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Introduction

Burden of disease is defined as the effects of a disease on the overall health of a population,
which is comprised ofdirect treatment costs and indirect costs due to missing work, as well as non-
economic costs from decreased quality and duration of life." Among 24 categories of skin diseases, skin
cancer is estimated to have the 4™ highest medical cost in the United States at about $6.05 billion
annually according to the 2017 American Academy of Dermatology Burden of Skin Disease Report,
although estimates as high as $8.1 billion have been suggested by the Surgeon General’s Call to Action
to Prevent Skin Cancer.”?

Quality-of-life issues are hard to measure but are especially important for skin diseases, which
tend to have a relatively low effect on mortality while having a relatively high effect on economic costs
and well-being.

For instance, when considering non-melanoma skin cancer [NMSC], the direct cost of an excision
is relatively easy to estimate because those data are routinely available from payers. The indirect cost is
more difficult to quantify because productivity lost due to commute time, procedural time and recovery
time are not routinely measured and differ significantly based on the scenario (i.e.- anatomic location).
The effect on the survival of the patient may be simple to quantify, as a plethora of data regarding
mortality due to NMSC are reported. The effect on the patient’s well-being, however, is very difficult to
qguantify because of the abstract nature of the patient’s level of anxiety associated with the diagnosis
and the physical consequences of and patient’s personal feelings toward the appearance of their scar.

There is currently an epidemic of skin cancer sweeping the United States, including both
melanoma and NMSC.** Other countries throughout the world have noted similarly alarming rates of
acceleration in the incidence of skin cancer.®’” This chapter will discuss the burden of disease of skin
cancer in the United States and globally, focusing primarily on economic burdens and secondarily on
non-economic burdens.

Non-melanoma Skin Cancer (Keratinocyte Carcinoma)
Epidemiology

NMSC, comprised primarily of basal cell carcinoma [BCC] and squamous cell carcinoma [SCC], is
the most common malignancy in the United States, with a higher incidence than all other cancers
combined.*® This high incidence is seen in other parts of the world whose populations primarily have
light skin.®’It is estimated that in 2012 there were roughly 5.4 million NMSCs occurring on 3.3 million
patients. This was a dramatic increase of around 35% from the 2006 figures of 3.3 million NMSCs for
2.46 million patients.’In 2013 an estimate derived from a different formula calculates that nearly 3.7



million NMSCs were diagnosed in the United States and 4,376 deaths were attributed to NMSC although
the true number is probably much higher because NMSC is not a required-to-report disease.’

Direct Costs

Direct medical costs for the treatment of NMSC are estimated at $4.585-54.8 billion.”*The
main sources of direct cost related to skin cancer are 1) treatment (see tables) and 2) diagnosis (see
table). In 2008 it was estimated that more than $600 million was paid by Medicare Part B for skin
cancer treatments (which includes only destruction, excision and Mohs surgery). This figure did not
include charges for repairs, facility fees, pathology and other peripheral costs.*

Evaluation and management [E&M] visits contribute to the cost of screening and diagnosing skin
cancer. If a suspected skin cancer is noted during a visit, it is biopsied and usually sent for pathologic
evaluation, which generates charges for a procedure, preparation of the specimen and histologic
evaluation by a dermatopathologist. The estimated sum of the costs for the skin biopsies and associated
pathology for the Medicare fee-for-service population in 2015 is about $750 million, which does not
include any additional stains or consultations for diagnosis by frozen section(Table 1).*!

Table 1
Number Unit
Service CPT code performed cost Total cost
Skin Biopsy 11100 3,356,246  $104.55 $350,895,519.30
Additional Biopsy 11101 1,433,790 $33.30 $47,745,207.00
Tissue Exam by Pathologist 88305 4,790,036 $74.11 $354,989,567.96

$753,630,294.26

NMSCs make up the vast majority of cutaneous malignancies and are those most commonly
treated surgically.® For localized tumors, the most common surgical techniques are electrodessication
and curettage [ED&C], excision with repair, and Mohs surgery. Each technique offers different cure
rates and the costs vary substantially among them.

ED&C has the benefit to the patient of being relatively quick and inexpensive. The downside to
ED&C includesa recurrence rate of up to 20% and the usually unattractive, and sometimes
hypertrophic,scar.**** ED&C costs $300 to $600."

Treating NMSCs by excision with repair has several permutations that affect the potential cost.
NMSC excision is least expensive in the office setting with tissue sent for permanent pathology, followed
by the ambulatory surgical center (ASC) and finally in a hospital operating room with tissue being sent
intraoperatively for frozen section analysis before repair is performed(see table 2 for costs in each
setting).”®A recent study comparing charge data from case matched outpatient treatment of NMSC and
melanoma versus treatment in a hospital operating room found that the average charge for the cases
performed in the hospital was $11,589, an average of 6 times more than the $1773 when performed in



the office.’*The variations of excision share an estimated cure rate of about 90%, although cure rates
reported in the literature vary widely."*The higher cost incurred in a hospital setting is partially
explained by miscellaneous charges that may not initially be apparent, such asanesthesia, intraoperative
frozen section analysis, postoperative permanent section analysis, facility fees (which are reimbursed
under Medicare Part A and are not currently available for scrutiny), and preoperative workup and
medications and supplies such as intravenous setups.

Mohs micrographic surgery is used for NMSC and many rare tumors and accounts for about half
of malignant tumor removals based on 2015 Medicare fee-for-service claims data."*"° Mohs is staged
excision of horizontal frozen section yielding 100% histologic margin control. This results in higher cure
rates than excision, 95-99% depending on the tumor.*

A recent systematic review reports recurrence rates after Mohs surgery of 0-7.1% for primary
basal cell carcinoma, 0-10% for recurrent basal cell carcinoma, 2.6-4.5% for primary invasive squamous
cell carcinoma and 5.9-23% for recurrent invasive squamous cell carcinoma.”*When compared to
standard surgical excision with repair, Mohs surgery is somewhat more expensive than excision with
permanent sections but significantly less expensive than excision with frozen section analysis performed
in either an ASC or hospital operating room."



Table 2- Relative estimated costs for treatment of BCC and SCC based on anatomic location.”

Estimated costs for treatment of BCC on the cheek by different modalities

Treatment modality
Electrodessication and curettage*
ImiquimodE

Mohs micrographic surgery+
Excision/permanent/immediate
repair§
Excision/permanent/delayed repair§
Excision/frozen/ASC||
Excision/frozen/hospital OR||
Radiation therapy (5 Gy
fractionation)]

Radiation therapy (3.5 Gy
fractionation)9]

0.6cm
$389
$929
$1,122

$807
$900
$2,125
$2,543

$2,562

$3,431

1.1cm

$426
$942
$1,174

$860
$1,019
$2,195
$2,856

$2,572

$3,441

Estimated costs for treatment of SCC on the arm by different modalities

Treatment modality
Electrodessication and curettage*
Imiquimodr

Mohs micrographic surgery#
Excision/permanent/immediate
repair§
Excision/permanent/delayed repair§
Excision/frozen/ASC||
Excision/frozen/hospital OR||
Radiation therapy (5 Gy
fractionation)9

Radiation therapy (3.5 Gy
fractionation)9

0.6cm
$323
$896
$992

$639
$729
$1,921
$2,166

$2,530

$3,402

1.1cm

$360
$903
$1,018

$710
$794
$2,028
$2,237

$2,538

$3,410

2.1cm
$495
$950
$1,296

$1,088
$1,232
$2,349
$3,048

$2,598

$3,467

2.1cm
S414
$939
$1,163

$951
$1,093
$2,243
$2,904

$2,560

$3,432

3.1cm

3.1cm

$573
$1,013
$1,460

$1,270
$1,528
$2,667
$3,893

$2,631

$3,501

$472
$985
$1,349

$1,326
$1,551
$2,609
$3,413

$2,608

$3,480

Legend: ASC, ambulatory surgical center; BCC, basal cell carcinoma; permanent, formalin permanent
section margin control; frozen, frozen section margin control; OR, operating room.

* 20% recurrence rate

5% initial incomplete clinical response, 20% recurrence rate

¥ 1% recurrence rate

§ 11% initially positive histologic margins, 10% recurrence rate
[ 21% initially positive histologic margins, 10% recurrence rate

9 7% initial treatment failure, 10% recurrence rate
adapted from: Rogers HW, Coldiron BM. A relative value unit—based cost comparison of treatment modalities for nonmelanoma skin

cancer: Effect of the loss of the Mohs multiple surgery reduction exemption. Journal of the American Academy of Dermatology.

2009;61(1):96-103.

Average
$471
$959

$1,263

$1,006
$1,170
$2,334
$3,085

$2,591

$3,460

Average
$392
$931

$1,131

$907
$1,041
$2,200
$2,680

$2,559

$3,431



In certain tumors, such as thick malignant melanoma, high-risk squamous cell carcinoma and
Merkel cell carcinoma, sentinel lymph node biopsy is considered to evaluate for metastases of the
primary tumor to the nodal basin. This is generally performed at the same time as wide local excision
and studies suggest that charges generated by this procedure, usually performed in a hospital operating

22,23

room, average between $10,000 and $15,000 per case. It has been suggested that the same

procedure can potentially be done under tumescent local anesthesia for 1/9" the cost.*

Cost-effectiveness studies suggest annual cost per positive node identified of around $150,000-
230,000. Data is not available regarding the number of sentinel lymph node biopsies performed
annually that are related to skin cancer, however the value of this procedure is currently a topic of
controversy because completion lymphadenectomy for malignant melanoma has recently been shown
to not benefit survival.”

The Medicare-allowed payment for complete cervical lymphadenectomy is between $900 and
$1500, however it is important to remember that this only includes the surgeon’s fees and not the
hospital and operating room charges where the bulk of the cost resides. Various studies regarding cost
effectiveness from the head and neck oncology literature estimate the cost of neck dissection outside of
the cost for surgical time at upwards of $25,000, and even more for recurrences 2627

Radiation therapy has long been an option for definitive treatment of NMSC and is available in
several forms, each of which entails different costs depending on the treatment modality and setting.
The treatments are generally used by dermatologists and radiation oncologists. The cost per lesion
treated in the outpatient setting ranges from around $500 for office-based superficial radiation to nearly
$8,000 for electronic brachytherapy. Ambulatory treatment in a hospital using orthovoltage radiation
costs nearly $4,000 while that for megavoltage electron beam therapy costs around $7,000.?% Radiation
is also used as adjuvant or post-operative therapy in some advanced NMSC, as well as for metastatic
disease. Costs for this have been estimated to be significantly higher than those for outpatient
treatments and as high as $21,000.%

There have been recent developments in systemic therapy for NMSC. Vismodegib and sonidegib
are hedgehog pathway inhibitors that are used to treat metastatic or locally advanced BCC that has
recurred or is not appropriate for surgery or radiation. They have also been reported as being used off-
label in patients with Basal Cell Nevus Syndrome to reduce overall burden of disease.?® The published
data reports relatively low response rates, however for tumors that are otherwise deemed not treatable
a small response may be acceptable.

Nivolumab and pembrolizumab are anti-programmed death 1 protein agents that have recently
been used in small trials to treat metastatic or locally advanced and unresectable SCC with encouraging
results.**Their respective prices are outlined below in Table 4.

Indirect Costs



The indirect costs associated with NMSC include opportunity costs (work time lost by patients
and caregivers in order to attend visits or undergo treatment) as well as foregone future earnings due to
premature death. It is estimated in the 2017 Burden of Skin Disease report from the American Academy
of Dermatology that $376 million in productivity costs were generated in 2013 due to work time lost by
patients and caregivers in the United States.’ Although this iteration of the report did not include
calculations for productivity lost due to premature death, the prior report from 2004 suggests that this
aspect of indirect costs approaches $1 billion.*

Non-economic Burden

The non-economic burden of NMSC is generally comprised of quality of life [QoL] detriment that
may be caused by the tumor itself (symptoms, appearance), treatment modalities (pain, impairment of
daily activities), and psychosocial detriment in the follow-up period due to scarring. Additionally, the
tendency to develop additional skin cancers may compound these effects. The QoL effects attributable
to NMSC are difficult to quantify due to their abstract nature, reliance on patient questionnaires that
may not be designed specifically for NMSC patients, and the relatively small magnitude the effects
appear to cause. Overall, most studies report similar QoL scores before and after treatment for NMSC,
with the strongest predictors of post-treatment QoL being pre-treatment QolL, mental health status and
presence of comorbidities. Additionally, NMSC likely has a smaller impact on Qol than other
dermatological pathologies, such as psoriasis or eczema.*

Malignant Melanoma
Epidemiology

The rate of diagnosis of both invasive melanoma and melanoma in situhas been rising steadily in
the United States, as well as worldwide. In addition to increasing incidence of disease, mortality from
melanoma has similarly been on the rise. The 2017 Burden of Skin Disease report from the American
Academy of Dermatology reports that the prevalence of melanoma in the population is more than 1
million patients (diagnosed) in 2013and 9,394 patients died due to melanoma.’Combined incidence of
melanoma in situ and invasive melanoma in 2016 is estimated to be nearly 145,000.’Between 2009 and
2016 the incidence rates of invasive melanoma rose with a 0.9% compound annual growth rate [CAGR],
while that of in situ melanoma rose with a 3.0% CAGR, yielding a lifetime risk for being diagnosed with
invasive or in situ melanoma of 1 in 28 Americans. The compound annual growth rate for mortality from
melanoma over the same period has been 1.5%.°This increase is unlikely due to artifact, better counting
methods or changes in histologic diagnosis. Because many melanomas are treated in the outpatient
setting and melanoma is not a reportable disease in most states, the rate of increase is likely higher than
reported.*

Direct Costs

The total medical cost of melanoma in 2013 is estimated to be $1.467 billion, accounting for
about 3.2% of overall medical cost for all skin diseases.’The services that generate these direct costs



include many of the same E&M and surgical treatments from above, as well as some additional
diagnostic modalities and medical therapies that are not used for NMSC.

Several molecular technologies such as fluorescence in situ hybridization and comparative
genomic hybridization are currently emerging and are being studied as both diagnostic and prognostic
tests for malignant melanoma. These technologies may allow more accurate staging of melanoma
patients, without additional surgery, and cost less than sentinel node biopsy. They cost from around
$1,350 to around $7,900.%**

Much of the cost for melanoma is for metastatic disease. In 2009 a cost study in the United
States showed that total cost of diagnosis and treatment of a primary in situ melanoma with 5 years of
follow-upis $4,648.48, while a stage T4b tumor costs $159,808.17.%This study found the most expensive
line items in the care of melanoma to be adjuvant treatment with interferon-alpha ($75,955.18), which
has recently been found to offer no survival benefit.*’There are also significant costs for palliative care
(514,500), and administration of chemotherapy ($1967.10 for a triple combination of agents). Of note,
the model used in this study takes into account the cost of patient time, which is generally considered
among indirect costs.>®3®

New targeted therapies for melanoma (in addition to nivolumab and pembrolizumab above)
include primarily ipilimumab, dabrafenib, vemurafenib and trametinib. Their respective costs are
outlined in Table 3. While these medications offer improved survival in many patients for whom there
was previously no effective treatment, their cost adds significantly to the economic burden placed on
the healthcare system by malignant melanoma.®



TABLE 3- Relative Pricing of Targeted Therapy

Therapy Indication Unit Cost Cost Per Treatment
Course

Vismodegib BCC (metastatic or ~$15,000 for 30 150mg | $15,000 per month
unresectable, not capsules
appropriate for
radiation)

Sonidegib BCC (metastatic or ~$10,500 for 30 200mg | $10,500 per month
unresectable, not capsules
appropriate for
radiation)

Nivolumab Melanoma, SCC ~$31,000 for 12 vials $15,500 per month until

(metastatic or

(10mL each) at

disease progression or

unresectable) 100mg/10mL unacceptable toxicity
Pembrolizumab Melanoma, SCC ~$9,000 for 4 vials of ~$12,000 per month
(metastatic or 50mg each
unresectable)
Ipilimumab Melanoma (metastatic | ~$7,000 per ~$50,000 per month
or unresectable) 50mg/10mL vial
Dabrafenib Melanoma (BRAF V600E | ~$10,000 for 120 75mg | $10,000 per month

or V600K mutation)

capsules

Vemurafenib

Melanoma (BRAF V600E
mutation)

~$5,500 for 120 240mg
tablets

$11,000 per month

Trametinib

Melanoma (BRAF V600E
or V600K mutation)

~$11,000 for 30 2mg
tablets

$11,000 per month
(usually used in
combination with
dabrafenib)

CITATION GOODRX*

Legend: BCC, basal cell carcinoma; SCC, squamous cell carcinoma

Indirect Costs

Despite the relatively lower incidence of melanoma, the estimated indirect costs are

significantly higher than those associated with NMSC.This may be because of its higher mortality rate

and its propensity for developing aggressive tumors in young individuals, leading to greater values for

loss of future income due to premature death. The American Academy of Dermatology currently

estimates that about $88 million is the opportunity cost associated with patient and caregiver time lost

due to melanoma in 2013.°Although the most recent Burden of Skin Disease report by the American

Academy of Dermatology does not include calculations for future income due to premature death, the

2004 edition estimated around $2.8 billion in forgone income.>'A 2008 study using willingness to pay

calculations estimated loss due to premature mortality to be around $15.1 billion in the year 2000 and
projected that loss to increase to $21.6 billion in the year 2020.*" While it is apparent that the method




used to calculate indirect costs of disease can vary widely, it should still be noted that these indirect
costs associated with melanoma remain high in any estimation.

Non-economic Burden

The non-economic burden of melanoma consists of the same somewhat abstract concepts as
those for NMSC, which makes their quantification quite difficult. These concepts include those of
patients’ feelings of well-being and their perception of their overall, physical and mental health. Many
guantification tools have been designed to measure QoL impacts due to diseases including melanoma,
however their application to populations of patients with melanoma appears to frequently provide

conflicting results or results that are difficult to interpret.****

As the majority of melanomas are found in
their early stage, surgical excision with extended clinical follow-up is frequently the extent of necessary
treatment. For patients with localized disease it has been suggested that QOL in those without relapse
after two years is comparable to those in the general population but much lower in more significant

disease.*
Technology Relating to Skin Cancer

Technology has become part of everyday life and is making its way into dermatologic care,
including that for skin cancer, in many ways. Of the technological advances with documented impact on
skin cancer, the most reported are those associated with teledermatology. Teledermatology exists in
two basic forms: store-and-forward and real-time interactive teledermatology. While store-and-forward
teledermatology has generally shown to at least be cost-effective, real-time interactive teledermatology
studies have conflicting conclusions on its cost-effectiveness, largely based on the study designs.**
Store-and-forward teledermatology has also been shown to provide clinically significant improvement in
some skin-specific QoL measures that are not statistically significantly different from those provided by
traditional clinic-based consultation.*” Pre-surgical teledermatology has been reported to decrease both
pre-operative evaluation cost as well as time to surgical intervention in a regional hospital setting in

Spain.48

Mobile smartphone apps are also beginning to make their way into skin cancer treatment,
although at this time data regarding their merits are somewhat sparse. A mobile teledermoscopy
application that forwards dermatoscopic images to dermatologists has shown some promise, however
its effect on burden of disease is yet to be explored.* Additionally, a tablet-based application designed
to assist melanoma patients in keeping up with their skin self-examinations and tracking lesions was
well-received by patients in its pilot study, showing potential to improve certain QoL parameters in this
population.®® Applications and devices featuring algorithm-based, computerized diagnosis of
melanoma, however, have undergone many studies in the dermatology community with mixed results.
Those aiming to improve diagnostic accuracy or biopsy sensitivity when taken in context by practitioners

51,52

have reported promising results.”””“Recommendations in 2015 warned that none “[had] been

adequately studied and/or shown to be sufficiently accurate and reliable to recommend.”*

Outlook and Future Trends



From the preceding discussion of the burden of disease of skin cancer, including both economic
and non-economic costs, it is clear that the mounting epidemic of skin cancer, especially keratinocyte
carcinomas and melanoma, has the potential to drive costs skyward as the volume of tumors treated
annually continues to grow. This leaves the medical community at large with the quandary of how to
manage the potential cost explosion associated with the skin cancer epidemic. Through careful
examination of the literature and cost data available, strategies for reducing or optimizing expenditures
for treatment of skin cancer become apparent.

Prevention and early detection of skin cancer appear to be the best ways to reduce overall
output in terms of treatment costs and myriad strategies to facilitate these goals have been proposed,
such as high risk clinics and screening guidelines.>**#>>%>

Although all aspects of skin cancer care generate costs, it is clear from the analysis above that
treatment of skin cancer drives the lion’s share of cost, regardless of modality.10 There are, however,
several low-hanging fruit in the treatment arena that show potential for improvement in costs. One of
these is management of the physical location of skin cancer treatment. Although not every cutaneous
tumor is appropriate for surgery in the office setting and not every patient is a good candidate for office-
based surgery, many are, and improved patient triage to the most appropriate treatment setting has the
potential to drastically reduce costs associated with surgical treatment of skin cancer by shifting a larger
proportion of surgeries to the office setting. This shift is further supported by emerging evidence
regarding the high safety level of office-based surgery, especially for cutaneous procedures.”®>’

Additionally, well-tolerated systemic supplements such as nicotinamide have emerging evidence
supporting their use in chemoprevention for actinic keratosis, basal cell carcinoma and squamous cell
carcinoma. A large randomized controlled trial has shown that development of new basal cell
carcinoma and squamous cell carcinoma in the group treated with nicotinamide versus placebo was 20%
and 30% lower, respectively. They also showed reduction in actinic keratosis in the treatment group.
This supplement is available over the counter and is inexpensive and well-tolerated, making it an
interesting target for use in reducing the current economic burden imposed by skin cancer over
time.”®>°

Further evidence supporting or refuting extensive diagnostic and staging measures such as
sentinel lymph node biopsy and confocal microscopy, as well as evaluating the efficacy of the many new
targeted therapies available may also help to refine how resources are allocated in the treatment of
advanced skin cancers. While these procedures and medications are quite expensive, they are used

relatively rarely and do not contribute as much to cost as the most commonly used procedures above.?”
24

Conclusion

Skin cancer incidence is increasing rapidly and economic costs, both direct and indirect,
accompany it. Office treatment is much more cost effective than that rendered in a hospital. In terms of
cost, destruction is the least expensive (but with the lowest cure rate), followed by excision, Mohs
surgery, superficial radiation treatment,ASC surgical excision, and, most expensive of all, treatment in



the hospital outpatient department. New drugs for systemic skin cancer treatment are breathtakingly
expensive, and unlikely to become much less so since biosimilars are difficult to manufacture and usually
priced closely to the original drug.

Prevention would appear to be the best way to decrease costs across the population, but getting the
message out and changing public behavior and misconceptions will incur significant costs of their own.

Electronic personal digital media may be a route to reach at-risk populations and tailor a more effective
and nuanced message.
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