 2. Most participants had invasive squamous cell carci-
noma (90%); the remaining eligible participants had adenocarcinomaor
adenosquamous carcinoma. Of the 40 enrolled patients, 70% had stage
IIB disease and 60% had bilateral parametrial involvement. Sites of in-
volvement included vagina (60%), nodes (28%), bladder (5%), rectum
(3%) and other pelvic sites (43%) (Table 3).

Of the 40 enrolled participants, two withdrew prior to receiving
treatment. Of the 38 treated participants, 31 (82%) completed treatment
(90% one-sided confidence interval: 69% to 100%). The null hypothesis
that the treatment completion rate is 50% was rejected (p b 0.001).
Three participants were treated at a lower protocol-specified dose of
cisplatin (25 mg/m2) due to low CD4 counts (b200mm3/ml). Of 38
Table 1
Dose reduction for granulocyte, absolute neutrophil count and/or platelet countsa.

ANC or granulocytes/μL Platelets/μL Cisplatin

≥1500 and ≥100,000 No dose reduction
1499–1000 or 99,999–75,000 Reduce by one dose levela

b1000 or b75,000s Holda

a If the maximum number of prior dose reductions of cisplatin have been made, treat-
ment was held for up to two weeks for blood count recovery.
treated participants, 50% received 5–6 cisplatin cycles with radiation
therapy at the full prescribed dose without delays or modifications,
and 100% of the treated participants completed 5–6 cycles of cisplatin
with radiation therapy. In the safety population, which included the
one ineligible treated participant, 20 participants experienced 44 ad-
verse events that resulted in treatment delay or discontinuation. Three
participants developed decreased white count/neutropenia resulting
in treatment discontinuation (all decreases in white count/neutrope-
nia), two of whom also had treatment delays.

Of the 38 eligible participants who initiated study treatment, 33
(87%) returned at the 6-month follow-up. By the time of the 12-
month follow-up, 7 women had died of progressive cervical cancer. Of
the remaining 31 subjects, 29 (94%) returned at the 12-month follow-
up. One-year overall survival was 81.6% (95% CI, 65.2 to 90.8%)
(Fig. 2). The one-year PFS was 76.3% (95% CI, 59.4–86.9%), and did not
significantly differ according to stage at entry (p= 0.581). The estimate
of one-year PFS was 75.9% (95% CI, 55.9 to 87.7%) for stage IIA/B and
77.8% (95% CI, 36.5 to 93.9%) for stage IIIA/B. Among the 31 women
who completed treatment, the one-year PFS was 77.4 (95% CI, 58.4 to
88.5%). By 12 months, 11 treated participants had shown tumor recur-
rence, three in the pelvis only, seven in both the pelvis and one or
more new extra-pelvic sites and one at a new extra-pelvic site only.
Sites of extra-pelvic recurrence included para-aortic nodes (n = 5),
lungs (n = 3) and anterior abdominal wall (n = 1). Participant-
reported adherence to ART was high; 89% reported full adherence and
11% reported missing one dose. HIV viral load was undetectable at
screening in 29 (73%) participants. By 6months post-treatment, this im-
proved to 94% and by 12 months, 93% of participants who remained
alive had an undetectable viral load. As expected, there was an overall
reduction in CD4 counts after initiation of therapy with partial recovery
(data not shown). By 12 months following concomitant chemoradio-
therapy the median CD4 count was 296 (range 108–766). Changes in
HIV viral load and CD4 count did not contribute to significant dose de-
lays or reductions.

6. Adverse events

Adverse events at the event level are shown in Table 4. The most
common adverse event at grade 3 or 4 was decreased lymphocyte
count which affected all treated participants and decreased white
Squamous cell carcinoma 36 (90)
Adenocarcinoma 3 (8)
Adenosquamous carcinoma 1 (3)

Grade of disease
Well-differentiated 1 (3)
Moderately-differentiated 25 (63)
Poorly-differentiated 14 (35)

FIGO stage at entry (clinical staging)
Stage IIA 1 (3)
Stage IIB 28 (70)
Stage IIIA 1 (3)
Stage IIIB 10 (25)



Fig. 2. The one-year overall survival in AMC-081 was 81.6% (95% CI: 65.2–90.8%).
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blood cell count (all participants), followed by decreased neutrophil
count. Non-hematologic serious adverse events are similar to those ob-
served in women with LACC without HIV infection.

7. Discussion

AMC-081 is the first clinical trial in sub-Saharan Africa designed to
prospectively collect detailed treatment, adverse events and outcomes
in HIV-infected women with LACC on ART who met pre-determined
criteria for receiving concomitant chemoradiotherapy. Our data adds
to, and contrasts with, the existing literature on the treatment of LACC
in HIV-positive women in sub-Saharan Africa, which has described the
single-institution experience in South Africa and Botswana using local
standard-of-care treatment guidelines. Ref. [15] compared treatment
tolerability among HIV-infected and HIV-uninfected women with
LACC treated between 2009 and 2011 with concomitant chemoradio-
therapy in South Africa. Of the 22 HIV-positive women who were pre-
scribed this treatment, 15 (69%) completed 4 or more cycles of
chemotherapy and received adequate RT compared with 129 (94.2%)
of the 137 HIV-uninfected patients undergoing concomitant chemora-
diotherapy [15]. ART treatment, ART adherence and HIV viral loads
were not monitored. In a more recently-published study of a much
larger number of women with LACC, Ref. [16] reported on 5-year OS
among71HIV-positive and 421HIV-negativewomen treatedwith radi-
ation therapy at the same institution between 2007 and 2011. Only 53
of 71 HIV-positive women were prescribed concomitant platinum-
based chemotherapy, of whom only 31 (58.5%) received four or more
Table 4
Grade 3–4 adverse events in treated participants (n = 39a).

No. participants (%)

Gastrointestinal
Diarrhea 1 (3)
Vomiting 2 (5)

Renal and urinary
Chronic kidney disease 1 (3)

Blood/bone marrow
Lymphocyte count decreased 39 (100)
Other hematologicalb 16 (41)

Nervous system
Syncope 2 (5)

Metabolism
Hypermagnesemia 1 (3)
Hypokalemia 3 (8)
Hypomagnesemia 1 (3)

Vascular
Hypertension 1 (3)

a Safety population includes one participant who was enrolled in error and treated.
b Anemia or low platelet or neutrophil counts.
chemotherapy cycles. Both the 2-year and 5-year OS of all HIV-
positive women were significantly lower than that of their HIV-
negative counterparts treated at the same medical center. As in their
previous report, ART treatment, ART adherence and HIV viral loads
were not monitored in HIV-positive women, nor were causes of death.
In another study conducted in Botswana that compared treatment and
outcomes of HIV-infected and HIV-uninfected women with cervical
cancer who were treated with curative intent between 2012 and
2015, 85 (48.0%) participantswithHIV infection and 40 (48.0%)without
HIV infection completed the recommended radiation therapy (79 Gy
[EQD2]). No information was given about either the number of cycles
or total dose of cisplatin administered in the Botswana study, nor is
there any information about hematologic adverse events [8] or adher-
ence to ART reported in that study. Our study showed that the majority
of selected participants who met pre-defined entry criteria could com-
plete therapy with the same cisplatin dose used in HIV-uninfected
women with comparable tolerability while maintaining high ART ad-
herence while on treatment. We found that dose reductions and delays
were similar to those in HIV-uninfected womenwith LACC treated with
concomitant chemoradiotherapy. As anticipated in sub-Saharan Africa,
there were many women with stage IIIB tumors, rendering comparison
with other reported prospective LACC trials that had few stage IIIB par-
ticipants difficult. However, while we did not conduct long term follow-
up in this study, one-year overall survival rates observed amongwomen
with high risk advanced tumors were similar to those reported studies
of women with generally smaller tumors and without HIV infection.

This was the first AMC-sponsored trial to test combined modality
treatment for LACC in HIV-infected women. We were able to generate
high-quality feasibility and safety data that will be applied to the design
of future trials in a population with historically poor outcomes. Prior to
this trial, it was common practice to prescribe lower and potentially less
effective doses of cisplatin for women with HIV and LACC based on
poorly documented concerns about potential drug interactions and ad-
ditive toxicities. Our findings suggest that standard doses of concomi-
tant chemoradiotherapy should be considered the standard of care for
treatment of appropriately selected HIV-positive women with LACC.
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