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Purpose: This study describes the incremental healthcare costs associated with retreatment among adults undergoing ureteroscopy
(URS) or percutaneous nephrolithotomy (PCNL) for upper urinary tract stones (UUTS).

Patients and Methods: The IBM®™ MarketScan® Commercial Database was used to identify adults aged 18-64 years with UUTS
treated with URS or PCNL between January 2010 and December 2019. Patients had 12 months of continuous insurance coverage before
(baseline) and after (follow-up) the first (index) procedure. The primary outcome was total all-cause healthcare costs measured over the
365-day follow-up period, not inclusive of index costs. Generalized linear models were used to estimate the incremental costs associated
with retreatment within 90 (early) or 91-365 days post-index (later) relative no retreatment. The models adjusted for demographics,
comorbidities, stone(s) location, treatment setting, procedural characteristics (eg, 1-step vs 2-step PCNL) and index year.

Results: Approximately 23% (27,402/119,800) of URS patients were retreated (82% had early retreatments). The adjusted mean total
cost was $10,478 (95% CI: $10,281—$10,675) for patients with no retreatment, $25,476 (95% CI: $24,947—$26,004) for ecarly
retreatment ($14,998 incremental increase, p<0.01), and $32,868 [95% CI: $31,887—3$33,850] for later retreatment ($22,391
incremental increase, p<0.01). Approximately 36% (1957/5516) of PCNL patients were retreated (78% had early retreatments). The
adjusted mean total cost was $13,446 (95% CI: $12,659—$14,273) for patients with no retreatment, $37,036 [95% CI: $34,926—
$39,145]) for early retreatment ($23,570 incremental increase, p<0.01), and $35,359 (95% CI: $32,234—$38,484) for later retreatment
($21,893 incremental increase, p<0.01).

Conclusion: Retreatment during the first year following URS or PCNL was needed in 23% and 36% of patients, respectively, and was
associated with an economic burden of up to $23,500 per patient. The high rate of retreatment and associated costs demonstrate there is
an unmet need to improve mid- to long-term results in URS and PCNL.
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Introduction

Urinary system stone disease (USSD), or urolithiasis is increasingly common in both developed and developing
countries, with country-specific prevalence ranging between 2% and 14%." An estimated 13% of American men and
7% of women will experience USSD during their lifetimes.” Incidence of both asymptomatic and confirmed sympto-
matic stones has been increasing in the United States (US) for at least three decades.” > While individuals with USSD
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experience pain and decreased quality of life,"” often lose work time,® and bear their share of costs for any associated
medical care, the treatment of USSD also exerts a substantial burden on the US healthcare system. Direct costs of
nephrolithiasis in an employed US population were estimated at $4.5 billion in 2004, with the inclusion of lost workdays
elevating the total cost to $5.3 billion that year.”

Although most smaller stones (eg, <4 mm'®) will pass spontaneously within one to three weeks, others may require
a medical or surgical intervention for stone removal. The American Urological Association (AUA) provides separate

'L12 with the information on stone size and location

clinical guidelines for medical and surgical stone management,
obtained from diagnostic imaging informing the treatment choice. Over time, open surgical lithotomy has essentially
been supplanted by non-invasive or minimally invasive endourological approaches: extracorporeal shockwave lithotripsy
(SWL), ureteroscopy (URS)/retrograde intrarenal surgery (RIRS), and percutaneous nephrolithotomy (PCNL).'%!314

Although each of these procedures has demonstrated adequate safety and efficacy for inclusion in the AUA kidney stone
guidelines, the possibilities of residual stone fragments, stone reformation, or formation of bilateral stones necessitating
retreatment after an initial procedure are nontrivial. Though varying widely by individual patient risk factors, studies have
reported stone recurrence rates of <11-14% at 1 year, 20%-35% at 5 years, and 31-52% at 10 years.'>'” Recent retrospective
studies have estimated the risks of retreatment to range widely for SWL, URS, and PCNL (8-45% depending on the initial
procedure, duration of follow-up, and definition of retreatment).®'® These additional surgeries place obvious burdens on the
affected patient. Although some instances of retreatment may not be preventable (eg, formation of bilateral stones), others
represent potentially avoidable, but as yet unquantified, costs to the healthcare system.

The current study used one of the largest US real-world healthcare databases to describe the incremental healthcare
costs associated with retreatment among commercially insured US adults who underwent URS or PCNL, specifically
focusing on upper urinary tract stones (UUTS). These data may be used to support economic evaluation of future

technologies that decrease the need for retreatment. No statistical comparisons were made between URS and PCNL.

Materials and Methods

Study Design and Data Source

This retrospective cohort study used data from the IBM® MarketScan™ Commercial Database. The Commercial database houses
administrative insurance claims data for a geographically diverse population of approximately 43.6 million active US employees
and their dependents aged 64 or younger. This database captures data on patient demographics and health plan enrollment, along
with detailed longitudinal data on diagnoses, procedures, the use and costs of physician office and other outpatient visits, hospital
stays, and prescription drugs. This study was exempt from Institutional Review Board oversight because it used secondary data
comprising only de-identified patient records, as dictated by Title 45 Code of Federal Regulations (45 CFR 46, 101(b)(4)).

Study Population

Adults ages 18 to 64 years who had been diagnosed with UUTS and underwent URS or PCNL between 01-January-2010
and 31-December-2019 were eligible for inclusion in the study population. The PCNL and URS cohorts were established
and analyzed separately. Within each cohort, the date of the first cohort-specific procedure (URS or PCNL) defined the
index date. For example, a patient who underwent URS and then PCNL would enter into the URS cohort at the time of
URS, and the PCNL cohort at the time of PCNL — with each cohort time period being analyzed independently; therefore,
a given patient could potentially contribute to both cohorts. Current Procedural Terminology (CPT) codes “50080” and
“50081” indicated a PCNL procedure while CPT codes “52352”, “52353”, or “52356” indicated a URS procedure
(including RIRS). Patients were required to have continuous medical and outpatient pharmacy insurance coverage during
the 12 months before and 12 months after the index date with these intervals defining the baseline and follow-up periods,
respectively. Physician-diagnosed UUTS was defined by the presence of an indicative diagnosis code from the
International Classification of Diseases, Ninth or Tenth Revision, Clinical Modification (ICD-9-CM “592.0”, “592.17,
“592.9”; ICD-10-CM “N20.0”, “N20.17, “N20.2”, “N20.9”). Patients with evidence of either stones in the lower urinary
tract or kidney or bladder tumors in the baseline period were excluded.
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Baseline Characteristics

Data from the baseline period were used to describe patient demographics including age in years as of the index date, sex,
insurance type, and geographic region. Baseline data were also used to determine the presence of each of 31 conditions in the
Elixhauser Comorbidity Index," evidence of prior urinary tract infection, use of pain medication, the setting of care (inpatient
hospital/outpatient hospital/ambulatory surgery center) and year (2010 through 2019) of the index procedure, the location of the
index stone (kidney and/or ureter) and whether or not the patient had undergone a UUTS procedure prior to the index procedure.
For PCNL patients, data on stone size (>2cm vs <2cm, based on CPT code), 1-step vs 2-step (percutaneous access performed prior
to the day of the nephrolithotomy) procedure, days between percutaneous access and nephrolithotomy (for 2-step procedures
only), and type of provider (radiology only, urology only, or both) involved in the index procedure were also summarized.

Retreatment and Costs

Retreatment was defined by the presence of an ICD or CPT procedure code for SWL (CPT “50590”; ICD-9 “98.51”; ICD-10
“0TF3XZZ” or “0TF4XZZ”), URS, and/or PCNL with an accompanying anesthesia code (SWL excepted) during the follow-up
period. To establish the total incremental cost associated with retreatment, the primary outcome was total all-cause healthcare
costs measured over the 365-day follow-up period, not inclusive of index costs. Costs included patient out-of-pocket expenses in
addition to all health plan payments on fully-adjudicated claims for inpatient and outpatient facility-based care, professional
services, laboratory/imaging, and prescription medications filled at outpatient pharmacies.

Statistical Analyses

Data were analyzed separately for each cohort. Generalized linear models (GLMs) with a log link and gamma error
distribution were used to quantify the adjusted incremental cost impact of retreatment.?’ For the purposes of the models,
patients were further divided into three mutually exclusive retreatment status groups: (1) those with no retreatment; (2)
those with early (days 1-90 post-index) retreatment; and (3) those with later (days 91-365 post-index) retreatment.
Patients with retreatment in both the early and later periods were categorized into the early retreatment group.
A secondary set of models divided patients into two groups: (1) those with no retreatment; (2) those with any retreatment
within 365 days post-index. These models adjusted for the baseline demographic characteristics, individual conditions
from the Elixhauser comorbidity index, the location of the stone(s), the setting of care, and year of the index procedure.
The PCNL cohort models also included stone size, 1-step vs 2-step procedure, days between percutaneous access and
nephrolithotomy, and type of provider. A two-sided critical value of 0.05 was used to determine statistical significance.
Statistical analyses were performed using StataSE 16 (StataCorp, College Station, Texas, US).

Results

Table 1 shows the sample size attrition associated with the application of each study inclusion and exclusion criterion,
separately for the URS and PCNL cohorts. Beginning with 380,885 and 22,991 patients in the URS and PCNL cohorts,
respectively, the final corresponding numbers of patients meeting all patient selection criteria were 119,800 and 5516.

URS Cohort

Of the 119,800 patients in the URS cohort, the mean (SD) age of all URS patients was 47.9 (11.1) years and 54% of
patients were male (Table 2). Most URS patients presented with stones in both the kidney and ureter (52%; Table 3).
Approximately 70% of the index URS procedures were performed in the outpatient hospital setting.

Overall, 27,402 (22.9%) had evidence of stone-related retreatment during the one-year follow-up period (22,439 with
early retreatment, 4963 with later retreatment) (Figure 1). The most used modality of retreatment was URS (17,213
patients, 63% of retreated patients), followed by SWL (10,081 patients, 37%), with retreatment via PCNL being rare (716
patients, 3%). Patients with vs without retreatment were generally similar with respect to demographics but tended to
have slightly higher prevalence of most selected comorbidities examined for study.

Figure 2 presents the multivariable-adjusted mean per-patient total cost for the 365-day follow-up period for URS patients
with no retreatment as well as patients with early and later retreatment. The adjusted mean total cost was $10,478 (95% CI:
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Table | Patient Selection

Criteria URS PCNL
Patients | Percent | Patients | Percent
Patients undergoing UUTS procedure between 0l Jan 2010 and 3| Dec 2019 380,885 100% 22,991 100.00%
Identifiable index episode for UUTS procedure 298,818 78% 17,956 78.%
Limit to patients aged |8 to 64 years, inclusive 294,806 99% 17,674 98%
Limit to patients with kidney/urinary stone(s) on or before index procedure date 290,724 99% 17,608 99%
Exclude patients with kidney tumor and/or bladder stones on or before index procedure date 264,027 91% 15,799 90%
Exclude patients without continuous health plan enrollment during 12-month pre-index period 180,915 69% 10,804 68%
Exclude patients with capitated costs® 177,186 98% 9745 98%
Exclude patients without continuous health plan enrollment during 12-month post-index period 119,800 68% 5516 66%

Notes: *Patients for whom insurance claims were paid under a capitated payment arrangement and therefore not associated with an accurate payment amount.
Abbreviations: PCNL, percutaneous nephrolithotomy; URS, ureteroscopy; UUTS, upper urinary tract stones.

Table 2 Baseline Demographic Characteristics in the URS Cohort, Overall and by First Year Retreatment

Status
Variables Overall Overall Retreatment in 365 Days
No Yes
N % N % N %

All 119,800 100% 92,398 100% 27,402 100%
Age category
18-34 16,254 13.6% 13,137 14.2% 3117 11.4%
3544 24,314 20.3% 19,196 20.8% 5118 18.7%
45-54 37,855 31.6% 29,021 31.4% 8834 32.2%
55-64 41,377 34.5% 31,044 33.6% 10,333 37.7%
Sex
Male 64,313 53.7% 50,165 54.3% 14,148 51.6%
Female 55,487 46.3% 42,233 45.7% 13,254 48.4%
Plan Type
Basic/major medical 2 0.0% | 0.0% | 0.0%
Comprehensive 3990 3.3% 2992 3.2% 998 3.6%
EPO 1617 1.3% 1253 |.4% 364 1.3%
HMO 11,496 9.6% 9035 9.8% 2461 9.0%
POS 7915 6.6% 6247 6.8% 1668 6.1%
PPO 74,115 61.9% 56,909 61.6% 17,206 62.8%
POS with capitation 816 0.7% 619 0.7% 197 0.7%
CDHP 11,813 9.9% 8985 9.7% 2828 10.3%

(Continued)
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Table 2 (Continued).

Variables Overall Overall Retreatment in 365 Days
No Yes
N % N % N %

HDHP 6227 5.2% 4927 5.3% 1300 4.7%
Unknown 1809 1.5% 1430 1.5% 379 1.4%
Region

Northeast 18,604 15.5% 14,180 15.3% 4424 16.1%
North Central 29,377 24.5% 22,883 24.8% 6494 23.7%
South 57,546 48.0% 43,660 47.3% 13,886 50.7%
West 14,273 11.9% 11,675 12.6% 2598 9.5%

Abbreviations: CDHP, consumer-directed health plan; EPO, Exclusive Provider Organization; HDHP, high deductible health plan; HMO,
Health Maintenance Organization; N, number; POS, Point of Service; PPO, Preferred Provider Organization; URS, ureteroscopy.

Table 3 Baseline Clinical Characteristics in the URS Cohort, Overall and by First Year Retreatment Status

Variables Overall Overall Retreatment in 365 Days
No Yes
N % N % N %

All 119,800 100% 92,398 100% 27,402 100%
Location of Stone
Both kidney and ureter 62,457 52.1% 46,926 50.8% 15,531 56.7%
Kidney 13,147 11.0% 9598 10.4% 3549 13.0%
Ureter 44,196 36.9% 35,874 38.8% 8322 30.4%
Place of Service
Ambulatory Surgical Center 18,605 15.5% 15,272 16.5% 3333 12.2%
Inpatient hospital 17,589 14.7% 11,196 12.1% 6393 23.3%
Outpatient hospital 83,606 69.8% 65,930 71.4% 17,676 64.5%
Presence of Individual Elixhauser Conditions
Congestive heart failure 2020 1.7% 1428 1.5% 592 2.2%
Cardiac arrhythmias 9432 7.9% 7183 7.8% 2249 8.2%
Valvular disease 3683 3.1% 2758 3.0% 925 3.4%
Pulmonary circulation disorders 1026 0.9% 739 0.8% 287 1.0%
Peripheral vascular disorders 3008 2.5% 2248 2.4% 760 2.8%
Hypertension, uncomplicated 44,863 37.4% 33,413 36.2% 11,450 41.8%
Hypertension, complicated 3091 2.6% 2144 2.3% 947 3.5%
Paralysis 516 0.4% 363 0.4% 153 0.6%

(Continued)
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Table 3 (Continued).

Variables Overall Overall Retreatment in 365 Days
No Yes
N % N % N %

Other neurological disorders 2568 2.1% 1901 2.1% 667 2.4%
Chronic pulmonary disease 13,048 10.9% 9882 10.7% 3166 11.6%
Diabetes, uncomplicated 19,388 16.2% 14,182 15.3% 5206 19.0%
Diabetes, complicated 5906 4.9% 4184 4.5% 1722 6.3%
Hypothyroidism 11,585 9.7% 8715 9.4% 2870 10.5%
Renal failure 3580 3.0% 2489 2.7% 1091 4.0%
Liver disease 10,319 8.6% 7961 8.6% 2358 8.6%
Peptic ulcer disease excluding bleeding 762 0.6% 555 0.6% 207 0.8%
AIDS/HIV 243 0.2% 173 0.2% 70 0.3%
Lymphoma 476 0.4% 339 0.4% 137 0.5%
Metastatic cancer 529 0.4% 409 0.4% 120 0.4%
Solid tumor without metastasis 4078 3.4% 3106 3.4% 972 3.5%
Rheumatoid arthritis / collagen vascular diseases 4296 3.6% 3212 3.5% 1084 4.0%
Coagulopathy 2098 1.8% 1571 1.7% 527 1.9%
Obesity 16,200 13.5% 11,966 13.0% 4234 15.5%
Weight loss 1673 1.4% 1259 1.4% 414 1.5%
Fluid and electrolyte disorders 7959 6.6% 6011 6.5% 1948 7.1%
Blood loss anemia 595 0.5% 435 0.5% 160 0.6%
Deficiency anemia 3752 3.1% 2710 2.9% 1042 3.8%
Alcohol abuse 805 0.7% 620 0.7% 185 0.7%
Drug abuse 1288 I.1% 978 1.1% 310 1.1%
Psychoses 491 0.4% 375 0.4% 116 0.4%
Depression 15,381 12.8% 11,689 12.7% 3692 13.5%

Abbreviations: AIDS/HIV, acquired immunodeficiency syndrome/human immunodeficiency virus; N, number; URS, ureteroscopy.

$10,281—%$10,675) for patients with no retreatment, 2.4 times higher in patients with early retreatment ($25,476 [95% CI:
$24,947—%26,004]), and 3.1 times higher in patients with later retreatment ($32,868 [95% CI: $31,887—%$33,850]).
Retreatment increased the adjusted mean costs per patient by $14,998 (95% CI: $14,507—3$15,488) and $22,391 (95% CI:
$21,445—%23,336), respectively, for patients with early and later retreatments (all p<0.01). In the secondary analyses, any
retreatment during follow-up was associated with an incremental increase of $16,369 (95% CI: $15,905—8$16,832).

PCNL Cohort

Of the 5516 patients in the PCNL cohort, the mean (SD) age of all PCNL patients was 50.6 (11.4) years and 45% of
patients were male (Table 4). Nearly 80% of PCNL patients had stones located in the kidney and approximately 20% had
stones in both the kidney and ureter. Most stones (70%) were greater than 2 cm in size (Table 5). Approximately 65% of
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Abbreviations: PCNL, percutaneous nephrolithotomy; SWL, extracorporeal shockwave lithotripsy; URS, ureteroscopy.
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Figure 2 Multivariable-adjusted mean per-patient total healthcare costs for the 365-day follow-up period for patients with no, early, or later retreatment — URS cohort*.
*Early retreatment is defined as retreatment within the first 90 days of follow-up; later retreatment is defined as retreatment during the subsequent 91-365 days of follow-
up; total healthcare costs were measured over the 365-day follow-up period, not inclusive of index costs. **P<0.01 vs no retreatment.

Abbreviation: URS, ureteroscopy.
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Table 4 Baseline Demographic Characteristics in the PCNL Cohort, Overall and by First Year
Retreatment Status

Variables Overall Overall Retreatment in 365 Days
No Yes

N % N % N %
All 5516 100% 3559 100% 1957 100%
Age category
18-34 468 8.5% 284 8.0% 184 9.4%
3544 885 16.0% 569 16.0% 316 16.1%
45-54 1833 33.2% 1164 32.7% 669 34.2%
55-64 2330 42.2% 1542 43.3% 788 40.3%
Sex
Male 2463 44.7% 1635 45.9% 828 42.3%
Female 3053 55.3% 1924 54.1% 1129 57.7%
Plan Type
Basic/major medical 200 3.6% 121 3.4% 79 4.0%
Comprehensive 75 1.4% 49 1.4% 26 1.3%
EPO 557 10.1% 359 10.1% 198 10.1%
HMO 405 7.3% 273 7.7% 132 6.7%
POS 3352 60.8% 2159 60.7% 1193 61.0%
PPO 45 0.8% 30 0.8% 15 0.8%
POS with capitation 500 9.1% 320 9.0% 180 9.2%
CDHP 298 5.4% 190 5.3% 108 5.5%
HDHP 84 1.5% 58 1.6% 26 1.3%
Unknown 200 3.6% 121 3.4% 79 4.0%
Region
Northeast 913 16.6% 614 17.3% 299 15.3%
North Central 1534 27.8% 1030 28.9% 504 25.8%
South 2528 45.8% 1573 44.2% 955 48.8%
West 470 8.5% 303 8.5% 167 8.5%

Abbreviations: CDHP, consumer-directed health plan; EPO, Exclusive Provider Organization; HDHP, high deductible health plan;
HMO, Health Maintenance Organization; N, number; PCNL, percutaneous nephrolithotomy; POS, Point of Service; PPO, Preferred
Provider Organization.

the index PCNL procedures were performed in the outpatient hospital setting. The percutaneous access procedure most
often involved both a radiologist and urologist (53%) and was performed on the same day as the index procedure in 78%
of patients.

Overall, 1957 (35.5%) had evidence of stone-related retreatment during the one-year follow-up period (1527 with
early retreatment, 430 with later retreatment) (Figure 3). The most used modality of retreatment was URS (760 patients,
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Table 5 Baseline Clinical Characteristics in the PCNL Cohort, Overall and by First Year Retreatment Status

Variables Overall Overall Retreatment in 365 Days
No Yes
N % N % N %

All 5516 100% 3559 100% 1957 100%
Location of Stone
Both kidney and ureter 1136 20.6% 747 21.0% 389 19.9%
Kidney 4346 78.8% 2791 78.4% 1555 79.5%
Ureter 34 0.6% 21 0.6% 13 0.7%
Place of Service
Ambulatory Surgical Center 76 1.4% 48 1.3% 28 1.4%
Inpatient hospital 1867 33.8% 1269 35.7% 598 30.6%
Outpatient hospital 3573 64.8% 2242 63.0% 1331 68.0%
Presence of Individual Elixhauser Conditions
Congestive heart failure 138 2.5% 89 2.5% 49 2.5%
Cardiac arrhythmias 617 11.2% 401 11.3% 216 11.0%
Valvular disease 220 4.0% 143 4.0% 77 3.9%
Pulmonary circulation disorders 6l 1.1% 45 1.3% 16 0.8%
Peripheral vascular disorders 178 3.2% 120 3.4% 58 3.0%
Hypertension, uncomplicated 2768 50.2% 1785 50.2% 983 50.2%
Hypertension, complicated 259 4.7% 171 4.8% 88 4.5%
Paralysis 65 1.2% 44 1.2% 21 1.1%
Other neurological disorders 158 2.9% 100 2.8% 58 3.0%
Chronic pulmonary disease 647 11.7% 426 12.0% 221 11.3%
Diabetes, uncomplicated 1328 24.1% 828 23.3% 500 25.5%
Diabetes, complicated 466 8.4% 299 8.4% 167 8.5%
Hypothyroidism 652 11.8% 414 11.6% 238 12.2%
Renal failure 416 7.5% 247 6.9% 169 8.6%
Liver disease 597 10.8% 399 11.2% 198 10.1%
Peptic ulcer disease excluding bleeding 49 0.9% 31 0.9% 18 0.9%
AIDS/HIV 17 0.3% 16 0.4% | 0.1%
Lymphoma 22 0.4% 15 0.4% 7 0.4%
Metastatic cancer 22 0.4% 14 0.4% 8 0.4%
Solid tumor without metastasis 247 4.5% 170 4.8% 77 3.9%
Rheumatoid arthritis / collagen vascular diseases 211 3.8% 139 3.9% 72 3.7%

(Continued)
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Table 5 (Continued).

Variables Overall Overall Retreatment in 365 Days
No Yes
N % N % N %

Coagulopathy 131 2.4% 82 2.3% 49 2.5%
Obesity 1065 19.3% 677 19.0% 388 19.8%
Weight loss 13 2.0% 73 2.1% 40 2.0%
Fluid and electrolyte disorders 545 9.9% 329 9.2% 216 11.0%
Blood loss anemia 51 0.9% 35 1.0% 16 0.8%
Deficiency anemia 270 4.9% 179 5.0% 9l 4.6%
Alcohol abuse 47 0.9% 35 1.0% 12 0.6%
Drug abuse 66 1.2% 45 1.3% 21 1.1%
Psychoses 32 0.6% 20 0.6% 12 0.6%
Depression 717 13.0% 467 13.1% 250 12.8%

Abbreviations: AIDS/HIV, acquired immunodeficiency syndrome/human immunodeficiency virus; N, number; PCNL, percutaneous nephrolithotomy.

39% of retreated patients), followed by PCNL (726 patients, 37%), and SWL (557 patients, 29%). PCNL was
proportionally more common among patients with early retreatment (43.7%) as compared with those with later
retreatment (13.5%) (Figure 3). As with the URS cohort, patients in the PCNL cohort with vs without retreatment

50.0%
46.7%

45.0% 43.7%
41.4%

40.0% o 38.8%
38.1% 37.1%

35.0%

30.0% 28.5%

25.0% 23.3%

20.0%

15.0% 13.5%

10.0%

5.0%

Proportion of retreated patients with specified treatment modality

0.0%
Early retreatment Later retreatment Overall retreatment

BPCNL BURS OSWL

Figure 3 Retreatment modalities for patients with early, later; and overall follow-up retreatment — PCNL cohort*. *Early retreatment is defined as retreatment within the
first 90 days of follow-up, later retreatment is defined as retreatment during the subsequent 91-365 days of follow-up, overall retreatment is defined as any retreatment
anytime during the 365-day follow-up period.

Abbreviations: PCNL, percutaneous nephrolithotomy; SWL, extracorporeal shockwave lithotripsy; URS, ureteroscopy.
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Figure 4 Multivariable-adjusted mean per-patient total healthcare costs for the 365-day follow-up period for patients with no, early, or later retreatment — PCNL cohort*.
*Early retreatment is defined as retreatment within the first 90 days of follow-up; later retreatment is defined as retreatment during the subsequent 91-365 days of follow-
up; total healthcare costs were measured over the 365-day follow-up period, not inclusive of index costs. **P<0.01 vs no retreatment.

Abbreviation: PCNL, percutaneous nephrolithotomy.

were generally similar with respect to demographics but tended to have slightly higher prevalence of most selected
comorbidities examined for study.

Figure 4 presents the multivariable-adjusted mean per-patient total healthcare cost for the 365-day follow-up period
for PCNL patients with no retreatment as well as patients with early and later retreatment. The adjusted mean total cost
was $13,446 (95% CIL: $12,659—8$14,273) for patients with no retreatment, 2.8 times higher in patients with early
retreatment ($37,036 [95% CI: $34,926—$39,145]), and 2.6 times higher in patients with later retreatment ($35,359
[95% CI: $32,234—%$38,484]). Retreatment increased the adjusted mean costs per patient by $23,570 (95% CI: $21,411
—3$25,728) and $21,893 893 (95% CI: $18,770—$25,015), respectively, for patients with early and later retreatments (all
p<0.01). In the secondary analyses, any retreatment during follow-up was associated with an incremental increase of
$23,196 (95% CI: $21,272—$25,121). Additional model results are provided in Supplemental Tables 1 and 2.

Discussion

Although other researchers have estimated the overall economic burden of UUTS and USSD in the US, to our knowledge
this is the first study to assess the direct economic consequences of retreatment for patients initially treated with URS or
PCNL. Results from our study demonstrate that retreatment after either URS or PCNL confers a 2.4-fold to 3.1-fold
increase in the mean total 1-year healthcare cost per patient, even after adjusting for potential confounders. Use of URS
was more than 20 times more common than PCNL; however, regardless of which type of procedure was used initially,
mean total costs increased significantly for patients with retreatment within the first 90 days post-procedure and for those
with retreatment later in the first year after the index procedure.

The cost of retreatment has especially important implications given that retreatment was common in both cohorts
(29.7% for URS and 35.5% for PCNL), higher than prior estimates of general stone recurrence rates, which range from
<11%-14%, at 1 year. Though few studies have comprehensively examined risk factors associated for retreatment after
URS or PCNL, previous studies have implicated residual stone fragments after an initial procedure in the need for
retreatment.>'**> Emmott et al reported a study of 658 patients undergoing PCNL in a single institution from August 2008
through December 2013, with median follow-up of 396 days.’' Of these patients, 45% had fragments 1mm or larger
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(55% stone-free rate); among those with fragments >4mm, 28% required reintervention while among those with
fragments <4 mm, 17% required reintervention. Iremashvili et al also reported that among 781 patients undergoing
URS, patients with residual fragments >2mm were at increased risk of repeat surgery over a median follow-up of 4.2
years.”” In addition to residual stone fragments, early stone recurrence or development of bilateral stones in UUTS
patients may also contribute to the need for retreatment; future research examining a larger, more multifactorial set risk
factors for retreatment would be useful. Although we were unable to distinguish the specific circumstances necessitating
each retreatment, it is unlikely that the incremental cost of retreatment would vary substantially depending on whether it
is due to residual fragments, stone recurrence, or stones on the contralateral side. Application of our estimates to
populations in which the proportional contributions of the various underlying causes of retreatment are known may
provide an accurate aggregate estimate of potentially avoidable retreatment costs. Ultimately, the increasing incidence of
UUTS in the US and globally suggests that the number of patients at risk for retreatment, regardless of cause, will also
continue increasing.

Though we examined a different timeframe and outcome definition, our results are generally consistent with those of
Scales et al (2014),® who used the MarketScan database to describe the incremental healthcare costs associated with
unplanned, high-acuity follow-up visits within 30 days after URS, PCNL, or SWL between 2003 and 2011. They reported
that such visits were associated with healthcare costs ranging from $23,436 among patients who underwent URS to $47,618
among patients who underwent PCNL. Importantly, Scales et al did not consider follow-up hospital admissions in which
PCNL occurred to constitute an unplanned visit, as these may have constituted a planned “second look procedure”. However,
such visits nevertheless contribute to the overall burden of retreatment captured in the present study.

The pattern of retreatment was markedly different between the URS and PCNL cohorts, with URS patients being very
unlikely to undergo retreatment with PCNL (only 716 of the total 119,800 patients), whereas PCNL had roughly equal
numbers of patients undergoing retreatment with PCNL (726 patients) and URS (760 patients). Use of SWL for
retreatment was similar between the URS and PCNL cohorts, constituting 36.8% and 28.5% of retreatments, respectively.
Though we did not attempt to formally test for statistically significant differences in cost patterns across the PCNL and
URS cohorts, the within-cohort patterns of costs associated with early vs later retreatment differed slightly, with early
retreatment being associated with slightly higher total healthcare costs (though not statistically significantly) than later
retreatment for the PCNL cohort, whereas the opposite trend was seen in the URS cohort. This may be partially explained
by the circumstance that the modality of retreatment after PCNL was predominantly PCNL (43.7%) for those with early
retreatment whereas it was SWL (46.7%) for those with later retreatment; in the URS cohort, however, the modalities
differed comparatively less across the early vs later retreatment groups. Future research examining the association of
retreatment modality with subsequent economic and clinical outcomes could be informative, especially between SWL
and URS. However, in order to minimize the cost burden of retreatment, an opportunity exists to address current
technological challenges to optimize the success of single procedure UUTS treatments.

Particular data and methodological limitations provide important context for interpreting results from this study. First, as
noted above, we were unable to distinguish the specific cause of retreatment, some of which may be avoidable, while others by
be unavoidable; however, the incremental costs of retreatment are unlikely to vary substantially by cause. We are also unaware
of any very large databases with both healthcare cost data and clinical data that may be used to distinguish the specific cause of
retreatment. Second, the study database lacks clinical information that may be of interest for future research, such as initial
stone size, initial stone type (eg, struvite), and presence and size of residual fragments, among others. Areas for future research
include examination of endoscopic combined intra-renal surgery, simultaneous bilateral procedures, and use of JJ stents in
URS, all of which may affect the stone free rates and/or the risk of complications. Finally, these results reflect the experience of
a commercially insured adult population in the US and may not generalize directly to patients outside of the US, uninsured
patients, or individuals with other types of insurance coverage such as Medicare.

Conclusion
In this large, retrospective cohort study of patients undergoing URS or PCNL for UUTS, retreatment during the first year
following URS or PCNL was needed in 23% and 36% of patients, respectively, and was associated with an economic
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burden of up to $23,500 per patient. The high rate of retreatment and associated costs demonstrate there is an unmet need
to improve mid- to long-term results in URS and PCNL.
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AUA, American Urological Association; CPT, Current Procedural Terminology; GLM, Generalized linear models; ICD-
10-CM/PCS, International Classification of Diseases, Tenth Revision, Clinical Modification/Procedure Classification
System; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; PCNL, percutaneous
nephrolithotomy; RIRS, retrograde intrarenal surgery; SWL, extracorporeal shockwave lithotripsy; URS, ureteroscopy;
UUTS, upper urinary tract stones; US, United States.
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