
Buja et al. BMC Urology          (2022) 22:206  
https://doi.org/10.1186/s12894-022-01160-y

RESEARCH

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Renal cell carcinoma: the population, real 
world, and cost‑of‑illness
Alessandra Buja1*, Giuseppe De Luca1, Maura Gatti2, Claudia Cozzolino3, Massimo Rugge4,5, Manuel Zorzi5, 
Mario Gardi6, Matteo Sepulcri7, Davide Bimbatti8, Vincenzo Baldo1, Marco Maruzzo8, Umberto Basso8 and 
Vittorina Zagonel8 

Abstract 

Background:  The RCC treatment landscape has evolved dramatically over the past decade. The purpose of this study 
is to present a real-world data estimation of RCC’s cost-of-illness for this tumour’s clinical pathway.

Methods:  This investigation is a population-based cohort study using real-world data, which considers all RCC 
incident cases diagnosed in Local Unit 6 of the Province of Padua in 2016 and 2017 as registered by the Veneto Cancer 
Registry. Data on drug prescriptions, the use of medical devices, hospital admissions, and visits to outpatient clin-
ics and emergency departments were collected by means of administrative databases. We evaluated the costs of 
all healthcare procedures performed in the 2 years of follow-up post-RCC diagnosis. The overall and annual average 
real-world costs per patient, both as a whole and by single item, were calculated and stratified by stage of disease at 
diagnosis.

Results:  The analysis involved a population of 148 patients with a median age of 65.8 years, 66.22% of whom were 
male. Two years after diagnosis, the average total costs amounted to €21,429 per patient. There is a steady increment 
in costs with increasing stage at diagnosis, with a total amount of €41,494 spent 2 years after diagnosis for stage IV 
patients, which is 2.44 times higher than the expenditure for stage I patients (€17,037). In the first year, hospitalization 
appeared to be the most expensive item for both early and advanced disease. In the second year, however, outpatient 
procedures were the main cost driver in the earlier stages, whereas anticancer drugs accounted for the highest costs 
in the advanced stages.

Conclusions:  This observational study provides real-world and valuable estimates of RCC’s cost-of-illness, which 
could enable policymakers to construct dynamic economic cost-effectiveness evaluation models based on real world 
costs’ evaluation.
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Background
Renal cell cancer (RCC) is the 9th most frequently diag-
nosed cancer in men, and the 14th in women, accounting 
for 2.90% and 2.38% of all oncological diagnoses, respec-
tively [1]. Its incidence has more than doubled in higher-
income countries over the last 50  years, and the global 
burden is projected to continue to increase [2]. The main 
kidney cancer variant is clear cell histology, account-
ing for more than 85% of all new cases. Papillary and 
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chromophobe variants are less frequent [3]. The number 
of cases in Italy is in line with global figures [4].

The advent of increasingly sophisticated therapies, 
capable of improving clinical outcomes in advanced dis-
ease, have dramatically evolved the treatment landscape 
for RCC over the past decade, extending progression-free 
survival (PFS) and overall survival (OS) in certain patient 
populations [5–7]. Nonetheless, this disease’s high mor-
tality and high morbidity, as well as the high cost of phar-
macological therapies, make the treatment and care of 
RCC a major challenge for health services.

The complexity of multidisciplinary management 
and the need to ensure the most rational allocation of 
resources have led national and international agencies to 
develop clinical practice guidelines (CPGs) to aid clini-
cians in decision-making processes [5]. The objective is 
to guarantee equal access to personalized medicine and 
ensure proper resource allocation to control the system 
[6].

Even though different studies have demonstrated that 
the burden of cancer management is on the rise on a 
global level, the current cost components of RCC patient 
care have hardly been analyzed in the international litera-
ture to measure this disease’s current economic impact 
on healthcare systems [7]. A few recent studies have 
analyzed the costs of managing localized [8] and meta-
static RCC (mRCC) [9–13]. The evaluation of the health-
care sustainability of actual cancer care pathways should 
adopt a population based perspective. In fact, data gen-
erated at the population level, taking into both early and 
advanced stage cases, can be useful to policymakers in 
determining the best resource allocation [14, 15]. Thus, 
this study’s objective is to perform a real-world data 
analysis of RCC’s cost-of-illness, taking into account the 
direct costs incurred for the treatment of RCC.

Methods
Context
The Servizio Sanitario Nazionale (SSN) is the Italian 
healthcare service that manages the national health ser-
vice on a regional level, providing universal coverage to 
cancer patients completely free of charge. Its fundamen-
tal values are universality, free access, freedom of choice, 
pluralism in provision, and equity. Regional authori-
ties plan and organize healthcare facilities and activi-
ties in accordance with a national health plan designed 
to assure an equitable provision of comprehensive care, 
called essential levels of assistance (Livelli Essenziali di 
Assistenza [LEA]), across the country. Geographically 
distributed Local Health Authorities (LHA) actively 
administer public health and community health ser-
vices, as well as primary care. Hospitals provide second-
ary care and certain specialist treatments, while scientific 

institutions such as cancer centers, teaching hospitals, or 
accredited private providers provide tertiary and highly 
specialized care [16].

To ensure equitable, uniform, and effective cancer 
care for all residents, the Regional Authority of Veneto 
established the Veneto Oncology Network (Rete Onco-
logica Veneta [ROV]), whose mission, among others, 
was to set up and implement Diagnostic and Therapeutic 
Care Pathways (DTCPs) shared among all stakeholders, 
including not only clinicians but also patient advocacy 
groups. These pathways are clinical governance tools 
which, depending on the type of tumor or clinical prob-
lem, identify the best practicable pathway within the 
regional health organization. DTCPs are based on availa-
ble scientific evidence and refer to the main international 
and national guidelines and recommendations. Reference 
is also made to Italian national and regional legislation, 
and to existing literature on network organization models 
for oncology service [6].

In this context, the Veneto Oncology Network pub-
lished the Diagnostic and Therapeutic Care Pathway 
(DTCP) for RCC, according to national [17] and interna-
tional guidelines [18]. The DTCP considers every stage 
of the disease, from diagnosis to palliative/hospice care 
or follow-up, with a view to fostering coordination and 
sharing between hospital and territorial services/operat-
ing units involved in the care of RCC patients. Figure 1 
reports an overview of the Diagnostic and Therapeutic 
Care Pathways for RCC, distinguishing localized and 
locally advanced disease from advanced disease.

Patient data
This study is a population-based cohort study using real-
world data. All RCC incident cases diagnosed in 2016 
and 2017 in the area of Local Health Unit 6, Province of 
Padua, Northeast Italy, and recorded by the Veneto Can-
cer Registry were taken into consideration. The date of 
the first pathological diagnosis was used to define can-
cer incidence data. The date of the first hospital admis-
sion issuing a RCC diagnosis was used when pathologic 
anatomy reports were unavailable. The cases were staged 
according to the 8th edition of the AJCC (American Joint 
Committee on Cancer) classification [19], which consid-
ers patients’ medical records produced within 6 months 
of the date of incidence.

Cost analysis
Data on drug prescriptions, use of medical devices, hos-
pital admissions, outpatient and emergency room visits 
were taken from administrative databases (see bulleted 
list below).
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Costs were drawn from the reimbursement tariffs 
established by the Veneto Regional Authority for each 
procedure or medical action:

•	 The outpatient database collects information on 
medical actions and procedures that can be delivered 
at outpatient facilities under SSN funding (e.g., radio-
logical procedures, blood tests, pathological diagno-
ses, and outpatient visits) valued at the rate reported 
in the Nomenclatore Tariffario delle Prestazioni 
Ambulatoriali (NTPA), an outpatient formulary [20].

•	 The hospital admissions database lists the DRG 
(Diagnosis-Related Group) of each admission, valued 
at the rate reported in the Nomenclatore Tariffario 
delle Prestazioni Ospedaliere (NTPO), an inpatient 
formulary covering all hospital activities for acute or 
day hospital admissions [21].

•	 The pharmaceutical distribution databases are 
regional databases used to assess the costs of medi-
cal therapies (e.g., anticancer drugs) taking the doses 
administered into account.

•	 The emergency department admissions database 
includes the costs of each admission, derived from 

the rates for all medical actions and procedures per-
formed during A&E admissions.

•	 The medical devices database keeps track of the costs 
incurred by the regional authorities to provide medi-
cal devices.

Each patient was linked via an anonymous unique iden-
tification code to all administrative data regarding their 
hospital admissions, outpatient care, drug prescriptions, 
emergency department visits, medical device usage, and 
hospice admissions. We considered the costs associated 
with 2 years of follow-up post-RCC diagnosis. The aver-
age annual real-world costs per patient, both as a whole 
and by single item, were calculated by weighting survival 
time and stratifying by stage of disease and morphology 
at diagnosis.

Descriptive analyses were used to analyze the cost of 
the sample.

Results
A total of 148 incident cases of RCC were included in 
the population study: 67 cases (45.3%) were diagnosed in 
2016 and 81 (54.3%) in 2017. Among these, 90 (60.81%) 

Fig. 1  Diagnostic, therapeutic and care pathway of RCC, localized and locally advances and advanced disease. *Follow up: Low risk 6 months—
abdominal ultrasonography, 12 months—Abdominal CT with contrast agent, 24 months—Abdominal ultrasonography; intermediate/high risk 
6 months-Abdominal CT with contrast agent, 12 months—Abdominal CT with contrast agent, 24 months—Abdominal CT with contrast agent 
[18]. **Systemic therapy: first line -Sunitinib, Pazopanib, Bevacizumab + Interferon-α, Temsirolimus, Sorafenib; second line (after cytokines)—
Pazopanib, Axitinib, Sorafenib, Sunitinib; second line (after VEGF/VEGFR inhibitors) – Nivolumab, Cabozantinib, Axitinib, Everolimus, Sorafenib [17]. 
***Metastasis-directed therapies: metastasectomy, radiotherapy or other ablative procedures
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were stage I, 14 (9.46%) stage II, 30 (20.27%) stage III, 
and 14 (9.46%) stage IV; 66.22% (98) of the patients were 
male, and the mean age was 65.82 years (SD ± 11.3, range 
39–92). As expected, clear cell histology was prevalent 
(63%). Other characteristics of the sample are summa-
rized in Table 1.

Table 2 illustrates that the average total costs incurred 
2  years after diagnosis amounted to €21,429. Further-
more, the average per patient cost incurred during the 
first-year post-diagnosis amounted to €17,210, while 
in the second year it stood at €3934. A constant rise in 
costs can be observed in parallel with progression in the 
stage at diagnosis, with a total of €41,494 spent 2  years 
after stage IV diagnosis (2.44 times the amount of the 
management of stage I: €17.037). In particular, a rise in 
costs is observed as the stage progresses in the first year 
after diagnosis, with stages III and IV being worth 1.51 
(€22,126) and 1.79 times (€26,096) the value of stage I 
(€14,610), respectively. In the second year, the differences 
in average costs between stages were more pronounced, 
with stage III and IV being worth 2.60 (€6320) and 6.34 
(€15,397) times those of stage I (€2427), respectively. The 
fraction with stage III or IV disease was 34.0%, 12.5%, and 
19% in patients with clear cell, papillary, or chromophobe 
disease, respectively. Patients with clear cell and papillary 
histologies had a comparable distribution of costs during 
the first (€17,488 and €15,331, respectively) and second 

years (€4222 and €3552, respectively), while those with 
chromophobe tumors incurred lower costs (€13,231 and 
€1685 in the first and second years, respectively). Patients 
undergoing radical nephrectomy are also  characterized 
by significantly higher overall costs in  the 2  years after 
diagnosis than patients who have a partial nephrectomy. 
(€27,804 vs. €16,315).

Table  3 illustrates the mean and median per patient 
costs by item stratified by stage. In the first year, hospi-
talization appeared to be the most expensive item in both 
early and advanced disease; in fact, it accounted for 85% 
and 90% of total costs in stages I and II, dropping to 70% 
and 50% in stages III and IV, respectively. Instead, the 
mean hospitalization per patient itemized costs appeared 
to be significantly lower in the second year. On the other 
hand, the average costs of hospital-prescribed drugs 
showed a greater impact in the later stages, rising from 
17% in stage III to 36% in stage IV during the first year. 
However, in the second-year post-diagnosis, these costs 
represented the major sources of costs in stage IV (71%). 
Moreover, in the second-year post-diagnosis, outpatient 
procedures represented the first most expensive item in 
stage I, accounting for 55% of total costs.

Discussion
The purpose of this study was to estimate the cost-
of-illness for the management of RCC in a real-world 
population of 148 consecutive patients diagnosed with 
this tumor. This study revealed that the average cost of 
managing localized RCC is strongly correlated to stage 
at diagnosis (direct costs doubled in stage IV compared 
to stage I): the main cost driver for each stage in the first 
year was hospitalization stay; outpatient procedures were 
the main cost driver for earlier stages in the second year; 
and hospital-delivered drugs were the main cost driver 
for advanced stages.

The few patients with chromophobe histology incurred 
less costs than those with clear cell or papillary his-
tologies. This is probably due to a smaller proportion of 
stages III or IV diseases (12.5%) compared to patients 
with clear cell subtypes (34.0%) or papillary subtypes 
(19%).

Few European studies focusing solely on the economic 
impact of managing mRCC patients have attempted to 
estimate the overall healthcare cost of these patients. 
Maroun et  al.  [11] led a cohort study that reported 
the costs of disease management and which, although 
significantly higher than those reported in our study 
(€5546 vs. €2572 per patient per month), are consist-
ently driven by oral targeted therapies (53% of total costs 
vs. 62% observed in our study). Similarly, research by 
Cholley et al. [12] aimed to identify the explanatory fac-
tors of mRCC cost-of-illness, considering direct costs 

Table 1  Sample characteristics

Total cases N = 148

Sex n (%)

 Male 98 (66.22%)

 Female 48 (32.43%)

 Unknown 2 (1.35%)

Age mean (± S.D.) 65.82 (± 11.28)

Stage n (%)

 I 90 (60.81%)

 II 14 (9.46%)

 III 30 (20.27%)

 IV 14 (9.46%)

Morphology n (%)

 Clear cell 94 (63.51%)

 Chromophobe 8 (5.41%)

 Non-classified/undifferentiated 2 (1.35%)

 Papillary 21 (14.19%)

 Unknown 23 (15.54%)

Procedure n (%)

 Radical nephrectomy 66 (44.59%)

 Partial nephrectomy 76 (51.35%)

 Percutaneous ablation 3 (2.03%)

 None 3 (2.03%)
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from the start of metastatic first-line treatment until 
death from any cause or until the last follow-up for sur-
vivors (lifetime horizon). This study demonstrated that 
the highest cost driver was anticancer treatment, fol-
lowed by hospital stays, as confirmed by our study [12]. 
Comparable findings were presented by a recent study 
conducted in Germany in 2020, which highlighted that 
outpatient pharmacy expenditures in mRCC manage-
ment accounted for over half the costs (€1966), followed 
by inpatient costs (€1205) [13]. A handful of other studies 
focused on estimating the average cost of cytoreductive 
surgery for mRCC, with Takagi et al. [9] reporting a total 
median cost ranging from $14,539 to $18,682 for stages 
I–IV, respectively.

In addition, patients undergoing radical nephrectomy 
presented higher costs than those treated with par-
tial nephrectomy, due to differences in the prognosis of 
patients eligible for the different surgical procedures (and 
consequently the different medical treatments and fol-
low-up examinations and diagnostic investigations).

To the best of our knowledge, no other recent Euro-
pean study has explored the cost-of-illness of RCC care 
from the time of diagnosis to therapy. However, a Brit-
ish study published in 2018 by Camp et al. provided some 
insight into the costs incurred by the NHS over the first 
year after partial nephrectomy, demonstrating that hos-
pitalization, followed by outpatient visits, are the primary 
costs [11].

One limitation of this study is that it only considers the 
health direct cost of RCC care, sustained by the Italian 
healthcare service and, therefore, disregarding the out-
of-pocket costs or costs of drugs covered by the trial’s 
sponsor and the indirect costs and, therefore, preventing 
a social perspective analysis of the cost-of-illness.

Another limitation is the relatively small size of the 
sample analyzed; however, this is a population-based 
cohort and not center-specific, enabling an unbiased esti-
mation of direct costs for this cancer at the population 
level.

Conclusions
In conclusion, this observational study provides a real-
world and valuable estimation of RCC’s cost-of-illness in 
Italy. This data could enable policymakers to construct 
dynamic economic cost-effectiveness evaluation models 
based on real world costs’ evaluation.
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