	
	
	





MSAC Application 1760
DPYD genotyping to predict fluoropyrimidine-induced toxicity
PICO Confirmation

Summary of PICO/PPICO criteria to define question(s) to be addressed in an Assessment Report to the Medical Services Advisory Committee (MSAC)
[bookmark: _Ref69732155][bookmark: _Ref69732160]Table 1	PICO for DPYD genotyping to predict fluoropyrimidine-induced toxicity in patients with cancer: PICO Set 1
	[bookmark: Title_Table1][bookmark: _Hlk148459417]Component
	Description

	Population
	Patients who are about to commence systemic fluoropyrimidine (FP)-based chemotherapy treatment for solid tumour cancer including, but not limited to, colorectal, upper gastrointestinal, head and neck, breast, and pancreatic cancers.
Patients who are about to commence systemic FPs as radio-sensitising agents for radiotherapy.

	Prior test 
	No prior test(s). 

	Intervention
	[bookmark: _Hlk149331181]DPYD genotyping before the commencement of systemic FP-based chemotherapy (as treatment for solid tumour or as a radio-sensitiser) (to identify patients at risk of severe FP-related toxicity).

	Comparator
	No pre-FP-based treatment DPYD genotyping. 

	Reference standard 
	Clinical utility standard: Ability to predict FP-related toxicity.

	Outcomes
	Safety outcomes: 
· Adverse events (AEs) related to DPYD genotyping. 
· AEs (or avoided AEs) from any change in patient management (e.g., treatment modifications, monitoring). 
Test performance:
· Prognostic accuracy: Sensitivity, specificity, positive predictive value, and negative predictive value of DPYD genotyping to predict toxicity outcomes (e.g., AEs).
· Any differences in prognostic accuracy by patient characteristics (e.g., age, sex, ancestry) and cancer characteristics (e.g., type, stage).
Change in management:
· Change in patient management (e.g., modification of chemotherapy regimen, monitoring).
· Any differences in patient management by patient characteristics (e.g., age, sex, ethnicity) and cancer characteristics (e.g., type, stage).
Clinical effectiveness outcomes:
· Direct: Change in patient-relevant health outcomes (e.g., AEs, the effectiveness of cancer treatment, mortality, morbidity, quality of life) comparing patients who received pre-treatment DPYD genotyping versus those who did not receive pre-treatment DPYD genotyping.
· Indirect: Change in patient-relevant health outcomes (e.g., AEs, the effectiveness of cancer treatment, mortality, morbidity, quality of life) in patients who experienced severe FP-related toxicity and received treatment modifications versus patients who received the standard dose treatment.
· Any harm from DPYD genotyping (e.g., false negatives, test turn-around time (TAT) resulting in potential delay in commencing treatment).
· Any differential clinical effectiveness outcomes by patient characteristics (e.g., age, sex, ancestry), and cancer characteristics (e.g., type, stage).
Cost-effectiveness outcomes:
· Cost per patient with a DPYD variant identified.
· Cost per patient avoiding severe (≥Grade 3) FP-related toxicity.
· Cost per quality-adjusted life year (QALY) gained.
· Any differential results by patient characteristics (e.g., age, sex, ancestry), and cancer characteristics (e.g., location, stage).
Health system resources:
· Cost of DPYD genotyping.
· Change in the costs associated with the investigation, monitoring, and management of FP-related toxicity (e.g., drugs, hospitalisation) and other AEs, if applicable.
· Change in the cost of treatment because of a change in clinical management (e.g., chemotherapy dose modification, alternative non-FP-based treatment).
· Total Australian Government healthcare costs.

	Assessment question
	What is the comparative safety, effectiveness, and cost-effectiveness of pre-treatment DPYD genotyping versus no pre-treatment DPYD genotyping in patients with solid tumour cancer who are about to commence FP-based chemotherapy?


AE = Adverse events; DPD = Dihydropyrimidine dehydrogenase; FP = Fluoropyrimidine; QALY = Quality-adjusted life year.
MBS = Medicare Benefits Schedule; PASC = PICO Advisory Sub-Committee.
Purpose of application
An application requesting Medicare Benefits Schedule (MBS) listing of DPYD genotyping to predict fluoropyrimidine (FP)-induced toxicity in patients with solid tumours who are about to commence a treatment protocol that includes oral or intravenous FP was received from the Royal College of Pathologists of Australasia (RCPA) by the Department of Health and Aged Care.
Clinical claim:
The use of pre-treatment DPYD genotyping in patients with solid tumours who are about to commence FP-based chemotherapy as treatment or as a radio-sensitiser results in superior health outcomes compared to no pre-treatment DPYD genotyping (p15 of the application).


PICO criteria 
[bookmark: _Ref149223663]Population
The proposed target population for this application was all patients[footnoteRef:2] with solid tumours who are about to commence a treatment protocol that includes oral or intravenous FP. Solid tumours include but are not limited to colorectal, upper gastrointestinal, head and neck, breast, and pancreatic cancers. Population also included all patients requiring FPs as radio-sensitising agents for radiotherapy.  [2:  The application defined the population as “all patients” with the characteristics defined in this section but did not restrict the patient group to adults or children. However, the title of the application document suggested that the application aimed to propose DPYD genotyping only for adults (application document title “Adults undergoing fluoropyrimidine-based treatment for cancer”). ] 

Fluoropyrimidines and dihydropyrimidine dehydrogenase (DPD) activity 
FPs are chemotherapy agents used to treat solid tumours. Commonly used FPs are:
· fluorouracil, or 5-fluorouracil (5-FU), administered intravenously, and
· capecitabine, a precursor of 5-FU, administered orally.
Historically, 5-FU was first approved by the United States Food and Drug Administration (US FDA) in 1962 for the treatment of adenocarcinomatous cancers of the colon, rectum, breast, stomach, and pancreas (Longley et al. 2003). Systemic 5-FU is now used to treat solid tumours of the colon, gastrointestinal tract, and carcinomas of the bladder, breast, head, and neck (Jurczyk et al. 2021). The applicant advised (during the PICO development process) that 5-FU may sometimes be used as a radiation sensitiser, with carboplatin, before initiating radiation therapy, especially in gastrointestinal cancers (pre-PASC teleconference, 12 October 2023)(Desilets et al. 2022). Studies have shown superior survival outcomes in head and neck cancer patients treated with concurrent chemoradiotherapy compared with those on radiotherapy alone (Calais et al. 1999; Denis et al. 2003). There was a discussion at the pre-PASC Teleconference that patients requiring radiosensitisation with 5-FU may constitute a second patient population for this testing, and further consultation would be informative regarding the prevalence of the use of 5-FU as a radiation sensitiser, and the radiotherapy modifications required after DPYD genotyping. 
PASC noted that patients exposed to an FP agent in the context of radiation sensitisation would also potentially experience severe toxicity if they were carriers of the DPYD genetic variants described in this application, and considered that carriers of DPYD variants should be offered the same intervention as other recipients of FP-based therapy. PASC also noted the applicant expert advice that only a small proportion of all patients commencing FP-based therapy would do so for radio-sensitisation. PASC, therefore, advised that the population for pre-treatment DPYD genotyping should also include patients receiving FPs as radio-sensitising agents prior to radiotherapy, and this small subpopulation did not require a separate PICO set.  
Lower-dose topical FP is also a treatment for skin cancers. However, DPYD genotyping is not proposed for patients about to receive topical FP treatments, only systemic FP (i.e. intravenous or orally administered). Therefore, where this PICO refers to 5-FP-based chemotherapy, this is systemic chemotherapy only.
Capecitabine was first approved by the US FDA in 2001 as first-line treatment of metastatic colorectal cancer (Oncology 2001). Capecitabine is now used to treat colorectal, pancreatic, gastric and breast cancer (US FDA 2022). FPs can be used alone or in combination with other treatments, including radiotherapy.
The chemical breakdown of the two commonly used FPs— 5-FU and capecitabine — involves the same metabolic pathway, except that capecitabine first undergoes a three-step enzymatic process to convert into 5-FU in the liver. The breakdown of 5-FU into inactive metabolites requires the dihydropyrimidine dehydrogenase (DPD) enzyme, responsible for the catabolism of 80% of 5-FU in the liver (Longley et al. 2003; Gentile et al. 2016). The remaining 5-FU is either converted to toxic metabolites (about 5%) or excreted in urine (10-20%). If DPD enzyme activity is lower than normal, less 5-FU is converted to the inactive metabolite, and more of the active metabolite accumulates, increasing the risk of FP-related toxicity. The therapeutic effect of 5-FU is mediated by a tiny fraction (1-3%) of the administered dose that is anabolised (smaller fractions converted to complex molecules) into cytotoxic metabolites. These metabolites incorporate into both nuclear and cytoplasmic RNA and DNA. This step exerts a chemotherapeutic effect on tumour cells and normal tissues via the inhibition of RNA processing and function, and DNA synthesis and repair (Ontario Health 2021; White et al. 2021; Dean and Kane 2021 (Update)). The catabolism process evidently plays a significant role in determining the clearance of 5-FU from the system. Therefore, a reduction in the DPD enzyme activity increases drug exposure and 5-FU toxicity (Mattison et al. 2002; Longley et al. 2003; Amstutz et al. 2011).
DPD deficiency and DPYD gene variants
The conversion of 5-FU into inactive metabolites by the DPD enzyme, encoded by the dihydropyrimidine dehydrogenase (DPYD) gene on chromosome 1, is the rate-limiting step in fluorouracil metabolism. Some DPYD gene variants may lead to reduced or completely absent levels of DPD enzymatic activity, known as DPD deficiency (Alsanosi et al. 2014; White et al. 2021). In the case of DPD deficiency, more 5-FU is available for conversion to cytotoxic metabolites, resulting in severe toxicity. Modifications to chemotherapy treatment (e.g., FP dose reduction, switch to alternative treatments) may reduce the risk of severe FP-related toxicity in patients with DPYD variant(s) identified through pre-treatment DPYD genotyping. 
Four well-characterised and prevalent DPYD variants are recognised to demonstrate decreased DPD enzymatic function (Gentile et al. 2016; Henricks et al. 2018; White et al. 2021): 
No function variants:
· c.1905+1G>A (also known as rs3918290, also known as DPYD*2A, DPYD:IVS14 1 1G>A), and
· c.1679T>G (also known as rs55886062, DPYD*13, p.I560S).
Decreased function variants:
· c.2846A>T (also known as rs67376798, p.D949V), and 
· c.1129–5923C>G (also known as rs75017182). 
Note the variant c.1236G>A was previously thought to be in complete linkage disequilibrium with the c.1129–5923C>G variant and so was considered to be a suitable proxy (Dean and Kane 2021 (Update)). However, a newly published paper raised in the applicant’s post-PASC comment reported c.1236G>A is not in complete linkage disequilibrium (Turner et al, 2024) so is not a suitable proxy for the c.1129-5923C>G variant causally linked to decreased DPD function. The CPIC also updated its guidelines[footnoteRef:3] in January 2024 to reflect this new evidence. [3:  CPIC Guidelines for Fluoropyrimidines and DPYD (updated January 2024), available at: https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/ ] 

DPD deficiency is inherited in an autosomal recessive manner, such that both copies of the DPYD gene in each cell contain variants that predispose patients to FP-related toxicity. DPD deficiency has highly variable disease penetrance, meaning that a proportion of people with a DPYD variant will exhibit toxicity while some will not (Amstutz et al. 2018). People are categorised as normal, intermediate, or poor DPYD metabolisers depending on the combination of the alleles present:
· DPYD normal metabolisers carry two ‘normal’ function alleles resulting in fully functional, normal DPD enzyme activity.
· DPYD intermediate metabolisers have reduced DPD enzyme activity as they carry either: 
· one normal function allele plus one no function allele (heterozygous with decreased function variant), or 
· [bookmark: _Hlk138146903]two decreased function alleles (homozygous with decreased function alleles). 
· DPYD poor metabolisers carry either:
· two no function alleles (homozygous with no function alleles), or 
· one no function allele plus one decreased function allele (compound heterozygous with no function and decreased function alleles) (Amstutz et al. 2018).
Some patients may carry multiple DPYD variants simultaneously. Homozygous patients carrying identical alleles can suffer from reduced or absent DPD enzyme activity. Compound heterozygous patients carrying two or more variants on the same or different alleles can also have variable DPD enzyme activity - more severe when multiple DPYD variants are present on different alleles (Knikman et al. 2021).
According to the Clinical Pharmacogenetics Implementation Consortium (CPIC), an international consortium that produces peer-reviewed clinical management guidelines for clinical implementation of pharmacogenetic tests, DPD enzyme activity is reduced by 50% in patients with a decreased function variant (Amstutz et al. 2018). 
DPD enzyme activity can be predicted using the DPYD gene activity score, which uses the normal/intermediate/poor metaboliser classification as above to calculate a score ranging from 0 (no DPD enzyme activity) to 2 (normal DPD enzyme activity) (Amstutz et al. 2018):
· Normal metabolisers have a DPYD gene activity score of 2. 
· Intermediate metabolisers have a DPYD gene activity score of 1 or 1.5.
· Poor metabolisers have a DPYD gene activity score of 0 or 0.5.
The prevalence of poor or intermediate metabolisers varies with the ancestral makeup of the population and occurs in approximately 3-5% of individuals of European descent (Innocenti et al. 2020; Ragia et al. 2023). No other phenotype is associated with DPYD intermediate metaboliser status apart from the susceptibility to FP-related toxicity. Complete absence of DPD enzyme activity occurs in only 1-2 per 1,000 of the Western European population and can be fatal upon exposure to an FP (Dean and Kane 2021 (Update)). 
The prevalence of DPYD gene variant-related DPD enzyme deficiency varies with ancestry, although most published data were based on European populations (Meulendijks et al. 2015; Henricks et al. 2018; White et al. 2021). There was a paucity of data describing the prevalence of DPYD variant carriers in Australian and non-Caucasian populations, and no data describing DPYD variants in Aboriginal and Torres Strait Islander peoples. Furthermore, while the four aforementioned DPYD genetic variants indicate a significantly increased risk of FP-related toxicity in Caucasian populations, their impact on non-Caucasian populations is less known (White et al. 2021). Other variants have also been shown to impact DPD enzyme activity in non-Caucasian populations. For example, variant c.1905+1G>A is shown to increase the odds of toxicity in the Caucasian population by a factor of 5.4, but no data is available on non-Caucasians. On the other hand, a variant c.85T>C did not affect DPD enzyme activity in Caucasians but increased the risk of haematological toxicity in South Indian carriers (White et al. 2021). In Italy, the variant rs1801160 (c.2194G>A, p.Val732Ile, DPYD*6), considered a ‘normal functioning allele’ by the CPIC was included in the DPYD genotyping panel because it increased the overall risk of toxicity by a factor of 1.73 (Kim et al. 2022). This genetic variant was also the most commonly found in a recent observational study in Greece (Ragia et al. 2023). 
According to the applicant, the clinical characteristics (type of cancer etc) are not associated with having specific DPYD variants. Germline genotype for autosomal genes is also not expected to differ by demographic characteristics (e.g., age, sex). However, there are differences in the frequency of specific variants between different ancestries. For example, the frequency of the four DPYD variants identified by the CPIC as being of specific relevance in patients receiving 5-FU varies from less than 0.1% (South East Asia, Sub-Saharan Africa) to 3.6% (European)[footnoteRef:4]. The difficulty is that self-declared ethnicity can be a poor guide to the genetic ancestry of a patient. [4:  https://files.cpicpgx.org/data/report/current/frequency/DPYD_frequency_table.xlsx] 

Observational data suggest that 40-50% of the patients will develop FP-related toxicity despite pre-treatment DPYD genotyping-guided FP dose reduction. This residual toxicity potentially results from other genetic variants that could potentially reduce DPD enzyme activity (Palles et al. 2021; Tsiachristas et al. 2022). Published evidence suggests that pre-treatment DPYD genotyping for the four variants recommended by the CPIC has very low sensitivity to predict FP-related toxicity (approximately 4% for any grade toxicity to 12% for grade ≥3 toxicity) but has very high specificity (97-100%) (Lee et al. 2014; Ragia et al. 2023). Expanding this genetic panel to include additional DPYD variants significantly increased the sensitivity of predicting grade 3-4 toxicity (Boige et al. 2016; Palles et al. 2021; Maslarinou et al. 2023). 
[bookmark: _Ref149814924]FP-related toxicity and DPYD genotyping
Individuals who are DPYD intermediate or poor metabolisers cannot metabolise FPs at normal rates and are at risk of severe (grade 3-4), and sometimes potentially life-threatening toxicity typically developing within the first two cycles of standard-dose FP-based chemotherapy. Toxicity may present as bone marrow suppression, haematologic reactions (leukopenia, neutropenia, anaemia, thrombocytopenia), gastrointestinal symptoms (mucositis, diarrhoea, nausea, and vomiting), neurotoxicity and palmar-plantar erythrodysaesthesia (hand-foot syndrome). Generally, while approximately 30-40% of all patients on FPs experience severe toxicity (Van Cutsem et al. 2001), the risk of toxicity events is increased by 1.7- to 5-fold in DPYD variant carriers (Meulendijks et al. 2015).
Guidelines suggest orally administering an oral formulation of uridine triacetate to treat FP-related severe toxicity (eviQ 2020). The uridine triacetate is a pyrimidine analogue and acetylated pro-drug of uridine. After administration, metabolically, the uridine triacetate converts to uridine. This product is a compound that inhibits cell damage and cell death, thereby acting as an effective antidote to FP-related toxicity. Patients with severe toxicity may require hospitalisation or a follow-up visit with the specialist. Management of FP-related toxicity is usually based on clinical manifestations, for example, patients with FP-related cardiotoxicity presenting with chest pain associated with electrocardiogram (ECG) changes are treated with anti-anginal drugs (Saif et al. 2023). Depending on the severity and type of toxicity event, patients may require anti-diarrhoeal drugs, a visit to the emergency department, FP dose modification, treatment delay, or discontinuation of treatment (eviQ 2021; Ontario Health 2021; eviQ 2022a).
[bookmark: _Hlk132712235]A complete absence of DPD enzyme activity can often be fatal with exposure to FP-based chemotherapy. A systematic review of 35 studies (25 observational and 10 trials) (N= 13,929 patients receiving standard doses of FP-based chemotherapy) found that 566 patients (4.1%) had at least one DPYD variant, with c.1129-5923C>G being the most common variant (prevalence 3.9%). The review reported 27 treatment-related deaths (crude treatment-related mortality rate 0.2%), 13 of which were in patients with a DPYD variant. The meta-analysis showed that people with variants had a 25.6 times increased risk of treatment-related death (Sharma et al. 2021).
DPYD genotyping before the first exposure to FP-based chemotherapy may help identify patients at risk of DPD enzyme deficiency and avoid severe toxicities in carriers of clinically significant DPYD variants. 
International guidelines
The 2020 statements by the European Medicines Agency (EMA) and the National Health Service (NHS) in England prompted the development of several national, regional, and institutional guidelines, on pre-treatment DPD deficiency testing, in Europe and the UK (EMA, 2020; NHS England 2020). These statements and the resulting guidelines recommend pharmacogenomic testing for DPYD polymorphisms and testing for the lack of the DPD enzyme before commencing FP-based chemotherapies. The guidelines include those published by the Dutch Pharmacogenetics Working Group (DPWG) and the CPIC, and are among the most commonly used guidelines globally (Lunenburg et al. 2020; Wörmann et al. 2020) (Amstutz et al. 2018). 
In Australia, the eviQ also follows the CPIC and DPWG guidelines in their recommendations (eviQ 2023b). The Therapeutic Goods Administration (TGA) Advisory Committee on Medicines (ACM) considered the adequacy of the communication in the current Product Information on the risk of 5-FU toxicity related to DPD deficiency at its December 2021 meeting (TGA 2021). The ACM noted that:
· While the laboratory tests for DPD enzyme deficiency (including phenotype and genotype testing) in Australia follow international methods, there are international differences in clinical practice regarding whether to test for DPD activity prior to the start of treatment or to monitor the patient’s experience. 
· There continues to be uncertainty on the thresholds defining complete and partial DPD deficiency. There are no large studies confirming the best threshold for this biomarker, although blood uracil level > 150 ng/mL is associated with severe enzyme deficiency.
· Factors other than DPD deficiency remain important to minimise toxicity e.g., dosing and monitoring.
Therefore, the ACM advised that: 
· DPD testing can be a reasonable clinical choice but need not be mandated. The treating team would consider availability of the test (cost, potential delay to decision on drug and dosing) for the individual patient.
· If a partial DPD deficiency is detected, a reduced starting dose is supported by multiple studies. The wording about dosage used in Europe is appropriate for 5-FU and capecitabine in Australia.
The ACM did not support the inclusion of detailed information on genotypic and phenotypic characterisation in the Product Information (TGA 2021). 
The current TGA-approved Product Information documents for 5-FU and capecitabine contain a contraindication for patients with known complete DPD deficiency. There was also a warning about the potential for “severe and potentially life-threatening toxicity in patients with a total or partial DPD deficiency”. These documents recommend a reduced starting FP dose to limit FP-related toxicity, and include DPD deficiency as a parameter for dose reduction, in conjunction with other routine measures (Sandoz Pty Ltd 2022; Pfizer Australia Pty Ltd 2023). 
In the USA, neither the US National Comprehensive Cancer Network (NCCN) nor the American Society of Clinical Oncology (ASCO) endorse routine pre-treatment DPYD genotyping because of sub-optimal prediction of DPD activity in non-European ethnicities (Cascorbi 2023). The US FDA does not recommend DPYD genotyping but rather includes a warning in the medicine labels regarding a potential deficiency in DPD activity among people with ‘certain’ homozygous or compound heterozygous variants (Cascorbi 2023). 
Commonly used international guidelines e.g., CPIC and DPWG, recommend pre-treatment DPYD genotyping to guide FP dosing, without restricting the eligible population by age (Amstutz et al. 2018; Lunenburg et al. 2020).  
Patient characteristics
The prevalence of the known DPYD variants is very low in the Western European population, and varies widely across the world. As described above, the presence of certain DPYD variant(s) may significantly lead to DPD deficiency, and result in FP-related toxicity. In addition to the presence of DPYD variant(s), the prevalence of DPD deficiency, and therefore FP-related toxicity, varies with patient characteristics. These other factors include:
· Age: Observational studies have indicated an association between old age (≥65 years) and developing FP-related toxicity. But data is limited for other age groups including children (Knikman et al. 2021). 
· Sex: Observational evidence suggests that capecitabine is catabolised slower in women than in men, so women are at a higher risk than men to develop FP-related toxicity. However, the studies did not adjust for confounders such as body size, warranting the need for further research (Knikman et al. 2021). 
· Body composition: Decreased lean body mass could be associated with a higher risk of developing severe FP-related toxicity, but the data are limited with observational studies reporting conflicting findings (Knikman et al. 2021). 
· Renal function: Evidence suggests an association of renal impairment and decreased creatinine clearance with a high risk of FP-related toxicity. Some countries, including Australia have incorporated renal insufficiency as a contraindication in the product information leaflets of FPs (EMA 2008; Sandoz Pty Ltd 2022; Pfizer Australia Pty Ltd 2023). 
· The type and stage of cancer. 
· Concurrent exposure to other anticancer drugs such as platinum-based drugs: FPs are often used in combination with other anticancer drugs that are associated with toxicity (e.g., platinum-based chemotherapies), and can increase the overall risk of toxicity (Ontario Health 2021; White et al. 2021). Future research should account for the confounding effect of chemotherapies on toxicity.
Because several factors potentially influence the risk of developing FP-related toxicity, evidence suggests combining patient characteristics with genotyping strategies to better manage FP dosing (Knikman et al. 2021).
As for age, the application did not explicitly specify the age of the proposed MBS population for pre-treatment DPYD genotyping, and did not propose an age restriction on this testing, although there may be differences in clinical utility by age (different cancers, different adverse events, different utility and cost impacts of those adverse events). Clinical experts at the pre-PASC teleconference (12 October 2023) advised that most of the patients qualifying for DPYD genotyping were expected to be adults although some would be children. Some children with congenital DPD deficiency have unusual development and medical issues, compared with those without DPD deficiency. The cause of the unusual development in these children is unclear. On the other hand, some children with solid tumours (e.g., colorectal cancer) require FP-based chemotherapy and the treating paediatric oncologists would refer/order DPYD genotyping before initiating chemotherapy. Paediatric testing for DPYD variants is also included in the NHS test directory (NHS England 2023). The CPIC guidelines also recommend genotyping children given that the FP-related pharmacokinetics are similar in children and adults. The CPIC guidelines further recommend performing early phenotypic (e.g., urine screening of uracil and its degradation products) and/or genetic testing (pre- or postnatal) of offspring of DPYD no function variant carriers (Amstutz et al. 2018). 
The population for the genotyping test will include adults and the paediatric population. 
PASC noted the applicant had proposed this testing without any age restriction, and that the applicant expert (a medical oncologist) reported that there was no reason why children should metabolise 5-FU differently from adults and that the CPIC guidelines did not restrict using DPYD genotyping by age group, nor describe different dose adjustment. PASC considered there may be a potential impact of dose adjustments (post-test) on cancer outcomes in children but noted the applicant clinical expert advice that in general and irrespective of age, the starting dose adjustment recommended is 50% of the target dose and up-titrated if tolerant, as per eviQ guidelines[footnoteRef:5]. PASC advised the proposed MBS population for pre-treatment DPYD genotyping should not be restricted by age and would therefore include adults and the paediatric population. [5:  https://www.eviq.org.au/clinical-resources/side-effect-and-toxicity-management/prophylaxis-and-treatment/1744-dihydropyrimidine-dehydrogenase-dpd-enzyme] 

Number of eligible patients
The application estimated the number of eligible patients for DPYD genotyping under the proposed MBS listing based on the total number of cancers detected in the respective year, and the proportion of patients who currently receive FP-based chemotherapy. 
Direct sources to collect this information are the Australian population-based cancer registries. But the development of these registries is still in its infancy, because they do not yet collect data on cancer treatments. In the future, national administrative healthcare data linkages will provide such information including the stage of cancer at diagnosis, treatment, and recurrence of cancer (Cancer Australia 2023). One of the indirect sources for such information on FP-based chemotherapy use is to review the TGA’s Database of Adverse Event Notifications. The database is a voluntary reporting mechanism, that includes reports on adverse reactions to FPs. These notification records are incomplete making it difficult to estimate toxicity rates or patient characteristics. Therefore, there is lack of robust Australian data describing the overall incidence of severe toxicity related to the administration of FPs, and rates of toxicity-associated morbidity and mortality (White et al. 2021). 
Utilisation of DPYD genotyping will be based on the number of people receiving FP-based chemotherapy in Australia. This data on FP use may be extracted from the national pharmaceutical dispensing dataset (e.g., PBS data). 
Another method to estimate the utilisation of DPYD genotyping is by calculating the incidence of cancers that require FP-based chemotherapy. Table 2 presents the incidence of common cancers requiring FP-based chemotherapy based on the Australian Institute of Health Welfare (AIHW)’s projections of cancer incidence over the next 10 years (AIHW, 2023) (list of cancer type derived from the application (Attachment with the application ‘Estimated Utilisation’). 
[bookmark: _Ref147826773]Table 2	Projected incidence of common cancers potentially receiving FP-based chemotherapy, over the next eight years and first six years of the proposed MBS listing 
	Cancer typea
	2024
	2025
	2026b
	2027
	2028
	2029
	2030
	2031

	Breast
	20,771
	21,186
	21,599
	22,015
	22,434
	22,854
	23,278
	23,709

	Colorectal
	16,693
	16,921
	17,138
	17,351
	17,677
	17,988
	18,285
	18,576

	Head and neck 
	5,401
	5,498
	5,600
	5,701
	5,800
	5,900
	6,000
	6,100

	Oesophageal
	1,794
	1,832
	1,871
	1,910
	1,953
	1,996
	2,038
	2,080

	Pancreas
	4,752
	4,930
	5,110
	5,295
	5,468
	5,643
	5,818
	5,995

	Stomach
	2,693
	2,750
	2,803
	2,858
	2,916
	2,978
	3,031
	3,087

	Total cancers
	52,104
	53,117
	54,121
	55,130
	56,248
	57,359
	58,450
	59,547


Source: Table compiled during PICO development using the same method as in the application but updated with the most recently available data (AIHW Cancer data in Australia, 2023 (AIHW, 2023)) rather than the AIHW 2022 data used in the application (Table 5, p8 of the application attachment titled “Estimated utilisation” submitted by the applicant).
AIHW = Australian Institute of Health and Welfare; FP = Fluoropyrimidine; MBS = Medicare Benefits Schedule.
Head and neck cancers excluded lip cancers.
a The list of cancers does not include numbers for extrahepatic bile duct cancers (type described in the application) because the most recent AIHW update did not provide numbers for these cancers and the application only provided projections until 2026.
b The first year of the proposed MBS listing of DPYD genotyping may be 2026 assuming MSAC advice in November 2024.
As described in the application, only a proportion of the cancers will be treated by FP-based chemotherapy (Sheet 1 of the attachment “DPYD Genotyping estimates”). Table 3 presents the estimated number of patients eligible for DPYD genotyping in the first year of the proposed MBS listing — approximately 22,000 patients— based on the assumptions described in the application. The applicant indicated that the assumptions used in the application were based on clinical experience (pre-PASC teleconference, 12 October 2023).
[bookmark: _Ref147780596][bookmark: _Ref147780586]Table 3	Estimated number of patients eligible for DPYD genotyping in 2024 in the application (based on the proportion of people with cancer receiving FP-based chemotherapy)
	Cancer
	Stage
	Annual incidence (N) [A]f
	% by stage
[B] 
	Incidence in 1st year (N) 
[C=AxB]
	% on FP [D]
	% relapse [E] 
	% on FP after relapse [F]
	Sub-total
[G=CxD+CxExF]
	TOTAL

	Colorectala
	All
	16,693 
	
	
	
	
	
	
	

	
	1
	
	25%
	4,173
	−
	−
	−
	
	

	
	2
	
	25%
	4,173
	10%
	20%
	80%
	1,085
	

	
	3
	
	25%
	4,173
	80%
	32%
	25.6%
	3,680
	

	
	4
	
	25%
	4,173
	80%
	−
	−
	3,339
	

	
	
	
	
	
	
	
	
	
	8,104

	Breastb
	All
	20,771
	
	
	
	
	
	
	

	
	2
	
	50%
	10,386
	−
	40%
	60%
	2,493
	

	
	3
	
	10%
	2,077
	20%
	60%
	60%
	1,163
	

	
	4
	
	20%
	4,154
	30%
	−
	−
	1,246
	

	
	
	
	
	
	
	
	
	
	4,902

	Upper GI
	All
	9,239
	
	
	
	
	
	
	

	Oesophagusc
	
	1,794
	100%
	1,794
	50%
	−
	−
	897
	

	Stomachd
	
	2,693
	100%
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	−
	−
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	Pancrease
	
	4,752
	100%
	4,752
	80%g
	−
	−
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	6,853

	Head & Neck
	
	5,401
	
	5,401
	40%
	−
	−
	
	2,160

	Total
	
	
	
	
	
	
	
	
	22,019h


Source: Table compiled during PICO development based on Sheet 1 of attachment “DPYD genotyping estimates” but updated with AIHW (2023) incidence data (application used AIHW 2022 data). The applicant reported that the proportions of incident cancers receiving FP therapy were based on clinical expert opinion. Note that there were a few inconsistencies between the text description and the cell values in tab “Sheet 1” of Excel Workbook titled “DPYD genotyping estimates” of the application.
5-FU = 5-Fluorouracil; AIHW = Australian Institute of Health and Welfare; FP = fluoropyrimidine; GI = gastrointestinal.	
a Each stage of colorectal cancer represents about 25% of total cases. 10% of stage 2 colorectal cancers have adjuvant FP, 20% of all stage 2 relapses 80% of which have FP. 80% of stage 3 colorectal cancers have adjuvant FP (20% refuse), and 40% of these relapses of which 80% have FP. 80% of stage 4 colorectal cancers have FP (20% too ill or palliative care only). 
b Most initial breast cancers are stage 1 (20%) or stage 2 (50%), with 10% stage 3 and 20% metastatic at first diagnosis. No stage 2 breast cancers have primary chemotherapy including FP. 40% of stage 2 relapse and 60% of these have FP at some time. 20% of stage 3 (locally advanced) breast cancers have primary FP, 60% of stage 3 relapse 60% of which have FP at some time. About 30% of all metastatic breast cancers have capecitabine or 5-FU at some time.
c For the oesophagus, about 50% of cases have either neoadjuvant chemotherapy or chemotherapy at relapse.
d For gastric (stomach) cancer, about 80% of cases have neoadjuvant FP-based chemotherapy. All those who relapse have FP.
e For pancreatic cancer, FOLFIRINOX (chemotherapy combination of leucovorin calcium (folinic acid), fluorouracil, irinotecan hydrochloride, and oxaliplatin) or gemcitabine/paclitaxel are the preferred regimens used in about 80% of all cases.
f Annual incidence is based on (AIHW 2023) projections for the year 2024.
g There were a few inconsistencies between the text description and the cell values in tab “Sheet 1” of Excel Workbook titled “DPYD genotyping estimates” of the application. For example, the text description reported that 80% of all cases of pancreatic cancer used FP-based chemotherapy whereas 40% was used in the calculation.
h The application estimated that a total of 16,776 cancer patients would require FP-based chemotherapy, based on the AIHW 2022 projections. The total estimate in Table 3 was higher (22,019) for a few reasons, e.g., Table 3 used AIHW 2023 incidence projections and 80% rather than 40% for pancreatic cancer patients using FP-based chemotherapy.  
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The intervention proposed by the applicant was DPYD genotyping before the commencement of FP-based chemotherapy (to identify patients at risk of severe FP-related toxicity).
The goal of pre-treatment DPYD genotyping is to reduce the risk of severe toxicity by identifying patients at risk of DPD enzyme deficiency, to change patient management by reducing FP dose or changing the treatment (Innocenti et al. 2020). Lowering the FP dose in patients with DPD deficiency will help maintain therapeutic plasma concentrations of 5-FU and its metabolites, thereby decreasing the risk of severe toxicity while maintaining treatment efficacy (Ontario Health 2021). 
The applicant reported that genotyping of DPYD variants is typically conducted using a polymerase chain reaction (PCR)-based method on DNA extracted from peripheral blood cells (4 ml Ethylenediaminetetraacetic acid (EDTA) sample) (p6 in the applicant’s supporting PICO document titled “Adults undergoing fluoropyrimidine-based treatment for cancer” (MSAC 2023), (Ontario Health 2021))(Keen et al. 2022), or buccal swab or saliva samples (Mayo Clinic Laboratories 2023). The applicant reported that there are several commercially available kits for testing all the variants described in this application. The kits include the VeriDose DPYD panel (Agena Biosciences), the Elucigene® DPYD kit (Yourgene), and the TaqMan® OpenArray® Pharmacogenomics (PGx) Panel (Thermo Fisher Scientific). The applicant also indicated that these kits do not need to be TGA-registered and would be validated by pathology providers in accordance with the National Pathology Accreditation Advisory Council (NPAAC) standards as in-house In Vitro Diagnostic. All these commercially available kits use amplicon (PCR)-based technology (source: applicant’s document titled “Questions from the Assessment Group Final” supplied to the Department for the pre-PASC teleconference, 12 October 2023). 
PASC noted consultation comments had raised concerns that testing should not be restricted to blood samples. PASC considered that no restriction on sample types was proposed, and that testing could therefore use any appropriate sample type without requiring adjustment to the proposal.
Most European countries and the United Kingdom (UK) publicly reimburse routine pre-treatment DPYD genotyping (SSCPT 2020; Wörmann et al. 2020; de With et al. 2023). A few others (e.g., France, Denmark, and the Netherlands) provide additional reimbursement for DPYD phenotype testing (de With et al. 2023). In Canada, pre-treatment DPYD genotyping is publicly funded in Quebec for the four common variants (Ontario Health 2021), but the funding status is unclear in other provinces. In Australia, DPYD genotyping is currently not publicly funded on the MBS but is available in some medical genetics laboratories (e.g., MyDNA), hospitals (e.g., the Peter MacCallum Cancer Centre), and local area health networks (e.g., the Southern Adelaide Local Health Network. Genotyping is requested by medical oncologists as in-patient services (i.e., state-funded) or as private individuals (out-of-pocket expenses) (pre-PASC teleconference, 12 October 2023). However, the extent of this funding or the number of patients covered is unknown. Regarding the current practice around genotyping in Australia, the applicant stated during the pre-PASC teleconference that it is performed in patients who have already initiated FP-based chemotherapy. The applicant also indicated that pathology laboratories are generally not informed of the specific clinical context of the DPYD genotyping requested. DPYD genotyping available through some commercial providers costs approximately $140- $160, with costs varying between the laboratories offering the test.[footnoteRef:6],[footnoteRef:7],[footnoteRef:8],[footnoteRef:9] [6:  Australian Clinical Labs: https://www.clinicallabs.com.au/cancer-services/pharmacogenetics/]  [7:  Sonic Genetics: https://www.sonicgenetics.com.au/our-tests/all-our-tests/dpyd-screen/]  [8:  Austin pathology: https://www.austinpathology.org.au/test-directory/2034]  [9:  MyDNA: https://www.mydna.life/dpydtesting/] 

The proposed DPYD genotyping will be performed before initiating FP-based chemotherapy, administered orally or intravenously. The proposed listing includes genotyping for at least the four DPYD variants that are recommended by international guidelines including by the CPIC (Amstutz et al. 2018), the DPWG (Lunenburg et al. 2020), European consensus guidelines (Wörmann et al. 2020), and the EMA (EMA 2020), and adopted in several European countries: 
· c.1905+1G>A 
· c.1679T>G 
· c.2846A>T
· c.1129-5923C>G
Note that the guidelines published before 2024 describe c.1236G>A. as a proxy for c.1129-5923C>G. However new evidence was published in 2024 that the proxy SNP is no longer considered appropriate. PASC noted (out-of-session) that the item descriptor’s practice note had been updated to reflect the new evidence that these SNPs are not in complete linkage disequilibrium (Turner et al., 2024). 
PASC further considered (out-of-session) that at least some of the relevant studies likely used the proxy SNP rather than c.1129-5923C>G itself. However PASC considered that the applicability of evidence using the proxy SNP was not necessarily greatly reduced for the HTA, because Turner et al. reported unlinked genotypes between the SNP and its proxy to be very rare (“0.223% of subjects with c.1236G>A lack c.1129‐5923G>A”). PASC therefore advised that literature using the proxy SNP still be considered for inclusion in the DCAR’s assessment, including an assessment of the applicability of the identified evidence as per usual.
The proposed MBS item descriptor, by stating “genetic testing for four or more variants …. ”, leaves the potential to expand the panel to other variants as more data emerge on genotypes that can increase the risk of FP-related toxicity, or are found to be more common in Australia (see “Proposal for public funding”). 
PASC considered that more research may be needed to determine relevant alleles in non-Caucasian populations, such as Aboriginal and Torres Strait Islanders and other minorities. PASC considered that the testing being for “four or more variants” would include the proposed variants and also permit any other variants with relevant clinical utility (including those in minority populations, and those discovered in the future) to be included as necessary.
The turnaround time for DPYD genotyping is approximately 5-6 days (p5 of the application), with some delays in rural and regional areas (eviQ 2023b).
A second tier of testing (using e.g., gene sequencing) after genotyping was not proposed in this application, although there was some evidence on two-tiered testing in the literature. Some observational studies conducted standard PCR testing followed by Sanger sequencing of the entire coding region of the DPYD gene in a subset of patients to “confirm the genotype or detect rare variants” (Coenen et al. 2019). The Scottish regulatory authority—the Healthcare Improvement Scotland (SHTG)— also recommends Sanger single gene sequencing following PCR amplification (SHTG 2020). However, a follow-up investigation like NGS may not be required to validate the PCR results because the accuracy of the PCR testing in detecting the four variants is well studied, and the literature suggests a robust functional significance of the proposed variants (Amstutz et al. 2018; EMA 2020; Hamzic et al. 2020; Lunenburg et al. 2020). The applicant also confirmed that DPYD sequencing is not currently conducted in Australia following a PCR-based test.
DPYD genotyping will be conducted in a National Association of Testing Authorities (NATA) accredited diagnostic laboratory in accordance with the NPAAC guidelines (ACSQHC 2022).
Gene sequencing
An alternative approach is sequencing the gene or exons, for example using Next Generation Sequencing (NGS). This has the potential to reveal additional rare pathogenic or likely pathogenic genetic variants, although would likely also be more costly than testing of the four SNPs. For example, a recent study explored genotype-phenotype correlations by conducting exon sequencing of the DPYD gene in a group of 94 patients. The study found eight common and 23 rare variants, collectively accounting for 42.5% of all DPD deficiencies observed in the study population (De Luca et al. 2022). 
PASC noted that the applicant had proposed genotyping of four SNPs for the intervention, but that Sanger sequencing, next generation sequencing (NGS) and single nucleotide polymorphism (SNP) arrays were other methods that could be used to identify these and potentially other DPYD variants. PASC considered that non-targeted sequencing methods were likely to identify variants of unknown significance (VUS) or variants with no demonstrated effect on DPD enzyme reduction, and potentially at greater testing cost. PASC also considered the applicant’s advice that genotyping is the ‘gold standard’ method for identifying the four proposed genetic variants. Overall, PASC advised the intervention should be genotyping of at least the four proposed SNPs, and gene sequencing should not be added to the HTA as a scenario of the intervention.  
PASC noted that the method-agnostic genotyping item descriptor would not exclude laboratories from choosing to use non-targeted methods, and in that case use of virtual panels could ensure only the variants described in line with current guidelines were reported thereby preventing implications from the detection of VUSs.
Phenotypic testing
Some phenotypic methods can identify decreased DPD enzyme activity and are endorsed by some international guidelines (Lunenburg et al. 2020) and publicly subsidised in some European countries (de With et al. 2023). However, the applicant did not propose phenotypic methods as interventions based on their drawbacks (Knikman et al. 2021) (p8 of the application). 
Phenotypic methods and their drawbacks are:
· Determining pre-treatment dihydrouracil to uracil ratio in blood: The test is based on DPD enzyme converting its endogenous substrate uracil (U) into dihydrouracil (DHU). Testing U or DHU concentrations in blood plasma entails ultra-performance liquid chromatography–tandem mass spectrometry (UPLC–MS/MS) assay using the patient’s blood sample (Jacobs et al. 2016). The pre-treatment ratio of serum concentrations of DHU to U – the DHU/U ratio – has been investigated as a phenotypic measure of systemic DPD activity (Meulendijks et al. 2017). A low ratio would indicate low DPD enzyme activity and predict high 5-FU plasma levels. But there is no consensus on the exact association of U and DHU levels with FP-related toxicity (de With et al. 2022; Paulsen et al. 2022). The test is recommended by some international guidelines that were based on one single centre observational study published in 2017. This study showed a significant association of plasma U and DHU levels above 16 ng/ml with FP-related toxicity (Meulendijks et al. 2017; European Medicines Agency (EMA) 2020). Newer retrospective data have shown its correlation with the prediction of severe toxicity, but prospective data are lacking. Also, this method requires expensive laboratory facilities. Studies have shown conflicting results of association of pre-treatment DHU/U ratio with FP-related toxicity: 
· A Dutch prospective observational study found no correlation between phenotypic testing using pre-treatment U levels and DHU/U ratio, and FP-related toxicity. The study also found no significant relationship between U levels and DHU/U ratio and DPD enzyme activity in peripheral blood mononuclear cells. This study indicated plausible between-centre differences in the plasma uracil levels, underlining that its measurements could be sensitive to pre-analytical errors and may be affected by circadian rhythm and food intake (de With et al. 2022). 
· One French non-randomised cohort study found a significantly lower incidence of ≥3 toxicity in patients who received FP doses based on both DPYD genotyping and phenotypic testing using plasma U and DHU levels), compared to those who received standard doses. However, the study did not provide the thresholds/cut-offs of plasma U and DHU levels used to alter the dose. Further, the study population comprised a higher number of participants with partial (CPIC’s intermediate metaboliser) deficiency in the intervention arm compared with the standard dose arm, biasing the results in favour of the combined genotyping-phenotypic approach (Boisdron-Celle et al. 2017).
· Another French study found that DPYD genotyping poorly correlated with plasma U and DHU levels. But the study did not test the predictive value of either method in estimating the risk of severe FP-related toxicity (Pallet et al. 2020).
·  Given the uncertainty around the standardisation of plasma U and DHU measurement and the lack of agreed clinical cut-offs for the phenotypic tests, comparing this phenotypic testing method with no testing may be difficult in this assessment. Based on evidence that pre-treatment U and DHU levels can accurately predict DPD enzyme activity, it is publicly subsidised in two European countries including France and the Netherlands (Laures et al. 2022). But other countries like Italy do not support measuring plasma U and DHU levels to predict FP-related toxicity. This reluctance is primarily due to a lack of standardisation of testing processes (Bignucolo et al. 2023).
· Uracil breath test: This method primarily evaluates pyrimidine catabolism. The method measures the amount of modified compound of carbon dioxide (CO2)— 13CO2 —in exhaled breath after ingestion of a defined amount of 13C-uracil. Since CO2 is one of the final metabolites in pyrimidine catabolism, its availability in breath would reflect the rate of uracil catabolism. This method does not differentiate between deficiency in DPD enzymes or of other enzymes involved in the conversion of an uracil intermediate compound 1C to carbon dioxide. While it differentiates between DPD-deficient and non-deficient patients, it does not predict toxicity (Knikman et al. 2021). It is also difficult to employ in a large-scale DPD screening implementation.
· DPD enzyme activity in peripheral blood mononuclear cells (PBMCs): This ex-vivo test uses radioenzymatic assays to measure the levels of DPD enzyme activity directly (Chazal et al. 1996; Pluim et al. 2015). Evidence suggests the robustness of this test in predicting DPD enzyme activity. But there is no consensus on the threshold to determine DPD deficiency. Studies have also shown inter-patient variability of test results. These issues make it difficult to compare and interpret DPD activity in PBMCs. Further, the sample processing may be laborious, time-consuming, and expensive, and the technology might not be employed in all hospitals (Etienne-Grimaldi et al. 2023).
· 5-FU degradation rate in peripheral blood mononuclear cells: This method lacks prospective validation, which makes it difficult to assess clinical utility. Further, it is not proven if it is correlated with severe toxicity. It also requires special equipment and may be laborious, time-consuming, and expensive (Knikman et al. 2021).
None of the phenotypic tests described above are listed on the MBS.
Given the drawbacks of phenotypic testing, the lack of evidence around their utility and analytical accuracy in predicting FP-related toxicity, phenotypic testing was not considered as a scenario of the intervention. 
PASC noted DPD deficiency has a highly variable disease penetrance, and genotyping has low sensitivity (4-12%) for the four proposed variants, therefore genotyping may not detect many patients at risk of toxicity. PASC noted the applicant did not propose phenotypic methods, and the applicant’s clinical expert informed not being aware of phenotypic testing being routinely done in clinical practice. PASC further noted the pros and cons of genotyping and phenotypic methods in the target population to predict FP-related toxicity in Paulsen et al (2022)[footnoteRef:10]. PASC acknowledged the applicant’s reasons for not adopting phenotypic tests in standard clinical practice, which included: phenotypic methods cannot be reliably reproduced, phenotypic method results are affected by other factors such as kidney diseases, systemic DPD activity is hard to monitor using phenotypic tests e.g., blood plasma levels of uracil, and that there is a lack of consensus for a threshold to define metaboliser status based on phenotypic tests. PASC noted the applicant also stated that offering phenotypic testing in Australia could be challenging because of geographical access limitations (samples required for phenotypic testing may be unstable, and the logistics involved may not be feasible). Overall, PASC considered that the analytical accuracy of proposed phenotypic testing methods was not known, and therefore advised that phenotypic testing should not be added as a scenario of the intervention. [10: Paulsen NH et. al. (2022). DPYD genotyping and dihydropyrimidine dehydrogenase (DPD) phenotyping in clinical oncology. A clinically focused minireview. Basic & Clinical Pharmacology & Toxicology 131(5): 325-346.] 

Comparator

The comparator will be no pre-treatment DPYD genotyping. 
The application specified that currently no toxicity-related testing is publicly funded for patients who will initiate systemic FP-based chemotherapy for solid tumours (p10 of the application). All patients receive standard-dose systemic FP-based chemotherapy unless they experienced a previous episode of toxicity or are deemed unfit to receive full-dose chemotherapy following medical assessment by an oncologist. 
The applicant also confirmed that the current demand for phenotypic testing nationally is not available as there is no national “clearing house” of demand, outcomes, and indications for testing. Furthermore, a pathology laboratory would usually not be informed of the clinical context in which the test is requested. The applicant also stipulated that the MSAC may wish to seek input from current requestors of the test. (p2 of the document received in confidence from the applicant titled “Questions from the assessment group_Final”).
PASC agreed that the comparator should be no pre-FP-based-treatment DPYD genotyping.

Reference standard (for investigative technologies only)
· Clinical utility standard: Ability to predict FP-related toxicity.
The application did not specify any non-clinical, clinical reference or clinical utility standard for comparative analytical performance of the proposed DPYD genotyping. The accuracy of PCR testing in detecting the four variants is well studied, and the literature suggests a robust functional significance of the proposed variants (EMA Amstutz et al. 2018; 2020; Hamzic et al. 2020; Lunenburg et al. 2020). 
The sensitivity of genotyping the four variants in predicting FP-related toxicity is low. To predict the response to treatment in DPYD variant carriers, a clinical utility standard is necessary (MSAC guidelines for preparing assessments TG 11.2, p103-105). The proposed clinical utility standard is the ability of DPYD genotyping to predict FP-related toxicity.
PASC agreed that the clinical utility standard should be the ability of DPYD genotyping to predict FP-related toxicity. 
PASC advised that an assessment of the comparative analytical performance of genotyping against a non-clinical reference standard was not required. PASC agreed with the applicant that a comparison between genotyping and non-targeted methods like Sanger sequencing will not be useful because the latter is known to be less sensitive than PCR, which is the most commonly used genotyping method. PASC, therefore, advised that because genotyping was considered the ‘gold standard,’ comparison against a non-clinical reference standard was not required.
Outcomes 
Safety outcomes: 
· Adverse events (AEs) related to DPYD genotyping. 
· AEs (or avoided AEs) from any change in patient management (e.g., treatment modifications, monitoring). 
Test performance:
· Prognostic accuracy: Sensitivity, specificity, positive predictive value, and negative predictive value of DPYD genotyping to predict toxicity outcomes (e.g., AEs).
The application did not include prognostic accuracy of DPYD genotyping as an outcome. Published evidence suggests DPYD genotyping has very low sensitivity but high specificity to predict FP-related toxicity (Lee et al. 2014; Ragia et al. 2023). Low sensitivity would result in a high number of false negative results, potentially missing patients at high risk of developing FP-related toxicity. On developing FP-related toxicity these patients will require treatment, and thereafter dose titration or therapy switching based on the type of cancer. 
· Any differences in prognostic accuracy by patient characteristics (e.g., age, ancestry), and cancer characteristics (e.g., type, stage).
Change in management:
· Change in patient management (e.g., treatment modifications, monitoring).
· Any differences in patient management by patient characteristics (e.g., age, ancestry), and cancer characteristics (e.g., type, stage).
Clinical effectiveness outcomes:
· Direct: Change in patient-relevant health outcomes (e.g., AEs, the effectiveness of cancer treatment, mortality, morbidity, quality of life) comparing patients who received pre-treatment DPYD genotyping versus those who did not receive pre-treatment DPYD genotyping.
Large prospective observational data found that DPYD genotyping-guided dose adjustment significantly reduced the prevalence of severe toxicity in DPYD variant carriers compared with historical controls (Henricks et al. 2018). 
· Indirect: Change in patient-relevant health outcomes (e.g., AEs, the effectiveness of cancer treatment, mortality, morbidity, quality of life) in patients who experienced severe FP-related toxicity and received treatment modifications compared to receiving the standard dose. 
· Any harm from DPYD genotyping (e.g., false negatives, test turn-around time (TAT) resulting in potential delay in commencing treatment noting that the test turnaround time is approximately 5-10 days, with delays in rural and regional areas (eviQ 2023b)). 
· Any differential clinical effectiveness outcomes by patient characteristics (e.g., age, ethnicity), and cancer characteristics (e.g., type, stage).
Cost-effectiveness outcomes:
· Cost per patient with a DPYD variant identified — c.1905+1G>A, c.1679T>G, c.2846A>T, or c.1129–5923C>G.
· Cost per patient experiencing severe (≥Grade 3) FP-related toxicity avoided.
· Cost per quality-adjusted life year (QALY) gained.
· Any differential results by patient characteristics (e.g., age, sex, ancestry), and cancer characteristics (e.g., location, stage).
Health system resources:
· Cost of DPYD genotyping.
· Change in the costs associated with the investigation, monitoring, and management of FP-related toxicity (e.g., drugs, hospitalisation) and other AEs if applicable.
· Change in the cost of treatment because of a change in clinical management (e.g., dose modification, alternative non-FP-based treatment).
· Total Australian Government healthcare costs.
The PASC agreed with the list of outcomes described in the PICO.

Assessment framework (for investigative technologies)
[bookmark: _Ref68327593][bookmark: _Ref68327680]
Figure 1	Generic assessment framework showing the links from the test population to health outcomes
[image: Figure 1 Generic assessment framework showing the links from the test population to health outcomes.
This figure begins with the population with solid cancer who will initiate FP therapy. The first arm of this flowchart shows the direct evidence from test , i.e. pre-treatment DPYD genotyping, to health outcomes, i.e. FP-related severe toxicity, mortality and QALYs gained. This arm is numbered 1. 
The second arm from population denotes test accuracy, i.e. DPYD genotyping test results which could be normal, intermediate or poor. This part of the flow diagram is numbered 2. 
After test results, the flow diagram denotes the change in decision making as a result of test results. The change in clinical decisions would include change in treatment/management: including dose adjustment of FP-based chemotherapy or switching to alternate treatment. This part of the flow diagram for decision making is numbered 3.
Following the change in clinical decisions, the diagram shows the influence of the change in management on health outcomes including FP-related severe toxicity, mortality and QALYs gained. This part of the framework is numbered 4 showing the association between health outcomes and change in clinical management.
 The framework also describes the influence of the change in management on intermediate outcomes, for example increase in DPD activity or therapeutic drug monitoring results indicating optimal plasma levels of FP. This association is numbered 5. The framework then shows the association of intermediate outcomes with health outcomes such as decreased incidence of severe toxicity events and decreased mortality, and is numbered 6. 
Looking at the adverse events due to DPYD genotyping, the framework connects the starting point of the figure, i.e. population with solid cancer who will initiate FP therapy, to adverse events. This is numbered 7.
The framework shows the adverse events due to FP-based chemotherapy or alternate treatment connected number 5 above, to adverse events process step. This is numbered 8.]
DPD = dihydropyrimidine dehydrogenase enzyme; FP = fluoropyrimidine; QALYs = Quality adjusted life years.
Figure notes: 1: direct from test (pre-treatment DPYD genotyping) to health outcomes evidence; 2: test accuracy; 3: change in treatment/management: including dose adjustment of FP-based chemotherapy or switching to alternate treatment; 4: influence of the change in management on health outcomes; 5: influence of the change in management on intermediate outcomes, for example increase in DPD activity or therapeutic drug monitoring results indicating optimal plasma levels of FP; 6: association of intermediate outcomes with health outcomes such as decreased incidence of severe toxicity events and decreased mortality; 7: adverse events due to DPYD genotyping; 8: adverse events due to FP-based chemotherapy.
Assessment questions mapped to the assessment framework:
1. What is the safety and effectiveness of pre-treatment DPYD genotyping versus no pre-treatment DPYD genotyping in patients with solid tumours including, but not limited to colorectal, upper gastrointestinal, head and neck, breast, and pancreatic cancers? (Direct evidence) 
2. What is the diagnostic yield of DPYD genotyping in patients with solid tumours? Do the results of DPYD genotyping predict a treatment effect modification with fluoropyrimidines? 
3. What proportion of patients with a DPYD variant receive a change in treatment/management, such as dose adjustment of FP-based chemotherapy or switching to alternate treatment?
4. What is the effectiveness of the FP dose adjustment/ change in therapy vs no FP dose adjustment/change in therapy for health outcomes such as mortality, severe FP-related toxicity, and quality of life?
5. What is the effectiveness of FP dose modifications/change in therapy vs no FP dose modification/change in therapy for intermediate health outcomes such as DPD enzyme activity in the blood, and therapeutic levels of FP in the blood (ascertained through therapeutic dose monitoring)?
6. How strong is the association between intermediate health outcomes such as DPD activity, and incidence of severe toxicity events and mortality?
7. What is the safety of pre-treatment DPYD genotyping vs no DPYD genotyping testing for false negatives and test turn-around time (TAT) resulting in potential delay in commencing treatment?
8. What is the safety of dose adjustments to FP-based chemotherapy or changed treatment for mortality, morbidity, quality of life?
The PASC agreed with the assessment framework described in the PICO.
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Clinical management algorithms

Figure 2 presents the current clinical algorithm in the application.
Figure 2 Current clinical algorithm (no routine pre-treatment DPYD genotyping)

Consideration of appropriate toxicity treatment

Source: Adapted from Figure 1, p13 of the PICO set document submitted by the applicant. This figure includes changes suggested by PASC in the PASC meeting held on 7 December 2023: The population was changed to ‘all patients’ from the original version that specified ‘adults’ only. The population additionally included “all patients commencing FPs as radio-sensitising agents for radiotherapy”. Treatment for grade 3-4 toxicity with uridine triacetate was also added. However, the algorithm does not contain a separate process step that specifies 'alternative therapy' as suggested in the PASC meeting, because the algorithm in the PICO already contained the step in the flowchart: the final process step contained the phrase "Consider discontinuation/alternative treatment in consultation with the patient if unwilling to continue further FP chemotherapy".
FP = fluoropyrimidine.
At present there is no routine pre-treatment DPYD genotyping or any phenotypic testing. Changes to FP-based chemotherapy doses are based on FP-related toxicity events as and when encountered. These toxicity events may lead to hospitalisation, dose reduction, treatment delay, or treatment discontinuation/switch (Ontario Health 2021). Other treatments for toxicity include:
· Mucositis, stomatitis or oesophagopharyngitis: Saline, benzydamine or anaesthetic mouthwashes, systemic analgesics, topical, systemic or intralesional steroids (eviQ 2023d).
· Myelosuppression (e.g., neutropenia, thrombocytopenia, anaemia): Antibiotics, platelet or blood transfusions (eviQ 2023c; eviQ 2023a). 
· Diarrhoea: Loperamide, diphenoxylate and atropine, octreotide (eviQ 2022b).
· Palma-plantar erythrodysesthesia: topical application of an emollient containing urea 10%, topical wound care, cold compresses, moisturisers, topical corticosteroids and systemic analgesics (eviQ 2021).
An oral formulation of uridine triacetate is used as an antidote for patients who develop FP-related toxicity. The exogenous uridine in uridine triacetate would compete with 5-FU for incorporation into RNA, diluting the toxic effects of high 5-FU levels (Dean and Kane 2021 (Update)). Currently, while it is approved by the US FDA, there are no registered antidotes for FP overdose or overexposure in Australia. Uridine triacetate can only be obtained through the Special Access Scheme from pharmaceutical companies (eviQ 2020). As of October 2023, the antidotes for FP-related toxicity (such as uridine triacetate) are not listed on the Australian Pharmaceutical Benefits Scheme. Management of FP-related toxicities depends on the type and severity of the toxicity, as presented in the FP-related toxicity and DPYD genotyping section. However, uridine triacetate is rarely used and is difficult and expensive to obtain.
PASC also noted that treating toxicity with uridine triacetate was rarely used, difficult to source and expensive. The clinical experts present at the pre-PASC teleconference informed that clinicians frequently discuss the benefits of DPYD genotyping with prospective patients and recipients of FP-based chemotherapy. This practice is in line with the Australian eviQ guidelines for DPD deficiency, which recommends clinicians to “discuss DPYD gene testing with all patients who are going to start fluoropyrimidines, with the decision to conduct testing made between the clinician and the patient” (eviQ 2023b).
Figure 3 presents the proposed clinical management algorithm using DPYD genotyping in guiding the dose of FPs or discontinuing FPs. The dose guidance in the proposed algorithm reflects the recommendations from international authorities including the CPIC and DPWG. FP dose adjustments are based on gene activity scoring, which is similar across the guidelines except the DPWG recommends phenotype testing to guide treatment decisions for poor metabolisers, while the CPIC recommends avoiding FP-based chemotherapy in these cases (Table 4). In Australia, FP dose recommendations following DPYD genotyping were also based on these two international guidelines (eviQ 2023b). 
On the current clinical management algorithm, PASC considered that “adults” should be changed to “all patients.” PASC advised to include patients requiring radio sensitisation and exposure to FP agents.
PASC noted that a subgroup of patients will receive alternative treatment based on the level of DPD enzyme activity. Therefore, PASC requested adding a box for alternative therapy into the proposed and current clinical management algorithm for patients who have no enzyme activity (poor metabolisers), or reduced enzyme activity (intermediate metabolisers).
PASC noted that uridine triacetate was included in the proposed algorithm but omitted from the current algorithm, which incorrectly implied it was part of the proposed intervention. PASC requested this be clarified by either removing it from the proposed algorithm or adding it to the current algorithm. PASC noted (out-of-session) the applicant’s comments that uridine triacetate is not mandated because it requires clinical consideration regarding timing of administration and drug availability on a case-by-case basis. PASC therefore considered it was appropriate to update “Treat toxicity with uridine triacetate” to “Consideration of appropriate toxicity treatment”. PASC also noted (out-of-session) the applicant’s comments that alternative therapy options were tumour specific, hence in the clinical algorithm “alternative therapy” was changed to “alternative therapy (if available).


[bookmark: _Ref148520679]Figure 3	Proposed clinical management algorithm after introducing pre-treatment DPYD genotyping.
[image: Figure 3 Proposed clinical management algorithm after introducing pre-treatment DPYD genotyping]

Source: adapted from Figure 2, (p15) of the PICO set document submitted by the applicant and additional changes suggested by PASC in the PASC meeting held on 7 December 2023. The algorithm in this document contains downstream effects of encountering true positives, false positives, true negatives, and false negatives—features that were not included in the application. 
Changes suggested by the PASC and added to the proposed algorithm: Population referred to as ‘patients’ as opposed to ‘individuals’. Population included patients commencing FPs as radio-sensitising agents. A process step was added for alternative therapy for patients who have no enzyme activity (poor metabolisers), or reduced enzyme activity (intermediate metabolisers).
DPD = dihydropyrimidine dehydrogenase enzyme; FN = False negative; FP = fluoropyrimidine; FPos = False positive; TN = True negative; TP = True positive
*Patients will be followed up based on the current clinical algorithm when they experience FP-related toxicity.


Table 4 presents the CPIC guideline for FP dose adjustments following DPYD genotyping (Amstutz et al. 2018). 
[bookmark: _Ref149130549]Table 4	Description of DPYD genotype and DPD activity and FP dose recommendations
	CPIC gene activity score
	Phenotype: DPYD metaboliser type
	Example DPYD genotype (c. variants are for NM_000110.4(DPYD))
	Approximate DPD enzyme activity
	Diplotype
	DPD deficiency classification
	CPIC recommended starting FP dose

	2.0
	Normal
	wildtype  /wildtype 
	100%
	Homozygous wildtype
	DPD sufficient
	Label-recommended

	1.5
	Intermediate
	wildtype/ c.2846A>T
	75%
	Heterozygous variant
	Partial DPD deficiency
	Reduce dose by 50%

	1.0
	Intermediate
	wildtype/ c.1905+1 G>A, or c.2846A>T / c.2846A>T, or c.2846A>T /*wild type /c.1905+1 G>A, or c.2846A>T / c.2846A>T, or c.2846A>T / c.1129–5923C>G
	50%
	Heterozygous, or homozygous variant, or compound heterozygous
	Partial DPD deficiency
	Reduce dose by 50%

	0.5
	Poor
	c.1905+1 G>A / c.2846A>T
	25%
	Compound heterozygous
	Partial DPD deficiency
	Avoid use or strongly reduce dose by 75%

	0.0
	Poor
	c.1905+1 G>A/  c.1905+1 G>A, or
c.1905+1 G>A /c.1679 T>G
	0%
	Homozygous variant, or compound heterozygous
	Complete DPD deficiency
	Avoid usea


Source: Table compiled during PICO development adapted from the CPIC guidelines by Amstutz et al. (2018).
CPIC = Clinical Pharmacogenetics Implementation Consortium; DPD = dihydropyrimidine dehydrogenase; FP = fluoropyrimidine.
The CPIC activity score is calculated as the sum of the two lowest individual variant activity scores. 
‘Wildtype’ refers only to the genotype at the 4 positions described in the relevant guidelines.
a Known complete DPD deficiency is a contradiction in the TGA-approved Product Information for 5-FU and capecitabine.
Under the proposed clinical management, the findings of DPYD genotyping and subsequent gene activity scoring will inform FP dosing (Amstutz et al. 2018). However, irrespective of the genotype results, all patients receiving systemic FP-based chemotherapy should be closely monitored for potential adverse events and toxicity. This is because even when all DPYD genotyping results are accurate, some patients identified as ‘normal’ metabolisers based on genotype may still develop toxicity (i.e., false negatives in terms of ability of the DPYD test result activity score to predict FP-related toxicity that may be related to other genetic/ epigenetic factors). On the other hand, it is possible that patients identified as ‘intermediate’ or ‘poor’ metabolisers may not develop the predicted extent of toxicity (i.e., false positives in terms of ability of the DPYD test result activity score to predict FP-related toxicity). Such patients will require up-titration of the FP dose to achieve a desirable and tolerable therapeutic effect. The clinical care for patients switching to another chemotherapy regimen would follow the clinical guidelines for the specific cancer type.
Proposed economic evaluation

The application claimed that pre-treatment DPYD genotyping was superior to the comparator (no pre-treatment DPYD genotyping). Therefore, the economic evaluation will be a cost-effectiveness analysis (cost per patient with a DPYD variant identified and cost per patient avoiding severe (≥grade 3) FP-related toxicity, and cost-utility analysis (cost per QALY gained) (Table 5).
Modelling cost per QALY only considering adverse events is anticipated to be simpler and more reliable than estimating cost per QALY also taking into account changes in clinical management and health outcomes (progression-free survival and overall survival). Including the change in management and health outcomes would be indication-specific and require evidence on the efficacy of using fewer lines of therapy, as well as likely requiring more assumptions and therefore potentially producing highly uncertain results. However, restricting the model to only the more certain impacts on utilities (i.e., due to adverse events) would require evidence that reducing the dose of FP-based chemotherapy for patients with DPYD variants did not impact other health outcomes (e.g. overall survival). Therefore, a stepped presentation of the economic results (i.e. including all QALY types) will be used.
PASC noted the Assessment Group recommended limiting the scope of the economic model to the impact on adverse events, including death and disutilities associated with adverse events. PASC considered the economic model should be developed following the evidence as per usual. PASC acknowledged that modelling the impact of changing dosing and chemotherapy regimens on survival outcomes would be less certain but considered that restriction to only the more certain impacts on utilities (i.e., due to adverse events) would require evidence that reducing the dose of FP-based chemotherapy for patients with DPYD variants did not impact other health outcomes (e.g. overall survival). PASC advised that in the absence of robust evidence that there was no consequence of dose reduction on cancer outcomes, excluding the impact on cancer outcomes would also produce highly uncertain results. PASC considered that stepped presentation of the economic results (i.e. including all QALY types but with less attention to the less certain ones) may sufficiently clarify the uncertainty to be informative for decision-making.
While the economic model would aim to use data from a heterogeneous combination of cancer types, an exemplar cancer—specifically colorectal cancer— could be used for modelling if sufficient evidence was not available for heterogeneous cancers to inform the model. An exemplar cancer could be used noting that the economic model would still require modelling the complete range of chemotherapies indicated, the sequence of delivery of these therapies, the adverse events from each therapy, the changes in management from DPYD genotyping (dose changes, chemotherapy changes and sequence changes) and the subsequent impact on health outcomes. These data might be sourced from heterogeneous cancer types to maximise the inputs required for the model. The rationale for using exemplars is primarily because the clinical management is dependent on the type of cancer. The clinical experts indicated that the most common indications for receiving FP-based chemotherapy in Australia are colorectal and breast cancers (pre-PASC teleconference on 12 October 2023). Therefore, the majority of patients who will utilise DPYD genotyping will comprise patients with these two cancers. There is a paucity of data on whether some DPYD variants are found in certain types of cancer but not others. It is unlikely that the predisposing DPYD genetic variants found in colorectal and breast cancers are not found in other cancers treated with FPs like head and neck cancer. Published systematic reviews of the effectiveness of DPYD genotyping in predicting FP-based toxicity have included studies with patients on FP-based chemotherapy mostly for colorectal and breast cancers, but also include other cancer types such as head and neck, upper gastrointestinal, pancreatic, and oesophageal cancers (Meulendijks et al. 2015; Glewis et al. 2022). Furthermore, published meta-analyses provide pooled estimates based on the type of DPYD variant as opposed to cancer type, assuming that the health outcomes are similar across the cancer types (Meulendijks et al. 2015).
PASC noted that the pre-PASC PICO also sought advice on whether an exemplar cancer could be used for the economic model. PASC considered that if an exemplar approach were acceptable colorectal cancer appeared a reasonable choice, because it was the most common cancer that required an FP-based chemotherapy regimen as the main therapy, as opposed to other types of cancers in which FPs are used intermittently. PASC noted that the published economic evaluation by Henricks et al. (2018)[footnoteRef:11] included a heterogeneous population with cancers, so it would not be an appropriate guide for an assessment based on an exemplar. PASC noted the Assessment Group’s advice that modelling multiple cancers would be complex, primarily because DPYD genotyping would be used by patients with heterogeneous cancer types that have different types and sequences of chemotherapies. However, focusing on one cancer type would still require modelling the complete range of chemotherapies indicated, the sequence of delivery of these therapies, the adverse events from each therapy, the changes in management from DPYD genotyping (dose changes, chemotherapy changes and sequence changes) and the subsequent impact on health outcomes. PASC noted that these complexities in the treatment algorithms will therefore introduce significant uncertainty in the economic model, whether an exemplar is used or not. PASC considered that data may be scarce to inform such a large model, and advised that a heterogeneous combination of cancer types may be used rather than an exemplar, as this would allow the most data to inform the model. The financial analysis would still examine the whole patient population. [11:  Henricks LM, 2018, Annals of Oncology, “DPYD genotype-guided dose individualization of fluoropyrimidine therapy: A prospective safety and cost-analysis on DPYD variants.”] 

[bookmark: _Ref54260209][bookmark: _Toc423450289]Table 5	Classification of comparative effectiveness and safety of the pre-treatment DPYD genotyping, compared with no pre-treatment DPYD genotyping, and guide to the suitable type of economic evaluation.
	[bookmark: Title_Table2]Comparative safety
	
	Comparative effectiveness
	
	

	
	Inferior
	Uncertaina
	Noninferiorb
	Superior

	Inferior
	Health forgone: need other supportive factors
	Health forgone possible: need other supportive factors
	Health forgone: need other supportive factors
	? Likely CUA

	Uncertaina
	Health forgone possible: need other supportive factors
	?
	?
	? Likely CEA/CUA

	Noninferiorb
	Health forgone: need other supportive factors
	?
	CMA
	CEA/CUA

	Superior
	? Likely CUA
	? Likely CEA/CUA
	CEA/CUA
	CEA/CUA


CEA = cost-effectiveness analysis; CMA = cost-minimisation analysis; CUA = cost-utility analysis.
? = reflect uncertainties and any identified health trade-offs in the economic evaluation, as a minimum in a cost-consequences analysis.
a ‘Uncertainty’ covers concepts such as inadequate minimisation of important sources of bias, lack of statistical significance in an underpowered trial, detecting clinically unimportant therapeutic differences, inconsistent results across trials, and trade-offs within the comparative effectiveness and/or the comparative safety considerations.
b An adequate assessment of ‘noninferiority’ is the preferred basis for demonstrating equivalence.
[bookmark: _Ref148682215]Proposal for public funding

The applicant proposed the public funding of DPYD genotyping targeting at least four DPYD gene variants on the MBS.
Searches conducted during the PICO development stage did not identify any relevant in-progress applications with the Medical Services Advisory Committee or the Pharmaceutical Benefits Advisory Committee.
Table 6 presents the proposed MBS item descriptor from the application form with modifications to reflect PASC’s advice. The proposed MBS fee for DPYD genotyping was $188. The applicant advised that the proposed fee included a commercially available kit, specimen collection and transportation, sample processing and consumables, technician labour, genomic analysis, interpretation and report generation, and pre-analytical steps required such as DNA extraction (pre-PASC teleconference, 12 October 2023). 
[bookmark: _Ref149484227]Table 6	Proposed MBS item descriptor incorporating PASC’s advice
	Category 6 – PATHOLOGY SERVICES                                                                                                  Group P7 – Genetics

	MBS item AAAAA
Genetic testing for four or more variants in the DPYD gene to predict fluoropyrimidine-induced toxicity in a patient, where:
a. the service is requested by a specialist or consultant physician; and
b. the service is conducted prior to the initiation of chemotherapy, or radio-sensitisation, with a fluoropyrimidine, administered systemically; and
c. genotyping is conducted to detect at least four DPYD variants that can lead to reduced or completely absent dihydropyrimidine dehydrogenase (DPD) activity.
Once per lifetime.

	Fee: $188.00 Benefit: 75%=$141.00       85%=$159.80

	Explanatory note:
· The variants analysed should be selected in line with current guidelines, and must include at least:
· NM_000110.4(DPYD):c.1905+1G>A 
· NM_000110.4(DPYD):c.1679T>G 
· NM_000110.4(DPYD):c.2846A>T
· NM_000110.4(DPYD):c.1129-5923C>G 
Published evidence for the association of presence of these four variants with severe fluoropyrimidine-related toxicity, is based on people with Caucasian ancestry only.


Source: p10 of the application , with changes suggested by PASC in the PASC meeting on 7 December 2023.
DPD = dihydropyrimidine dehydrogenase enzyme; DPYD = dihydropyrimidine dehydrogenase gene; MBS = Medicare Benefits Schedule.
PASC considered the item descriptor should include the reason for DPYD genotyping, and that this was to predict fluoropyrimidine-induced toxicity.
PASC noted the descriptor was proposed to state the FP was “administered either orally or intravenously”. PASC considered that simpler wording would be “administered systemically”.
PASC considered the MBS item descriptor should be method agnostic, to futureproof the item and permit laboratories to choose an appropriate method. Therefore, “using Polymerase Chain Reaction” should be removed from the MBS item descriptor.
PASC considered the policy proposal that the MBS item specifies the item can be requested by a specialist or a consultant physician was reasonable. This should, therefore, be added to the item descriptor.
To reflect PASC’s advice on the patient population as described above, the MBS item should not be restricted by age, and should include patients receiving FPs prior to radio-sensitisation.
PASC considered that the variants recommended for testing may change over time and that the inclusion of the four proposed variants (based on current guidelines) in the testing will be ensured through the external quality assessment (EQA) process. PASC considered that specifying the variants in the item descriptor was therefore not necessary, and doing so would make the item less future-proofed. PASC advised the four currently specified variants should be moved to an explanatory note, and the item descriptor should state “at least four DPYD variants that can lead to reduced or completely absent dihydropyrimidine dehydrogenase (DPD) activity”. PASC noted (out-of-session) that the variants in the practice note had been updated based on new clinical evidence that c.1236G>A was no longer accepted as a suitable proxy for c.1129-5923C>G (Turner et al., 2024).
PASC considered the item descriptor was phrased adequately to allow testing for newly identified gene variants in future as evidence emerged on new genetic variants associated with severe FP-related toxicity and in population groups with ancestry other than Caucasian. PASC considered the explanatory note should further state that these variants are based on studies in Caucasian populations only, to convey to laboratories that additional variants may also be appropriate in patients of ancestries with other relevant variants. 
PASC noted queries as to the potential need for a second test in children later in life if they develop a second cancer that also requires treatment with FP-based chemotherapy. PASC considered that in such cases the person’s experience during their first FP therapy would already reveal whether or not they would develop toxicity with FP exposure, and germline genotype does not change in a person’s lifetime. PASC therefore agreed the test should be once-per-lifetime, as proposed.
PASC noted the proposed fee for the MBS item was $188. PASC considered that this fee was similar to the range of current fees for this testing in private laboratories in Australia ($95-$160, as described by eviQ). PASC noted the fee was also similar to that for MBS item 73397 (Fee $200) for characterisation of variants in the CALR and MPL genes, although much higher than MBS item 73317 ($36) for detecting genetic mutations for haemochromatosis. On balance, PASC considered the proposed fee of $188 appeared reasonable.
Summary of public consultation input

PASC noted and welcomed consultation input from 9 organisations and three individuals, one of whom were consumer and two were health professionals. The 9 organisations that submitted input were: 
· Therapeutic Goods administration (TGA)
· National Pathology Accreditation Advisory Council (NPAAC)
· The Royal College of Pathologists of Australasia (RCPA)
· Australasian Society of Clinical and Experimental Pharmacologists and Toxicologists (ASCEPT)
· Australian Pathology
· PathWest Nedlands Clinical Biochemistry Clinical Pharmacology and Toxicology
· Society of Hospital Pharmacists of Australia (SHPA)
· Consumer Representatives from Melbourne Genomics Health Alliance
· Australian Genomics
The consultation feedback received was supportive. The consultation feedback generally considered DPYD genotyping as providing significant physical and mental benefits through this robust genotyping methodology. Australian genomics asserted that there is no benefit of cascade testing to family members.
The consultation feedback raised a few concerns, predominately in relation to the population not including paediatric patients. Another concern was raised in relation to the intervention that the samples should not be limited to blood but also include cheek cell samples for easy accessibility for the regional population.
Australian Genomics consider the risk of lack of uptake of the proposed service due to a lack of awareness and suitable educational programs.
Clinical need and public health significance
The main benefits of public funding received in the consultation feedback included the ability to provide the appropriate dose of fluoropyrimidine and prevent the occurrence of severe and sometimes life-threatening adverse effects from the toxicity of the drugs. DPYD testing benefits the individual as they can have confidence in the treatment being personalised to their physiology (including lower doses of medication) and there is less stress and concern regarding treatment. Australian Genomics stated that “reimbursement may act as a catalyst for the adoption of DPYD testing as best practice”. Other benefits included fewer hospitalisations and lower health costs due to fewer adverse events. 
The SHPA pointed at the lack of availability of Uridine Triacetate (VISTOGRAD) in Australia which is used in FP overdose or overexposure. They stated that in a time-critical scenario such as a severe FP toxicity, sourcing uridine triacetate currently presents financial and logistical challenges. Therefore, they advised that public funding of DPYD testing to determine DPD enzyme deficiency prior to FP treatment initiation was essential in reducing harm for individuals initiating FP-based treatment.
The main disadvantages included that the absence of four DPYD variants characterised in the proposed service does not eliminate the risk of toxicity and patients can still experience the severe adverse side effects. Short delays in the treatment commencement while waiting for the results of the proposed test.  
Indication(s) for the proposed medical service and clinical claim
The consultation feedback ranged from strongly agreeing to disagreeing with the proposed population. The individual advocated to include paediatric population along with adults in the proposed population. They considered that fluoropyrimidines may have a role in paediatric solid tumours such as hepatoblastoma, nasopharyngeal carcinoma and ependymoma. The Society of Hospital Pharmacists of Australia (SHPA) indicated to include all adults undergoing FP treatment for malignancy and not limit this test to solid tumours only. 
The consultation feedback ranged from strongly agreeing to disagreeing with the proposed comparator. One individual commented that phenotypic testing was not satisfactory in predicting patients at risk for fluoropyrimidine-induced toxicity.  
Pathwest Laboratory Medicine disagreed with the proposed comparator - “no DPYD genotyping” and indicated including an established phenotypic test as a comparator. Pathwest Laboratory Medicine disagreed with the service descriptor and advocated for combined genotype and phenotype testing for improved sensitivity and specificity of the proposed service. 
Australian Genomics acknowledged the technicalities involved with phenotypic testing and cannot be easily implemented as a routine test.
The consultation feedback ranged from agreeing to strongly agreeing with the clinical claim.
Cost information for the proposed medical service
The consultation feedback ranged from disagreeing to strongly agreeing with the proposed service descriptor. However, one individual supported the need of a provision in the descriptor to include additional DPYD variants as they become known in Aboriginal and Torres Strait Islander and minority populations in future.
The consultation feedback ranged from agreeing to strongly agreeing with the proposed service fee. One individual indicated that the proposed fee would be extensively offset, as fewer patients would have severe side effects and associated health costs. Australian pathology indicated the proposed fee for the proposed medical service was deemed adequate at the current time.
Additional comments 
One respondent highlighted the risk of litigation claims against the treating clinician because death occurred as an adverse reaction to therapy when a test to predict these adverse reactions was available. 
Consumer Feedback
Consumer Representatives from Melbourne Genomics Health Alliance indicated additional testing and treatment costs because testing can be an issue and cost to the consumer.
Next steps
PASC advised that, upon ratification of the post-PASC PICO, the application can proceed to the Evaluation Sub-Committee (ESC) stage of the MSAC process.
PASC noted the applicant has elected to progress its application as a DCAR (Department Contracted Assessment Report).  
Applicant Comments on Ratified PICO
Note that the statement describing Decreased function variants (page 5) is incorrect and should be deleted based on updated information provided by Turner et al (2024): “c.1129–5923C>G (also known as rs75017182, HapB3). The variant c.1236G>A is in complete linkage disequilibrium with the HapB3 variant and can be used as a suitable proxy (Dean and Kane 2021 (Update)).”  

Variant c.1236G>A is not in complete linkage disequilibrium, and therefore cannot be used as a suitable proxy. The c.1129-5923C>G variant is the variant causally linked to decreased DPD function.

Turner AJ, Haidar CE, Yang W et al. Updated DPYD HapB3 haplotype structure and implications for pharmacogenomic testing. Clin Transl Sci. 2024 Jan;17(1):e13699. doi: 10.1111/cts.13699. PMID: 38129972; PMCID: PMC10777430.

Reference to the variant c.1236G>A on page 15 of this document should be deleted based on updated information provided by Turner et al (2024). The College agrees that “testing could use any appropriate sample type”; however, it is important that the performance of other specimen types has validated by the testing laboratory in accordance with NPAAC standards. In addition, cancer biopsy samples should be excluded as appropriate specimens for DNA extraction due to the potential of poor test performance and the risk of false negatives.  

The College would like to stress that the MBS item descriptor should be method agnostic, to futureproof the item and to permit laboratories to choose an appropriate method. The statements by PASC on page 16 and 30 of this document appear to contradict each other and require clarification.  

“Overall, PASC advised the intervention should be genotyping of at least the four proposed SNPs, and gene sequencing should not be added as a scenario of the intervention.” 

PASC concerns regarding variants of uncertain significance can be overcome with the use of virtual panels that ensure only the variants described are identified, and that the variants analysed are selected in line with current guidelines. 

Regarding Figures 2 and 3 – Clinical Algorithms - clinician response: Alternative therapy options are tumour stream specific and should not be explicitly listed in this document. The decision for marked FP dose reduction/ careful monitoring versus alternative therapy needs careful clinical consideration and discussion with patients. Likewise, the decision to manage severe toxicity with uridine triacetate should not be mandated as this requires clinical consideration regarding timing of administration and drug availability on a case-by-case basis.  Treatment with uridine triacetate should be removed from the clinical algorithms.   

The College agrees with PASC that the item number should remain methodology agnostic and should not restrict the testing population by age.  

The College notes the generally supportive consultation feedback received. 
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