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Abstract

Background The incidence of non-AIDS defining cancer (NADC) is higher in people living with HIV (PLWH)

than in the general population, and it is already one of the leading causes of death in the HIV-infected population. It
is estimated that the situation will be aggravated by the progressive aging of PLWH. Early diagnosis through intensive
cancer screening may improve the ability for therapeutic interventions and could be critical in reducing mortality,
but it might also increase expenditure and harms associated with adverse events. The aim of this study is to evalu-
ate an enhanced screening program for early diagnosis of cancer in PLWH compared to standard practice. The
specific objectives are (1) to compare the frequency of cancer diagnosed at an early stage, (2) to analyze safety

of the enhanced program: adverse events and unnecessary interventions, (3) to analyze the cost-utility of the pro-
gram, and (4) to estimate the overall and site-specific incidence of NADC in PLWH.

Methods We will conduct a multicenter, non-blinded, randomized, controlled trial, comparing two parallel arms:
conventional vs enhanced screening. Data will be recorded in an electronic data collection notebook. Conventional
intervention group will follow the standard of care screening in the participating centers, according to the European
AIDS Clinical Society recommendations, and the enhanced intervention group will follow an expanded screening
aimed to early detection of lung, liver, anal, cervical, breast, prostate, colorectal, and skin cancer. The trial will be con-
ducted within the framework of the Spanish AIDS Research Network Cohort (CoRIS).
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before the strategy could be implemented.

Discussion The trial will evaluate the efficacy, safety, and efficiency of an enhanced screening program for the early
diagnosis of cancer in HIV patients compared to standard of care practice. The information provided will be relevant
since there are currently no studies on expanded cancer screening strategies in patients with HIV, and available data
estimating cost effectiveness or cost-utility of such as programs are scarce. An enhanced program for NADC screen-
ing in patients with HIV could lead to early diagnosis and improve the prognosis of these patients, with an accept-

able rate of unnecessary interventions, but it is critical to demonstrate that the benefits clearly outweigh the harms,
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Introduction

Background and rationale {6a}

Non-AIDS-defining cancer (NADC) is an important cause
of morbidity and mortality in people living with the human
immunodeficiency virus (PLWH), being currently one of
the most frequent causes of death [1-5]. The incidence of
cancer in PLWH is 2-3 times higher than in the general
population [6—8]. A systematic review, analyzing data from
more than 600,000 PLWH and 10,891 new cases of cancer,
confirmed that the incidence of NADC has progressively
increased since the introduction of combined antiretrovi-
ral therapy (ART), probably reflecting better viral-immune
control and aging associated with increase in overall sur-
vival of patients living with the virus [9].

The most frequent types of NADC in PLWH are lung
cancer, hepatocellular carcinoma, anal carcinoma and
cervical carcinoma, although some studies have sug-
gested that there could also be a higher incidence and/
or severity of other malignant tumors, such as breast,
prostate, colorectal, or skin cancer, including melanomas
[10, 11]. In the era of ART, lung cancer has become the
most frequent and deadliest cause of NADC in PLWH
[12, 13], and greater lethality has been documented in
PLWH than in the general population [14]. It is estimated
that at least 1 in 3 PLWH will die due to malignant neo-
plasms in the coming years [15, 16]. The causes of this
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increased incidence of NADC are not well known and
there are several factors that could play a role, including
immunosuppression, chronic inflammation and immune
activation, ART exposure, higher rates of coinfection
with oncogenic viruses, and traditional cancer risk fac-
tors such as smoking [17, 18].

Despite the progressive aging of PLWH and the increase
in the incidence of cancer, there is currently no consen-
sus on the optimal screening strategy of cancer in this
population. Some of the clinical practice guidelines of
PLWH, such as the Spanish Gesida [18] or the European
AIDS Clinical Society [19], recommend the screening
approaches that have shown benefit in the general popula-
tion in terms of mortality or greater probability of thera-
peutic success. However, these benefits have not been
confirmed in PLWH, in which these strategies could be
insufficient. Moreover, in the general population, there are
currently no established recommendations for the screen-
ing in two of the neoplasms of special concern in HIV-
infected patients, i.e., lung and anal cancer. For this reason,
it is necessary to generate scientific evidence that informs
clinical practice guidelines on the best screening approach
in PLWH.

We hypothesize that a specific enhanced screening
strategy for NADC in PLWH could favor the early detec-
tion of malignancies, improving the ability for therapeutic
interventions, and thus reduce morbidity and mortality
for cancer in PLWH, with an acceptable rate of unneces-
sary investigations, and may be cost-effective. To address
this hypothesis, we have designed a clinical trial, in
which patients are randomized to one of two strategies:
enhanced screening versus standard of care practice. This
trial aims to determine if the benefits of the enhanced
screening outweighs the harms and if it is cost-effective.

Relevant studies informing on the main NADC in PLWH
and examining potential benefits and harms of screening
interventions are described next. For lung cancer, a stand-
ardized incidence rate 2.5 times higher in PLWH than in the
general population, after adjusting for smoking, has been
reported [20]. Smoking remains the main risk factor asso-
ciated with lung oncogenesis, also in PLWH. The National
Lung Screening Trial (NLST), a randomized study in the
general population with more than 53,000 participants,
demonstrated a 20% reduction in lung cancer mortality and
a 6.7% reduction in overall mortality in those undergoing
lung cancer screening with 3 annual low-dose computed
tomography (LDCT) compared to simple chest x-ray [21].

In Spain, 92% of cases of hepatocellular carcinoma (HCC)
in PLWH occur in patients coinfected with hepatitis C
virus (HCV) [22], and its incidence seems to be increas-
ing [23]. It has been suggested that HCC could be more
symptomatic and be diagnosed in more advanced stages in
PLWH [24]. As screening strategy, semiannual ultrasound
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is recommended in patients with cirrhosis of any cause,
including cases of sustained viral response (SVR) to HCV
antiviral therapy but with established chronic liver dis-
ease [18], and in patients co-infected with hepatitis B virus
(HBV) regardless of the stage of fibrosis [19].

The incidence of anal cancer in the group of men who
have sex with men (MSM) reaches 144 cases/100,000
people-year, and reported risk factors, in addition to
MSM, include infection with oncogenic human papillo-
mavirus (HPV), smoking, and immunosuppression. The
incidence of this cancer increased significantly with the
availability of effective ART at the end of the 1990s and
the increase in survival of PLWH and is much higher
than in the HIV-negative population [25]. Preventive
measures and screening programs in PLWH based on
anal cytology and anoscopy are advocated by some
experts [26] but evidence of benefit remains unknown.

For cervical cancer, traditional screening programs based
on Papanicolaou smear or liquid based cervical cytology
have demonstrated to reduce cervical cancer mortality and
might be enhanced by HPV genotype testing [19]. HPV
genotype may aid at determining the periodicity of cytol-
ogy, so that if high-risk genotypes (HPV-HR) are detected,
a semiannual cytology could be recommended. However,
this strategy has neither been evaluated in PLWH.

Finally, although controversy remains on whether
PLWH have a higher risk for breast, prostate, colon,
and skin cancer, these neoplasms have been included in
the trial.

Hypothesis and objectives {7}

Hypothesis: an enhanced program for screening of
NADC in PLWH can lead to early diagnosis of cancer
and improve the prognosis, with an acceptable rate of
unnecessary interventions and being cost-effective.

General objectives: to evaluate the efficacy, safety, and
efficiency of an expanded screening program for early
diagnosis of cancer in patients with HIV compared to
usual practice, within the framework of the Spanish
AIDS Research Network Cohort (CoRIS).

Specific objectives: (1) to compare the frequency
of cancer diagnosed at an early stage of disease with
extended screening versus usual practice, (2) to ana-
lyze safety of the program: adverse events and unneces-
sary interventions, (3) to analyze the cost-utility of the
extended screening program, and (4) to estimate the
overall and site-specific incidence of NADC in PLWH.

Trial design {8}
This protocol has been designed as a multicenter, rand-
omized, parallel-group, and superiority trial.
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Methods: participants, interventions,

and outcomes

Study setting {9}

The study will be carried in the framework of the Span-
ish network of AIDS research (CoRIS), including 30
centers, being all of them Spanish academic hospitals.

Eligibility criteria {10}
Inclusion and exclusion criteria for participants:

Inclusion criteria: adult patients > 18 years with con-
firmed HIV infection and who agree to participate in
the study and sign the informed consent.

Exclusion criteria: any active AIDS-defining disease, cur-
rent or past NADC, life expectancy < 5years, pregnancy or
lactation, patients who refuse to participate in the study,
any other criteria that in the judgment of the clinician
should prevent the patient to participate in the study.

Eligibility criteria for study centers: Spanish hospitals
with HIV/AIDS Unit and Infectious Diseases/HIV (ID/
HIV) specialists.

Eligibility criteria for study individuals who will per-
form the interventions: ID/HIV specialists, radiolo-
gists, gynecologists, and surgeons.

Who will take informed consent? {26a}

Participants meeting the study criteria will be invited
by their doctors in charge to join the study during their
routine medical visits, regardless of time from HIV
diagnosis and the standard screening procedures being
carried out in their centers, explaining the possible
benefits and risks of the trial, and they will obtain the
informed consent to participate in the study.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

An additional consent will be provided for collection
and use of participant biological specimens that will be
stored in a biobank.

Interventions

Explanation for the choice of comparators {6b}

The trial will compare the frequency of NADC diagnosed
at an early stage in patients undergoing an enhanced
screening program compared with those following con-
ventional standard of care screening according to the
European AIDS Clinical Society recommendations.

Intervention description {11a}
Conventional group:

a. Semi-annual ultrasound and alpha-fetoprotein for
all patients with cirrhosis and those with HBV infection
with any degree of fibrosis.
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b. Digital rectal examination and anal cytology every
1-3years for all MSM men and anoscopy in case of cytol-
ogy abnormal.

c. Cervical cytology every 1-3years to all sexually
active women, at least in those between 25 and 64 years.

d. Mammogram every 1-3years to women between 50
and 70years.

e. Rectal digital exam * prostate-specific antigen (PSA)
every 1-3years for all men> 50vyears.

f. Fecal occult blood test every 1-3years in people
between 50 and 75years.

Enhanced group:

a. Annual LDCT to patients over 40 years of age, active
smokers or who have quit in the last 3years, with an
accumulated index > 20 pack-years and without con-
traindications for thoracic surgery, and without lung
infections in the last 2 months.

b. Semi-annual ultrasound and alpha-fetoprotein for
all people with chronic liver disease with fibrosis > F3
of any cause (including HCV infection) or with any
fibrosis for patients with HBV. Serum will be col-
lected from all participants to be able to subse-
quently perform additional determinations such
as alpha-fetoprotein-L3, decarboxyproprombin, or
alpha-L-fucosidase.

c. Semi-annual digital examination and anal cytol-
ogy to all MSM men and anoscopy in case of abnormal
cytology.

d. Semiannual cervical cytology to all sexually active
women between the ages of 21 and 64, including cotest
(cervical cytology and HPV test) from the age of 30 if
available (when cotest is available, controls will be made
annually).

e. Annual mammogram for women between 50 and
70years.

f. Annual PSA and digital rectal exam to all men >
50years.

g. Annual fecal occult blood to people>40years.

h. Annual general inspection for skin lesions suggestive
of malignancy.

Criteria for discontinuing or modifying allocated
interventions {11b}

Interventions will be discontinued in case of pregnancy
or revocation of the informed consent.

Strategies to improve adherence to interventions {11c}
Adherence to the appointments will be recorded in the
medical history and a new appointment arranged for the
missed visits. Mobile phone messaging reminders for
attendance are recommended to the participating centers
after missing two visits.
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Relevant concomitant care permitted or prohibited

during the trial {11d}

All concomitant interventions needed for medical care
during the trial are permitted.

Provisions for post-trial care {30}

All the included patients in the study are PLWH under
medical treatment. Then, after the study, they will be
cared for by their providers. The Spanish National Health
Service will provide the required medical care to the
study participants should they suffer harm as a result of
the participation in the trial.

Outcomes {12}

Primary outcome: diagnosis with a new NADC at stage
1 or 2, overall and for the specific cancer sites: invasive
malignancies of lung, anus, liver, cervix, breast, pros-
tate, colorectal, ovary, and invasive melanomas of skin
assessed through various exams, and compared as the
proportion between intervention groups at 12, 24, and
36 months.

Secondary outcomes: (1) diagnosis with a new NADC
at any stage or unknown stage, overall and for the specific
cancer sites: invasive malignancies of lung, anus, liver,
cervix, breast, prostate, colorectal, ovary, and invasive
melanomas of skin assessed through various exams, and
compared as the proportion between intervention groups
at 12, 24, and 36 months; (2) diagnosis with new cases of
cancer diagnosed at stage 1 and 2 related to all new cases
of diagnosed cancer compared as the proportion between
groups at 12, 24, and 36 months; (3) unnecessary inva-
sive procedures (with non-diagnostic results) compared
as the proportion in each treatment group at 12, 24, and
36 months; (4) adverse events and severe adverse events
related to the study procedures compared as the rate in
each treatment group at 12, 24, and 36 months, and (5)
overall mortality and mortality from cancer at 12, 24, and
36 months.

Participant timeline {13}
The participant timeline is presented in Table 1.

Sample size {14}

The incidence of NADCs in the previous stud-
ies SMART and ESPRIT in virologically suppressed
patients with CD4>350 and over 40years old was
approximately 0.04% during 5years of follow-up [27].
An Italian study described an incidence of NADCs
of 0.67 per 100 person-years of follow-up [28]. In the
CoRIS cohort, with 31.228 person-years of follow-up, a
total of 136 NADCs were diagnosed, and the incidence
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was 0.43 per 100 person-years of follow-up. In a study
of lung cancer screening among smokers, the preva-
lence of lung cancer was 2.03% [29]. For the calcula-
tion of the sample size, we have estimated an incidence
of cancer diagnosed at an early stage of 2% in in the
intervention group and 1% in the control group. With
a statistical power of 80% and a loss to follow-up per-
centage of 20%, it is estimated that for a unilateral con-
trast it would be necessary to include 2.319 subjects in
the exposed group (enhanced intervention) and 2.319
in the unexposed group (standard intervention) (1:1),
with a total sample of 4.638 patients.

Recruitment {15}

This protocol corresponds to an independent clinical
study carried out in the framework of the cohort of the
Spanish AIDS research network. The main strategy to
achieve an adequate number of patients to reach the cal-
culate sample size is to disseminate the project among
the centers participating in the cohort.

Assignment of interventions: allocation

Sequence generation {16a}

The study will be operated by an electronic data collec-
tion notebook (REDCap®). This software allows assigning
random numbers to the recruited patients. Also, there is
a plan restriction to ensure well-balanced proportions of
patients and representation of genders per branch and
center. Specifically, random allocation will be carried
out in blocks of twenty patients with a 1:1 ratio to either
intervention group in men and women .

Concealment mechanism {16b}

The implementation of the allocation sequence is done
by the REDCap® software. Also, there is a datasheet
information available to be used as a guideline for the
investigators.

Implementation {16¢}

The enrolment of the patients will be done by the
involved physicians in the study. Each participant center
has a research team to carry out the rest of the activities
of the project and a central Contract Research Organiza-
tion (CRO) gives support for all of them.

Assignment of interventions: blinding
Who will be blinded {17a}
This is an open label trial.

Procedure for unblinding if needed {17b}
Unblinding is not needed.
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Table 1 Schedule of enrollment, assessments, and data collection for the period of the trial

Study period
Time points Enrolment Allocation Post allocation (months)

-, ty 6 12 18 24 30 36
Enrolment
Eligibility screen X
Informed consent X
Allocation X
Assessments
Conventional screening
Semi-annual ultrasound and alpha-fetoprotein for all people with cirrhosis hepatitis B virus X X X
infection with any degree of fibrosis
Digital rectal examination and anal cytology to all MSM every 1-3years X X X
Cervical cytology every 1-3years to all sexually active women, at least 25 to 64 years old X X X
Mammogram every 1-3years to women between 50 and 70years X X X
Rectal digital exam + PSA every 1-3years for all men>50years X X X
Fecal occult blood test every 1-3years in people between 50 and 75 years X X X
Enhanced screening
Over 40years of age, active smokers or who would have abandoned in the last 3 years, X X X
with an accumulated index > 20 pack-years and without contraindications for thoracic
surgery, and without recent lung infections in the last 2 months
Semi-annual ultrasound and alpha-fetoprotein for all people with chronic liver disease X X X X X X
with fibrosis > F3 of any cause (including HCV infection) or any fibrosis for hepatitis B virus
Digital examination and semi-annual anal cytology MSM X X X
Semiannual cervical cytology to all sexually active women between the ages of 21 X X X X X
and 64, including cotest (cervical cytology and HPV test) from the age of 30 if available (in
that case, controls will be made annually)
Annual mammogram for women between 50 and 70years X X X
PSA and annual digital rectal exam to all men > 50years X X X
Annual fecal occult blood to people > 40years X X X
Annual general inspection for skin lesions suggestive of malignancy X X X

Data collection and management

Plans for assessment and collection of outcomes {18a}
Assessment and collection of baseline, and other trial
data, including outcomes measures, will be performed by
the centers research teams using an electronic data col-
lection notebook (REDCap®)

Plans to promote participant retention and complete
follow-up {18b}

Patients’ adherence to protocol will be closely checked
during the CRO’s monitoring visits. The protocol
includes a form with a list of outcome data to be col-
lected for participants who discontinue or deviate from
intervention protocols. To improve retention and mini-
mize loss to follow-up, investigators are asked to contact
patients when they do not attend the scheduled visits and
provide them a new appointment.

Data management {19}

CRO staff will train research teams on data entry and
storage on the electronic database collection notebook
(REDCap®) and promote data quality checks.

Confidentiality {27}

The Health Authority, the Ethics Committee, and
the medical monitors and/or auditors designated by
the Promoter may access to data base in each center,
in order to verify the accuracy and reliability of the
data provided by the principal investigator about the
subjects participating in the trial. The designated
monitors and/or auditors will work according to the
provisions of the Articles 39 and 40 of the Spanish Law
(RD 1090/2015) and the Principal Investigator must
ensure that monitors, auditors, or CROs respect the
confidentiality rules of any information about the sub-
jects of the study. Each center will facilitate access to
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this data to its Ethics Committee and to the inspectors
of the competent health authorities.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

The protocol includes a description of the study plans
for collection, laboratory evaluation, and storage of bio-
logical specimens for laboratory analysis in the current
trial and for future use in ancillary studies. The use of
the samples in ancillary studies requires the sign of an
additional informed consent. The collected samples will
be: plasma for all patients and whole blood and periph-
eral blood mononuclear cell samples for ancillary studies.
All the biological samples will be stored at — 80°C. Most
Spanish hospitals have their own biobank to storage the
samples collected. All biobanks must fulfill the require-
ments of the Spanish Law for these facilities.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The primary efficacy analysis will be the comparison of
the proportion of cancers diagnosed at an early stage (1
and 2) in each group following the principle of intent to
screen, defined as patients who accept to participate in
the study and sign the informed consent, regardless of
whether they are subsequently excluded due to loss of
follow-up, non-adherence to study procedures, unwill-
ingness to remain in the study, death, etc. A per proto-
col analysis including patients who complete the study
will also be performed. A sample size of 2319 patients
in each group has been calculated (expected incidence
of early cancer 2% and 1% in enhanced and conventional
groups, respectively; statistic power 80%; losses to fol-
low-up 20%). Missing observations in the variables will
be ignored in the analysis.

The secondary efficacy analysis will include the com-
parison of the incidence of cancer at any stage or
unknown stage and the incidence of new cases of cancer
diagnosed at stage 1 and 2 related to all new cases of can-
cer diagnosed.

The secondary safety analysis will compare the number
of unnecessary invasive procedures, the rate of adverse
events and severe adverse events, and overall mortality
and mortality from cancer in both groups.

The secondary cost-utility analysis will be carried out
following the recommendations of the guide for the eco-
nomic evaluation of health technologies in Spain from
the perspective of Spanish National Health System. The
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incremental cost-effectiveness ratio will be calculated,
which is a measure of contrast between the increase in
costs and the increase in effectiveness between the dif-
ferent screening alternatives compared. Statistical uncer-
tainty will be expressed as the 95% confidence interval.
Random samples of 100 patients from each group
replaced 10,000 times will be projected on a graph to gen-
erate the increase in QALYs (quality-adjusted life year),
the increase in costs, and the cost-effectiveness curve.

The analyses will be performed by a statistician blinded
to patients’ allocation using the statistical packages
SPSS® v.17 or higher, and R® 3.3 or higher. The statistical
significance is set at p < 0.05.

Interim analyses {21b}

Interim analyses for futility, safety, and efficacy are
planned every 12 months. The analyses will be performed
by an independent data monitoring committee-DMC (an
HIV specialist, a statistician, and an oncologist). There
are no prespecified rules for stopping the trial. The DMC
will review efficacy and safety data at each interim anal-
ysis and report to the trial steering committee who will
make the final decision to terminate the trial if there are
sufficient safety concerns or futility.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Subgroup analyses will be performed for: age groups
every 5years, sex, status of smoking, risk group, CD4
range, CD4 nadir, and HIV viral load. Sensitivity analy-
sis will also be performed on the uncertain values of
the model, taking the most pessimistic and optimistic
assumptions about long-term survival of each tumor.
Sensitivity analyses related to internal validity will also be
carried out in the following variables: quality of life after
positive screening and after the diagnosis of NADCs and
radiation-induced cancer deaths. To analyze the gener-
alizability of the results, sensitivity analyzes will be car-
ried out in the operative mortality and in various costs,
such as the costs of screening, follow-up LDCT, surgery,
chemotherapy, radiotherapy, and management of inci-
dental findings. A sensitivity analysis will also be carried
out using an annual discount of 0 and 5%. The sensitiv-
ity analyzes will be carried out through a probabilistic
sensitivity analysis, and the results will be presented as
a dispersion analysis (cost-effectiveness plan) and the
acceptability curve.

The same statistical packages SPSS® v.17 or higher, and
R® 3.3 or higher will be used to carry with these subgroup
analysis. The statistical significance is also set at p < 0.05.
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Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5d}
The steering committee, made up of eight academic
investigators, developed the study protocol, will have full
access to the interim data, is responsible for the decision
to stop the trial, will publish the results, and wrote the
manuscript. The committee members will vouch for the
accuracy and completeness of the data reported. End-
point adjudication will be performed by the investigators
at the participating centers. The DMC may be asked to
evaluate equivocal cases where the assignation of an out-
come requires the judgment of an oncologist. Data man-
agement will be carried out by the CRO.

Steering Committee: Mar Masid, Esteban Martinez,
Sergio Padilla, Antonio Rivero, Onofre Martinez, Lucio
Garcia-Fraile, Enrique Bernal and Félix Gutiérrez.

Composition of the data monitoring committee, its role
and reporting structure {21a}

The DMC is composed of 3 members: an HIV specialist,
a statistician, and an oncologist. The DMC will perform
the interim analyses for futility, safety, and efficacy.

Adverse event reporting and harms {22}

Possible adverse events and other unintended effects of the
trial interventions will be reported by the investigators using
the electronic database notebook of the study. In addition
to unnecessary interventions, expected harms of the study
include the potential complications associated with the
invasive interventions derived from the abnormal findings
observed in the diagnostic tests. Among the most frequent,
pneumothorax or bleeding occurring after biopsy of a sus-
pected malignant lung nodule found in the CT scan; bleeding
after biopsy of a lesion found during anoscopy or colonos-
copy (the latter, if indicated if positive fecal occult blood test),
bacteremia/sepsis after prostate biopsy performed because
of abnormal PSA values, etc. All harms occurring during
the study will be reported, regardless of whether they were
expected or not. Severe adverse events (SAE) need to be
reported to the monitor of the study in a maximum of 24h.
The monitor will notify the SAEs to the coordinators of the
study. The medical monitor will also be responsible to review
the reported safety data, to obtain all the useful safety infor-
mation not reported by the investigators and to advice the
coordinators about violations of the protocol by any center
and to document it. Harms will be reported in trial publica-
tions in the “Results” section of the manuscript

Frequency and plans for auditing trial conduct {23}
Biannual reviews will be carried out by the CRO on all
the data recorded by the researchers in the electronic
database notebook.
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Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

Important protocol amendments will be communicated
to relevant parties: investigators, ethical committees, trial
participants, and trial registries.

Dissemination plans {31a}

Trial results will be communicated to healthcare profes-
sionals, participants, the public, and other relevant groups,
via publication or other data sharing arrangements.

Discussion

Related to general population, PLWH are at higher mortal-
ity risk due to screenable cancer [30]. Increased mortality
can result from higher incidence or late diagnosis, the lat-
ter amenable to improved screening. However, the benefits
and harms associated with cancer screening in PLWH are
unclear and may differ compared with uninfected persons.
This trial will help to determine whether the benefits of the
enhanced screening outweigh the harms and if it is cost-
effective for the Public Health Services.

Although the ideal outcome measure would be mortality
due to cancer, with our sample size, we will not reach the
number of patients needed to detect differences in mortality
between both groups. Hence, we established as a main out-
come measure the detection of a greater number of cancers
in early stages. It is unlikely that a randomized controlled
trial of screening will be conducted with enough power to
determine the cancer mortality reduction among the HIV-
infected population. This trial has other limitations. There
could be differences in baseline NADCs screening in differ-
ent centers. Attempts will be made to correct these differ-
ences by redefining the protocol of the control group using
the baseline screening data of the baseline survey trying
to unify the screening in that group. Additionally, as it is a
controlled study with a parallel group, there may be a risk of
benefit from the control group due to imitation of the inter-
vention group. After the first interim data analysis and if
strictly necessary, a historical control group can be included
prior to the start of the intervention group.

Trial status

The current protocol is the 1.1 version. The recruitment
began on 25 June 2019, but unfortunately, it was disrupted
by the COVID-19 pandemic state. Recruitment has been
restarted in the different centers according to the COVID-
19 pandemic situation on each area. Because of the over-
all delay in the recruitment, the duration of the study has
been extended. The approximate date when the recruit-
ment will be completed is by the end of December 2022.



Masia et al. Trials (2021) 22:851

Page 9 of 11

SCREENING / BASAL VISIT

The pacient fulfiled ALL the
inclusion criteria and NO ONE of
exclusioén criteria

YES

SignIC

YES

Randomization

O\

Conventional Enhanced
Screening Screening

l l

'S

Perform blood collection to: A {
Save plasma sample

Full analytics

Determination of AFP or PSA if
applicable as screened

A\

Anthropometric measures:
Weight (kg):

Size (m):

BP (mmHg):

Y

INCLUSION
CRITERIA

EXCLUSION
CRITERIA

O Man 240 years or O Active AIDS defining disease

woman 218 years
Q IC signed O Antecedent of cancer
O Terminal disease

QO Pregnancy or breastfeeding

Q Patient rejection

Screening options to which the patient is
susceptible according to Age/Sex/Study Arm:

SEX AGE | CONVENTIONAL ENHANCED
(years)
18-39 1. Anal Anal
40-44 1 e
WOMAN| 4549 | . Hepatic Hepatic Colon  Skin
50-70 | Breast Breast Lung
Colon ~ Cervix Cervix
40-49 | ... Anal | . ... Anal  Colon
MAN 50-70 | Prostate Prostate Skin
Colon ' Hepatic Hepatic  Lung
IMPORTANT

Baseline required investigations
must have been performed within
6 months of enrolment

\

See conventional or extended
screening algorithm according to
randomization

Abbreviations

ART
CoRIS
CRO
EACS
GP
HBV
HCC
HCV
HPV
LDCT
MSM
NADCs
NHS
QALY
PSA
PLHIV
RIS

Antiretroviral therapy

Cohort of the National AIDS Research Network
Clinical Research Organization

European AIDS Clinical Society

General population

Hepatitis B virus

Hepatocellular carcinoma

Hepatitis C virus

Human papillomavirus

Low-dose computed tomography

Men who have sex with men
Non-AIDS-defining cancers

National Health Service

Quality-adjusted life year

Prostate-specific antigen

Population living with the human immunodeficiency virus
Spanish AIDS Research Network

Abreviations:

IC: Informed Consent.

AFP: Alpha-fetoprotein

PSA: Prostate-Specific Antigen
BP: Blood Pressure

Acknowledgements
We thank to all the investigators of the project and to all of the members of
the Spanish AIDS Research Network Cohort (CoRIS).

Authors’ contributions {31b}

MM, JL, EM, and FG conceived the trial and wrote the first draft; SP and MF
designed the electronic database collection notebook; SP and JAG developed
the statistical methods; all authors critically revised and approved the final
version of the manuscript.

Authorship for future trial publications will be determined according to the
number of recruited patients in each center and the additional activities and
leadership of the different investigators. We plan to contract professional writ-
ers to assist investigators in trial publications.

Statement
The trial is registered in ClinicalTrials.gov. All items from the WHO Trial Registra-
tion Data Set can be found within the protocol.

Funding {4}

This study has received funding by the Spanish Instituto de Salud Carlos IlI
(Madrid, Spain) (P118/01861). Co-funded by European Regional Development
Fund - "A way to make Europe”.


http://clinicaltrials.gov

Masia et al. Trials (2021) 22:851

Availability of data and materials {29}

The trial dataset generated during this study will be available after its

closing by a request made to the PI. Also, the results will be published in a
peer-reviewed biomedical journal in open access format. The results will be
communicated to relevant international scientific forums as international
congresses. EACS, GESIDA, Spanish AIDS Research Network Cohort, and other
relevant HIV-related stakeholders will be directly informed of the study results.

Authors’ information

IMPAC-NEO Study Group is formed also by: Antonia Alcaraz-Garcia, Ana
Caicedo, Alexy Inciarte, Alfredo Espinosa, Ana Lopez-Lirola, Concha Amador,
Ana Silva, Antonio Navarro, Angela Camacho, Aurora Pérez, Carlos Galera,
Melissa Carreres, Camila Piatti, David Vinuesa, David Dalmau, Dacil Garcfa-
Rosado, Marcos Diez-Martinez, Daniel Podzamczer, Ester Saez, Esther
Fagundez-Reloba, Federico Garcia, Juan Flores, Gema Garcia, Javier Garcia-
Abellan, Lucia Guillén, Gema Navarro, Inma Gonzalez-Cuello, Helena Albendin,
Inmaculada Ruiz-Caceres, Isabel Machuca, Ignacio Santos, Itziar Sobron, Juan
Emilio Losa, Juan Luis Gomez-Sirvent, Jose Ramon Blanco, Juan Macias, Juan
Carlos Gainzarai, Lorena Martinez, Josep Mallolas, Marfa del Mar Alonso-Socas,
Belén Martinez-Lépez, Araceli Ferndndez, Maria Jehovana Hernandez-Rod-
riguez, Miguel Angel Moran, Marta Navarro, Reyes Pascual, Francisco Pasquau,
Pilar Callau, Joaquin Portilla, Catalina Robledano, Jhon Rojas, Ricardo Pelazas,
Sandra Cuellar, Santos Del Campo, Sonia Calzado, Santiago Moreno, Soffa
Scévola, Guillemo Telenti and Zurife Ortiz.

Declarations

Ethics approval and consent to participate {24}

This study has been approved by the following Ethics Committees: Hospital
General Universitario de Elche (Reference: PI 7/2017. Date: 04/07/2019),
Hospital Universitari Bellvitge (Reference PR201/19. Date: 0571272019),
Hospital Universitari Clinic (Reference HCB/2019/0486. Date: 03/05/2019),
Hospital Universitario Ramon y Cajal (Date: 01/07/2019), Hospital Universitario
la Paz (Reference: PI-3758. Date: 04/07/2019), Hospital General Universitario
Reina Soffa (Date: 23/07/2019), Hospital Universitario Fundacion Alcorcén
(Date: 23/12/2019), Gerencia de Atencion Integrada de Albacete (Reference:
2019/10/086. Date: 28/01/2020), Hospital Arnau de Vilanova-Lliria (Date:
29/01/2020), and CEIM de la Rioja (Date: 23/07/2019), among others.

Consent for publication {32}
Not applicable.

Competing interests {28}
None of the authors declare competing interests.

Author details

"Hospital General Universitario de Elche and Universidad Miguel Hernandez
de Elche, Elche, Spain. 2Hospital General Universitario de Elche, Elche, Spain.
3Hospital Universitario Araba, Vitoria-Gasteiz, Spain. “Bellvitge University
Hospital-IDIBELL, 'Hospitalet de Llobregat, Spain. Hospital Universitario

Reina Soffa de Cérdoba, Instituto Maimdnides de Investigacion Biomédica

de Cérdoba (IMIBIC) and Universidad de Cérdoba, Cérdoba, Spain. ®Hospital
Clinic de Barcelona, Institut d'Investigacions Biomediques August Pi | Sunyer
(IDIBAPS), Barcelona, Spain. ”Hospital La Princesa, Madrid, Spain. ®Hospital
General Universitario Santa Lucia de Cartagena, Murcia, Spain. °Hospital
General Universitario Reina Soffa de Murcia, Murcia, Spain. '°Hospital Virgen de
la Arrixaca, Murcia, Spain. ' Hospital General Universitario de Alicante, Alicante,
Spain. '?Hospital Universitario de Valme, Seville, Spain. '*Hospital La Fe, Valen-
cia, Spain. "*Hospital Universitario de Canarias, Santa Cruz de Tenerife, Spain.
>Hospital Ramon y Cajal and Ramon y Cajal Health Research Institute (IRYCIS),
Madrid, Spain. '®Hospital Vega Baja, Alicante, Spain. '”Hospital Universitario de
Guadalajara, Guadalajara, Spain.

Received: 9 March 2021 Accepted: 29 October 2021
Published online: 27 November 2021

Page 10 of 11

References

1. Ldépez C, Masia M, Padilla S, Aquilino A, Bas C, Gutiérrez F. Deaths due to
non-AIDS diseases among HIV infected patients: a 14-year study (1998-
2011). Enferm Infecc Microbiol Clin. 2016;34(4):222-7. https://doi.org/10.
1016/j.imc.2015.04.010.

2. Garcia-Abelldn J, del Rio L, Garcia JA, Padilla S, Vivancos MJ, del Romero J,
et al. The Cohort of the National AIDS Network (CoRIS). Risk of cancer in
HIV-infected patients in Spain, 2004-2015. Enferm Infecc Microbiol Clin.
2019;37(8):502-8. https://doi.org/10.1016/j.eimc.2018.11.011.

3. Smith CJ, Ryom L, Weber R, Morlat P, Pradier C, Reiss P, et al. Trends in
underlying causes of death in people with HIV from 1999 to 2011 (D:A:D):
a multicohort collaboration. Lancet. 2014;384(9939):241-8. https://doi.
0rg/10.1016/50140-6736(14)60604-8.

4. Fontela C, Aguinaga A, Moreno-lribas C, Reparaz J, Rivero M, Gracia M,
et al. Trends and causes of mortality in a population-based cohort of
HIV-infected adults in Spain: comparison with the general population. Sci
Rep. 2020;10(1):8922. https://doi.org/10.1038/541598-020-65841-0.

5. NishijimaT, Inaba Y, Kawasaki Y, Tsukada K, Teruya K, Kikuchi Y, et al.
Mortality and causes of death in people living with HIV in the era of com-
bination antiretroviral therapy compared with the general population in
Japan. AIDS. 2020;34(6):913-21. https://doi.org/10.1097/QAD.0000000000
002498.

6.  Shiels MS, Cole SR, Kirk G, Poole C. A meta-analysis of the incidence of
non-AIDS cancers in HIV-infected individuals. J Acquir Immune Defic
Syndr. 2009;52(5):611-22. https://doi.org/10.1097/QAI.0b013e3181
b327ca.

7. Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers
in people with HIV/AIDS compared with immunosuppressed transplant
recipients: a meta-analysis. Lancet. 2007;370(9581):59-67. https://doi.org/
10.1016/50140-6736(07)61050-2.

8. Althoff N, McGinnis KA, Wyatt CM, Freiberg MS, Gilbert C, Oursler KK, et al.
Comparison of risk and age at diagnosis of myocardial infarction, end-
stage renal disease, and non-AlDS-defining cancer in HIV-infected versus
uninfected adults. Clin Infect Dis. 2015;60(4):627-38. https://doi.org/10.
1093/cid/ciu869.

9. Oliveira Cobucci RN, Lima PH, Carvalho de Souza P, Viana Costa V, de
Mesquita Cornetta MC, Verissimo Fernandes J, et al. Assessing the impact
of HAART on the incidence of defining and non-defining AIDS cancers
among patients with HIV/AIDS: a systematic review. J Infect Public Health.
2015;8(1):1-10. https://doi.org/10.1016/}jiph.2014.08.003.

10. Masia M, Padilla S, Alvarez D, Lépez J, Santos |, Soriano V, et al. Risk, predic-
tors, and mortality associated with non-AIDS events in newly diagnosed
HIV-infected patients: role of antiretroviral therapy. AIDS. 2013;27(2):181-
9. https://doi.org/10.1097/QAD.0b013e32835a1156.

11. Patel P, Hanson DL, Sullivan PS, Novak RM, Moorman AC, Tong TC, et al.
Incidence of types of cancer among HIV-infected persons compared with
the general population in the United States, 1992-2003. Ann Intern Med.
2008;148(10):728-36. https://doi.org/10.7326/0003-4819-148-10-20080
5200-00005.

12. Shiels MS, Engels EA. Evolving epidemiology of HIV-associated malignan-
cies. Curr Opin HIV AIDS. 2017;12(1):6-11. https://doi.org/10.1097/COH.
0000000000000327.

13. Croxford S, Kitching A, Desai S, Kall M, Edelstein M, Skingsley A, et al.
Mortality and causes of death in people diagnosed with HIV in the era of
highly active antiretroviral therapy compared with the general popula-
tion: an analysis of a national observational cohort. Lancet Public Health.
2017;2(1):e35-46. https://doi.org/10.1016/52468-2667(16)30020-2.

14. Wang YH, Shen XD. Human immunodeficiency virus infection and
mortality risk among lung cancer patients. A systematic review and
meta-analysis. Medicine. 2018,97(15):e0361.

15. GBD 2015 HIV Collaborators. Estimates of global, regional, and national
incidence, prevalence, and mortality of HIV, 1980-2015: the Global
Burden of Disease Study 2015. Lancet HIV. 2016;3(8):e361-87.

16. Rubinstein PG, Aboulafia DM, Zloza A. Malignancies in HIV/AIDS: from
epidemiology to therapeutic challenges. AIDS. 2014;28(4):453-65. https://
doi.org/10.1097/QAD.0000000000000071.

17. Trickey A, May MT, Gill MJ, Grabar S, Vehreschild J, Wit FWNM. Cause-
specific mortality after diagnosis of cancer among HIV-positive patients: a
collaborative analysis of cohort studies. Int J Cancer. 2020;146(11):3134~
46. https://doi.org/10.1002/ijc.32895.


https://doi.org/10.1016/j.eimc.2015.04.010
https://doi.org/10.1016/j.eimc.2015.04.010
https://doi.org/10.1016/j.eimc.2018.11.011
https://doi.org/10.1016/S0140-6736(14)60604-8
https://doi.org/10.1016/S0140-6736(14)60604-8
https://doi.org/10.1038/s41598-020-65841-0
https://doi.org/10.1097/QAD.0000000000002498
https://doi.org/10.1097/QAD.0000000000002498
https://doi.org/10.1097/QAI.0b013e3181b327ca
https://doi.org/10.1097/QAI.0b013e3181b327ca
https://doi.org/10.1016/S0140-6736(07)61050-2
https://doi.org/10.1016/S0140-6736(07)61050-2
https://doi.org/10.1093/cid/ciu869
https://doi.org/10.1093/cid/ciu869
https://doi.org/10.1016/j.jiph.2014.08.003
https://doi.org/10.1097/QAD.0b013e32835a1156
https://doi.org/10.7326/0003-4819-148-10-200805200-00005
https://doi.org/10.7326/0003-4819-148-10-200805200-00005
https://doi.org/10.1097/COH.0000000000000327
https://doi.org/10.1097/COH.0000000000000327
https://doi.org/10.1016/S2468-2667(16)30020-2
https://doi.org/10.1097/QAD.0000000000000071
https://doi.org/10.1097/QAD.0000000000000071
https://doi.org/10.1002/ijc.32895

Masia et al. Trials

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2021) 22:851

Santos J, Valencia E. Consensus statement on the clinical manage-

ment of non-AIDS defining malignancies. Enferm Infecc Microbiol Clin.
2014;32(8):515-22. https://doi.org/10.1016/j.eimc.2014.04.008.

European AIDS Clinical Society Guidelines Version 10.0. https://www.
eacsociety.org/files/2019_guidelines-10.0_final.pdf Accessed 09 March
2020.

Hernandez-Ramirez RU, Shiels MS, Dubrow R, Engels EA. Cancer risk in
HIV-infected people in the USA from 1996 to 2012: a population-based,
registry-linkage study. Lancet HIV. 2017;4(11):e495-504. https://doi.org/
10.1016/52352-3018(17)30125-X.

The National Lung Screening Trial Research Team. Reduced lung-cancer
mortality with low-dose computed tomographic screening. N Engl J
Med. 2011;365(5):395-409. https://doi.org/10.1056/NEJMoa1102873.
Merchante N, Merino E, Rodriguez-Arrondo F, Tural C, Mufioz J, Delgado-
Ferndndez M, et al. HIV/hepatitis C virus-coinfected patients who
achieved sustained virological response are still at risk of developing
hepatocellular carcinoma. AIDS. 2014,28(1):41-7. https://doi.org/10.1097/
QAD.0000000000000005.

Merchante N, Rodriguez-Fernandez M, Pineda JA. Screening for hepa-
tocellular carcinoma in HIV-infected patients: current evidence and
controversies. Curr HIV/AIDS Rep. 2020;17(1):6-17. https://doi.org/10.
1007/511904-019-00475-0.

Brau N, Fox RK, Xiao P, Marks K, Naqvi Z, Taylor LE, et al. Presentation and
outcome of hepatocellular carcinoma in HIV-infected patients: A U.S—
Canadian multicenter study. J Hepatol. 2007;47(4):527-37. https://doi.
0rg/10.1016/}jhep.2007.06.010.

de Martel C, Shiels MS, Franceschi S, Simard EP, Vignat J, Hall HI, et al.
Cancers attributable to infections among adults with HIV in the United
States. AIDS. 2015;29(16):2173-81. https://doi.org/10.1097/QAD.00000
00000000808.

Lin C, Franceschi S, Clifford GM. Human papillomavirus types from infec-
tion to cancer in the anus, according to sex and HIV status: a systematic
review and meta-analysis. Lancet Infect Dis. 2018;18(2):198-206. https://
doi.org/10.1016/51473-3099(17)30653-9.

Miller CJ, Baker JV, Bormann AM, Erlandson KM, Huppler Hullsiek K, Justice
AC, et al. Adjudicated morbidity and mortality outcomes by age among
individuals with HIV infection on suppressive antiretroviral therapy. PLoS
ONE. 2014;9(4):e95061. https://doi.org/10.1371/journal.pone.0095061.
Calabresi A, Ferraresi A, Festa A, Scarcella C, Donato F, Vassallo F, et al. Can-
cers in HIV-infected patients in Brescia, Italy. HIV Med. 2013;14(8):481-90.
https://doi.org/10.1111/hiv.12034.

Makinson A, Eymard-Duvernay S, Raffi F, Abgrall S, Bommart S, Zucman
D, et al. Feasibility and efficacy of early lung cancer diagnosis with chest
computed tomography in HIV-infected smokers. AIDS. 2016;30(4):573-82.
https://doi.org/10.1097/QAD.0000000000000943.

Trepka MJ, Auf R, Fennie KP, Sheehan DM, Maddox LM, Niyonsenga T.
Deaths due to screenable cancers among people living with HIV infec-
tion, Florida, 2000-2014. Am J Prev Med. 2017;53(5):705-9. https://doi.
org/10.1016/j.amepre.2017.05.018.

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

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.eimc.2014.04.008
https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf
https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf
https://doi.org/10.1016/S2352-3018(17)30125-X
https://doi.org/10.1016/S2352-3018(17)30125-X
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1097/QAD.0000000000000005
https://doi.org/10.1097/QAD.0000000000000005
https://doi.org/10.1007/s11904-019-00475-0
https://doi.org/10.1007/s11904-019-00475-0
https://doi.org/10.1016/j.jhep.2007.06.010
https://doi.org/10.1016/j.jhep.2007.06.010
https://doi.org/10.1097/QAD.0000000000000808
https://doi.org/10.1097/QAD.0000000000000808
https://doi.org/10.1016/S1473-3099(17)30653-9
https://doi.org/10.1016/S1473-3099(17)30653-9
https://doi.org/10.1371/journal.pone.0095061
https://doi.org/10.1111/hiv.12034
https://doi.org/10.1097/QAD.0000000000000943
https://doi.org/10.1016/j.amepre.2017.05.018
https://doi.org/10.1016/j.amepre.2017.05.018

	Impact of an enhanced screening program on the detection of non-AIDS neoplasias in patients with human immunodeficiency virus infection
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Administrative information
	Introduction
	Background and rationale {6a}
	Hypothesis and objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Acknowledgements
	References


