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Abstract
Background: People living with HIV are at increased risk for developing cancer, a leading cause of death in this population.
The management of cancer in people living with HIV is particularly challenging, necessitating specialized, interdisciplinary
care. However, insights into cancer care provision for people living with HIV in Germany remain scarce.
Objective: This study analyzed inpatient cancer care for people living with HIV, comparing treatment patterns and complica-
tions with those of an HIV-negative control group. Using claims data from 3 German university hospitals related to admissions
between 2005 and 2022, we aimed to identify care disparities and provide evidence to support improved cancer management.
Methods: A customized federated approach was used to analyze inpatient claims data of patients across the 3 data-holding
institutions. The data included demographics, diagnoses, procedures, and treatment codes as well as discharge information.
Using nearest-neighbor matching, we analyzed demographic features, cancer diagnoses, anticancer therapies, and outcomes in
people living with HIV and cancer and for a control group of HIV-negative patients with cancer.
Results: Among 162,380 patients, 907 (0.6%) were people living with HIV and cancer. The count of cancer diagnoses
declined over time, particularly for AIDS-defining cancers (total cancer diagnoses: P=.001; AIDS-defining cancers: P=.002),
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with a shift toward older age at diagnosis. Compared with matched controls, people living with HIV and cancer had longer
hospital stays, experienced more postchemotherapy complications (cancer with HIV: 64/907, 15.6%; cancer without HIV:
20/907, 5.5%; P<.001), and showed higher rates of metastasis after initial diagnosis (cancer with HIV: 128/267, 47.9%;
cancer without HIV: 97/287, 33.8%; P<.001). People living with HIV and cancer also showed increased in-hospital mortality,
although mortality declined over time (P=.02). Our data suggested differences in documented therapy modalities between the
compared groups, with people living with HIV and cancer receiving more chemo- and immunotherapy and less surgery.
Conclusions: Using federated analysis techniques, we were able to show that cancer diagnoses and mortality among people
living with HIV in Germany have decreased over time; however, disparities in treatment and outcomes persisted as compared
with HIV-negative patients with cancer. Our findings underscore the need for tailored, multidisciplinary care strategies to
improve cancer management for this population.
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Introduction
Despite advances in treatment and prevention, HIV remains a
major global health threat, with 39.9 million cases recorded
worldwide in 2023 [1]. In Germany, HIV incidence has
stabilized, and treated individuals no longer exhibit increased
mortality, which is seen as a contributing factor to a rise
in HIV prevalence [2]. The decline in AIDS-related deaths
is largely attributed to effective antiretroviral therapy (ART)
[3-6]. However, people living with HIV still face a signif-
icantly higher cancer risk, particularly for infection-related
cancers. These occur approximately 30 times more frequently
in female people living with HIV and up to 100 times more
frequently in male people living with HIV as compared with
the general population [7-10].

HIV-associated cancers in people living with HIV can be
categorized as AIDS-defining (AD) and non–AIDS-defining
(NAD), with AD cancers including Kaposi sarcoma, non-
Hodgkin lymphoma, and invasive cervical cancer [11]. NAD
cancers are further divided into virus-associated (virus-NAD)
and non–virus-associated NAD types. Virus-NAD cancers
linked to coinfections include lung, anal, vulvar, penile, oral,
and pharyngeal cancers; Hodgkin lymphoma; and hepatocel-
lular carcinoma [8,9,12,13].

Since the introduction of ART, the incidence of AD
cancers has decreased, whereas the incidence of virus-NAD
and non–virus-associated NAD cancers has increased [7,14,
15]. Due to increased life expectancy, both virus-associ-
ated and non–virus-associated NAD cancers have become
leading causes of death among people living with HIV,
surpassing deaths directly attributable to HIV infection [5,
16,17]. Although combination ART has improved survival
and enables full-dose chemotherapy [18], managing cancer
in people living with HIV remains complex. Immunosuppres-
sion, drug interactions with ART, and increased treatment
toxicity pose significant challenges, requiring a multidis-
ciplinary care approach involving oncology, hematology,
infectious diseases, pharmacy, and supportive care special-
ists [19]. Given these complexities, people living with HIV
and cancer may need to travel longer distances to access
appropriate, specialized care.

While cancer epidemiology in people living with HIV is
well-documented [7-10,12-15,19], evidence on cancer care in
people living with HIV—particularly regarding treatment and
outcomes—remains limited. Existing data, primarily from US
registries, suggest that people living with HIV may receive
cancer treatment less frequently than HIV-negative patients
[20,21].

Using claims data from 3 German university hospitals, we
analyzed inpatient cancer care for people living with HIV in
Germany and compared it to that of an HIV-negative control
group.

Methods
Study Data
This multicenter retrospective study used claims data
collected under Section 21 of the German Hospital Fees
Act (German: Krankenhausentgeltgesetz, KHEntgG). This
law requires hospitals to report individual patient billing
records to the federal institute for the hospital payment
system (Institut für das Entgeltsystem im Krankenhaus). The
data were sourced from data integration centers [22,23] of
university hospitals in 3 large German cities (Frankfurt,
Freiburg, and Munich).

The raw data included patient demographics and basic
diagnostic- and treatment-related information (International
Statistical Classification of Diseases and Related Health
Problems, Tenth Revision [ICD-10]), as well as operation
and procedure codes (Operationen- und Prozedurenschlüssel
[OPS]; for more details, refer to Table S1 in Multimedia
Appendix 1).
Cohort Selection
Inclusion criteria required patients to be aged 18 years or
older at the time of inpatient admission. The observation
period was defined from January 1, 2005, to December 31,
2022. For inclusion, each patient also required at least 1
documented ICD-10 code indicating either a cancer diagnosis
or an HIV infection (Table S2 in Multimedia Appendix 1).
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Federated Data Analysis Approach
To analyze sensitive patient data distributed across multi-
ple university hospitals, we used a federated approach; this
means individual patient data were not transferred to a
central computer to conduct pooled analysis. Instead, analysis
scripts were sent to and executed locally at each participating
hospital. Only aggregated or anonymized data were subse-
quently transferred to be jointly analyzed.

Data Preprocessing and Patient
Matching
A harmonized input data model (Table S3 in Multime-
dia Appendix 1) was developed to enable consistent and
standardized analysis across study sites. Uniform value
formats and restrictions were defined to ensure that only valid
and consistent cases and data entries were included. A case
was defined as a single hospitalization for a given patient.
Using pseudonymized patient identifiers, individual hospital
stays were linked to the same patient, allowing for multiple
documented cases per patient during the observation period.
Special focus was placed on plausibility checks to correctly
classify main cancer and HIV diagnoses as well as therapeutic
interventions (Tables S2, S4, and S5 in Multimedia Appendix
1). The data preprocessing resulted in a ready-for-analysis
data model customized for the purpose of our study (Table S6
in Multimedia Appendix 1).

Included patients were categorized into 1 of 3 groups:
cancer with HIV (cancer+/HIV+), cancer without HIV
(cancer+/HIV–), and HIV without cancer (cancer–/HIV+)
(Tables S2 and S5 in Multimedia Appendix 1). For
patients with cancer, the first recorded cancer diagnosis
was designated as the primary cancer diagnosis. For each

patient group, frequencies of demographic and cancer-related,
case-related, and therapy-related variables were summarized
annually.

Patients in the cancer+/HIV+ group were matched with
patients in the cancer+/HIV– group using 1:1 nearest-neigh-
bor matching [24], based on age at cancer diagnosis, sex,
year of cancer diagnosis, cancer topography group, pres-
ence of carcinoma in situ, and comorbidity score at the
time of diagnosis (Table S7 in Multimedia Appendix 1).
The comorbidity score was calculated using van Walraven
weights for the Elixhauser comorbidity groups [25]. HIV
infection and AIDS were assigned to a weight of zero,
and cancer diagnoses beyond the primary diagnosis were
considered comorbidities. Patient matching was performed
to compare therapy-related data, including anticancer therapy
frequencies, complications following chemotherapy (eg,
transfer to the intensive care unit, dialysis, and mechanical
ventilation), and outcomes (derived from the last recorded
discharge reason) between the cancer+/HIV+ and cancer+/
HIV– groups.
Statistical Analysis
Relative frequencies of individual characteristics were
calculated for each group across the entire study period
(2005‐2022). For matched group comparisons, P values from
the Fisher exact test were calculated. Trend analyses were
based on data from 2009 to 2022, the period for which
data were available from all 3 sites (Figure 1). Poisson
regression models were used to assess temporal trends in
age at cancer diagnosis and cancer-related diagnoses within
the cancer+/HIV+ group. When overdispersion was detec-
ted, negative binomial regression models were used as an
alternative [26].

Figure 1. Number of patients in each defined group per year and per site (2005‐2022).

For each regression model, the number of patients or
diagnoses was used as the dependent variable, with the year
of cancer diagnosis as the predictor. In contrast, for therapy-
related trends, linear regression models were fitted using
proportions as the dependent variable.

To assess travel distances for each patient group, the
geographical distance between the centroid of each patient’s
postal code area at the time of first admission and the

hospital location was estimated using the Haversine formula
[27], providing an approximation of how far patients in
the 3 subgroups traveled to receive care. Additionally, the
catchment areas of the individual sites were visualized by
mapping the distribution of patients to 3-digit postal code
areas for each group (Figure S1 in Multimedia Appendix 1).

All statistical analyses were conducted using R (ver-
sion 4.3.2; R Foundation for Statistical Computing) [28].
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Nearest-neighbor matching was performed with the MatchIt
package [24]. The Fisher exact test as well as linear and
Poisson regression models were computed with the stats
package [28], while negative binomial regressions were
modeled using the MASS package [29]. Travel distances for
the patient subgroups were calculated with the geosphere [27]
and sf [30] packages.
Ethical Considerations
This retrospective study was conducted after consultation
with the responsible ethics committees (research ethics
committee, Faculty of Medicine, Goethe University Frank-
furt; 274/18; research ethics committee, University of
Freiburg: 22-1279-S1-retro). In accordance with national
law, no informed consent was obtained since only pseudony-
mized patient data was used for analysis. Furthermore, the
federated data analysis approach ensured data privacy through
aggregation of individual-level data.

Results
Study Cohort
Between 2005 and 2022, a total of 162,380 eligible inpatients
were recorded across all 3 sites and patient groups (Figure 2).
Among these, 907 (0.6%) patients were classified as people
living with HIV and cancer (cancer+/HIV+), exhibiting at
least 1 ICD-10 code from both diagnosis groups. A total of
156,927 (96.8%) patients had at least 1 cancer-related ICD-10
code without an HIV diagnosis (cancer+/HIV–), while 4546
(2.8%) patients were identified as people living with HIV
without cancer (cancer–/HIV+). Figure 1 shows the annual
distribution of patients in each group by site.

Figure 2. Inclusion, grouping, and matching of patients with the respective number of patients. AD: AIDS-defining; ICD-10: International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision; GLM: generalized linear model; NAD: non–AIDS-defining; Virus-NAD:
cancer associated with HIV infection but not considered AIDS-defining.

Patient demographics and admission-related characteristics
for the 3 patient groups are displayed in Table 1. At the
time of first admission, people living with HIV and cancer
(cancer+/HIV+) were younger than HIV-negative patients

with cancer (cancer+/HIV–), but older than people living with
HIV without a cancer diagnosis (cancer–/HIV+). Fewer than
one-quarter (214/907, 23.6%) of people living with HIV who
have cancer were female.
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Table 1. Demographic and admission-related characteristics of the 3 patient groups (2005-2022).

Characteristics
Cancer+/HIV–
(n=156,927), n (%)

Cancer+/HIV+
(n=907), n (%)

Cancer–/HIV+
(n=4546), n (%)

Female patients 72,231 (46.0) 214 (23.6) 1441 (31.7)
Age (years) at first relevant (cancer or HIV associated) admission
  18‐39 13,373 (8.5) 176 (19.4) 1781 (39.2)
  40‐59 44,984 (28.7) 536 (59.1) 2204 (48.5)
  60‐79 80,335 (51.2) 192 (21.2) 547 (12.0)
  >80 18,235 (11.6) 3 (0.3) 14 (0.3)
Admission count per patient
  1 58,444 (37.2) 144 (15.9) 2438 (53.6)
  2‐4 62,840 (40.0) 351 (38.7) 1674 (36.8)
  5‐10 27,877 (17.8) 301 (33.2) 356 (7.8)
  More than 10 7766 (4.9) 111 (12.2) 78 (1.7)
Average length of stay per admission (days)
  Up to 7 77,096 (49.1) 307 (33.8) 2204 (48.5)
  7‐14 49,898 (31.8) 298 (32.9) 1191 (26.2)
  14‐30 23,194 (14.8) 233 (25.7) 835 (18.4)
  More than 30 6739 (4.3) 69 (7.6) 316 (7.0)

On average, patients in the cancer+/HIV+ group exhibited the
highest admission frequencies among the 3 groups: 2 to 4
admissions in 38.7% (351/907), 5 to 10 admissions in 33.2%
(301/907), and >10 admissions in 12.2% (111/907) of all
observed patient histories.
Cancer Incidence and Cancer Types in
People Living With HIV
Among 907 patients with both diagnoses (cancer+/HIV+),
the data suggest that 504 (55.6%) patients received HIV
and cancer diagnoses simultaneously or within a short time
interval. In 332 (36.6%) patients, the HIV diagnosis preceded
the cancer diagnosis, whereas in 71 (7.8%) patients, the first
recorded cancer diagnosis was documented before the HIV
diagnosis (Table S8 in Multimedia Appendix 1).

While fluctuating over the observation period, the total
number of cancer diagnoses in people living with HIV
decreased significantly (P=.002). Among the cancer groups
(AD, virus-NAD, and non–virus-associated NAD; Figure 3),
the most notable decline was observed in the frequency
of virus-associated NAD cancer diagnoses. In total, 110
(12.1%) diagnoses were classified as AD, 165 (18.2%) as
virus-associated NAD, and 632 (69.7%) as non–virus-associ-
ated NAD. Among specific cancer subtypes, a significant
reduction was observed in diagnoses involving lymphoid and
hematopoietic tissues (P=.005), especially in non-Hodgkin
lymphomas (P=.002) and nonfollicular lymphomas (P=.008).

Figure 3. Absolute frequencies and proportions of cancer categories in people living with HIV and cancer (2009-2022). AD: AIDS defining.

We observed an increase in the age at cancer diagnosis in
both people living with HIV and HIV-negative patients with
cancer (Figure 4). Consistent with this finding, regression

analysis indicated a significant decrease in the proportion
of patients younger than 60 years between 2009 and 2022
(P=.002).
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Figure 4. Proportions of grouped age at cancer diagnosis in people living with HIV and cancer and (unmatched) HIV-negative patients with cancer
(2005-2022).

A comparison of cancer topography frequencies between
people living with HIV and cancer (cancer+/HIV+) and

HIV-negative patients with cancer (cancer+/HIV–) is
presented in Figure 5.

Figure 5. Most common cancer types in people living with HIV and cancer, sorted by frequency. CNS: central nervous system.

In the matched comparison between cancer+/HIV+ and
cancer+/HIV–, results showed an overall comparable
prevalence of metastasis; however, metastasis was present
at time of cancer diagnosis more often in the cancer+/HIV–
group, whereas patients in the cancer+/HIV+ group seemed

to develop metastasis after initial diagnosis more often than
their HIV-negative matches (cancer+/HIV+: 128/267, 47.9%;
cancer+/HIV–: 97/287, 33.8%; P<.001).
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Anticancer Treatment of People Living
With HIV
People living with HIV and cancer (cancer+/HIV+) received
anticancer therapies at rates comparable to those of HIV-neg-
ative patients with cancer (cancer+/HIV–) but were more
frequently treated with chemotherapy and immunotherapy,
whereas patients in the cancer+/HIV– group seemed to have
received more stem cell therapy (Table 2). Our results
show a significant decrease in the use of chemotherapy in

the cancer+/HIV+ group between 2009 and 2022 (P=.02).
People living with HIV and cancer presumably showed a
higher rate of adverse events following chemotherapy than
patients in the control group (cancer+/HIV+: 64/409, 15.6%;
cancer+/HIV–: 20/361, 5.5%; P<.001). Additionally, the
cancer+/HIV+ group was less frequently discharged home
(516/713, 72.4%; P<.001) compared with the cancer+/HIV–
group (583/714, 81.7%) and showed higher in-hospital
mortality (cancer+/HIV+: 135/713, 18.9%; cancer+/HIV–:
90/714, 12.6%; P=.001).

Table 2. Comparison between people living with HIV and cancer and the matched patients with cancer without HIV.
Characteristics Cancer+/HIV–, n (%) Cancer+/HIV+, n (%) P valuea

Metastasis occurrence (n=907)
  Metastasis documented 287 (31.6) 267 (29.4) .33
  Metastasis at time of cancer diagnosis 190 (66.2) 139 (52.1) <.001
  Metastasis after cancer diagnosis 97 (33.8) 128 (47.9) <.001
Therapy modalities (n=907)
  Any major therapy documented 631 (69.6) 639 (70.5) .72
  Surgery 285 (31.4) 251 (27.7) .09
  Chemotherapy 361 (39.8) 409 (45.1) .03
  Immunotherapy 90 (9.9) 138 (15.2) <.001
  Radiotherapy 158 (17.4) 169 (18.6) .54
  Stem cell therapy 84 (9.3) 33 (3.6) <.001
  Bone marrow transplant 12 (1.3) 0 (0.0) .001
Complications after chemotherapy (n=907)
  Chemotherapy documented 361 (39.8) 409 (45.1) .03
  Complication after chemotherapy 20 (5.5) 64 (15.6) <.001
Average length of stay per admission (days; n=714)b

  Up to 7 319 (44.7) 228 (31.9) <.001
  7-14 207 (29.0) 232 (32.5) .17
  14-30 133 (18.6) 198 (27.7) <.001
  More than 30 55 (7.7) 56 (7.8) >.99
Last documented discharge categoryc

  Home 583 (81.7) 516 (72.4) <.001
  Deceased 90 (12.6) 135 (18.9) .001
  Other hospital 24 (3.4) 28 (3.9) .58
  Rehabilitation or residential care 11 (1.5) 20 (2.8) .11
  Hospice care 6 (0.8) 14 (2.0) .08

aP values were calculated using the Fisher exact test.
bData were available from only 2 sites (n=714 for both groups).
cData were available from only 2 sites (n=714 for cancer+/HIV– and n=713 for cancer+/HIV+).

Figure 6 depicts a comparison of temporal trends in compli-
cation rates after chemotherapy and discharge reasons across

the total observed HIV-negative cancer population and the
matched cancer groups.
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Figure 6. Comparison of complication rates after chemotherapy and last documented discharge categories between unmatched cancer+/HIV– and
matched cancer+/HIV– and cancer+/HIV+.

For more detailed results, refer to Tables S7, S8, and S9 in
Multimedia Appendix 1. A visual abstract of the study is
presented in Multimedia Appendix 2.

Discussion
Principal Findings
In this study, we examined epidemiological as well as
treatment- and outcome-related characteristics of inpatients
affected by HIV and cancer in 3 selected German university
hospitals.

The overall number of cancer diagnoses in the can-
cer+/HIV+ group decreased between 2009 and 2022,
primarily driven by a decline in AD cancers. This reduc-
tion was largely attributable to fewer cases of non-Hodgkin
lymphomas, particularly within the nonfollicular lymphoma
subgroup. Previous studies examining earlier observation
periods found that following the introduction of ART,
diagnoses of AD cancers, which had predominated in the
early HIV era, began to decline, whereas NAD cancers
became increasingly common over time [14,15].

The most frequently observed topographical categories
in our study are consistent with those reported in previous
research [8,10]. Lymphoma was the most frequent cancer
diagnosis among people living with HIV, followed by cancers
of the lung and bronchi, and the anus and anal canal. Previous
studies have shown that, among NAD cancers, lung and

anal cancers represent the greatest disease burden in high-
income countries [31], which is in line with our findings.
No increase over time was observed for typical age-related
cancers, such as prostate cancer or malignant melanoma of
the skin. However, it remains unclear whether this reflects
stable incidence rates or a shift toward outpatient care.

The results showed an increase in the age at cancer
diagnosis among people living with HIV, with fewer cases
occurring in younger adults (<60 years). This trend could
be explained by the decline in AD cancer diagnoses and is
consistent with findings from previous studies [32]. Despite
age matching, people living with HIV were diagnosed with
cancer at younger ages compared with HIV-negative controls.
This observation reflects the need for targeted screening
strategies and emphasizes the importance of preventive
measures for cancers linked to modifiable risk factors, such
as smoking in the case of lung cancer [19,31] and human
papillomavirus infection in cervical cancer [33].

Despite similar overall cancer treatment rates, people
living with HIV received chemotherapy and immunother-
apy more frequently but underwent slightly fewer surgical
interventions. This disparity may be explained by differences
in cancer type, stage at diagnosis, and tumor operability,
as well as HIV-related factors such as immunosuppression,
elevated postoperative infection risk, and potential interac-
tions between ART and anesthesia [32,34]. Deviating from
previous findings [19], cancers in our observed cohort of
people living with HIV were more often diagnosed at
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premetastatic stages, which contradicts the lower prevalence
of surgical therapy in this group.

Our findings highlight the need for improved posttreat-
ment care. The longer and more frequent hospitalizations
observed among people living with HIV and cancer require
further investigation to determine whether they stem from
greater comorbidity burden or distinct clinical challenges
associated with HIV infection.

Chemotherapy use during hospitalization declined among
people living with HIV, suggesting a shift toward outpatient
care [35,36]. To confirm this hypothesis, further analyses of
outpatient care data are necessary. The study also showed
a decrease in mortality among people living with HIV over
time. Together, these trends suggest that cancer care and
outcomes for people living with HIV have improved over
the past 2 decades; however, additional research focusing on
outpatient care is needed.

Contrary to our results, we initially hypothesized that
people living with HIV and cancer would need to travel
longer distances to access complex, multidisciplinary care.
According to a recent study [37], HIV prevalence in Germany
tends to be higher in urban compared with rural areas,
which may explain shorter travel distances to urban university
hospitals for people living with HIV in our study. Further
research is needed to examine rural health care settings and to
determine whether local care delivers comparable treatment
outcomes or if traveling longer distances offers substantial
benefits for specific patient groups like people living with
HIV and cancer.
Federated Data Analysis
The use of federated data analysis offered significant
advantages, including improved data privacy by keeping
sensitive patient information at its original site while
enabling collaboration across multiple institutions. Nonethe-
less, challenges such as data heterogeneity, data inconsis-
tencies, and technical limitations required repeated script
adjustments for each center. This led to increased time
and staffing costs, as well as minor discrepancies between
site-specific results. Specialized federated analysis software
such as DataSHIELD (DataSHIELD Research Project) [38]
could mitigate these drawbacks but was not available in this
study. All script modifications were recorded in a GitLab
repository to maintain transparency and traceability.

Limitations
A key limitation of this study is that the results cannot be
generalized to the overall care of people living with HIV and
cancer in Germany, as the analysis was based on data from
3 university hospitals representing the tertiary care sector.
Further studies are needed to include nonuniversity hospitals
and the outpatient sector.

Our study used large retrospective claims data, which
the hospitals primarily documented for the purpose of
billing services. Although data processing involved thorough
plausibility checks, the risk that procedures or diagnoses were
missing is high; furthermore, relevant information such as
cancer staging and systemic therapy substances or dosage
information was not part of the available data.

Sample size variations arose due to technical issues,
leading to stratified analyses for the periods 2005 to 2008,
2009 to 2014, and 2015 to 2022 (Tables S6 and S7 in
Multimedia Appendix 1). Other limitations include potential
misclassification of disease onset and the inability to associate
specific therapies with cancer types in patients with multiple
diagnoses, both of which may have influenced the findings.

In our study, we chose to categorize malignancies as AD
vs NAD. Different categorizations such as hematological
vs solid tumors could have led to more nuanced insights.
Further research should critically consider such decisions and
potentially include multiple categorizations.
Conclusions
Our study offers valuable insights into the inpatient care of
people living with HIV and cancer in Germany, revealing
shifts in cancer epidemiology and an aging patient popula-
tion. Although the incidence of AD cancers has declined,
people living with HIV continue to experience longer
hospital stays and higher rates of posttreatment complications.
Reduced mortality and inpatient chemotherapy use suggest
that cancer care and outcomes for people living with HIV
have improved over the past 2 decades; however, additional
research focusing on outpatient care is needed.

The study also highlights the potential of federated data
analysis for multicenter research, while emphasizing the
need for standardized data collection to overcome technical
challenges and data inconsistencies across sites.

Acknowledgments
The authors would like to thank the participating university hospitals and their data integration centers for providing data and
for their excellent cooperation. They also thank the German Cancer Consortium (DKTK) for partially funding this study.
During the preparation of this work, the authors used ChatGPT from OpenAI for proofreading. After using this tool, the
authors reviewed and edited the content as needed and take full responsibility for the content of the publication.
Funding
This study was funded in part by the German Cancer Consortium and in part by grant 01KX2121 (Network University
Medicine). This funding sources were not involved in study design or the analysis and interpretation of the data.
Data Availability
The datasets generated or analyzed during this study are not publicly available. We conducted a federated approach to data
analysis, which means all individual-level patient data remain with the participating sites and are not publicly available due

JMIR PUBLIC HEALTH AND SURVEILLANCE Reiter et al

https://publichealth.jmir.org/2026/1/e81092 JMIR Public Health Surveill 2026 | vol. 12 | e81092 | p. 9
(page number not for citation purposes)

https://publichealth.jmir.org/2026/1/e81092


to health data privacy regulations. The aggregated data returned from site-specific analyses can be considered sufficiently
anonymized. Due to unclear use and access policies at the participating hospitals, these datasets are not made publicly available
at this time; however, they can be provided by the corresponding author upon reasonable request.
Authors’ Contributions
Conceptualization: BR, DM, JJV, MS, SA
Data curation: AH, AL, AP, BR, FPA, JW, MH, SA
Formal analysis: BB, BR, DM, LS, SA
Funding acquisition: JJV
Investigation: BB, BR, DM, LS, SA
Methodology: BB, BR, DM, LS, SA
Project administration: BR, DM, MM, SA
Resources: FA, JJV, JW
Software: BR
Supervision: CS, DM, JJV, JR, JW, MM, US
Visualization: BB, BR, LS, SA
Writing – original draft: BB, BR, DM, IS, LS, SA
Writing – review and editing: AH, AL, AP, BB, BR, CS, DM, FA, FPA, IS, JJV, JR, JW, LS, MH, MM, MS, SA, US
Conflicts of Interest
SA owns stock in HAVN Life Sciences, Heidelberg Pharma AG, and Pfizer. LS has received travel compensation from
IQVIA. CS has received honorarium fees from the following pharmaceutical companies for scientific lectures, presentations,
manuscript writing, educational events, or participation in scientific advisory boards: Gilead Sciences, GlaxoSmithKline,
Janssen-Cilag, Merck Sharp & Dohme (MSD), Shionogi, Thera-Technologies, and ViiV Healthcare. Furthermore, the
pharmaceutical companies AbbVie, Gilead Sciences, and Janssen have covered his travel, accommodation, and registration
fees for scientific conference participation. DM has received speaker honoraria from the Free University Berlin and travel
compensation from IQVIA. JJV has received personal fees from Merck/MSD, Gilead, Pfizer, Astellas Pharma, Basilea,
German Centre for Infection Research (DZIF), University Hospital Freiburg/Congress and Communication, Academy for
Infectious Medicine, University Manchester, German Society for Infectious Diseases (DGI), Ärztekammer Nordrhein,
University Hospital Aachen, Back Bay Strategies, German Society for Internal Medicine (DGIM), Shionogi, Molecular Health,
Netzwerk Universitätsmedizin, Janssen, NordForsk, Biontech, and APOGEPHA, and has received grants from Merck/MSD,
Gilead, Pfizer, Astellas Pharma, Basilea, German Centre for Infection Research (DZIF), German Federal Ministry of Education
and Research (BMBF), Deutsches Zentrum für Luft- und Raumfahrt (DLR), University of Bristol, Rigshospitalet Copenhagen,
and Network University Medicine. All other authors declare no other conflicts of interest.
Multimedia Appendix 1
Supplementary tables containing structural and semantic metadata as well as detailed study results.
[DOC File (Microsoft Word File), 862 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Visual abstract.
[PNG File (Portable Network Graphics File), 339 KB-Multimedia Appendix 2]
References
1. UNAIDS data 2024. Joint United Nations Programme on HIV/AIDS; 2024. URL: https://www.unaids.org/en/resources/

documents/2024/2024_unaids_data [Accessed 2026-01-24]
2. Bätzing-Feigenbaum J, Kollan C, Kühne A, et al. Cohort profile: the German ClinSurv HIV project--a multicentre open

clinical cohort study supplementing national HIV surveillance. HIV Med. May 2011;12(5):269-278. [doi: 10.1111/j.
1468-1293.2010.00879.x] [Medline: 20955355]

3. Menéndez-Arias L, Delgado R. Update and latest advances in antiretroviral therapy. Trends Pharmacol Sci. Jan
2022;43(1):16-29. [doi: 10.1016/j.tips.2021.10.004] [Medline: 34742581]

4. Schmidt D, Kollan C, Stoll M. Long-acting prescriptions and therapy for HIV-1 from market launch to the present in
Germany (May 2021 to December 2023). Front Public Health. May 30, 2024;12:1404255. [doi: 10.3389/fpubh.2024.
1404255] [Medline: 38873299]

5. Palella FJ, Baker RK, Moorman AC, et al. Mortality in the highly active antiretroviral therapy era: changing causes of
death and disease in the HIV outpatient study. J Acquir Immune Defic Syndr. Sep 2006;43(1):27-34. [doi: 10.1097/01.
qai.0000233310.90484.16] [Medline: 16878047]

JMIR PUBLIC HEALTH AND SURVEILLANCE Reiter et al

https://publichealth.jmir.org/2026/1/e81092 JMIR Public Health Surveill 2026 | vol. 12 | e81092 | p. 10
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=publichealth_v12i1e81092_app1.doc
https://jmir.org/api/download?alt_name=publichealth_v12i1e81092_app1.doc
https://jmir.org/api/download?alt_name=publichealth_v12i1e81092_app2.png
https://jmir.org/api/download?alt_name=publichealth_v12i1e81092_app2.png
https://www.unaids.org/en/resources/documents/2024/2024_unaids_data
https://www.unaids.org/en/resources/documents/2024/2024_unaids_data
https://doi.org/10.1111/j.1468-1293.2010.00879.x
https://doi.org/10.1111/j.1468-1293.2010.00879.x
http://www.ncbi.nlm.nih.gov/pubmed/20955355
https://doi.org/10.1016/j.tips.2021.10.004
http://www.ncbi.nlm.nih.gov/pubmed/34742581
https://doi.org/10.3389/fpubh.2024.1404255
https://doi.org/10.3389/fpubh.2024.1404255
http://www.ncbi.nlm.nih.gov/pubmed/38873299
https://doi.org/10.1097/01.qai.0000233310.90484.16
https://doi.org/10.1097/01.qai.0000233310.90484.16
http://www.ncbi.nlm.nih.gov/pubmed/16878047
https://publichealth.jmir.org/2026/1/e81092


6. Lau B, Gange SJ, Moore RD. Risk of non-AIDS-related mortality may exceed risk of AIDS-related mortality among
individuals enrolling into care with CD4+ counts greater than 200 cells/mm3. J Acquir Immune Defic Syndr. Feb 1,
2007;44(2):179-187. [doi: 10.1097/01.qai.0000247229.68246.c5] [Medline: 17075385]

7. Engels EA, Biggar RJ, Hall HI, et al. Cancer risk in people infected with human immunodeficiency virus in the United
States. Int J Cancer. Jul 1, 2008;123(1):187-194. [doi: 10.1002/ijc.23487] [Medline: 18435450]

8. Silverberg MJ, Abrams DI. AIDS-defining and non-AIDS-defining malignancies: cancer occurrence in the antiretroviral
therapy era. Curr Opin Oncol. Sep 2007;19(5):446-451. [doi: 10.1097/CCO.0b013e3282c8c90d] [Medline: 17762569]

9. Clifford GM, Polesel J, Rickenbach M, et al. Cancer risk in the Swiss HIV Cohort Study: associations with
immunodeficiency, smoking, and highly active antiretroviral therapy. J Natl Cancer Inst. Mar 16, 2005;97(6):425-432.
[doi: 10.1093/jnci/dji072] [Medline: 15770006]

10. Vogel M, Friedrich O, Lüchters G, et al. Cancer risk in HIV-infected individuals on HAART is largely attributed to
oncogenic infections and state of immunocompetence. Eur J Med Res. Mar 28, 2011;16(3):101-107. [doi: 10.1186/2047-
783x-16-3-101] [Medline: 21486722]

11. 1993 revised classification system for HIV infection and expanded surveillance case definition for AIDS among
adolescents and adults. MMWR Recomm Rep. Dec 18, 1992;41(RR-17):1-19. [Medline: 1361652]

12. 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. Jul 7, 2007;370(9581):59-67. [doi: 10.1016/S0140-
6736(07)61050-2] [Medline: 17617273]

13. Shiels MS, Cole SR, Kirk GD, Poole C. A meta-analysis of the incidence of non-AIDS cancers in HIV-infected
individuals. J Acquir Immune Defic Syndr. 2009;52(5):611-622. [doi: 10.1097/QAI.0b013e3181b327ca] [Medline:
19770804]

14. Engels EA, Pfeiffer RM, Goedert JJ, et al. Trends in cancer risk among people with AIDS in the United States
1980-2002. AIDS. Aug 1, 2006;20(12):1645-1654. [doi: 10.1097/01.aids.0000238411.75324.59] [Medline: 16868446]

15. Crum-Cianflone N, Hullsiek KH, Marconi V, et al. Trends in the incidence of cancers among HIV-infected persons and
the impact of antiretroviral therapy: a 20-year cohort study. AIDS. Jan 2, 2009;23(1):41-50. [doi: 10.1097/QAD.
0b013e328317cc2d] [Medline: 19050385]

16. Teeraananchai S, Kerr SJ, Amin J, Ruxrungtham K, Law MG. Life expectancy of HIV-positive people after starting
combination antiretroviral therapy: a meta-analysis. HIV Med. Apr 2017;18(4):256-266. [doi: 10.1111/hiv.12421]
[Medline: 27578404]

17. Masiá M, Gutiérrez-Ortiz de la Tabla A, Gutiérrez F. Cancer screening in people living with HIV. Cancer Med. Nov
2023;12(21):20590-20603. [doi: 10.1002/cam4.6585] [Medline: 37877338]

18. Re A, Cattaneo C, Rossi G. HIV and lymphoma: from epidemiology to clinical management. Mediterr J Hematol Infect
Dis. 2019;11(1):e2019004. [doi: 10.4084/MJHID.2019.004] [Medline: 30671210]

19. Rubinstein PG, Aboulafia DM, Zloza A. Malignancies in HIV/AIDS: from epidemiology to therapeutic challenges.
AIDS. Feb 20, 2014;28(4):453-465. [doi: 10.1097/QAD.0000000000000071] [Medline: 24401642]

20. Suneja G, Shiels MS, Angulo R, et al. Cancer treatment disparities in HIV-infected individuals in the United States. J
Clin Oncol. Aug 1, 2014;32(22):2344-2350. [doi: 10.1200/JCO.2013.54.8644] [Medline: 24982448]

21. Coghill AE, Han X, Suneja G, Lin CC, Jemal A, Shiels MS. Advanced stage at diagnosis and elevated mortality among
US patients with cancer infected with HIV in the National Cancer Data Base. Cancer. Aug 15, 2019;125(16):2868-2876.
[doi: 10.1002/cncr.32158] [Medline: 31050361]

22. Prokosch HU, Acker T, Bernarding J, et al. MIRACUM: Medical Informatics in Research and Care in University
Medicine. Methods Inf Med. Jul 2018;57(S 01):e82-e91. [doi: 10.3414/ME17-02-0025] [Medline: 30016814]

23. Winter A, Stäubert S, Ammon D, et al. Smart Medical Information Technology for Healthcare (SMITH). Methods Inf
Med. Jul 2018;57(S 01):e92-e105. [doi: 10.3414/ME18-02-0004] [Medline: 30016815]

24. Ho D, Imai K, King G, Stuart EA. MatchIt: nonparametric preprocessing for parametric causal inference. J Stat Softw.
2011;42(8):1-28. [doi: 10.18637/jss.v042.i08]

25. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of the Elixhauser comorbidity measures
into a point system for hospital death using administrative data. Med Care. Jun 2009;47(6):626-633. [doi: 10.1097/MLR.
0b013e31819432e5] [Medline: 19433995]

26. Schober P, Vetter TR. Count data in medical research: Poisson regression and negative binomial regression. Anesth
Analg. May 1, 2021;132(5):1378-1379. [doi: 10.1213/ANE.0000000000005398] [Medline: 33857979]

27. Hijmans RJ. Rspatial/geosphere. GitHub. 2024. URL: https://github.com/rspatial/geosphere [Accessed 2026-01-25]
28. R Core Team. R: a language and environment for statistical computing. R Foundation for Statistical Computing. 2024.

URL: https://www.R-project.org [Accessed 2026-01-25]

JMIR PUBLIC HEALTH AND SURVEILLANCE Reiter et al

https://publichealth.jmir.org/2026/1/e81092 JMIR Public Health Surveill 2026 | vol. 12 | e81092 | p. 11
(page number not for citation purposes)

https://doi.org/10.1097/01.qai.0000247229.68246.c5
http://www.ncbi.nlm.nih.gov/pubmed/17075385
https://doi.org/10.1002/ijc.23487
http://www.ncbi.nlm.nih.gov/pubmed/18435450
https://doi.org/10.1097/CCO.0b013e3282c8c90d
http://www.ncbi.nlm.nih.gov/pubmed/17762569
https://doi.org/10.1093/jnci/dji072
http://www.ncbi.nlm.nih.gov/pubmed/15770006
https://doi.org/10.1186/2047-783x-16-3-101
https://doi.org/10.1186/2047-783x-16-3-101
http://www.ncbi.nlm.nih.gov/pubmed/21486722
http://www.ncbi.nlm.nih.gov/pubmed/1361652
https://doi.org/10.1016/S0140-6736(07)61050-2
https://doi.org/10.1016/S0140-6736(07)61050-2
http://www.ncbi.nlm.nih.gov/pubmed/17617273
https://doi.org/10.1097/QAI.0b013e3181b327ca
http://www.ncbi.nlm.nih.gov/pubmed/19770804
https://doi.org/10.1097/01.aids.0000238411.75324.59
http://www.ncbi.nlm.nih.gov/pubmed/16868446
https://doi.org/10.1097/QAD.0b013e328317cc2d
https://doi.org/10.1097/QAD.0b013e328317cc2d
http://www.ncbi.nlm.nih.gov/pubmed/19050385
https://doi.org/10.1111/hiv.12421
http://www.ncbi.nlm.nih.gov/pubmed/27578404
https://doi.org/10.1002/cam4.6585
http://www.ncbi.nlm.nih.gov/pubmed/37877338
https://doi.org/10.4084/MJHID.2019.004
http://www.ncbi.nlm.nih.gov/pubmed/30671210
https://doi.org/10.1097/QAD.0000000000000071
http://www.ncbi.nlm.nih.gov/pubmed/24401642
https://doi.org/10.1200/JCO.2013.54.8644
http://www.ncbi.nlm.nih.gov/pubmed/24982448
https://doi.org/10.1002/cncr.32158
http://www.ncbi.nlm.nih.gov/pubmed/31050361
https://doi.org/10.3414/ME17-02-0025
http://www.ncbi.nlm.nih.gov/pubmed/30016814
https://doi.org/10.3414/ME18-02-0004
http://www.ncbi.nlm.nih.gov/pubmed/30016815
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.1097/MLR.0b013e31819432e5
https://doi.org/10.1097/MLR.0b013e31819432e5
http://www.ncbi.nlm.nih.gov/pubmed/19433995
https://doi.org/10.1213/ANE.0000000000005398
http://www.ncbi.nlm.nih.gov/pubmed/33857979
https://github.com/rspatial/geosphere
https://www.R-project.org
https://publichealth.jmir.org/2026/1/e81092


29. Venables WN, Ripley BD. Modern Applied Statistics with S-PLUS. 4th ed. Springer; 2002. [doi: 10.1007/978-0-387-
21706-2]

30. Pebesma EJ, Bivand R. Spatial Data Science: With Applications in R. Chapman and Hall/CRC; 2023. ISBN:
9781138311183

31. Brickman C, Palefsky JM. Cancer in the HIV-infected host: epidemiology and pathogenesis in the antiretroviral era. Curr
HIV/AIDS Rep. Dec 2015;12(4):388-396. [doi: 10.1007/s11904-015-0283-7] [Medline: 26475669]

32. Wing EJ. HIV and aging. Int J Infect Dis. Dec 2016;53:61-68. [doi: 10.1016/j.ijid.2016.10.004] [Medline: 27756678]
33. Staadegaard L, Rönn MM, Soni N, et al. Immunogenicity, safety, and efficacy of the HPV vaccines among people living

with HIV: a systematic review and meta-analysis. EClinicalMedicine. Aug 3, 2022;52:101585. [doi: 10.1016/j.eclinm.
2022.101585] [Medline: 35936024]

34. Gu A, Kaar S, Corey R, et al. Rotator cuff repair in HIV-infected patients: an analysis of postoperative complications.
Orthop J Sports Med. Jul 31, 2020;8(7_suppl6). [doi: 10.1177/2325967120S00412]

35. King MT, Hall J, Caleo S, Gurney HP, Harnett PR. Home or hospital? An evaluation of the costs, preferences, and
outcomes of domiciliary chemotherapy. Int J Health Serv. 2000;30(3):557-579. [doi: 10.2190/CY03-EV15-K38Y-
X4AA] [Medline: 11109181]

36. Lau PK, Watson MJ, Hasani A. Patients prefer chemotherapy on the same day as their medical oncology outpatient
appointment. J Oncol Pract. Nov 2014;10(6):e380-e384. [doi: 10.1200/JOP.2014.001545] [Medline: 25248724]

37. Akmatov MK, Hu E, Rüsenberg R, et al. Areas with high HIV prevalence: a spatial analysis of nationwide claims data in
Germany. HIV Med. Apr 2024;25(4):498-503. [doi: 10.1111/hiv.13601] [Medline: 38072823]

38. Gaye A, Marcon Y, Isaeva J, et al. DataSHIELD: taking the analysis to the data, not the data to the analysis. Int J
Epidemiol. Dec 2014;43(6):1929-1944. [doi: 10.1093/ije/dyu188] [Medline: 25261970]

Abbreviations
AD: AIDS-defining
ART: antiretroviral therapy
ICD-10: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
KHEntgG: German Hospital Fees Act (German: Krankenhausentgeltgesetz)
NAD: non–AIDS-defining
OPS: operation and procedure classification system (German: Operationen- und Prozedurenschlüssel)
virus-NAD: cancer associated with HIV infection but not considered AIDS-defining

Edited by George Jo Bezerra Sousa; peer-reviewed by Mats Christiansen, Peng Wang, Snigdha Sahai; submitted
22.Jul.2025; final revised version received 27.Nov.2025; accepted 16.Dec.2025; published 13.Feb.2026

Please cite as:
Reiter B, Andreas S, Schumann L, Bender B, Schnorr I, Heidenreich A, Stephan C, Prunotto A, Laukhuf A, Wehrle J, Müller
M, Aubele FP, Hagedorn M, Albashiti F, Seybold U, Roider J, Stecher M, Maier D, Vehreschild JJ
Clinical Epidemiology of Cancer in People Living With HIV in Germany: Retrospective, Observational, Multicenter
Federated Claims Data Analysis
JMIR Public Health Surveill 2026;12:e81092
URL: https://publichealth.jmir.org/2026/1/e81092
doi: 10.2196/81092

© Bastian Reiter, Stefanie Andreas, Linnea Schumann, Bernd Bender, Isabel Schnorr, Andreas Heidenreich, Christoph
Stephan, Andrea Prunotto, Andrea Laukhuf, Julius Wehrle, Matthias Müller, Fabio Paul Aubele, Marlien Hagedorn, Fady
Albashiti, Ulrich Seybold, Julia Roider, Melanie Stecher, Daniel Maier, Jörg Janne Vehreschild. Originally published in
JMIR Public Health and Surveillance (https://publichealth.jmir.org), 13.Feb.2026. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Public
Health and Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

JMIR PUBLIC HEALTH AND SURVEILLANCE Reiter et al

https://publichealth.jmir.org/2026/1/e81092 JMIR Public Health Surveill 2026 | vol. 12 | e81092 | p. 12
(page number not for citation purposes)

https://doi.org/10.1007/978-0-387-21706-2
https://doi.org/10.1007/978-0-387-21706-2
https://doi.org/10.1007/s11904-015-0283-7
http://www.ncbi.nlm.nih.gov/pubmed/26475669
https://doi.org/10.1016/j.ijid.2016.10.004
http://www.ncbi.nlm.nih.gov/pubmed/27756678
https://doi.org/10.1016/j.eclinm.2022.101585
https://doi.org/10.1016/j.eclinm.2022.101585
http://www.ncbi.nlm.nih.gov/pubmed/35936024
https://doi.org/10.1177/2325967120S00412
https://doi.org/10.2190/CY03-EV15-K38Y-X4AA
https://doi.org/10.2190/CY03-EV15-K38Y-X4AA
http://www.ncbi.nlm.nih.gov/pubmed/11109181
https://doi.org/10.1200/JOP.2014.001545
http://www.ncbi.nlm.nih.gov/pubmed/25248724
https://doi.org/10.1111/hiv.13601
http://www.ncbi.nlm.nih.gov/pubmed/38072823
https://doi.org/10.1093/ije/dyu188
http://www.ncbi.nlm.nih.gov/pubmed/25261970
https://publichealth.jmir.org/2026/1/e81092
https://doi.org/10.2196/81092
https://publichealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://publichealth.jmir.org
https://publichealth.jmir.org/2026/1/e81092

	Clinical Epidemiology of Cancer in People Living With HIV in Germany: Retrospective, Observational, Multicenter Federated Claims Data Analysis
	Introduction
	Methods
	Study Data
	Cohort Selection
	Federated Data Analysis Approach
	Data Preprocessing and Patient Matching
	Statistical Analysis
	Ethical Considerations

	Results
	Study Cohort
	Cancer Incidence and Cancer Types in People Living With HIV
	Anticancer Treatment of People Living With HIV

	Discussion
	Principal Findings
	Federated Data Analysis
	Limitations
	Conclusions



