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effectiveness analysis . . . R . . .
Objective: To map the available evidence on the natural history, cancer risk, and surveillance strategies

in selected RTRS to inform disease progression models and future economic evaluations.

Methods: A scoping review was conducted on 8 RTRS: Birt-Hogg-Dubé syndrome, familial gastro-
intestinal stromal tumor, familial melanoma, hereditary diffuse gastric cancer, hereditary leiomyoma-
tosis and renal cell cancer, Li-Fraumeni syndrome, Peutz-Jeghers syndrome, and PTEN hamartoma
tumor syndrome. Systematic searches of PubMed, Embase, and relevant gray literature sources were
performed between April and June 2026 for studies published since 2010.

»> Supplementary Material Results: After screening 16631 records, 80 studies were included in the review. Findings indicate
significant heterogeneity in data availability and surveillance effectiveness. Some RTRS have relatively
well-defined surveillance recommendations, whereas others remain poorly characterized. Across stud-
ies, cancer incidence was markedly higher and occurred earlier than in the general population, with
lifetime cancer risks approaching 100% in certain syndromes. However, only 44% of studies reported
follow-up protocols and fewer than 12% compared surveillance with expectant management. Limited
data on postdiagnosis survival further complicates economic evaluations of alternative care strategies.
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Conclusions: The evidence base for RTRS is heterogeneous, particularly regarding longitudinal out-
comes and comparative surveillance strategies. These limitations restrict the parameterization of dis-
ease progression models and the evaluation of the cost-effectiveness of surveillance strategies, leaving
substantial uncertainty about optimal management strategies. Significant evidence gaps remain in the
natural history and management of RTRS. This review provides a foundation for future cost-effec-
tiveness analyses by mapping existing evidence and identifying critical knowledge gaps in RTRS care.
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BACKGROUND

In 2020, there were 18 million cases of cancer worldwide and 10 mil-
lion deaths attributable to the disease. Moreover, it is estimated that
between 2020 and 2050, cancer will have an economic cost of approx-
imately US $25.2 trillion.! Despite being underdiagnosed, hereditary
cancer syndromes account for nearly 10% of cancers. To date, more
than 40 distinct types of hereditary cancer syndromes have been iden-
tified.? Most are rare, affecting 5 per 10000 people or less, and are
known as rare tumor risk syndromes (RTRS).

Although individually considered rare, together RTRS encompass
a significant number of patients who face common challenges: delayed
diagnosis, limited preventive measures for both patients and their rel-
atives, and therapeutic mismanagement, often requiring proactive care
of a patient’s family members and complex patient education for the
whole kindred.??

Individuals with hereditary cancer risk syndromes carry patho-
genic germline genetic variants usually passed down from one or
both parents, which strongly predispose them to the development of
malignant tumors, sometimes with onset during childhood. Patients
diagnosed with some RTRS have up to 100% lifetime risk of devel-
oping cancer.’ Intensive surveillance and risk-reduction strategies for
asymptomatic RTRS patients are a key approach to safeguarding the
supreme interest of those individuals and their families.® Implementa-
tion of cancer risk-reduction measures in asymptomatic RTRS patients
may increase their life expectancy and healthy aging. Furthermore,
individuals diagnosed at an earlier stage are more likely to achieve bet-
ter survival and to significantly benefit from better care experiences,
reduced treatment-related complications, and enhanced quality of life
in comparison to those diagnosed at a later stage.”

Although there is an abundance of information regarding diag-

nOSiS,s’g 10-12

management,'”'? and treatment," data on the natural history
of certain RTRS, necessary for cost-effectiveness of alternative treat-
ment/management strategies and other types of studies, are lacking.
Moreover, many studies on clinical surveillance strategies for these syn-
dromes have been published only recently, and the information therein
has not been compiled and synthetized. This scoping review addresses
these gaps by documenting the natural history, cancer incidence, and
cancer risk of the following RTRS: Birt-Hogg-Dubé syndrome (BHD),
familial gastrointestinal stromal tumor (GIST), familial melanoma
(FM), hereditary diffuse gastric cancer (HDGC), hereditary leiomy-
omatosis and renal cell cancer (HLRCC), Li-Fraumeni syndrome
(LFS), Peutz-Jeghers syndrome (PJS), and P7EN hamartoma tumor
syndrome (PHTS). Important information regarding surveillance pro-
grams is also covered.

The selection of these eight RTRS was based on two factors. First,
information regarding these syndromes is scarce, highlighting the
need for a comprehensive literature review. Second, this study is part
of a larger research initiative, the PREVENTABLE project,' funded
by Horizon Europe, which focuses specifically on these syndromes to
enhance understanding and improve management strategies.

METHODS

This study is a scoping review, given that literature is sparse, scattered,
and heterogeneous. Its aims were to map the range, nature, and extent
of existing research; identify gaps; and provide a summary of the
available information to inform the modeling of disease progression
in RTRS patients, providing a basis for future economic evaluation
or other studies. This review was conducted and reported in accor-
dance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension for Scoping Reviews (PRISMA-ScRY)

(Appendix, Section 2). No review protocol was prospectively regis-
tered or published. A formal critical appraisal of the included evidence
was not undertaken, as the objective of the review was to map and
characterize the available evidence rather than to assess its methodolog-
ical quality.

Data Sources and Search Strategy

Literature searches were performed between April and June 2026. Two
major databases, one medical (PubMed) and one general (Embase)
were searched to identify relevant studies about the eight RTRS, their
natural history, risk of developing different cancers, and surveillance
programs (if they were applied in the study and not simply a recom-
mendation). Gray literature was also searched through ClinicalTrials.
gov and relevant institutional and professional websites, including
ERN GENTURIS, Orphanet, the National Cancer Institute, and the
European Society for Medical Oncology. Disease registries and syn-
drome-specific resources such as PHTS Patient Registry UK and BHD
Foundation were also searched. Searches were focused on patients with
RTRS, both symptomatic and asymptomatic carriers of a germline
pathogenic or likely pathogenic variant of the affected genes. Search
terms included alternative names of the syndromes, proteins or genes
involved, combined with Boolean operators.

Only studies involving human beings, written in English, Por-
tuguese, or Spanish were included. Considering the identification
of numerous genes implicated in these syndromes, advancements in
technology and genetic diagnostics, and to ensure the compilation of
the most up-to-date evidence, only studies published from 2010 until
the search date were taken into consideration. Studies without pub-
lished results (eg, protocols), those regarding very specific treatments,
diagnostic methods (such as genetic testing techniques) or features of
the syndrome, single case/family reports or reviews/meta-analyses were
excluded. Studies performed in vitro or in animals and nonprimary
research studies (eg, commentaries or conference abstracts) were also
not considered. The detailed search strategy and inclusion and exclu-
sion criteria can be found in the Appendix, Section 1.

Database search was accompanied by hand searching of reference
lists of included studies to identify any additional relevant studies.
Reviews and conference abstracts, identified in the primary search but
not selected for inclusion, were also reviewed for relevant studies cited
therein.

No formal pilot testing of the screening criteria or data charting
form was conducted. The predefined eligibility criteria and data fields
were applied consistently throughout the review.

For the purposes of this review, cancers were grouped according to
the affected organ, without distinguishing histological subtypes across
syndromes. However, within each syndrome, the tumor type and his-
tology typically associated with that syndrome were retained. Thus,
“gastric cancer” may refer to different histological entities depending
on the syndrome, including gastric adenocarcinoma, diffuse-type gas-
tric cancer, or gastrointestinal stromal tumors.

Study Selection

Results from database searches were imported into Covidence system-
atic review software (Veritas Health Innovation), and duplicates were
removed using the software’s automated tools. Following deduplica-
tion, titles and abstracts were screened by a primary reviewer against
predefined inclusion and exclusion criteria. Full texts of potentially
eligible articles were subsequently retrieved and assessed for eligibility
by the same reviewer. Any uncertainties were resolved through discus-
sion with a second reviewer with modeling and economic evaluation
expertise. To strengthen the robustness and clinical relevance of the
selection process, the search strategy, preliminary study selection, and
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extracted evidence for each syndrome were reviewed by clinical experts
from the corresponding syndrome-specific teams participating in the
PREVENTABLE consortium. These experts provided feedback on
study relevance, completeness of captured evidence, and alignment
with real-world clinical pathways. Where appropriate, this consultation
process led to refinements in study selection, data extraction and inter-
pretation, while maintaining consistency with the predefined review
objectives, eligibility criteria, and methodological procedures.

Data Extraction and Synthesis

Data extraction was performed using a structured Microsoft Excel form
developed specifically for this review. Extracted data included study
characteristics (author, year, country, publication type, study duration,
and number of families included); participant characteristics (sample
size, age, sex, family history, and inclusion of symptomatic patients
and/or asymptomatic carriers); and syndrome-related clinical variables.
These comprised incidence at birth, age at syndrome diagnosis, age at
first cancer diagnosis, relevant benign lesions, main cancer types, age at
diagnosis, treatment and clinical course, sex-related differences, second
malignant neoplasms, and cumulative cancer risk. Surveillance-related
variables included the age at initiation and cessation of surveillance,
surveillance frequency and modality, and cancers or other lesions
detected through surveillance. Life expectancy and prenatal diagnosis
were also extracted when reported.

The extracted variables were selected to inform key inputs for
disease progression models and cost-effectiveness analyses, including
transition probabilities (cumulative cancer incidence, age at onset),
mortality parameters (postcancer survival, cancer-related death), and
surveillance-related outcomes. Health state utility values were not
extracted, as none of the included studies reported preference-based
quality-of-life measures for these syndromes; this gap is discussed
below.

Extraction was led by the primary reviewer, with extracted data
for each syndrome subsequently reviewed and discussed with cost-ef-
fectiveness modeling and syndrome-specific clinical experts. These dis-
cussions focused on verifying the interpretation and contextualization
of clinical outcomes for modeling purposes. Any uncertainties arising
during data extraction were resolved through consensus between the
lead reviewer and co-authors.

We performed literature searches, study selection, and data
extraction separately for each of the eight syndromes to keep tasks

manageable, following the methodology described above. Due to het-
erogeneity and the descriptive nature of the results, a narrative synthesis
approach was used to present the results, complemented by summary
tables of the included studies’ characteristics and clinical information

(Appendix, Section 4).
RESULTS

Search Results

After exclusion of duplicates, 16631 titles and abstracts from PubMed
and Embase were screened, with initial results ranging from 466 (FM)
to 7192 (PJS) studies. Of the studies ultimately included, 9 were iden-
tified through complementary gray literature and citation searches. At
this stage, 16023 studies were excluded, as it was clear from the title or
abstract they did not meet the inclusion criteria. In total, 605 studies
were eligible for full-text screening. Among these, 80 studies fulfilled
the established criteria and were included in this review: 16 studies on
PJS, 13 on HDGC, 12 on PHTS, 11 on LES, 11 on BHD, 9 on FM, 7
on HLRCC, and 1 study on familial GIST. Section 3 of the Appendix
shows the PRISMA data charting tables for each syndrome.

Study Characteristics
Section 4 of the Appendix includes summary tables of the 80 included
studies’ characteristics, grouped by syndrome.

Regarding geographic origin, studies were mainly from European
(n=41 [51.25%]: Denmark, France, Germany, Italy, Netherlands,
Portugal, Spain, Sweden, Switzerland, United Kingdom) or American
(n=26 [32.5%]: Brazil, Canada, Uruguay, United States) countries,
with lower representation of Asian countries (n=13 [16.2%]; China,
Japan, South Korea, Taiwan). The Netherlands alone contributed with
15 studies (18.75%). There were 12 (15.0%) multicentric studies.

Most studies were published on or after 2018 (n=41 [51.2%]),
with only 12 studies (15%) published before 2013 (Figure 1).

The search yielded mostly retrospective cohort studies (n=56
[70%]), followed by prospective studies (n=21 [26.25%]), and the
remaining 3 studies (3.75%) were case-controls. The duration of clini-
cal follow-up varied substantially, ranging from a few months to up to
38 years.'® Outcome measures were predominantly collected by retro-
spective review of medical records (clinical, pathological, histological
and imaging) and cancer registries.

Figure 1. Time of Publication of Included Studies
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Abbreviations: BHD, Birt-Hogg-Dubé syndrome; FM, familial melanoma; GIST, gastrointestinal stromal tumor; HDGC, hereditary diffuse gastric cancer;
HLRCC, hereditary leiomyomatosis and renal cell cancer; LES, Li-Fraumeni syndrome; PHTS, PTEN hamartoma tumor syndrome; PJS, Peutz-Jeghers syndrome.
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Patient Characteristics

All studies reported the number of patients included, with an aver-
age of 185 participants, ranging from 12" to 883, and with a higher
representation of females among participants (mean, 58.78%; range,
36.4%-100%). Every study included adult patients in their cohort and
at least one study per syndrome included patients under 18 years old
(Appendix, Section 4). There was considerable heterogeneity in the
clinical status of participants across studies. Of the 80 included stud-
ies, 50 enrolled only symptomatic individuals, 9 included only asymp-
tomatic carriers of the pathogenic variant, and 21 reported on both
symptomatic and asymptomatic patients. Notably, this variation was
observed across all eight syndromes, with no syndrome having a fully
homogeneous study population.

RTRS Prevalence
Data published in the literature point toward a very low prevalence
of each of the eight syndromes, with fewer than 5 cases per 10000
people.’#

Only 5 studies, pertaining to 3 syndromes (BHD, HLRCC, and
PJS) reported the estimated prevalence based on their own data. Two
other studies®** reported the estimated prevalence of the allelic variant
(a specific variant in a gene sequence) in their specific study population,
with no details on the prevalence of the syndrome. Table 1 details prev-
alence data and affected genes and proteins.

Age at RTRS Diagnosis and Age at First Tumor

Most studies reported age at first tumor (n=45 [56%]), with fewer
studies (n=25 [31%]) reporting age at RTRS (genetic) diagnosis. The
only study on familial GIST in this review?' does not clarify if the age
of diagnosis specified corresponds to age of RTRS diagnosis or age of
gastric cancer diagnosis.

While tumors in LES, HLRCC, FM, and PHTS may affect chil-
dren and manifest during the first or second decade of life, the other
RTRS considered here typically present their first tumor after the age
of 30 or 40. Adrenocortical carcinoma, in LFS, is the type of cancer
that affects the youngest patients, with a median age at diagnosis of 3
years old.*

In several cases, diagnosis of hereditary cancer syndrome occurred
years after the onset of initial symptoms or even after the diagnosis
of a first tumor. For example, individuals with HLRCC may develop
benign cutaneous lesions approximately 10 years before the syndrome
is diagnosed, and in a substantial proportion of patients, renal cell
carcinoma is diagnosed before HLRCC itself.% Similarly, Hu et al*®

reported a mean interval of 7.6 years between symptom onset and
BHD diagnosis.

Additional data on age at diagnosis were retrieved for specific syn-
dromes. For example, in PHTS, second malignant neoplasia occurred
most frequently in the sixth decade of life, although reported ages
ranged from 21 to 71 years.

There was a strong tendency for RTRS carriers to develop cancer
at a significantly younger age than in the general population: While
mean age at melanoma diagnosis in the general population is 66 years
old,?” patients affected by FM are diagnosed at a mean age of 38 to
39 years old, more than 25 years earlier.’®° Similar differences can be
observed in HDGC; Xicola et al* have shown that mean age (+SD) at
gastric cancer diagnosis in those patients was 42 (+16) years vs 68 for
the general population.

RTRS carriers not only develop cancer at younger ages but also
develop benign lesions that may require invasive treatments. Multiple
studies?” 34142 showed that over 70% of women affected by HLRCC
undergo hysterectomies in their 30s, while the same surgery is typically

performed in women aged 45 to 49 years old in the general population.*

Cancer Cumulative Incidence

Data on cancer incidence was available in 63 of 80 studies included.
Additionally, treatment information was present in 31 of the 80 stud-
ies (39%) covering all RTRS. The most reported therapeutic options

under use were chemotherapy®" #:% 17,27,35,46-56

and surgery. Figure 2
shows the main organs compromised by the eight RTRS in both chil-
dren and adults.

The breast can be affected by cancer in four different RTRS con-
sidered here: HDGC, LES, PJS, and PHTS. Kidney, colon-rectum and
stomach can be potentially compromised in three RTRS each. In the case
of gastric cancer, while LFS and PJS patients may develop gastric adeno-
carcinoma, HDGC patients will have diffuse gastric cancer, and famil-
ial GIST individuals will be affected with tumors of the gastrointestinal
stroma. Regarding renal cancer, incidence rates vary from 4.1% (PHTY)
t0 23.1% (HLRCC) and up to 43.8% for participants with BHD.

Among female patients, breast cancer was the most frequently
reported malignancy, ranging from 7% (PJS) to 44% (PHTYS),” while
the uterus might be compromised in both PJS and PHTS patients.
Hendrix et al® reported a higher breast cancer frequency of 72%j; how-
ever, their cohort included only patients with PHTS who had already
developed cancer and did not include asymptomatic carriers.

During childhood, patients may develop brain cancer (LFS, 20%),
adrenocortical carcinoma (LFS, 41%), sarcoma (LFS: osteosarcoma,

30%; soft tissue sarcoma, 23%°?), melanoma,'® and renal cancer.”*!

Table 1. Reported Specific Prevalences, Main Affected Genes and Encoding Proteins, by Rare Tumor Risk Syndrome

Syndrome Prevalence/Frequency Affected Genes Encoding Protein
BHD 0.0567/100000% FCLN Foliculin
FM NR CDKN2A, CDK4  pl16™* and p14*%, cyclin-dependent kinase 4
GIST NR KIT, PDGFRA Receptor tyrosine kinases
HDGC NR (Frequency of CDH1 variant allele in general ~ CDH1 E-cadherin

population: 100/100 000)*
HLRCC 6.70/100000% FH Fumarate hydratase
LES NR (Prevalence of the mutation in newborns in P53 P53

Parana, Brazil: 270/100000)%
PJS 0.55/100000 (range, 0.51-0.60/100 000)*° STK11 Serine threonine kinase 11
PHTS NR PTEN PTEN

Abbreviations: BHD, Birt-Hogg-Dubé; CDH1, cadherin 1; CDK4, cyclin-dependent kinase 4; CDKN2A, cyclin-dependent kinase inhibitor 2A; FH, fumarate
hydratase; FCLN, folliculin; FM, familial melanoma; GIST, gastrointestinal stromal tumor; HDGC, hereditary diffuse gastric cancer; HLRCC, hereditary leiomy-
omatosis and renal cell cancer; LFS, Li-Fraumeni syndrome; NR, not reported; PDGFRA, platelet-derived growth factor receptor alpha; PHTS, PTEN hamartoma
tumor syndrome; PTEN, phosphatase and tensin homolog; PJS, Peutz-Jeghers syndrome; STK11, serine/threonine kinase 11; TP53, tumor protein 53.
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Figure 2. Main Organs Compromised by the Different Rare Tumor Risk Syndromes
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Abbreviations: BHD, Birt-Hogg-Dubé syndrome; FM, familial melanoma; GIST, gastrointestinal stromal tumor; HDGC, hereditary diffuse gastric cancer;
HLRCC, hereditary leiomyomatosis and renal cell cancer; LES, Li-Fraumeni syndrome; PHTS, PTEN hamartoma tumor syndrome; PJS, Peutz-Jeghers syndrome.

*Both childhood and adult cancer.

For some RTRS, some studies reported gender differences. Female
carriers of PHTS were more likely to develop, in addition to cancers
affecting female-specific organs, thyroid and renal cancers and second
malignant neoplasms,”**! whereas men showed a higher incidence of
colorectal cancer. Women also had higher mortality than men* and a
younger mean age at first cancer diagnosis.™

In LFS patients, De Andrade® and Mai*® reported higher risk of
death after a first cancer (but before a second malignant neoplasm)
in men than in women. However, no gender differences have been
described in other syndromes, such as FM,% where both genders were
considered to have the same risk. While breast cancer predominantly
affected women in the RTRS included in this review, no cases of male
breast cancer were identified, while 1 in 3 women with PHTS were
reported to have bilateral breast cancer.”¢*¢!

Multiple primary tumors were also observed across syndromes.
In familial melanoma, a mean of 40% of patients had a personal his-
tory of at least two malignant melanomas.'®3%%%> Among patients with
PHTS-related cancer, 24% developed two distinct cancer types and
5% developed three.* Table 2 reports all information retrieved on can-

cer incidence.

Cumulative Risk Over the Life Course

Information on lifetime cancer risk and relative risk (compared with
general population) for some of the RTRS is scarce (Table 3). No
information was available for familial GIST. In the case of BHD and
HLRCC, a lifetime risk of renal cancer was estimated at 20%.7%7°
Other RTRS have extensive published data regarding cancer risk

in general, as well as the risk of specific types of cancer. For PHTS,

7 of 12 studies reported lifetime cancer risk; for PJS, 9 of 16 studies
reported lifetime risk of developing cancer.

Breast cancer risk was one of the most extensively documented in
the literature. Patients with HDGC had a mean of 47% breast cancer
risk by the age 80,2473% with a relatively low risk until 30 to 39 years
old but increasing each decade thereafter, corresponding to a 6-fold rel-
ative risk compared with the general population. For LES patients, the
risk of breast cancer was 56% at 60 years old, more than 30 times the
risk of the general population®® and for individuals affected by PJS, it
was 11% at 40 years old and 27% at 60.5*%* Mean risk of breast cancer
for PHTS patients was 4%, 20%, 54%, 60%, and 68% at 30, 40, 50,
60, and 70 years, respectively,*>¢"# and similar to LFS patients, almost
30 times higher than in the general population. Ngeow et al”” and Hen-
drix et al®® reported 10-year cumulative risks of a second malignant
neoplasm after a first breast cancer of 29% and 45.6%, respectively,
among women with PHTS. Hendrix et al*® further reported a 10-year
risk of a PHTS-related second primary cancer of 45.7% in women and
19.8% in men.

Lifetime risk of having any type of cancer can be as high as 100%
for LFS and can be 1000 times the general population risk for some
types of cancer, such as adrenocortical carcinoma in childhood.*

Some of these syndromes were characterized by the occurrence
of more than one primary cancer over the course of a lifetime. For
instance, in patients with LFS syndrome, the risk of developing a sec-
ond malignant neoplasm was 50% within 10 years of the initial cancer
diagnosis.® Regarding FM, cumulative incidence of a second mela-
noma was as high as 23%, 5 years after first diagnosis.*®

PHTS is the RTRS that showed the greatest difference in can-
cer risk between the sexes, as women have a higher likelihood of

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH
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Table 2. Lifetime Cancer Cumulative Incidence in the Main Organs Affected by the Rare Tumor Risk Syndromes

Syndrome Percentage of Studies’ Population (Range Across Studies)
Any CA Breastt CRC Stomach Kidney Melanoma Uterus  Pancreas Sarcoma SI Ovary Lung Lymphoma/ Brain Thyroid ACC
Leukemia

BHD !7:66-70 NR NA NA NA 4-25 NA NA NA NA NA NA NA NA NA NA NA
Familial GIST*! NR NA 22 33 NA NA NA NA NA 33 NA NA NA NA NA NA
EM 63840646571 NR NA NA NA NA 53-100 NA 7-23 NA NA NA NA NA NA NA NA
HDGC#-517274 NR 8-31 NA 22-61 NA NA NA NA NA NA NA NA NA NA NA NA
HLRCC?33-354142.75 NR NA NA NA 6-92 NA NR NA NA NA NA NA NA NA NA NA
LES>2324659.62,76:79 7-100 9-79 NA NA NA NA NA NA 2-30 NA NA NA 3-12 2-13 NA 2-23
PJS28-3047:53.54:80-87 8-67 1-16 1-13 1-3 NA NA 4(C) 1-6 NA 1-7 1-11 1-13 NA NA NA NA
PHTS60.061. 88:93 20-60 16-45 1-6 NA 1-7 1-6 2-14 (E) NA NA NA NA NA NA NA 1-29 NA

Abbreviations: ACC, adrenocortical carcinoma; BHD, Birt-Hogg-Dubé syndrome; C, cervix; CA, cancer; CRC, colorectal cancer; E, endometrium; FM, familial melanoma; GIST, gastrointestinal stromal tumor; HDGC, hereditary diffuse
gastric cancer; HLRCC, hereditary leiomyomatosis and renal cell cancer; LFS, Li-Fraumeni syndrome; NA, tumor site not applicable for the syndrome; NR, incidence not reported; PHTS, PTEN hamartoma tumor syndrome; PJS, Peutz-Jeghers
syndrome; SI, small intestine.

“Percentage of women affected.
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Table 3. Cancer Cumulative Risk (Range), by Organ and Rare Tumor Risk Syndrome

RTRS Cancer Risk
BHD" Renal CA: 20% at age 70
FM* Melanoma: 45%-52% at age 80

HDGC]8,24,73,‘)4

Gastric CA: 37%-70% (men) and 25%-56% (women) by age 80

Breast CA: 42%-55% by age 80

HLRCC”

Renal CA: 21% lifetime risk

LFSS,ZS,GZ

Any cancer: 100% by age 70

SMN: 50% at 10 years after the 1st cancer diagnosis

Breast CA: 56% by age 60

Soft%-tissue sarcoma: 15% (women), 20% (men) by age 60
Brain (men): 20% lifetime

ACC: 0.7% at age 2 and 2.21% at age 5

I)J 529,47,53,80,8 1,83,84,87,95

Any CA: 43%-76% at age 60

GI CA: 35%-60% at age 60
Breast: 23%-31% at age 60
Gynecological CA: 40% at age 60
Pancreas: 11%-18% at age 60

PHTS()O,() 1,88%-90

Any CA: 68%-87% (women) and 16%-56% (men) at age 60

Breast CA: 54%-67% at age 60
CRC: 9%-17% lifetime
Endometrium: 21%-22% at age 60
Melanoma: 5%-6% lifetime

Renal CA: 2%-8% at age 60
Thyroid: 6%-25% at age 60

Abbreviations: ACC, adrenocortical carcinoma; BHD, Birt-Hogg-Dubé syndrome; CA, cancer; CRC, colorectal cancer; FM, familial melanoma; GI, gastrointesti-
nal; GIST, gastrointestinal stromal tumor; HDGC, hereditary diffuse gastric cancer; HLRCC, hereditary leiomyomatosis and renal cell cancer; LES, Li-Fraumeni
syndrome; PHTS, PTEN hamartoma tumor syndrome; PJS, Peutz-Jeghers syndrome; SMN, second malignant neoplasm.

developing cancer and tend to be diagnosed at a younger age: Bubien
et al® describe the risk of any cancer is 81% for women and 48% for
men at age 50 but 85% at age 70 for both sexes.

Surveillance

Overall, the information available in the literature regarding clini-
cal surveillance is limited (Table 4). Out of 80 studies, 35 (43.7%)
described a follow-up protocol, 30 (37.5%) reported the outcomes,
and only 9 (11.2%) compared the outcomes between participants on
a surveillance protocol and those adopting an expectant approach.
Moreover, follow-up within some surveillance studies was relatively
limited; for example, Castillo-Iturra et al®® reported that, on average,
each patient underwent only one surveillance endoscopy.

Five studies on BHD presented clinical surveillance protocols
used in their study populations, with limited detail.!”¢¢7¢*97 Although
the only article on familial GIST does not describe the application of
any type of clinical surveillance in its population, a proposed protocol
is detailed.

FM primarily affects the skin and pancreas; therefore, clinical sur-
veillance focuses on monitoring these two organs. The implementation
of surveillance protocols has been associated with the diagnosis of mel-
anoma and pancreatic cancer at earlier stages, making them more likely

%471 However, no data on overall survival were available.

to be resectable.

For HDGC, there is a strong consensus across studies regarding
surveillance protocols. While only one study specified the recom-
mended age to initiate clinical surveillance, and none indicated when
it should be discontinued, 9 of 13 studies provided structured pro-
tocols. Notably, 48% of patients (mean age, 48; range, 37-64 years)
had SRCC detected during surveillance.®7* Additionally, a mean of
88% of patients with negative endoscopic results had SRCC identi-
fied in risk reducing total gastrectomy (RRTG).#7* Consistent with
these findings, Gallanis et al® reported a 49% false-negative rate for the
endoscopic detection of SRC lesions.

In the studies by Lee’' and Lim,* 28.5% of patients who had pos-
itive findings on endoscopy but refused gastrectomy developed macro-
scopic lesions within 9 to 36 months.

Data on clinical surveillance for HLRCC are scarce, with only 1
of 7 studies describing a screening protocol, which consists of annual
renal MRI starting at age 10. In that study by Forde,” 3 patients under-
going active surveillance had renal cell carcinomas detected through
screening, all at an early stage. This highlights the potential benefit of
systematic screening in identifying tumors at a more treatable stage.

For LFS, 6 of 11 studies reported surveillance protocols. Despite
its complexity, given the number of affected organs and the broad scope
of surveillance, the studies show a consensus on what and how often
clinical surveillance should be performed. However, surveillance out-
comes data remain limited. In general, tumors were diagnosed at an
asymptomatic stage and tended to be smaller and at an earlier clinical
stage. For instance, in the study by Custodio et al,”> none of the patients
undergoing surveillance for adrenocortical relapsed, and all remained
disease-free 31 to 48 months after diagnosis. In contrast, in the non-
surveillance group, tumor size was significantly larger, 25% of patients
relapsed, 12% died, and a significant proportion had advanced disease.

Regarding PJS, clinical surveillance begins at birth, but invasive
procedures, particularly for the digestive system, are only introduced
after the age of 10.9°2% The reported outcomes varied significantly
across studies. While Salloch?” found that over 80% of cancers diag-
nosed during surveillance were low-grade and potentially curable,
Korsse® reported that none of the pancreatic tumors (0/7) were
detected through surveillance. Similarly, Resta® noted that nearly half
of the patients diagnosed with cancer (pancreatic and cervical) during
surveillance ultimately died from the disease. It is important to high-
light that these studies included a relatively low number of cancer cases
(mean, 17; range, 7-42).

Although PHTS is a complex syndrome, only 33% of the studies
provided information on clinical surveillance applied to their cohorts,
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Table 4. Number of Studies Containing Data on Clinical Surveillance per Syndrome

Syndrome (No. of Studies) Surveillance Protocol

Surveillance Results

Surveillance vs Expectant Management

BHD (11) 5 1 No data
Familial GIST (1) No data No data No data
FM (9) 5 4 2
HDGC (13) 9 9 1
HLRCC (7) 1 1 No data
LES (11) 6 6 4

PJS (16) 5 5 1
PHTS (12) 4 4 1

Total 35/80 30/80 9/80

Abbreviations: BHD, Birt-Hogg-Dubé syndrome; FM, familial melanoma; GIST, gastrointestinal stromal tumor; HDGC, hereditary diffuse gastric cancer; HL-
RCC, hereditary leiomyomatosis and renal cell cancer; LFS, Li-Fraumeni syndrome; PHTS, PTEN hamartoma tumor syndrome; PJS, Peutz-Jeghers syndrome.

specifically for the detection of uterine, colorectal, thyroid, and breast
cancer. In those cases, surveillance led to the diagnosis of breast cancer
at an earlier stage, with tumors being less likely to be node-positive.””
For detailed information on surveillance protocols, refer to Appendix,
Section 5.

Postcancer Survival/Life Expectancy
Survival following a cancer diagnosis is one of the most underreported
parameters, with only 23 of 80 studies reporting any data.

In the case of BHD, 4 of 11 studies reported a mean mortality of
16% due to renal cell cancer.®®”7%" In the case of HLRCC, 4 studies
reported a mean survival of 25 months following the diagnosis of met-
astatic renal cancer.”33357

Patients with FM had a poor prognosis if they were affected
by pancreatic cancer, with 70% mortality and a mean postdiagnosis
survival of 15.2 months.”" In the case of familial GIST, Bachet et al®!
reported 45% mortality in their cohort.

With only 30% of the studies informing prognosis after cancer
diagnosis, data on HDGC prognosis is very limited. While Mi et
al*® and Gallanis et al”® reported 0 deaths in their cohorts (n=85, 54
CDHI1+ and n=188, respectively), Asif™* detailed that 2% died of met-
astatic breast cancer and Devezas®® described that all index cases with
advanced diffuse gastric cancer died within a few months.

LES, despite being one of the RTRS with higher number of possi-
ble cancers, only had 2 studies reporting prognosis after cancer diagno-
sis. De Andrade®” showed that by 20 years after first cancer diagnosis,
the risk of death before a second cancer is 22.2%. On the other hand,
Ferreira” detailed that no patients of the pediatric group developed
a second malignant neoplasm after an adrenocortical carcinoma and
that 11% of those with adrenocortical carcinoma died of it (median
follow-up, 81.5 months; range, 3-378 months). More broadly, Finn
et al® reported that 25 of 47 patients died, at a mean age of 44 years
(IQR, 38-58).

Patients affected by PJS have a poor prognosis if they were diag-
nosed with advanced or metastatic cancer, with a mean time from diag-
nosis to death of 11 months**® or even less (6 months; IQR, 4-17
months) if they have pancreatic cancer.®

With respect to postdiagnosis survival, only one study on PHTS
reports a 5-year survival of 100% following total thyroidectomy for
minimally invasive follicular carcinoma®; however, this observation is
based on a single patient.

A significant lack of information on life expectancy in RTRS was
observed in the literature, with only 11 of 80 studies reporting on this
parameter. Of these, 10 focused on PJS,?30:5253838695 3lthough they
did not report overall life expectancy but rather the mean age at can-
cer-related death (range, 40-59 years). For PHTS, one study reported

that 69% of deaths were cancer-related, with a median age at death of
36 years (range, 28-71 years).” In another cohort of 513 patients, 61
deaths occurred at a median age of 55 years (IQR 45-63), of which 27

were cancer-specific.
DISCUSSION

Summary of Evidence and Discussion

After a comprehensive and rigorous systematic search, 80 relevant
studies were identified and summarized in the present review. In line
with the literature on other hereditary syndromes, every study included
here was conducted in middle- or high-income countries. More than
half of the studies (n=41; 51.2%) were published after 2018, which
relates to technological developments in diagnostic methods and their
widespread availability. Notably, in 2005, next-generation sequenc-
ing was developed, enabling scientists to expand their understanding
of genomics. In 2018, the “100K Genomes” project was launched,’
sequencing 100000 genomes from individuals affected by rare genetic
diseases or cancer. These milestones highlight the significant scientific
advancements achieved in only recent years and underscore the ongo-
ing need for research.

Although the eight syndromes included were described over a
decade ago, included studies do not provide detailed and specific inci-
dence of different tumors, showing a wide range in the proportions of
affected individuals. One important consideration in the interpretation
of findings on rare hereditary cancer syndromes is the potential for
ascertainment bias. The wide variation in reported estimates may, in
part, be attributed to differences in how patients are selected for stud-
ies. For instance, some studies may focus on individuals with a strong
family history of cancer or those identified through specialized clinics,
which may not be representative of the broader population affected by
these syndromes. Additionally, discrepancies in estimation methods,
such as the use of retrospective medical records vs prospective cohort
studies, can further contribute to these variations. Recognizing the
impact of ascertainment bias is crucial for contextualizing findings and
comparing results across different studies.

The data obtained indicate that most of these syndromes have
their oncological debut between the fourth and sixth decades of life,
although individuals affected by certain RTRS (eg, LES or PHTS) may
develop their first tumor during childhood or adolescence. Notably,
patients with P7EN mutations develop their second malignant neo-
plasm in their sixth decade of life in the studies evaluated here, a very
similar age at which individuals with other RTRS experience their first
(and perhaps even only) cancer. The burden faced by people affected
by PHTS exemplifies the complexity of RTRS and underscores the
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importance of continuing research on these diseases and their treat-
ment/management approaches.

There are clear differences in the availability of information in the
literature regarding RTRS. While syndromes such as PJS or LFS have
been more extensively studied, with established screening strategies,
others have not received the same level of attention. Among the eight
syndromes, familial GIST has the fewest identified families and the
least available information, with only one study included in the present
review, making its continued study particularly pressing.

The lack of available information on the effectiveness of imple-
menting screening programs is noteworthy, specifically the differences
observed in patient outcomes diagnosed during the asymptomatic
stage versus those diagnosed outside a screening program. Only 9 of 80
(11.2%) studies made a comparison of the outcomes between partici-
pants on a surveillance protocol and adopting an expectant approach,
with LFS being the condition with most data available, with 40% of
the studies reporting results.

Strengths and Limitations
The limitations of this review follow from the limitations of the body
of literature that we sought to summarize.

First, most included studies collected data retrospectively, which
may introduce biases and limit the robustness of the findings. Addition-
ally, the number of cases reported in several studies is low, with some
including only a few cancer cases, which may result in poor estimates
of population parameters. Evidence on surveillance was also limited
by the relatively short duration of follow-up reported in some studies.

A second key limitation is the geographic distribution of the stud-
ies. The majority originate from high-income countries, likely due to
greater access to genetic testing required for patient diagnosis. Conse-
quently, these findings may not be generalizable to lower-income set-
tings, where access to genetic services remains limited, or even certain
demographics.

Third is the heterogeneity of the study populations, as some stud-
ies included asymptomatic carriers, others only patients with a previous
cancer diagnosis, and others both groups. Consequently, reported pro-
portions of patients developing cancer may vary substantially depend-
ing on the population studied and should therefore be interpreted with
caution.

Fourth, and especially relevant to the stated purpose of inform-
ing cost-effectiveness models, is that health state utility values—pref-
erence-based quality-of-life measures such as those derived from the
EQ-5D or SF-6D and used to calculate quality-adjusted life years
(QALYs)—were not reported in any study. This represents a critical
evidence gap: without utility estimates, modelers cannot derive quali-
ty-adjusted outcomes directly from this review and will need to source
utility data from other literature or elicitation exercises.

Fifth, this review reports ranges across studies rather than with-
in-study confidence intervals or standard errors, as these were incon-
sistently reported in the primary literature. Modelers conducting
probabilistic sensitivity analyses should consult the original studies for
study-level precision estimates, where available.

Sixth, treatment-focused studies were excluded from this review as
they predominantly addressed specific cancer subtypes, disease stages,
or therapeutic regimens outside the scope of a natural history map-
ping exercise. However, such studies may report baseline characteristics
and pretreatment natural history data, and control arms in compara-
tive studies may contain longitudinal outcome data relevant to disease
progression modeling. Some epidemiological parameters may therefore
have been missed.

Lastly, study selection was conducted by a single primary
reviewer, which may increase the risk of selection error compared with

independent dual screening. However, the preliminary study selection
and data extraction were subsequently reviewed by both economic
evaluation modelers and syndrome-specific clinical experts within the
PREVENTABLE consortium, providing an additional level of verifica-
tion and clinical oversight.

Despite these limitations, this review provides a detailed, com-
prehensive and up-to-date mapping of the available evidence across
eight RTRS. It synthetizes cancer risk and natural history data across
syndromes and organizes cancer outcomes by affected organ to facil-
itate comparison of disease patterns and clearly identify areas where
evidence remains limited or inconsistent. The review also highlights
key evidence gaps relevant to future empirical research and the devel-
opment of cost-effectiveness models.

CONCLUSION

Management of individuals with RTRS remains a significant challenge
due to the wide spectrum of associated cancer risks and the need for
tailored surveillance strategies. Cost-effectiveness analyses comparing
alternative management approaches are therefore important to support
patient care and resource allocation.

This review provides modelers with a structured synthesis of
several key inputs relevant to economic evaluation, including age at
syndrome and cancer diagnosis, cancer-specific and cumulative risks,
patterns of multiple primary malignancies, surveillance strategies and
outcomes, and available information on prognosis and mortality. How-
ever, important parameters remain poorly characterized for several
RTRS, particularly long-term surveillance outcomes, life expectancy,
and the comparative effectiveness of alternative surveillance strategies.
Notably, health state utility values, which are essential for QALY cal-
culation in cost-effectiveness analysis, are absent from the existing lit-
erature for these syndromes; this gap should be prioritized in future
primary research.

Where robust estimates are unavailable, modelers may need to
combine the evidence identified in this review with expert clinical
input, registry or real-world data, and appropriate sensitivity or sce-
nario analyses to reflect parameter uncertainty. By mapping both the
available evidence and the remaining gaps, this review provides a prac-
tical evidence base for future cost-effectiveness models and highlights
priorities for further empirical research.
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