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ABSTRACT

Purpose The South African HIV Cancer Match (SAM) Study
is a national cohort of people living with HIV (PLWH). It

was created using probabilistic record linkages of routine
laboratory records of PLWH retrieved by National Health
Laboratory Services (NHLS) and cancer data from the
National Cancer Registry. The SAM Study aims to assess
the spectrum and risk of cancer in PLWH in the context of
the evolving South African HIV epidemic. The SAM Study’s
overarching goal is to inform cancer prevention and control
programmes in PLWH in the era of antiretroviral treatment
in South Africa.

Participants PLWH (both adults and children) who
accessed HIV care in public sector facilities and had HIV
diagnostic or monitoring laboratory tests from NHLS.
Findings to date The SAM cohort currently includes 5
248 648 PLWH for the period 2004 to 2014; 69% of these
are women. The median age at cohort entry was 33.0
years (IQR: 26.2-40.9). The overall cancer incidence in
males and females was 235.9 (95% Cl: 231.5 to 240.5)
and 183.7 (181.2-186.2) per 100 000 person-years,
respectively.

Using data from the SAM Study, we examined national
cancer incidence in PLWH and the association of different
cancers with immunodeficiency. Cancers with the highest
incidence rates were Kaposi sarcoma, cervix, breast, non-
Hodgkin's lymphoma and eye cancer.

Future plans The SAM Study is a unique, evolving
resource for research and surveillance of malignancies in
PLWH. The SAM Study will be regularly updated. We plan to
enrich the SAM Study through record linkages with other
laboratory data within the NHLS (eg, tuberculosis, diabetes
and lipid profile data), mortality data and socioeconomic
data to facilitate comprehensive epidemiological research
of comorbidities among PLWH.

INTRODUCTION

The International Agency for Research on
Cancer defined HIV-1 infection as a carcin-
ogen in 1996.! There is, however, limited data
on HIV-related malignancies in sub-Saharan
Africa, where two-thirds of the world’s HIV-
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Strengths and limitations of this study

» A central strength of the South African HIV Cancer
Match Study (SAM) is its large size, which allows
analyses of rare malignancies in children, adoles-
cents and adults in South Africa.

» The SAM cohort is representative of the South
African public health system (which covers over
80% of the South African population) and reflects
routine HIV care.

» The use of national routine laboratory data means
that loss to follow-up and silent transfer are less of a
problem than in longitudinal studies of HIV treatment
programmes.

» All cancers were laboratory confirmed and classi-
fied by experienced coders, however, clinically diag-
nosed cancers are not captured and data on lifestyle
factors, HIV treatment history and mortality are not
included.

» Other weaknesses relate to the limitations inher-
ent in the secondary use of laboratory and cancer
registry data, including missing data and the lack of
standardised follow-up visits.

were done in North America and Europe.*”
The HIV/AIDS epidemics in these regions
differ from the epidemics in sub-Saharan
Africa in terms of gender and ethnicity of the
affected population, the route of transmission
and the availability and type of antiretroviral
therapy (ART).%® There is an urgent need for
large-scale studies to examine the effect of
the evolving HIV epidemic on cancer in HIV-
infected Africans in the ART era. As PLWH
live longer on ART, cancer has become a crit-
ical comorbidity and cause of death.”'” The
high cost of cancer care and the substantial
burden of HIV in sub-Saharan Africa neces-
sitates assessments of malignancies in PLWH
for national resource planning and to inform
cancer control and prevention strategies.

Dr Mazvita Muchengeti; infected population live. Most studies on the There are several challenges when studying
mazvitam@nicd.ac.za cancer risk in people living with HIV (PLWH)  cancer in PLWH in sub-Saharan Africa.
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African HIV cohorts generally do not or only incom-
pletely record cancer diagnoses. For example, we linked
records of adults on ART enrolled at Sinikithemba HIV
clinic in Durban, South Africa, with the cancer records
of public laboratories in KwaZulu-Natal province to assess
the degree of under ascertainment of cancers in the HIV
cohort."" After the inclusion of linkage-identified malig-
nancies, cancer incidence increased over sixfold, with
similar under ascertainment of AIDS-defining and non-
AIDS-defining malignancies."' In many countries in sub-
Saharan Africa, the study of HIV-related and other cancers
is hampered by the absence of high-quality cancer regis-
tries or the lack of information on HIV status in cancer
registries. Finally, the studies of survival of patients with
cancer are limited by high rates of loss to follow-up.'?

South Africa has the largest number of PLWH in the
world.” A national ART programme was initiated in
2004."* Since then, there have been progressive changes
in the eligibility criteria for ART and the national ART
coverage,"™ with a consequent shift in the spectrum
and risk of cancer in PLWH.*"*' The public health system
provides nationwide access to CD4 cell countand HIVRNA
viral load monitoring via a network of public laboratories
with centralised data warehousing.” The South African
National Health Laboratory Services (NHLS) is the main
diagnostic pathology service responsible for supporting
the national and provincial health departments in the
delivery of healthcare to over 80% of the South African
population through a nationwide network of laborato-
ries. The South African National Cancer Registry (NCR)
is a division of the NHLS and South Africa’s primary
cancer surveillance system.” It was established in 1986 as
a voluntary, pathology-based cancer registry. In 2011, the
government introduced legislation making the reporting
of all confirmed cancer diagnoses obligatory.”> The NCR
is part of the NHLS (public laboratories) and had consis-
tent cancer reporting from government laboratories even
prior to obligatory cancer reporting.

By linking NHLS and NCR data, South Africa is
uniquely positioned to create a large population-based
HIV cohort with cancer outcomes. Here we describe the
South African HIV Cancer Match (SAM) Study, a national
cohort created from laboratory records from routine
HIV care and cancer registry records, to study the spec-
trum and incidence of cancer in South Africa, including
in subgroups by sex and age (children, adolescents and
young adults, and the elderly).

COHORT DESCRIPTION

Study setting and data sources

The NHLS comprises specialised divisions, including
the National Institute for Communicable Diseases,
National Institute for Occupational Health, NCR and the
Antivenom Unit. The NHLS Corporate Data Warehouse
(CDW) is an electronic data repository for all public
sector laboratory data.** Over 260 laboratories nationally,
each with its own laboratory information system, feed into

the CDW. Unique patient identifiers or national IDs are
mostly not available. A previous evaluation has shown that
the data held in the CDW on CD4 cell counts and HIV
RNA viral load are both comprehensive and accurate.**

Eligibility criteria, data extraction and preparation

We retrieved cancer records from the NCR and HIV-
related laboratory records from the NHLS CDW for the
entire country of South Africa for the period 2004-2014.
We included all individuals with HIV-related lab records
at two or more different time points. We defined HIV-
related laboratory records indicating HIV-positivity as
follows: positive HIV ELISA test, positive HIV Western
blot test, positive HIV rapid test, HIV RNA viral load or
CD4 count/percentage. We also extracted the date of the
test (specimen registration date).

For all HIV-related laboratory records from the NHLS
CDW, we retrieved the corresponding patient identifying
information which we used as linkage variables: episode
number, given name(s), surname(s), sex, precise or esti-
mated date of birth, the facility providing care and the
corresponding province, district and subdistrict. The
episode number is a unique number for all tests done at
a particular visit and sample taken. We excluded records
for HIV tests with negative, missing or inconclusive test
results. From the NCR, we used records from both the
private and public sector facilities. We retrieved the
following variables for linkages: given name (s), surname,
sex, the precise date of birth or, if not available, the year
of birth or patient age. We retrieved the following patient
and disease-related additional information for linked
cases: ethnicity, the International Classification of Diseases
10th edition (ICD-10) code, the International Classifica-
tion of Diseases for Oncology third edition (ICD-O-3)
code, date of test (specimen registration date), the facility
where the pathological examination was done with the
province, district and subdistrict. We retrieved national
IDs whenever available from NHLS and NCR records for
the evaluation of the deduplication and linkage.

We used Python scripts to preprocess NHLS and NCR
records and harmonised linkage variables in terms of
format, structure and content. We created regular expres-
sion templates to standardise titles, prepositions, special
characters, hyphens, blanks, single or multiple given
names and surnames, and so on. We excluded records
with missing or implausible surnames or first names, and
we checked dates for impossible values. We excluded all
records where neither date of birth nor age was available.
We checked the South African National IDs for accu-
racy and considered ID values that did not match the
13-digit standard length as invalid. After preprocessing,
we encrypted all names with a privacy-preserving probabi-
listic record linkage (P3RL) encryption tool.”” We gener-
ated error-tolerant codes applying hash functions using
the same keyword and the same length of the bit arrays
for the two datasets' encryption. Data privacy and irrevers-
ibility of the encryption were achieved with P3RL. At the
same time, estimating the similarity of strings within and
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between databases remained possible. We used test words
to validate the encryption, dropping the original national
IDs and the unencrypted names from the dataset before
deduplication and linkage.

Deduplication and linkage

Deduplication refers to the identification of records
belonging to a given patient using records from one data
file. Linkage refers to identifying records pertaining to a
given patient using two separate data files as the source
of information. We deduplicated NHLS HIV records and
linked deduplicated NHLS HIV and NCR records using
G-Link (G-Link V.3.3 Rel V.5.2).% In a first step, we dedu-
plicated the preprocessed NHLS HIV records determin-
istically. First, we used the episode number and then the
encrypted first names and surnames, sex, date and year of
birth. Second, we probabilistically deduplicated records
using the encrypted first names and surnames, sex, the
exact date of birth or year of birth, facility providing
care and geographic location. Third, we probabilistically
linked the deduplicated NHLS HIV data with the NCR
dataset using the following linkage variables: encrypted
first names, encrypted surnames, sex, and exact date of
birth or year of birth.

Linkage thresholds and linkage evaluation

We determined optimal linkage thresholds using the

NHLS HIV and NCR records that had national IDs from

the province with the largest population (Gauteng). First,

we used deterministic record linkages using recoded

national IDs to identify the same patient’s records in the

two datasets. Next, we probabilistically linked records as

described above using the same set of linkage variables

without the recoded national IDs. We derived Erecision

(P) and recall (R) and the Fmeasure as follows>":

1. P=a /(b + a), the proportion of record pairs classified
as matches that are true matches,

2. R=a/ (c+ a), the proportion of true matching record
pairs that are classified as matches, and

3. F=2PR/P+R = 2a/(c+b+2a), the harmonic mean of P
and R; where ais a true match, b is a false match, cis a
false non-match and dis a true non-match.

We assessed linkage quality at 16 different cut-offs
for the total weight for the deduplication and linkage
between NHLS HIV records from Gauteng province and
NCR records. A total of 99 250 NCR records and 138 365
NHLS HIV records from Gauteng province had a national
ID. There were 863 unique IDs between both datasets,
which were used to calculate the true match pairs. For
the linkages between NHLS HIV and NCR records, we set
the threshold for the total weight to 0. At that threshold
P was 0.98, Rwas 0.96 and F 0.97. For deduplication of
NHLS HIV records, P, R and F were highest (0.97 each)
at a threshold of 20. However, to avoid large clusters of
records potentially belonging to the same person, we set
the threshold to 200. At that threshold, Pwas 0.99, R 0.89
and £70.94. We subsequently used the threshold of 200 to
deduplicate the records from all provinces. We reassessed

52’836’496 NHLS HIV-related
lab records*

20 Records with invalid or missing:
q&) o 1'008'652 family names
- 5
o
o e 75'697 first names
%
2 e 1'770'601 date and year of birth
o
5'491°459 HIV test negative or
invalid
v
44’490°'087 NHLS HIV-related
lab records*
9'327'013 records linked using
episode number
5 Reduction to 35'163'074
® unigue HIV identifiers
O
S l 19'583'320 records linked
-3 deterministically
a Reduction to 15'579'754
unique HIV identifiers
1'971'690 records linked
probabilistically
Reduction to 13'608'064
unique HIV identifiers
8’,, 13'068'064 < > 664'869 NCR records
% unigue HIV identifiers with ICD-10 and -0-3 codes
] 118'140 patients with cancer
=
o
'g No follow-up
2 8'359'416 HIV patients
"é 56'831 with cancer
8 With follow-up
£ 5'248'648 HIV patients
.g 61'309 patients with cancer
o
Figure 1 Creation of the South African HIV Cancer Match

Study cohort (2004-2014). *Positive HIV tests, any CD4 cell
and HIV RNA measurements. NCR, National Cancer Registry;
NHLS, National Health Laboratory Services.

the linkage quality for NHLS HIV records with national
IDs from all provinces (n=1 712 697). At a threshold of
20, Pwas 0.93, R 0.92 and F0.93. At a threshold of 200,
which was used for the deduplication, the corresponding
numbers were 0.99, 0.84 and 0.91.

The creation of the SAM cohort

A total of 52 836 496 HIV-related laboratory records were
extracted from the NHLS CDW from 2004 to 2014. After
exclusion of records with negative or invalid HIV tests
and missing or invalid names and birth dates, we retained
44490087 records. Deduplication resulted in 13068 064
unique HIV identifiers (figure 1). A total of 664869
unique cancer cases were recorded in the NCR in the
same period (figure 1). From the HIV-related laboratory
records, 118140 unique HIV identifiers were matched
to at least one cancer record. A link to a cancer record
was more likely in males, older age and care provided in
urban facilities than for females, younger age and care
provided in rural areas (online supplemental table 1).
Unique HIV identifiers that had HIV-related laboratory
records at two or more different time points were consid-
ered as patients, whereas HIV unique identifiers with
one record only or two records occurring on the same
day only may represent patients who died soon after HIV
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Figure 2 Age distribution in cancer records linked and not

linked to HIV records.

diagnosis, left the country or unlinked records. Out of
the cancer records reported to the NCR, 125093 (18.8%)
records were linked to HIV records. Among cancers
linked to HIV records, 61% occurred in females, and 73%
in Black Africans, compared with 49% females and 31%
Black Africans among records not linked (online supple-
mental table 2). Age at cancer diagnosis in records linked
to an HIV record was lower (median age: 45.9 years; IQR:
36.8-55.1) than for cancer records not linked (63.1 years;
IQR: 52.9-72.3).

The age distribution in cancer records linked to HIV
records followed the national HIV prevalence age struc-
ture. Among cancer records notlinked to HIV records, the
distribution followed the age structure of incident cancer
cases (figure 2). Seventy-seven percent of cancer records
linked to HIV records were diagnosed in the public sector
compared with 43% of cancer records not linked to an
HIV record. Online supplemental table 2 shows propor-
tions of specific cancers by aetiology in patients with
cancer with and without a link to HIV records. Common
cancers with links to HIV records were cervix cancer,
Kaposi sarcoma and breast cancer. Common cancers in
people without a link to HIV records were basal cell carci-
noma, breast and prostate cancers.

Cancer incidence analysis

We included all patients who had HIV-related labora-
tory records at two or more different time points (one
diagnostic and monitoring test, or two monitoring tests)
for the cancer incidence analysis. We calculated cancer
incidence rates by dividing the number of patients who
developed incident cancer by the number of person-
years at risk with exact Poisson 95% CIs. Person-years at
risk were measured from the first HIV-related laboratory
record until the last HIV-related laboratory record plus
180 days or the date of the incident cancer diagnosis (if
earlier) for each cancer of interest. PLWH who developed
another cancer type other than the cancer of interest
were not censored. The grace period of 180 days was
chosen in accordance with previous studies.'' ** Incident

cancer cases were defined as cancers diagnosed after the
first HIV-related laboratory record. Incident cancer cases
occurring after the last laboratory record plus 180 days
were not considered in the incidence analysis.

Patient and public involvement

The SAM Study is based on routine laboratory data and
cancer registry data. No patients were involved in devel-
oping the research questions, outcome measures and
the cohort’s overall design. Due to the data’s anonymous
nature, we cannot disseminate the results of the data
analyses directly to study participants. The NCR is directly
involved in the development of cancer control policies
in South Africa, with a representation on the Ministerial
Advisory Committee on cancer. Findings from this study
will be shared with policymakers.

Findings to date

Characteristics of the cohort

Patients who had HIV-related lab records at two or more
different time points (one diagnostic and monitoring test,
or two monitoring tests) were 5248648 (figure 1; table 1).
Women made up about two-thirds of the cohort (n=3 606
565; 69%) and the median age at the first HIV-related
laboratory record was 33.0 years (IQR: 26.2-40.9). Ninety-
eight percent of all PLWH in the cohort had at least one
CD4 cell count measurement. The median first CD4 cell
count was 290cells/pL (IQR: 153-465). The median
first HIV RNA viral load was 2.3 logl0 copies/mL (IQR:
1-4.1). The total follow-up time from first to last HIV-
related laboratory record was 13198 218 person-years; for
a median follow-up time of 2.0 years (IQR: 0.6-3.8), not
including the 180 days grace period. The median time
between any two HIV-related laboratory records was 8.3
months (IQR: 5.1-13.3). Patients were receiving HIV care
at a total of 5563 distinct facilities in 263 subdistricts and
58 districts across all nine South African provinces. About
half of the PLWH (52%) were receiving care at a rural
facility. Gauteng, Kwazulu-Natal, and Eastern Cape prov-
inces had the highest numbers of PLWH, while Northern
Cape had the lowest.

A total of 61 309 PLWH included in the cohort had at
least one cancer (table 1), of whom 21 185 were prevalent
cancers (diagnosed at or before the earliest HIV-related
laboratory test), and 40124 were incident cancers (diag-
nosed at any time after the earliest HIV-related labora-
tory test). PLWH with prevalent or incident cancers were
older at entry into the cohort (42.4 years; IQR: 34.2-51.1)
compared with those without cancer (32.9 years; IQR:
26.1-40.7) and tended to have lower first CD4 cell counts
(242 cells/pL vs 290 cells/pL). For patient characteristics
by cancer diagnosed < or >90 days before or after first
HIV-related laboratory test see online supplemental table
3.

Cancer incidence
We included 5 248 648 patients in the incidence analysis;
31112 developed an incident cancer within the follow-up
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Entire HIV cohort Patients without cancer Patients with cancer

Sex

Female 3606565 69% 3566948 69% 39617 65%

Age at first test (years)

<10 252789 5% 252322 5% 467 1%

20-29 1467896 28% 1460582 28% 7314 12%

40-49 913647 17% 896313 17% 17334 28%

Missing 239905 5% 239534 5% 371 1%

Total number of counts 17317778 17081076 236703

Median (IQR) 290 (153-465) 290 (154-466) 242 (122-406)

50-99 404709 8% 398425 8% 6284 10%

200-349 1364287 26% 1348476 26% 15811 26%

500-699 638327 12% 632567 12% 5760 9%

Missing 99959 2% 98826 2% 1133 2%

Total number of measurements 9875723 9744808 130915

Median (IQR) 2.3 (1-4.1) 2.3 (1-4.1) 2.6 (1-4.5)

2.7-3.9 384450 7% 379863 7% 4587 7%

>5 461933 9% 455496 9% 6437 10%

Follow-up time (years)
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Median time (IQR) between labs 8.3 (5.1-18.3) 8.3 (5.2-18.3) 7.2 (8.5-12.0)

(months)

Rural 2743486 52% 2716878 52% 26608 43%

Missing 33739 1% 33345 1% 394 1%

Gauteng 1296791 25% 1276014 25% 20777 34%
Continued

(3]
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Table 1 Continued

Entire HIV cohort

Patients without cancer Patients with cancer

1165213 22%
631619 12%
535185 10%
415603 8%
393587 7%

Kwazulu-Natal
Eastern Cape
Mpumalanga
North West
Western Cape

Limpopo 382674 7%
Free State 322519 6%
Northern Cape 94983 2%
Missing 10474 (<1%)

1157314 22% 7899 13%
626675 12% 4944 8%
529006 10% 6179 10%
411088 8% 4515 7%
387797 7% 5790 9%
378184 7% 4490 7%
317966 6% 4553 7%
92947 2% 2036 3%
10348 (<1%) 126 (<1%)

*Location of first laboratory facility providing HIV services.
TProvincial location of first laboratory facility providing HIV services.

period, thatis, after the first HIV laboratory measurement
and before the last HIV-related laboratory record plus
180 days (table 2). The overall incidence to develop any
cancer was 198.5 (196.3-200.7); 235.9 (231.5-240.5) in
males and 183.7 (181.2-186.2) in females; total follow-up
time from the first HIV-related laboratory test to 180
days after the last test was 15674538 person-years with
a median follow-up time of 2.44 (IQR: 1.13-4.26) years.
Table 2 shows the incidence rates for the 10 most frequent
cancers in males and females. The most frequently diag-
nosed cancer in females was cervical cancer, followed by
Kaposi sarcoma and breast cancer. The most commonly
diagnosed cancer in males was Kaposi sarcoma, followed

by non-Hodgkin's
(table 2).

lymphoma and prostate cancer

The spectrum of cancers in patients with and without HIV

Using data on patients with cancer from the SAM cohort
and a control group of HIV-negative patients with cancer
from the NCR, we assessed excess cancer risk in PLWH in
South Africa from 2004 to 2014.*" Among patients with
cancer, PLWH had higher odds of AIDS-defining cancers,
namely, Kaposi sarcoma, non-Hodgkin's lymphoma and
cervical cancer, than HIV-negative individuals. PLWH also
had higher odds of conjunctival cancer and human papil-
lomavirus (HPV)-related cancers, including penile, anal

Table 2 Top 10 cancers stratified by sex

Incident cancer cases

Cancer incidence rate per 100 000 person-years (95% CI)*

Cancer type Males Females Total Males Females Total

Cervical cancer - 7433 7433 - 66.1 (64.6 to 67.6)

Kaposi sarcoma 3268 3105 6373 72.7 (70.2 t0 75.2) 27.6 (26.6 to 28.6) 40.4 (39.4 to 41.4)
Breast cancer 39 2706 2745 0.9 (0.6t0 1.2) 24.0 (23.1 t0 25.0) 17.4 (16.8 to 18.1)
Non-Hodgkin's 1202 1386 2588 26.7 (25.2 t0 28.2) 12.3 (11.7 to 13.0) 16.4 (15.8 to 17.0)
lymphoma

Eye cancer 470 854 1324 10.4 (9.5t0 11.4) 7.6 (7.1 to 8.1) 8.4 (7.9 t0 8.9)

BCC 647 450 1097 14.4 (13.3 to 15.5) 4.0 (3.6 to 4.4) 7.0 (6.51t07.4)

SCC of skin 454 432 886 10.1 (9.2to 11.1) 3.8(3.5t04.2) 5.6 (5.2 to 6.0)

Lung cancer 526 206 732 11.7 (10.7 to 12.7) 1.8 (1.6 to 2.1) 4.6 (4.3t05.0)
Prostate cancer 660 - 660 14.7 (13.6 to 15.8) -

Colorectal cancer 291 363 654 6.5(.7t07.2) 3.2 (2.91t0 3.6) 4.1 (3.81t04.5)
Primary site unknown 694 728 1422 15.4 (14.3 to 16.6) 6.5 (6.0 t0 6.9) 9.0 (8.5t0 9.5)

Il defined 7 4 11 0.2 (0.1t0 0.3) 0.0 (0.0to0 0.1) 0.1 (0.0to 0.1)

Totalt 10542 20570 31112 235.9 (231.5t0240.5) 183.7 (181.2 to 186.2) 198.5 (196.3 to 200.7)
Total excluding BCC 9604 19796 29400 214.7 (210.5t0219.1) 176.7 (174.3to 179.2) 187.5 (185.3 to 189.6)

and SCC of skin

*Including incident cancer cases that occurred up to 180 days after last HIV-related laboratory record.

TIncluding all cancers.
BCC, basal cell carcinoma; SCC, squamous cell carcinoma.
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and vulvar cancer. Squamous cell carcinoma of the skin
. 1
was also confirmed to be HIV associated.”

Immunodeficiency and cancer in PLWH

We examined CD4 trajectories and cancer risk in
3.5million SAM Study participants with at least two CD4
counts and 1year of follow-up.* When assuming a linear
relationship between time-updated CD4 cell counts and
the log-hazard, the association between low CD4 cell
count and higher rates of cancer was most substantial in
conjunctival cancer (adjusted HR (aHR) per decrease
of 100CD4 cells/pL: 1.46; 95% CI: 1.38-1.54), followed
by Kaposi sarcoma (aHR: 1.23, 95% CI: 1.20 to 1.26) and
non-Hodgkin's lymphoma (aHR: 1.18; 95% CI: 1.14 to
1.22). Among the infection-unrelated cancers, we found
low CD4 cell count to be associated with higher rates of
oesophageal cancer (aHR: 1.06; 95CI 1.00 to 1.11), but
not with higher rates of lung, breast or prostate cancer.*’

Strengths and limitations

The SAM Study has over 5million participants and is one
of the largest cohorts of PLWH worldwide. This cohort
allows for analyses of AIDS-defining and many non-AIDS-
defining cancers, including rare malignancies in chil-
dren, adolescents and adults in South Africa. All cancers
were laboratory confirmed and classified according to the
ICD-0-3" by experienced coders.

The SAM cohort is representative of the South African
public health system (which covers over 80% of the South
African population) and reflects routine HIV care. The
use of national routine laboratory data means that loss
to follow-up and silent transfers (when a patient switches
clinics without informing the clinic where they were
accessing care) are less of a problem than in longitu-
dinal studies of HIV treatment programmes. HIV-related
tests done at any public sector clinic are recorded by the
NHLS CDW and can be linked to the patient concerned.

The South African NCR is a pathology-based cancer
surveillance system, and clinically diagnosed cancers are
not captured. This means that particularly for cancers
with low biopsy rates (such as cancers of the liver, oesoph-
agus and pancreas), cancer incidence will be underesti-
mated. Some cancer cases in PLWH may not have been
linked to the HIV cohort due to data entry errors leading
to further underestimation of cancer incidence. Further-
more, data on lifestyle factors, HIV treatment history and
mortality are not included. Other weaknesses relate to
the limitations inherent in the secondary use of labora-
tory and cancer registry data, including missing data and
the lack of standardised follow-up visits.

Future plans

The SAM Study will be regularly updated. Additional
data on screening tests for precancerous cervical lesions,
tuberculosis, ART resistance, diabetes, lipid profiles and
other comorbidities will facilitate research on comorbid-
ities. Data from external sources, such as socioeconomic
status by geographic area, will further enrich the cohort.”

At present, incident cancer cases in the SAM Study are
cancers occurring after the first HIV laboratory record.
We will evaluate whether the date of HIV infection based
on the first CD4 count recorded™ or the last negative
and first positive HIV test can be imputed. The privacy-
preserving methods we have used for the construction of
this cohort allow linkages without compromising patient
privacy. Ultimately, this will enable linkages with the
National Death Registry in South Africa to obtain vital
status to assess cancer-related mortality. The cohort’s size
and richness of the data will allow us to examine cancer
incidence and mortality and associated risk factors for
a wide spectrum of different cancers stratified by vari-
ables of interest, including comorbidities or area-based
socioeconomic position. This national population-based
cohort will monitor cancer incidence and mortality in
PLWH in South Africa, thus contributing to public health
surveillance.

CONCLUSIONS

The SAM Study is one of the largest HIV and cancer
cohorts worldwide, allowing surveillance and research of
malignancies in PLWH as the South African and global
HIV epidemics evolve.
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