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Aim

We aimed to describe and analyse clinical features, characteristics, and adherence to surveillance guidelines in an Australian Birt-Hogg-Dubé syndrome (BHD) and hereditary leiomyomatosis and renal cell cancer (HLRCC) cohort.



Methods

All identified patients with a diagnosis of BHD or HLRCC at RBWH 01/01/2014-01/09/2019 were included (HREC/17/QRBW/276). All patients were initially assessed and counselled by a clinical geneticist and then referred to an adult nephrologist. Baseline and incidental clinical variables were extracted and analysed.



Results

Fifty-seven patients were identified (28 BHD, 29 HLRCC) with a median age of 47 years. The median and cumulative follow-up were 1 and 99 years, respectively. Baseline renal MRI occurred in 40/57 patients, and 33/57 had regular MRI as per the national guidelines (eviQ). Of 18/57 without baseline imaging, nine were yet to have imaging, seven were lost follow-up, and two patients had logistic difficulties. RCC was diagnosed in 11/57 patients: two of 28 with BHD were diagnosed with RCC aged 73 and 77, both prior to commencement of surveillance. Nine of 29 patients with HLRCC were diagnosed with RCC (one of 29 during surveillance at 47 years of age) and eight of 29 prior to commencement of surveillance (11–55 years). Amongst BHD patients, cutaneous fibrofolliculomas were noted in 15 patients, lung cysts were detected in seven patients, spontaneous pneumothoraces in five patients, and parotid oncocytoma in two of 28. Amongst those with HLRCC, cutaneous leiomyomas were noted in 19/29, cutaneous leiomyosarcoma diagnosed in one of 29, and uterine fibroids in 13 female patients.



Conclusion

Evidence-based RCC screening in BHD and HLRCC cohort is feasible and able to identify incidental renal lesions. Multidisciplinary patient management enables expedited genetic counselling, diagnosis, longitudinal screening, and RCC management. The success of this clinical model warrants consideration of undertaking longitudinal screening of BHD and HLRCC patients by nephrologists.
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Background

It is estimated that hereditary forms of renal cell cancer (RCC) account for 2%–4% of renal cancer (1). Within that small proportion of all cases of RCC, there are many monogenic disorders that have been linked to RCC, including BHD and HLRCC (Table 1).


Table 1 | Diagnostic criteria for Birt-Hogg-Dube syndrome and hereditary leiomyomatosis and renal cell cancer syndrome.



BHD is caused by heterozygous germline pathogenic variants in FLCN-encoding folliculin. It is inherited in an autosomal dominant pattern, characterised by skin fibrofolliculomas, multiple lung cysts, spontaneous pneumothorax, and RCC (2). Previously, over 600 families with pathogenic FLCN variants have been reported worldwide (3), indicating its significant rarity and also the need for further research and characterisation. The diagnosis of BHD can be suspected in the presence of one major or two minor criteria as proposed by Menko et al. (2), but a definitive diagnosis requires the identification of a pathogenic FLCN variant (4).

The most threatening potential complication of BHD is the incidence of RCC. It is estimated that up to 19% of patients with BHD develop RCC at an average age of 50 years (5, 6) (3). Patients with FLCN pathogenic variants have sevenfold higher risk of developing RCC than the general population (7). The true lifetime risk of developing RCC in patients with BHD is uncertain due to several reasons. Firstly, diagnosis of BHD can be based on dermatological manifestations and the risk of developing RCC may not be similar amongst all affected families (2, 8). Secondly, RCC in BHD is often bilateral or multifocal; however, in a substantial number of cases, it is not recognised on initial diagnosis and not until the detection of concurrent RCC lesions (9).

The recommendations of the Australian National Guidelines (eviQ) regarding cancer risk management for BHD is to obtain a baseline abdominal MRI at the age of 20 years and if no abnormality is detected to then arrange further MRI imaging every 3 years or high-resolution ultrasound imaging for life (10). Although abdominal MRI is the preferred imaging modality, high-resolution ultrasound is a reasonable alternative if MRI is not available.

Hereditary leiomyomatosis and renal cell cancer (HLRCC or Reed’s syndrome) is similarly an autosomal dominant disorder caused by heterozygous germline pathogenic variants in FH which encodes for the enzyme fumerate hydratase (FH). This enzyme (FH) has a major role in the tricarboxylic acid cycle and acts as a tumour suppressor (11). It has a very low or undetectable activity level in tumours from individuals with leiomyomatosis (12). HRLCC has three main characteristic clinical features: skin piloleiomyomas, uterine leiomyomas (fibroids) at early age, and RCC (11). Clinical diagnostic criteria for HLRCC were proposed by Smit et al., and the diagnosis is more likely when a proband meets the major criteria and it is suspected when a proband meets at least two minor criteria (13).

FH-deficient RCC (also known as HLRCC-associated RCC) is a well-recognised renal cell tumour type (14, 15) which has a distinct histological appearance including characteristic large nuclei with a very prominent organophilic or eosinophilic nucleolus surrounded by a clear halo in addition to FH deficiency on immunohistochemistry. These tumours are predominantly unilateral, solitary, and aggressive with early preponderance to metastasis (16). The estimated lifetime risk for RCC in HLRCC is 15% with mean age at diagnosis being 41 years and 7% of RCC has been diagnosed when younger than 20 years (11). There are varying recommendations about when to start the surveillance for patients with HLRCC and how often screening should be conducted. There is practical consensus that MRI with 3 mm slices throughout the kidneys on annual basis is the optimal imaging modality.

Whilst these broad characterisations are clinically useful, description of individual experience and clinical translation into longitudinal healthcare is lacking. There is a need to better identify and characterise meaningful cohorts of such patients with rare disease in order illuminate understandings and knowledge. In this setting, we sought to identify known cases of BHD and HLRCC within our health service in order to better describe their characteristics and outcomes.



Methods

Medical records at Royal Brisbane and Women’s Hospital were screened for patients with a clinical or genetic diagnosis of BHD or HLRCC through the period 1st January 2014 to 1st September 2019. Ethics approval was sought and granted (HREC/17/QRBW/276). For the identification of BHD cases, the search inclusion criteria were for patients with pathogenic/likely pathogenic germline variants in FLCN gene, a clinical diagnosis of BHD or individuals at 50% risk of BHD. The inclusion criteria for HLRCC were confirmed pathogenic/likely pathogenic variant in FH gene or 50% risk of being a carrier. Patients without clinical and or histopathological findings to suggest BHD or HLRCC, patients without identified variants (variant of uncertain significance, pathogenic or likely pathogenic) in FLCN or FH, or family history of the disease (BHD or HLRCC) were excluded.

Medical records of identified patients fulfilling the inclusion criteria were reviewed (including clinical letters, clinic notes, and genetic testing reports) with data extracted. Furthermore, all identified patients had been previously referred to the state clinical genetic service, Genetic Health Queensland (GHQ) and had been assessed by a clinical geneticist before then being referred to an adult nephrologist for ongoing clinical assessment and surveillance.

Baseline clinical variables were extracted from patient medical records (including: date of birth, age at diagnosis, gender, how was the diagnosis made, genetic testing results, clinical features of the disease, family history, diagnosis of RCC (age at onset and how was diagnosed), surveillance imaging (modality and frequency), incidental findings, and false-positive findings on imaging. One of the main aims of this study was to assess the adherence to the recommended national surveillance guidelines following the diagnosis and referral to the nephrology unit for ongoing follow-up.



Results

A total of 28 patients with BHD and 29 patients with HLRCC met the inclusion criteria and were included in the study. Their characteristics and outcomes (Table 2) are stratified by diagnosis as follows:


Table 2 | Cohort characteristics.







BHD

A total of 28 patients with BHD were identified as having received clinical care over the 3-year period from 01/01/2014 to 01/09/2019. Sixteen of 28 were female, and the median age was 56 years. Median clinical follow-up was 1 year with cumulative follow-up being 55 years. Ten of 28 were index proband cases, and 14/28 were clinically and/or genetically affected relatives.


Cutaneous Features

In regard to cutaneous manifestations, 16/28 had documented skin-coloured, dome-shaped, papules on one or more of the face, neck, and upper trunk consistent with fibrofolliculoma, 1/28 had trichodiscoma, and 5/28 had skin lesions suspicious for fibrofolliculoma; however, this dermatological diagnosis was not confirmed.



Respiratory Features

Baseline chest imaging in the form of chest X-ray or computed tomography (CT) was reviewed for 18/28 (15/18 had chest X-ray and 4/18 had chest CT scan). Within the limits of this imaging, pulmonary cysts were identified in seven individuals. One patient had emphysematous changes on chest CT in the setting of a remote limited smoking history (one pack year in late adolescence), raising the possibility of pulmonary cysts. Five of seven patients with pulmonary cysts had experienced spontaneous pneumothoraces beginning at ages 22, 29, 32, 35, and 40 years. One of five such patients required pleurodesis. In total, five of 28 patients had symptomatic pulmonary involvement; however, the burden of asymptomatic disease was unclear as only four of 28 had undergone screening chest CT imaging which is insufficient to be able to infer such asymptomatic pulmonary involvement. All patients received counselling in regard to smoking abstinence, and no patients entering into longitudinal follow-up were known to be active smokers. Detailed past smoking history and baseline pulmonary function tests were not available.



Other Features

Unilateral parotid oncocytoma was reported in two patients at 54 and 57 years, respectively.



RCC Diagnoses

RCC was diagnosed in two patients (B14 and B25) prior to the commencement of surveillance, and those diagnoses had resulted in prompt surgical intervention. A male patient (B14) was diagnosed with RCC at the age of 77 years having previously had parotid oncocytoma diagnosed at 74 years, with a confirmed BHD diagnosis on genetic testing occurring at 81 years. Another male patient (B25) who was diagnosed with RCC at 73 years had FLCN sequencing, which identified a heterozygous variant of uncertain significance (VUS; c.1333G>A). This patient’s nephrectomy histology demonstrated mixed chromophobe RCC. No incident cases of RCC were identified during screening.



Genetic Features

Heterozygous pathogenic or likely pathogenic variants in FLCN were confirmed in 23/28 patients (Table 3). There were specific circumstances documented for the five of 28 remaining patients (B25 described above, B5, B10, B26, B27) including two of five in whom a FLCN VUS was identified (B25, B5).


Table 3 | Heterozygous FLCN variants identified on clinically accredited diagnostic testing.



A 67-year-old female (B5) had a FLCN VUS identified (c.384C>G, p.Ser128Arg) but had histological features suggestive of BHD in the form of renal oncocytosis on kidney biopsy as an incidental finding during investigation for an unrelated and unexplained acute kidney injury that resolved. B10 was an obligate carrier who did not undergo confirmatory genetic testing as he was 67 years and had affected maternal relatives, as well as a son and a daughter who had the same familial pathogenic FLCN variant as the maternal relatives. B26 had a personal and family history of skin lesions (father and brother) as assessed by a dermatologist who reported features consistent with fibrofolliculoma, however, confirmatory skin biopsy was declined as was FLCN germline testing. B27 had multiple cutaneous trichodishomas which was confirmed on histopathology and had FLCN gene testing which did not identify any significant variants. B28 had a personal history of fibrofolliculoma and a strong family history in the form of a maternal uncle and two maternal cousins all with chromophobe RCC, and a son with pneumothorax. Genetic testing in an affected relative did not identify any clinically significant FLCN variants in B28.



Surveillance Adherence

Following an initial assessment by a clinical geneticist who established the diagnosis of BHD, patients were then referred to an adult nephrologist for longitudinal surveillance. Australian guidelines (eviQ) suggest baseline abdominal magnetic resonance imaging (MRI) at 20 years and if no abnormalities detected then three yearly MRI or two yearly high-resolution ultrasound scan. Amongst the 28 patients who were diagnosed with BHD and referred to nephrology, 22 individuals had regular yearly review, two were referred but yet to be reviewed, and four did not attend their nephrology appointments. Eighteen of 28 completed baseline abdominal MRI, one of 28 had CT abdomen as they could not undergo MRI, four of 28 were yet to have their first MRI, and five of 28 did not have a baseline MRI scan. Subsequently, 11/28 had documented regular MRI abdomen at least once every 3 years.




HLRCC

Twenty-nine patients with HLRCC were identified as having received clinical care over the 3-year period from 01/01/2014 to 01/09/2019. Twenty-one of 29 were female, and the median age was 36 years. Median clinical follow-up was 1 year, and cumulative follow-up was 45 years. Ten of 29 were index proband cases, and 19/29 were diagnosed on predictive testing.


Non-RCC Features

Cutaneous leiomyomas were noted in 19/29 patients, cutaneous leiomyosarcoma was diagnosed in one of 29, and uterine leiomyomas in 13/21 female patients.



RCC Diagnoses

There were seven patients diagnosed with RCC prior the commencement of surveillance at ages of 11, 19, 19, 27, 36, 43, and 55 years. Three of seven were women from the same family, with two of three of these family members having uterine leiomyomas and cutaneous leiomyomas, and one of three (H9) experiencing cutaneous leiomyosarcoma.

Three of 29 patients had kidney or related lesions identified by screening; two of whom were diagnosed as being RCC. A 47-year-old female patient (H1) had a complex cystic lesion identified on surveillance MRI measuring 26 mm in the lower pole of the left kidney. This was associated with the presence of a prominent left paraaortic lymph node and was suspicious for RCC. Screening MRI 1-year prior had identified simple cortical cysts in the upper and lower poles of the left kidney as well as a simple cyst in the mid-pole of the left kidney. Prompt urology referral resulted in urgent left nephrectomy and extended retroperitoneal lymph node dissection. This confirmed the presence of RCC with metastasis to a single paraaortic lymph node. Although the appearance on the initial MRI was suggestive of simple cysts, this case demonstrates the importance of having a higher index of suspicion for RCC in regard to kidney cystic changes in HLRCC, and the role of an experienced radiologist in assessing kidney radiological findings in HLRCC patients.

A further patient (H23) had a solid lesion on the upper pole of the left kidney detected on CT scan at 42 years and underwent laparoscopic left total nephrectomy prior to commencing annual screening. The histology revealed FH-deficient RCC consistent with HLRCC-associated RCC; however, this finding was upon reappraisal and further investigation as the initial histopathology was thought to be papillary type II RCC. This highlights the importance of involving pathologists with a special interest in HLRCC-related RCC. Recurrence was identified on subsequent annual screening in the form of retrocrural and para-oesophageal lymphadenopathy that was confirmed on FDG-PET scan.

Lastly, a 66-year-old male was found to have a suspicious right kidney 9 mm minimally enhancing lesion which was thought to be solid on imaging. After urology referral, he underwent right partial nephrectomy; however, kidney lesion histopathology revealed a benign cortical cystic lesion without evidence of RCC. He subsequently resumed regular annual MRI surveillance.



Genetic Features

Diagnosis of HLRCC was confirmed on initial genetic testing in 25/29 in whom a heterozygous pathogenic (22/29) or likely pathogenic (3/29) FH gene variant was detected (Table 4). This included one patient (H17) who had a clinical diagnosis of HLRCC in whom a variant was identified (FH: c.1180G>C, p. Val394Leu), was initially classified as VUS. She had a sister who also had a clinical diagnosis of HLRCC and her mother (H18) had a probable clinical diagnosis of HLRCC. As the variant cosegregated with disease in affected family members and the variant was previously reported in affected family with HLRCC, therefore this variant was upgraded to likely pathogenic.


Table 4 | Heterozygous FH variants identified on clinically accredited diagnostic testing.



Another variant (FH: c.1424C>A, p.Ala475Glu) was found in a patient (H22) who was diagnosed with FH-deficient uterine leiomyoma at 26 years. Her father (H21) was diagnosed with FH-deficient RCC at 55 years, and this variant was initially classified as a VUS. Genetic testing for H21 was repeated in another genetic laboratory with special interest in the FH gene, which resulted in the VUS being reclassified as likely pathogenic.



Surveillance Adherence

Patients who had established diagnosis of HLRCC were referred to an adult nephrologist for baseline abdominal MRI and for surveillance. Twenty-four of 29 referred individuals were reviewed by an adult nephrologist, two of 29 lost to follow-up, two had logistic difficulties due to living in rural regions, and one yet to attend his first review in the renal outpatient clinic. Twenty-two of 29 individuals had their baseline MRI abdomen, 20/29 had regular annual MRI and clinical review, two of 29 did not have their baseline MRI, and five yet to have their MRI.





Discussion

This is the first and largest Australian study of renal cancer predisposition syndromes to date, involving a cohort of 57 individuals affected by BHD (Figure 1) or HLRCC (Figure 2). Three patients had suspicious lesions identified during screening, all of whom had HLRCC. In two of these patients, the identified lesion was found to be RCC. We demonstrate feasibility of specialised and coordinated care for those affected by these rare disorders at scale and over time.




Figure 1 | BHD subcohort characteristics.






Figure 2 | HLRCC subcohort characteristics.



A new model of care was adopted to ensure implementation of national surveillance guidelines. Those with suspected genetic predisposition to RCC and their relatives were initially referred for clinical assessment by a cancer geneticist, with at-risk family members being subsequently offered predictive testing when appropriate. Affected patients were then cared for longitudinally by a nephrologist with a special interest in kidney genetics. This model of care also involved regular multidisciplinary team meetings and case conferences involving a cancer geneticist, nephrologist, urologist, and radiologist. Surveillance imaging was funded by the state public health service (Queensland Health) which likely improved compliance keeping in mind that in other Australian states and jurisdictions the cost of MRI may not be covered by the state health service with patients required to contribute to or self-fund such imaging costs. Elements of this model of care were adapted from a parallel genetic kidney disease clinical program (17). This tailored model ensured interconnected subspecialty expertise within a multidisciplinary context in regard to initial diagnosis and genetic counselling, longitudinal care and screening, and intervention if/when required.

The phenotypic features of our BHD subcohort were similar to those previously reported. Fibrofolliculoma is the most common cutaneous feature of BHD which usually develops after puberty. It was detected in 16/28 individuals, trichodiscoma in one of 28, and a further five of 28 had cutaneous changes suspicious for fibrofolliculoma. This prevalence of BHD cutaneous features was consistent with previously published data of up to 90% (18), keeping in mind that not all patients had undergone comprehensive assessment by dermatologist. Furthermore, pulmonary cysts are the second commonest feature of BHD and have been reported in up to 84% of patients, with spontaneous pneumothoraces in 22%–38% of patients (7, 18). In our cohort, pulmonary cysts were noted in 39% of patients and spontaneous pneumothorax in 28% of patients. Whilst the prevalence of pulmonary cysts was lower than previously reported, this is strongly suspected to be an underappreciation of asymptomatic pulmonary involvement and is likely related to the unavailability of baseline chest imaging in 10/28 individuals and to the low sensitivity of chest radiograph in detecting basal pulmonary cysts (19), as was undertaken in most BHD patients who had reviewable chest imaging. Most individuals with BHD who had pulmonary cysts (six of seven) and spontaneous pneumothorax (four of five) had disease-causing FLCN variants in exons 11 and 12, consistent with previous correlations between pulmonary features and pathogenic variants in exon 9 and greater (18, 20). There was no clear correlation between phenotype and ethnicity in this cohort.

Prevalence of RCC amongst those with BHD was 7% which is lower than in other studies (12%–34%) (4, 20, 21). This is likely to be related to the small size of our cohort and relatively short period of follow-up. By comparison, parotid oncocytoma is a rare feature of BHD and has been reported in at least nine cases in other cohorts (22–25). Here, we report two individuals with BHD who were diagnosed with parotid oncocytoma, neither of whom experienced complication from the oncocytoma itself or its management.

Again, whilst small, the genetic landscape identified in our BHD cohort adds to our understanding of this rare disorder. There were seven pathogenic (two of seven) or likely pathogenic (five of seven) heterozygous FLCN variants identified on clinical diagnostic genetic testing (Table 3) representing 23 of 28 patients. Amongst those pathogenic/likely pathogenic variants in FLCN: there was one canonical splice site variant (c.249+1_2delGCinsA), one exonic in frame shift deletion (c.469_471delTTC), one missense variant (c.763C>T), an intronic 3 bp deletion (c.1177-5_1177-3-del) expected to disrupt conserved splicing site, and three nonsense variants (c.1157C>G, c.1285dupC and c.1318_1334dup).Two further heterozygous FLCN missense VUSs were identified. This genetic diagnosis rate of 82% compares favourability to those reported previously with genetic diagnosis rates approaching 88% (18).

The clinical characteristics of our HLRCC subcohort were also similar to previous reports. Cutaneous leiomyoma was present in 65% and uterine leiomyoma in 44% which is higher than previously reported case series (26, 27). Cutaneous leiomyosarcomas are rarely, reported in patients with HLRCC (28–30). It is difficult to ascertain if the cutaneous leiomyosarcomas occurred due to transformation from leiomyoma. Here, we include one patient who was diagnosed with cutaneous leiomyosarcoma at a young age. The same patient was also diagnosed with RCC at 11 years of age and experienced uterine leiomyomas. Of note, her sister was also diagnosed with RCC at 19 years and her mother with RCC at 43 years. Overall, RCC was diagnosed in nine of 29 patients (31%) which was higher than previously reported lifetime risk of 15% (27). These findings in our cohort may have been due to ascertainment bias.

The genetic findings in this HLRCC cohort also add to those previously identified and are likely to be of assistance in variant assessment and clinical prognostication for further cases in the future. There were 12 pathogenic (10/12) or likely pathogenic (two of 12) FH variants identified. Both likely pathogenic variants were initially reported as VUS however were reappraised and reclassified based upon cosegregation evidence. A frameshift deletion in exon 4 of FH gene (c.413-414del, p.Lue138fs) was identified in three family members (H7, H8, H9) and was associated with early onset RCC (11, 19 and 43 years), cutaneous leiomyoma, and uterine leiomyoma in all affected family members, with one additionally experiencing cutaneous leiomyosarcoma. This variant was previously reported in a 44-year-old male who had RCC and had a twin brother who died from metastatic “kidney cancer” (31). No instances of smooth muscle tumour of uncertain malignant potential (STUMP) were identified or reported amongst this cohort.

There are several weaknesses with our study. Firstly, whilst a significant number of patients were identified there is a diagnosis bias towards those who either themselves experience symptoms or who have a relative who does. This is important given the variable lifetime penetrance of these rare disorders, unclear allelism within affected families, and the potential for one, several, or no associated phenotypes to occur within affected individuals. Secondly, whilst exhaustive efforts were undertaken to identify all diagnosis cases, there is a potential that some may not have been identified within our service. Furthermore, there is the significant potential for additional affected though undiagnosed patients to be present within our community. This may be due to the relative rarity of these disorders and paucity of awareness in regard to their features and potential diagnosis. The follow-up time of our cohort is also modest, and chest imaging was not applied commonly amongst those with BHD. This has meant that whilst our observed prevalence of symptomatic pulmonary involvement in concordant with previous reports, the prevalence of asymptomatic pulmonary involvement is much lower than indicated in other cohorts and is very likely to be a significant underrepresentation that is further compounded by the infrequent use of chest CT imaging. Lastly, even though our accessible clinical record systems provide comprehensive information of clinical encounters and investigations, there is potential that additional clinical encounters and/or screening investigations may not have been able to be identified.

Our study demonstrates the feasibility and early success of such an integrated approach to effective diagnosis, screening, and management for those affected by BHD and HLRCC. This model is now iteratively growing to provide service within the local public and universal healthcare system for the entirety of our state jurisdiction of approximately five million residents. Ongoing audit and quality assurance assessment of this model is indicated at regular intervals. Future consumer engagement and investigation of patient perspectives and experiences of this clinical service model will be key to its further evolution.

In addition to access to evidence-based screening service, one of the additional benefits is access to expert contribution to assessing findings on surveillance imaging and implementing evidence-based management strategies. Although established surveillance guidelines for RCC exist for those two conditions, those guidelines are for individuals who never developed RCC, and the assessment of many renal lesions detected on MRI can be challenging and require cautious assessment by an experienced radiologist. The presence of an experienced radiologist with special expertise in assessing renal lesions on MRI and an experienced urologist with a special interest in nephron-sparing surgeries is of great value to this multidisciplinary team. Several studies have demonstrated substantial improvement in overall quality of care and outcomes of several types of cancer in multidisciplinary team approach (32). Similar model of MDT approach in a cohort of patients with urological cancers has shown dramatic clinical impact on diagnostic and management decisions (33). Broader application of this model with a network of appropriate expertise is likely to be beneficial to other disease groups.

In summary, this study is the first and largest Australian clinical and molecular study of two rare renal cancer predisposition syndromes (BHD and HLRCC). We identified affected individuals (proband and relatives) based on molecular diagnosis. Although clinical diagnostic criteria for HLRCC and BHD exist (2, 4, 13), it was difficult to practically apply fibrofolliculoma (BHD) and cutaneous leiomyoma (HLRCC) as major diagnostic criteria as this was not confirmed on histology in the majority of the patients. In addition, RCC was the leading feature to raise the suspicion for BHD or HLRCC and molecular testing establishment of a clinical diagnosis in company with dedicated and multidisciplinary clinical assessment. This new model of care that has been adopted by our tertiary centre ensured effective diagnosis, longitudinal screening and follow-up, and prompt intervention when indicated for those affected with these rare renal cancer predisposing disorders. The success of this model is highly dependent on the experience of the team including a uroradiologist, experienced tertiary referral renal surgeon, clinical geneticist, and a nephrologist. Broader application of this model is likely to benefit patients where a network of such required expertise is available and a longitudinal multidisciplinary team is formed, even if virtually. Whilst the roles of clinical geneticists, genetic counsellors, radiologists, and urologists were separately well established, we demonstrate practical and patient-centric implementation of a new and emerging role (34, 35) for nephrologists in the management of renal tumours within a multidisciplinary setting.



Author's Note

AM received a RACP Jacquot Research Establishment Fellowship and MNHHS Clinical Research Fellowship.



Data Availability Statement

The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author/s.



Ethics Statement

This study was approved by the Human Research Ethics Committee of the Royal Brisbane and Women’s Hospital (HREC/17/QRBW/276). As an ethically approved audit, informed consent was not required with all individual-level data being deidentified upon analysis and inclusion in all products of this study.



Author Contributions

MA-S and AM conceptualised the study and undertook ethical approvals. MA-S and JW undertook data extraction with MA-S and AM undertaking analysis. HM, RS, SG, and SW contributed to study design and interpretation. MA-S and AM drafted the manuscript with all coauthors providing input, review, and edits. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors with to thank the patients upon whom this audit study was undertaken. They also would like to recognise and thank the clinicians who have been involved in the care of those patients.



References

1. Cho, E, Adami, HO, and Lindblad, P. Epidemiology of Renal Cell Cancer. Hematol/Oncol Clin North Am (2011) 25(4):651–65. doi: 10.1016/j.hoc.2011.04.002

2. Menko, FH, van Steensel, MA, Giraud, S, Friis-Hansen, L, Richard, S, Ungari, S, et al. Birt-Hogg-Dubé Syndrome: Diagnosis and Management. Lancet Oncol (2009) 10(12):1199–206. doi: 10.1016/S1470-2045(09)70188-3

3. BHD foundation. Available at: https://www.bhdsyndrome.org/.

4. Schmidt, LS, and Linehan, WM. Molecular Genetics and Clinical Features of Birt-Hogg-Dubé Syndrome. Nat Rev Urol (2015) 12(10):558–69. doi: 10.1038/nrurol.2015.206

5. Pavlovich, CP, Grubb, RL 3rd, Hurley, K, Glenn, GM, Toro, J, Schmidt, LS, et al. Evaluation and Management of Renal Tumors in the Birt-Hogg-Dubé Syndrome. J Urol (2005) 173(5):1482–6. doi: 10.1097/01.ju.0000154629.45832.30

6. Steinlein, OK, Ertl-Wagner, B, Ruzicka, T, and Sattler, EC. Birt-Hogg-Dubé Syndrome: An Underdiagnosed Genetic Tumor Syndrome. J der Deutschen Dermatologischen Gesellschaft = J German Soc Dermatol JDDG (2018) 16(3):278–83. doi: 10.1111/ddg.13457

7. Zbar, B, Alvord, WG, Glenn, G, Turner, M, Pavlovich, CP, Schmidt, L, et al. Risk of Renal and Colonic Neoplasms and Spontaneous Pneumothorax in the Birt-Hogg-Dubé Syndrome. Cancer Epidemiol Biomarkers Prev (2002) 11(4):393–400.

8. Houweling, AC, Gijezen, LM, Jonker, MA, van Doorn, MB, Oldenburg, RA, van Spaendonck-Zwarts, KY, et al. Renal Cancer and Pneumothorax Risk in Birt-Hogg-Dubé Syndrome; an Analysis of 115 FLCN Mutation Carriers From 35 BHD Families. Br J Cancer (2011) 105(12):1912–9. doi: 10.1038/bjc.2011.463

9. Furuya, M, Hasumi, H, Yao, M, and Nagashima, Y. Birt-Hogg-Dubé Syndrome-Associated Renal Cell Carcinoma: Histopathological Features and Diagnostic Conundrum. Cancer Sci (2020) 111(1):15–22. doi: 10.1111/cas.14255

10. EviQ. Available at: https://www.eviq.org.au/cancer-genetics/adult/risk-management/161-flcn-birt-hogg-dube-risk-management#cancer-tumour-risk-management-guidelines.

11. Menko, FH, Maher, ER, Schmidt, LS, Middelton, LA, Aittomäki, K, Tomlinson, I, et al. Hereditary Leiomyomatosis and Renal Cell Cancer (HLRCC): Renal Cancer Risk, Surveillance and Treatment. Familial Cancer (2014) 13(4):637–44. doi: 10.1007/s10689-014-9735-2

12. Tomlinson, IP, Alam, NA, Rowan, AJ, Barclay, E, Jaeger, EE, Kelsell, D, et al. Germline Mutations in FH Predispose to Dominantly Inherited Uterine Fibroids, Skin Leiomyomata and Papillary Renal Cell Cancer. Nat Genet (2002) 30(4):406–10. doi: 10.1038/ng849

13. Smit, DL, Mensenkamp, AR, Badeloe, S, Breuning, MH, Simon, ME, van Spaendonck, KY, et al. Hereditary Leiomyomatosis and Renal Cell Cancer in Families Referred for Fumarate Hydratase Germline Mutation Analysis. Clin Genet (2011) 79(1):49–59. doi: 10.1111/j.1399-0004.2010.01486.x

14. Moch, H. WHO Classification of Tumours of the Urinary System and Male Genital Organs. 4th edition. Lyon: International Agency for Research on Cancer (2016).

15. Warren, AY, and Harrison, D. WHO/ISUP Classification, Grading and Pathological Staging of Renal Cell Carcinoma: Standards and Controversies. World J Urol (2018) 36(12):1913–26. doi: 10.1007/s00345-018-2447-8

16. Merino, MJ, Torres-Cabala, C, Pinto, P, and Linehan, WM. The Morphologic Spectrum of Kidney Tumors in Hereditary Leiomyomatosis and Renal Cell Carcinoma (HLRCC) Syndrome. Am J Surg Pathol (2007) 31(10):1578–85. doi: 10.1097/PAS.0b013e31804375b8

17. Mallett, A, Fowles, LF, McGaughran, J, Healy, H, and Patel, C. A Multidisciplinary Renal Genetics Clinic Improves Patient Diagnosis. Med J Aust (2016) 204(2):58–9. doi: 10.5694/mja15.01157

18. Toro, JR, Wei, MH, Glenn, GM, Weinreich, M, Toure, O, Vocke, C, et al. BHD Mutations, Clinical and Molecular Genetic Investigations of Birt-Hogg-Dubé Syndrome: A New Series of 50 Families and a Review of Published Reports. J Med Genet (2008) 45(6):321–31. doi: 10.1136/jmg.2007.054304

19. Ferreira Francisco, FA, Soares Souza, A Jr., Zanetti, G, and Marchiori, E. Multiple Cystic Lung Disease. Eur Respir Rev (2015) 24(138):552–64. doi: 10.1183/16000617.0046-2015

20. Kunogi, M, Kurihara, M, Ikegami, TS, Kobayashi, T, Shindo, N, Kumasaka, T, et al. Clinical and Genetic Spectrum of Birt-Hogg-Dube Syndrome Patients in Whom Pneumothorax and/or Multiple Lung Cysts are the Presenting Feature. J Med Genet (2010) 47(4):281–7. doi: 10.1136/jmg.2009.070565

21. Benusiglio, PR, Giraud, S, Deveaux, S, Méjean, A, Correas, JM, Joly, D, et al. Renal Cell Tumour Characteristics in Patients With the Birt-Hogg-Dubé Cancer Susceptibility Syndrome: A Retrospective, Multicentre Study. Orphanet J Rare Dis (2014) 9:163. doi: 10.1186/s13023-014-0163-z

22. Yoshida, K, Miyagawa, M, Kido, T, Ide, K, Sano, Y, Sugawara, Y, et al. Parotid Oncocytoma as a Manifestation of Birt-Hogg-Dubé Syndrome. Case Rep Radiol (2018) 2018:6265175. doi: 10.1155/2018/6265175

23. Liu, V, Kwan, T, and Page, EH. Parotid Oncocytoma in the Birt-Hogg-Dubé Syndrome. J Am Acad Dermatol (2000) 43(6):1120–2. doi: 10.1067/mjd.2000.109288

24. Pradella, LM, Lang, M, Kurelac, I, Mariani, E, Guerra, F, Zuntini, R, et al. Where Birt-Hogg-Dubé Meets Cowden Syndrome: Mirrored Genetic Defects in Two Cases of Syndromic Oncocytic Tumours. Eur J Hum Genet EJHG (2013) 21(10):1169–72. doi: 10.1038/ejhg.2013.8

25. Maffé, A, Toschi, B, Circo, G, Giachino, D, Giglio, S, Rizzo, A, et al. Constitutional FLCN Mutations in Patients With Suspected Birt-Hogg-Dubé Syndrome Ascertained for non-Cutaneous Manifestations. Clin Genet (2011) 79(4):345–54. doi: 10.1111/j.1399-0004.2010.01480.x

26. Forde, C, Lim, DHK, Alwan, Y, Burghel, G, Butland, L, Cleaver, R, et al. Hereditary Leiomyomatosis and Renal Cell Cancer: Clinical, Molecular, and Screening Features in a Cohort of 185 Affected Individuals. Eur Urol Oncol (2020) 3(6):764–72. doi: 10.1016/j.euo.2019.11.002

27. Muller, M, Ferlicot, S, Guillaud-Bataille, M, Le Teuff, G, Genestie, C, Deveaux, S, et al. Reassessing the Clinical Spectrum Associated With Hereditary Leiomyomatosis and Renal Cell Carcinoma Syndrome in French FH Mutation Carriers. Clin Genet (2017) 92(6):606–15. doi: 10.1111/cge.13014

28. Launonen, V, Vierimaa, O, Kiuru, M, Isola, J, Roth, S, Pukkala, E, et al. Inherited Susceptibility to Uterine Leiomyomas and Renal Cell Cancer. Proc Natl Acad Sci U S A (2001) 98(6):3387–92. doi: 10.1073/pnas.051633798

29. Wang, C, Tetzlaff, M, Hick, R, and Duvic, M. Reed Syndrome Presenting With Leiomyosarcoma. JAAD Case Rep (2015) 1(3):150–2. doi: 10.1016/j.jdcr.2015.02.004

30. Toro, JR, Nickerson, ML, Wei, M-H, Warren, MB, Glenn, GM, Turner, ML, et al. Mutations in the Fumarate Hydratase Gene Cause Hereditary Leiomyomatosis and Renal Cell Cancer in Families in North America. Am J Hum Genet (2003) 73(1):95–106. doi: 10.1086/376435

31. Trpkov, K, Hes, O, Agaimy, A, Bonert, M, Martinek, P, Magi-Galluzzi, C, et al. Fumarate Hydratase-Deficient Renal Cell Carcinoma Is Strongly Correlated With Fumarate Hydratase Mutation and Hereditary Leiomyomatosis and Renal Cell Carcinoma Syndrome. Am J Surg Pathol (2016) 40(7):865–75. doi: 10.1097/PAS.0000000000000617

32. Abdulrahman, GO Jr. The Effect of Multidisciplinary Team Care on Cancer Management. Pan Afr Med J (2011) 9:20–0. doi: 10.4314/pamj.v9i1.71195

33. Kurpad, RMD, Kim, WMD, Rathmell, WKMD, Godley, P, Whang, Y, Fielding, J, et al. A Multidisciplinary Approach to the Management of Urologic Malignancies: Does it Influence Diagnostic and Treatment Decisions? Urol Oncol (2011) 29(4):378–82. doi: 10.1016/j.urolonc.2009.04.008

34. Hu, SL, Chang, A, Perazella, MA, Okusa, MD, Jaimes, EA, and Weiss, RH. The Nephrologist's Tumor: Basic Biology and Management of Renal Cell Carcinoma. J Am Soc Nephrol JASN (2016) 27(8):2227–37. doi: 10.1681/ASN.2015121335

35. Hu, SL, and Weiss, RH. The Role of Nephrologists in the Management of Small Renal Masses. Nat Rev Nephrol (2018) 14(4):211–2. doi: 10.1038/nrneph.2018.10




Conflict of Interest: AM has received research funding from Sanofi Genzyme and Otsuka, both outside this work.

The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Al-Shinnag, Marfan, Susman, Wakeling, Gustafson, Wood and Mallett. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table2c.jpg
o

s

2

G i
51171308
Ao,
crzssanc.
stz

Rov.
cassaps.
rsizniszr
Row.
crzssans.
rsizsiszr
Row.
crzssanc.
orsizirzr
Aov.
crzmsane.
rsizsis2r

Rov.
crzssanc.
brssizsis2r
Row.
crassape.
rsizsis2r

Rov
ersi ssap,
blavsioonszi
Row

cram ssvap,
Dlavsioonszi
Raw

et ssan,
Davsioonszs
Aow.

ersis svan,
Dlasioonszi

H

H

i

i

H

S e
poc aaposc e

Fortasans teosy gk
st g AP
e, oy ey

Fa et o s

[ r—

oy oy e s

Yo oen
Yo oove

pown v

E
o v

™ Yo

ooy 70,
sy
sty
ey

kg o
wat0mm,
oot
optmage
s





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Birt-Hogg-Dubé Syndrome and Hereditary Leiomyomatosis and Renal Cell Carcinoma Syndrome: An Effective Multidisciplinary Approach to Hereditary Renal Cancer Predisposing Syndromes

      

        		

          Aim

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Background

        



        		

          Methods

        



        		

          Results

        

          		

            BHD

          

            		

              Cutaneous Features

            



            		

              Respiratory Features

            



            		

              Other Features

            



            		

              RCC Diagnoses

            



            		

              Genetic Features

            



            		

              Surveillance Adherence

            



          



          



          		

            HLRCC

          

            		

              Non-RCC Features

            



            		

              RCC Diagnoses

            



            		

              Genetic Features

            



            		

              Surveillance Adherence

            



          



          



        



        



        		

          Discussion

        



        		

          Author's Note

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2021.738822_cover.jpg
’ frontiers
in Oncology

Birt-Hogg-Dubé Syndrome and
Hereditary Leiomyomatosis and
Renal Cell Carcinoma Syndrome: An
Effective Multidisciplinary Approach
to Hereditary Renal Cancer
Predisposing Syndromes





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2a.jpg
& HLACC subcohort.

et provanvs,

& &8 S &% * &8 &

o
s
s

o
w7

o

o

R

‘s

g varoms

pussts

P 178 toosunaT,
ey

i 178 teossnaT,
olsers

rews, o p
o

RhCSG, pAIOTT
oA A
o

Prcataas
pmcst, W 20T
P cars iios
Do, Ve 20020
i cars sios
DLy
X
Pl

e oA, o208

0 oot o120 80
i CEBAS, b2 Ay
ey

IO 5. A

PTG p s
e
oLy
o
oL

e et v,
vzt

PreIenG e

B pAUTIGY
B 14U pAMTSGY
Areruen0, puasez
i 104570 plavisz

AR CIASTG o
R

|

pepepippe Il g

i

N R 8 2B B B SR8 &

|33

8§ ¥% 7 & 33

EEELELERS

555853485 ¥ § § §5 § 83

RGO oited G oy
i, o )

Mot O, i s
Dt R e G
Prptay ot cver o 1

o sisgy o s

ok FOG LA k0 FC)

et G

[T

[rom—————

Protay hon 2800





OEBPS/Images/fonc-11-738822-g002.jpg
fan

Gender BT
dnerenceto
sunvellance 20120

Cutaneous eomyoma 19729

Urerine leomyoma 13721 females

Surveilance ocome

2p9newrce

7128 e prio sceening






OEBPS/Images/table4.jpg
Gene and transcript Variant ACMG classification Exon/description

FHNML0001433 .178_180d68nSTT, p. Lys6ls Pathogenic Nonsonso exon 2
FHNML0001433 C32085C, . Asn 107Tre Pathogenc Missenso ox0n 3
FHNM_0001433 413414 (. Lue13855) Pathogenc Framesnit deation excno 4
FHNML0001433 €668 66008AR, p. Lys223Agis 26 Pathogenc Frameshit deoton oxcn 5
FHNML0001433 CB8R6, p. Ly5230 Ag Pathogenic Missonso 0x0n 5
FHNML0001433 CI027C5T, p. ArgA3" Pathogenic Nonsense exon 7

4 NML0001433 118065C, . VaodLeu WUS=5LP (coseq) Missense exond
F1NML0001433 €. 1277.1267. p. Mat26ts Pathogenc Frameshit, exon 9
FHNML0001433 CIB76T50, . LowtS9Pro. Pathogenic Missense, 0x0n 10
FHNML0001433 1424CoA, p. AGATSG VUS=LP (coses) Missense ex0n 10
FHNML0001433 C1445T5G, p. Lovds" Pathogenc Nongonse exon 10
FHNML0001433 .1475_14TBASITC, p. LAMIHSIXE Pathogenc Frameshit deation ex0n 10

T R S S S B e g





OEBPS/Images/table3.jpg
Geno and
wanscript

AoN
NM_144907.5
=
NM_144907.5
ACN
NM_144907.5
ACN
NM_144907.5
LN
NM_144997.5
RO
NM_144997.5
ACN
NM_144907.5
RCN
NM_144907.5
ACN
NM_144907.5

Variant

0249+1_2006CSA
©384C>G, pSart2ang

.469_471061TTC, p.
Prots7gel
763>, pHis255Tyr

1157C5G, p. Sera8s"
e1775.1177-3.08

12850050, p.
Hs249Prols27
C.1318_1334ckp,

P Louta9Gns'25
1333654, pABA4ST

ACMG
classification

Pathogenic

Exon/description

Ex0n 5 aronic) 125 bp dleton, canorica spice ste
Exon & missense.

Ex0n 6, n-rame dleon.

Exon 7, missense

Exon 11, nonsense

x0n 11, introric deeton of 3 b cose 1o conserved spling acoeplo st ofex0n 11, rameshit
‘causo promatee stopo codon

Exon 11, 1bp duplcation, rameshit ronsense)

Exont2, 17 bp dupicaton, rameshit, nonsense

Exon 12, missense

i & e e





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table2d.jpg
iz oo e FOG AL vt
AT bty e
25 P Nogmeet Pt iy rodoma e oy
sty et s iy
Do et LN
fereon

21 Prews RONMOPIPwscticus Wb Tenodscons patocey

o2 Pk Temgnptdrogshe  Fora Fercickies






OEBPS/Images/table2b.jpg
oo S v e bt sl o b curpglibrrbsngm kst ]

Q8 Pudche  ALCWTS TG, P M Pl s Homem i tay ety
e

2 P Browrsumanc, P Mo Ao, oty ety EE
ety

Er
23

:
i
{
|
%
!
i

Mo Cinedl OO Fooltiaiams Lmg Proumoiuax ACC Revant o
e W e o0 o

Hopsi o
armrouge ncd prorey

?
|
|

Fa et gt g 55
Faty ety gt g
Faty ety g 9

TER®
.
i
H
JEEE §
.
& 8§ %
i
8 8 § %
& 8 & %
LN 2N 2 1

P by crcoyoss 67 M
PSatzang - oo R pcte. oo
ey = cromoghann

L
]
H
s
z
g
H

Famy ooy kg Fuciosmes Ko Yoo

o7 P ROV v Famy et ot g ) Pt o o N M N pwo

s

0 P Nogmemtst N
o)

ot pus ACROTEOT, 1
iazssty oy . coimsry

Qo opries 1 o

;

g
L A

|

|

§

o poes AOW °
o, Guposic I RN e
by ey

i
|
i
i





OEBPS/Images/table1.jpg
Birt-Hogg-Dube syndrome

Major criteria At least 5 adult onset fibrofolliculomas or trichodiscoma, at least 1 confirmed on histology
Pathogenic FLCN germline pathogenic variant
Minor criteria Multiple pulmonary cysts, with or without spontaneous primary pneumothorax

Renal cancer (early onset <50 years) or multifocal or bilateral renal cancer or renal cancer of mixed chromophobe and oncocytic histopathology
A first-degree relative with BHD

Hereditary leiomyomatosis and renal cell cancer syndrome

Major criteria Muttiple cutaneous piloleiomyomas, histopathologically confirmed

Minor criteria Surgical treatment for severely symptomatic uterine leiomyomas before age 40
Type 2 papillary renal cell carcinoma before age 40
A first-degree family member who meets 1 of the abovementioned criteria
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