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Abstract Change is an absolute so long as time does not stand still. We should expect it, embrace it, and try to
predict its direction. Dermatology, as a specialty practice, has been changing rapidly over the past 30 years con-
current with the changes in medicine. What are these changes, how did they come about, and what may be the
consequences? The goal of this review is to follow the march of time, as we move from one era to the other in
step with what is happening in the world as a whole and the United States in particular. The growth of our spe-
cialty, Dermatology, is divided into 3 eras which are quite different in generational cultures. The first era span-
ning the 1980s and 1990s is dubbed as “old school.” The second era begins with the new century, 2000 until
today. This era will forever be remembered as the business era, the rise of elite cultures, and the losses and
threats to academia. The third era begins now; it is that of technology which is fast progressing into the future.
One can theoretically project what may occur during this technologic revolution and the directions in medicine
as a whole. Dermatology can be at the forefront of this era or it could be lost as a whole if we do nothing to keep
up. These eras are based on my personal experience as a dermatologist in a large academic institution in the
United States and may not apply to other communities or societies elsewhere. The United States serves as a
good example of a western technologically oriented society that is often emulated by others.
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Era of “old school” younger generation, when they do not conform either in
thought, ethics, or the standard way of doing things.
Currently, I believe old school has a different connotation.
When I first started as a dermatology resident at the Mayo Clinic
in the early 1990s, there was an aura within the department that
can describe as serious, disciplined with a strong culture of pro-
fessionalism, and respect. The staff was renowned in the world
of dermatology, and we all were very conscious of that. The ex-
perienced generation was revered and respected. We had a dress
code, a method to greet patients, and most of all a drill in our
heads of the Mayo brothers’ aphorism: “the needs of the patient
come first.” Each morning at 7 AM sharp, we had conferences,
one for dermatopathology, one for hospital cases, and three for
daily patient viewing and differential diagnosis. Residents had
to attend and be prepared to answer questions when called on.
* Corresponding author. This was a daily routine for 3 years of residency without any
E-mail address: elazhary.rokea2@mayo.edu. didactic lectures. We were expected to learn from every case,

Although used often in conversation with colleagues and
patients, the expression old school has a fluid definition de-
pending on context and subject under discussion. As per the
Merriam-Webster Dictionary, the definition of old school is:
“Adhering to traditional policies or practices with characteris-
tics evocative of an earlier or original style, manner, or form.”
Other names applied include “antique,” “old-fashioned,” “old
time,” and “obsolete,” to name a few. The expression old
school likely is eternal, as every mature generation tends to
use expressive terms to separate itself from the upcoming
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read all of the available dermatology books on our own time,
review the most recent publications, and be ready to cite them,
particularly during hospital conference. Hospital dermatology
was at its peak, with at least 40 inpatients. We spent most of
the first year taking care of inpatients, with every other night
call and preparation for the weekly hospital conference. Re-
search and writing papers were an expectation not only for
the staff but also residents. Traveling to meetings and presen-
tations were very much supported. Although, as residents we
were always anxious, we learned a lot and now look back on
these days fondly reminiscing various incidences with the cur-
rent staff. This experience was not unique to Mayo. I believe
most dermatology programs were very similar. During our
training, we focused on mastery of the art and practice of der-
matology. We rarely discussed billing, reimbursement, insur-
ance coverage, or the cost of medications prescribed.

Old school proponents deem themselves to be physicians
and professionals.! Most consider themselves as dutiful, hard-
working, and placing the needs of the patient first. The frame-
work accepted by this group was the doctor/physician as the
chief of the practice even by those who worked in larger clinics.
Apart from a rare few who sat on the Board of Governors, there
was no hierarchy beyond academic rank, and all physicians
were considered equal, especially in nonprofit institutions.

Era of the business elites

With the turn of the twenty-first century, dermatology con-
tinued to be a growing field for private practices as well as for
large multispecialty groups and academic institutions. These
were exciting times, as dermatology was attracting many
young physicians to a specialty that now encompassed subspe-
cialties of clinical and hospital dermatology, research, pathol-
ogy, and dermatologic surgery with a very attractive future
for the new subspecialty of cosmetic dermatology. This was
an opportunity for the growth of dermatology as a whole.

What occurred was unexpected; instead of growth in all facets
of dermatology, procedural subspecialties expanded at a faster
rate, although at the same time there was a relative decline in hos-
pital, clinical, research, and pathology subspecialties.> For inpa-
tient dermatology, census continued to decline to the point where
many academic institutions no longer could run inpatient services.
Dermatopathology had evolved over many decades through the
early and mid-1900s and by the 1980s had its own subspecialty
board and accredited fellowship training, spearheaded by
dermatology-trained dermatopathologists. By the new century,
the number of dermatologists entering dermatopathology was sur-
passed by those coming from a straight pathology background.

The business of medicine

Health care dollars were consuming a larger portion of the
gross national product than ever; hence, government

intervention grew. Instead of physicians or physician-led orga-
nizations seeking their own solutions to upcoming interven-
tions, they instead hired consultants who were often less
concerned about patient care to advise them. Physicians were
trained to bill correctly and to understand invented health care
codes, rather than focusing their primary attention on their pa-
tients’ skin health and to clinical and basic research. Until to-
day, physicians are consumed by educational lectures on
how to bill. Within that context, it is no surprise that electronic
medical records were tailored first and foremost toward fast
billing. Not a single area in any medical record has been di-
rected toward easing the clerical burden of the physician. In
other words, instead of “patient comes first,” it is the bottom
line that is more important. Ironically, the promoted push by
various entities for adoption of the electronic medical record
ignored the exorbitant prices of new and even old school med-
ications and consequently the vast price increase of all medica-
tions including generics.

A variety of clinics and health care systems and insurances,
ranging from Preferred Provider Organizations to Health
Maintenance Organizations popped up everywhere.*> Even-
tually, some of these systems and practices were taken over
by venture capitalists,® some of which were traded on Wall
Street. The idea was to lower health care expenditures by de-
creasing unnecessary tests that doctors ordered for fear of mal-
practice. A veritable cobweb of complicated algorithms in a
system of denial or acceptance of treatment and approved proce-
dures was created for the patient by their insurer. Prior authori-
zations and models that challenge physicians in their core work
of prescribing are now the norm. In the new paradigm, these
new clinics and systems became more answerable to their inves-
tors rather than to the patients they are meant to serve. The more
they deny expensive treatments or tests the better they per-
formed. This is an amazing concept, because everyone will be
sick at some point; one would think that good health care would
not be traded on the market as a “for profit” commodity.

Business models were adopted that ended up separating the
pool of physicians into elite executives and physician workers.
As the business culture spread over the country, many health
care institutions became similar to corporations with the devel-
opment of a sophisticated management hierarchy that adopted
such titles as chief executive officer instead of president, and
chief financial officer. Preventative medicine which was
intended to keep people healthy and avoid costly hospitalizations
morphed into “wellness” putting the ownership of one’s health
primarily as a responsibility of the patient. At least in our spe-
cialty, it is hard to see how these concepts other than sun protec-
tion can prevent many of the inflammatory, autoimmune, and
genetic diseases that we diagnose and treat on a daily basis.

The dermatology hospitalist

With the advent of managed reimbursement and govern-
ment interventions in the late 1990s,*> the hospital presence
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of dermatologists as well as phototherapy? decreased consid-
erably to where we have very few dermatologists caring for
our most sick hospitalized dermatology patients. Diseases
such as lymphomas, as well as immunobullous and autoim-
mune diseases are much more difficult to teach in residency
programs given the minimal involvement with hospitals.”8
Newer dermatologic diseases, such as graft versus host dis-
ease, toxic erythema of chemotherapy, or cutaneous side ef-
fects of new oncologic treatments and biologics, will likely
be missed by dermatologists except the few who still are work-
ing in hospitals. Consulting services for severe adverse drug
reactions, including toxic epidermal necrolysis, Stevens-
Johnson syndrome, and drug rash with eosinophilia and sys-
temic symptoms are for the most part treated by the medical
services leading to further demise of our knowledge base, as
well as lack of teaching for the future generations.”-® If our
staff does not obtain experience in treating these sick patients,
who will be teaching our residents and students of tomorrow?
This was the state in the early part of this century; however,
counter to these trends, there is a small but significant revival
in hospital dermatology started by several medical centers. In
2004, our group created a “dermatology hospitalist” core
group that consisted of six dermatologists each taking at least
8 weeks of hospital service per year divided into 2-week rota-
tions? and comprising 24/7 coverage of two large teaching
hospitals. We admitted patients to the dermatology service,
responded, and rounded on consults from other services, went
to the emergency room, and saw stat consults when called, in
addition to monitoring the phototherapy unit. We gave confer-
ences and focus sessions at several meetings including the
American Academy of Dermatology which sparked interest
in this aspect of dermatology. Dermatologists in other institu-
tions took it further. They not only became more involved in
hospitals but also formed a hospital society that meets regu-
larly at the American Academy of Dermatology, promoting in-
terest in publications and conferences.”®~!3 There is still hope
that dermatologists will not abandon our sickest patients in
hospitals and that the hospitalist concept will survive.

Procedural dermatology

Dermatologic surgery and cosmetics grew rapidly over the
past 3 decades and is continuing to grow until today. The rea-
sons for the expansion were multifactorial but may be related
to the rising numbers of skin cancers and a growing interest
in surgery and cosmetics. It also was more appealing to a
new generation that preferred avoidance of “on call” special-
ties, quality of life, time spent with family, and perhaps a much
higher financial reward.

Most in dermatology have supported this growth and right-
fully so, as both subspecialties are best performed by dermatol-
ogists; however, given the expansion of surgery, lasers, and
cosmetics, there has also been a slow but real decline in access
to outpatient clinical dermatology and research.'4~!8 Clinical

dermatology is now heavily dedicated to skin checks search-
ing for skin cancers and atypical nevi for surgical intervention,
which is more rewarding in many ways than clinical interven-
tions for chronic skin diseases without cure. The sicker derma-
tology patients, who may need immunosuppression and
regular continuous follow-up, are generally not as desired by
dermatology practices. An appointment of 2 to 3 months out
may be given for an inflammatory disorder, whereas a Botox
injection or excision may be an immediate, if not same week,
appointment.®!4-16:1° Dye to this relatively common practice,
our specialty has begun to receive a slap with some of the pub-
lic media commenting on such behaviors.!”

Shortage of dermatologists

One of the unintended consequences of this shift of derma-
tologists’ work to cosmetics and surgery, in addition to many
working part-time, is a relative shortage of dermatologists
nationwide.>*-28 As a result, there has been a large infusion
of midlevel providers to fill this gap and the gradual but pre-
dictable takeover of dermatologic subspecialties by other med-
ical specialties, similar to the loss of sexually transmitted
diseases to infectious diseases in the past. Similarly, leprosy,
a well-known biblical disease that has always been under the
purview of dermatologists, is now being taken over by infec-
tious disease in the United States. The infusion of midlevel
providers into our systems was welcomed for a role in assist-
ing the dermatologist; but in practice it has turned out that they
were caring for and treating new medical patients, including
patients with inflammatory diseases who may require immu-
nosuppressive agents. The current and real issue lies with de-
fining the responsibilities and practice of midlevel providers
and how they should be integrated with dermatologists in car-
ing for patients with various skin diseases, but not over bur-
dening them with patients beyond their scope of practice.?” 3!

Dermatology is not the only specialty experiencing this
change. There is a shortage of physicians in the United
States.>? Instead of increasing the number of medical schools
or the size of the classes, the approach was to fill the gaps with
midlevel providers. The purpose was to have providers who
are paid less to assist physicians with their patients who in turn
could become more efficient. Unfortunately, in practice, the
midlevel provider is often the caring face that the patient sees
and therefore viewed as their physician. No longer are the old
school words doctor, physician, or surgeon used to refer to
dermatologists and MDs, in general. We are now simply
providers. This label has been pushed by many administrators
of health care to the point where there is a general acceptance
and perhaps even lack of knowledge by the patient who is see-
ing a provider whether or not their caregiver is a physician or a
nurse. Now, we are all the same doing the same job.

In short, the old school understanding of the word profes-
sional with all that it entails' is now obsolete. This entire era
is all but gone, and we are now all health care providers.
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Era of optimism: The future of science
and technology

It would seem that the changes previously described will
never revert; but they will change, as they always do. There
could be many drivers for this change, but one major driver
is technology. Technology is moving at such a fast pace that
it is difficult to get a handle on it. Going beyond targeted
drugs, which have changed our treatment protocols for many
diseases especially in oncology, there are many different ave-
nues arising that behold a very optimistic view for medicine as
a whole. Given the speed of laboratory to bedside scientific
achievements, I warn the reader that this contribution may be
obsolete by the time the manuscript is published.

Telemedicine

Due to the manpower challenges discussed previously, re-
motely offering care has become a popular idea. The art and
science of taking care of patients, when there is a large distance
between provider and the patient, is now a specialty referred to
as telemedicine. Currently, we have teleconsults, telepathol-
ogy (Figure 1), and teleradiology, the latter of which is more
mature and now widely used, e-consults over the Internet
and even telerobotic surgery which will probably be widely
available in the near future. Telemedicine will likely expand
and become more robust and sophisticated as it already has a
role in dermatology.33-3* Teledermatology opens up new ave-
nues of practice for those with advanced training or skills.

Fig. 1  Teledermatology is becoming more widely used for several
purposes including diagnosis and therapy and can be accomplished
utilizing several types of devices including microscopes, smart
phones, and tablets either as store and forward or in real time.

Regenerative medicine

Transplant surgery has grown so much of late to include al-
most every organ, including limbs, face, and internal organs.
The main drawback has been the required use of immunosup-
pressive agents for life. Is there a way to avoid it? By using
one’s own stem cells, can we regenerate our dying organs?
The field of regenerative medicine and 3-dimensional (3D)
printing will be the future of transplants. Using stem cells
growing in cell culture, it has been shown that these cells can
become pluripotent and can proliferate under the influence of
specific cytokines and growth factors to differentiate into or-
gans and tissue such as cartilage or bones.>>~3° Dermatologists
will be able to utilize this technology for the skin. It is already
available and recently has been used to regenerate the skin of a
patient with junctional epidermolysis bullosa.*"

For internal organs like the liver and kidney that have spe-
cific shapes and architecture, cell regeneration is not sufficient.
With a technology known as 3D printing (Figure 2), this may
be a possibility. Three-dimensional printing is similar to a
word document printed by a 2-dimensional printer, the only
difference being the creation of a hologram model of the or-
gan, scanning it digitally and then printing it out. The printer
copies the digital 3D image layer by layer to give an exact
copy of the 3D organ model. This technique is already being
used for a variety of prosthetic devices and it has had a signif-

Fig. 2  Printing a digital hologram model layer by layer by a 3D
printer. (Reproduced with permission from Mayo Clinic Regenerative
Medicine.)
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icant effect on many who have lost a limb. In the future, this
type of regenerative medicine in combination with 3D printing
may produce transplantable organs that would not require im-
munosuppression for life.#!~43

Nanotechnology

Dermatologists know nanotechnology, as it has allowed us
to make excellent sunscreens.** The transformation of tita-
nium to tiny, less than 100 nm in size molecules, can change
its properties from opaque to transparent yet maintain the
sun-screening ability. This has led to an inert, nonallergenic
sunscreen. Nanotechnology is now used in many fields of en-
gineering and medicine. For example, the gadolinium that is
used as a dye in MRI and the chemotherapeutic agent doxoru-
bicin are both nanotechnology products. This technology is
now being tried for drug delivery to targeted cells either for di-
agnosis or for treating hard to reach cancers in different
organs.*>—3! One can imagine this technology as a targeted
treatment of metastatic melanoma.

Nanotechnology is currently considered for blood filtration
and detoxification, clearing of pollution smog particles and
new medical devices that may eventually simulate science-
fiction gadgets. Nanosheeting is used for burn victims and
our clothing may soon have blood pressure and heart rate mon-
itors embedded in them, all via nanotechnology. Safety and
toxicological evaluations are ongoing for biological and med-
ical nanotechnology products.>> For more information, the
center of responsible nanotechnology would be a good place
to start learning about this amazing technology (http:/www.
crnano.org/whatis.htm).

Genetics

One of the emerging fields where dermatologists should be
active is genetics. New targeted medications are being directed
to edit the DNA or to halt a stop codon. A great development is
gene editing technology known as CRISPR (clustered regu-
larly interspaced short palindromic repeats). Also known as
CRISPR-Cas, this technology utilizes a part of the bacterial
immune system known as the defense genes (Figure 3). With
this as a source of the synthetic guide, RNA and the enzyme
Cas that can split or knock out specific locations in the
DNA, gene editing was born.>3~5> Many ramifications of this
genetic technology are currently in laboratories worldwide. It
is perhaps the most promising as well as the most facile of
the genetic technologies. It is expected to help patients with
genetic diseases as well as for targeted drug discoveries; how-
ever, it will take time until this technology is ready for human
gene manipulation, as safety is more important than the poten-
tial results themselves.>>

Artificial intelligence (AI)

Everyone knows about Al, but we do not know how it
would fit in our lives. For example, there is a hotel in Japan
run totally by Al, from manager to cook to cleaning and room
services. The only humans are the guests! Does this mean in
the future there will be no jobs for hotel personnel? How will
Al change dermatology? Generally, in order for an Al to be a
provider of health care it first needs to be educated. This is the
most important step where dermatologists should be involved,
assuming we want to keep our jobs. For an Al to be functional,

Fig. 3  Adding the CAS9 lentiviral construct as a first step for gene editing. (Reproduced with permission from Dr. Alexander Meves, Mayo

Clinic, MN.)
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several steps are needed in addition to education such as repet-
itive viewing of typical and atypical forms and colors of vari-
ous diseases. Some of the technologies it will also need
include medical algorithms, big data, and possibly blockchain
technology.

For the past several years, medical communities have all
been working on their own algorithms for a variety of diseases
to better diagnose and treat them. The algorithms were created
to standardize care and to assist midlevel providers to diagnose
and care for patients, but the real power of an algorithm is to
feed the Al who is being groomed to eventually take over a
provider role. Fortunately or unfortunately, dermatology has
few algorithms but eventually there will be more.

For any Al to learn a specific topic, let’s say dermatopathol-
ogy, it will need to be fed thousands or even millions of slides
to recognize patterns. Although that seems like a lot of slides to
view, the Al actually does it very fast. They may end up recog-
nizing malignancy better than a human as shown in this mela-
noma Al trial.’%>7 Similarly, to recognize skin diseases they
will need to see thousands of photographs with various colors
and patterns to recognize a specific disease. The same concepts
are applied to almost all areas of medicine. The question, of
course, is how to get these numerous pathology slides and
photographs of patients and diseases? That is where “big data,”
commonly used words nowadays, come into play.>8-%° Can
the big data for dermatology training be found? Are there
enough slides and photographs of a large enough and diverse
number of diseases to accomplish this training? Do patients
need to give approval to be a part of this training (Figure 4)?

Finally, one has to ask, if we have the big data, how will it
be stored given the possibilities of hacking and difficulty with
cloud storage and security? Currently, institutions are looking
for different and more secure technology to store their data, as
well as their financial or other transactions. Blockchain is the
technology that has been used for cryptocurrency and Bitcoin.
It is now being applied to many areas including medicine, be-
ing referred to as a digital ledger that can store digital transac-
tions, financial data, accounting and record keeping, and other
entities. The advantage of blockchain is the security and pri-
vacy, as it is almost tamper proof.®!~¢7 This is why this tech-
nology is sought after by health care institutions not only for
the privacy of medical records or financial transactions but po-
tentially for the storage of the big data.

Given the algorithms and big data for learning, coupled with
security and verification, we should anticipate that Al may take
over certain areas of the “provider” role. The push for making
medical algorithms for every disease and its management is
the first step in teaching the Al provider. By the next decade, pa-
tients may be evaluated and triaged by an Al, and may also be
treated. Al can literally do almost everything. They can have
all the dermatology books and journals in their memories. They
can most likely even perform superficial skin laser treatments.
They may also use advanced confocal microscopy techniques
to reveal the depth and width of a skin cancer and proceed to ex-
cise it. Using confocal microscopy in conjunction with nano-
technology, I can imagine that the AI may be able to detect

Fig.4  Training of the Al through input of large numbers of images,
even those generated by digital cameras, may be able to assist in the
separation of atypical nevi from melanoma in patients who have
many clinically atypical nevi with an accuracy rate above that of ex-
perienced clinicians.*®’

metastasis in the lymphatics or the sentinel lymph node. In ad-
dition, they probably will bill more appropriately than we do
as they will have the ICD-10 and other complicated code algo-
rithms in their memories. One dermatology Al will probably be
capable of doing all those or some may be specialized for spe-
cific duties. There may be medical schools specifically for the
Al or we may be their teachers. At this juncture there are many
questions related to the Al provider. Medical schools and acade-
micians should be already involved with this technology.

Conclusions

Do we need to be nervous about all this rapidly evolving
technology? I think yes, we should be nervous! Our residents
who are the smartest in their classes graduating with honors
need to be engaged and mentored in basic science or techno-
logical research. We need academics and researchers who
can work with everything from telemedicine to Al to genetic
editing. If we do not do this for dermatology and our patients,
who will? Our academic centers must be teaching these tech-
nologies and learning the appropriate uses for them. Now more
than ever we must support basic science research and transla-
tional research by dermatologists. As clinical dermatologists,
we can then work together with Al and have a good relation-
ship. Perhaps, they can even increase our efficiencies in
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practice and make our specialty ever more interesting and re-
warding. Personally, I should be delighted to have an Al with
expertise in coding and billing.

Medicine is being reshaped. We may not be called
providers in the near future, but rather diagnosticians,
immunologists, or even another name that better reflects our
deep understanding of our specialty and our commitment to
training. Perhaps, with our Al and telemedicine tools at our
side, we will be even known as physicians, once again. If we
were to recall the Middle Ages, we were sometimes called
healers, sorcerers, or witches. It took centuries to arrive at the
level where we are today, but from here on, it will take only de-
cades to transform our specialty profoundly. Perhaps, we are
currently in a brief “dark age” of dermatology and on the brink
of a new renaissance where some old school principles will be
put into play with new world technologic progress. Prepare to
embrace it. | imagine it will be a great show and likely very re-
warding! I only wish I can be here in 2050 to experience some
of it.

References

1. Brennan MD. Professionalism. Int J Dermatol 2010;49:1210-1212.

2. Hancox JG, Balkrishnan R, Battle J, et al. Limited availability of psoriasis
and phototherapy care: An analysis of advertisements. Dermatol Online J
2005;11:6.

3. Werth VP, Voorhees J, Freedberg IM, et al. Preserving medical dermatol-
ogy. A colleague lost, a call to arms, and a plan for battle. Dermatol Clin
2001;19:583-592.

4. Scutchfield FD, Lee J, Patton D. Managed care in the United States. J
Public Health Med 1997;19:251-254.

5. Miller TE. Managed care regulation: In the laboratory of the states. JAMA
1997;278:1102-1109.

6. Resneck Jr JS. Dermatology practice consolidation fueled by private eq-
uity investment: Potential consequences for the specialty and patients.
JAMA Dermatol 2018;154:13-14.

7. Dogra S. Fate of medical dermatology in the era of cosmetic dermatology
and dermatosurgery. Indian J Dermatol Venereol Leprol 2009;75:4-7.

8. Sokumbi O, El-Azhary RA, Bruce AJ, et al. Missed opportunities in res-
idency education: The role of hospital dermatology. J Am Acad Dermatol
2013;68:677-678.

9. el-Azhary R, Weenig RH, Gibson LE. The dermatology hospitalist: creat-
ing value by rapid clinical pathologic correlation in a patient-centered care
model. Int J Dermatol 2012;51:1461-1466.

10. Weenig RH, Gibson LE, el-Azhary R. The role of the hospital dermatol-
ogist in the diagnosis and treatment of calciphylaxis and nephrogenic sys-
temic fibrosis. Semin Cutan Med Surg 2007;26:163-167.

11. Storan ER, McEvoy MT, Wetter DA, et al. Filling a critical practice gap:
Experience with a dermatology day treatment center at Mayo Clinic. /nt J
Dermatol 2015;54:600-604.

12. Storan ER, McEvoy MT, Wetter DA, et al. Pediatric hospital dermatol-
ogy: Experience with inpatient and consult services at the Mayo Clinic.
Pediatr Dermatol 2013;30:433-437.

13. Micheletti RG, Chiesa-Fuxench Z, Noe MH, et al. Stevens-Johnson syn-
drome / toxic epidermal necrolysis: A multicenter retrospective study of 377
adult patients from the United States [published online ahead of print July 27,
2018]. J Invest Dermatol. https://doi.org/10.1016/j.jid.2018.04.027.

14. Rubenstein DS, Blauvelt A, Chen SC, et al. The future of academic der-
matology in the United States: Report on the resident retreat for future
physician-scientists, June 15-17, 2001. J Am Acad Dermatol 2002;47:
300-303.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. The future of dermatology. Dermatology Times.

. Tsang MW, Resneck Jr JS. Even patients with changing moles face long

dermatology appointment wait-times: A study of simulated patient calls to
dermatologists. J Am Acad Dermatol 2006;55:54-58.

http://www.
dermatologytimes.com/dermatology/future-dermatology. Published May
1, 2014. Accessed November 4, 2018.

. Reck SJ, Stratman EJ, Vogel C, et al. Assessment of residents’ loss of in-

terest in academic careers and identification of correctable factors. Arch
Dermatol 2006;142:855-858.

. Eedy D. Dermatology: A specialty in crisis. Clin Med (Lond) 2015;15:

509-510.

. Resneck JrJS, Lipton S, Pletcher MJ. Short wait times for patients seeking

cosmetic botulinum toxin appointments with dermatologists. J Am Acad
Dermatol 2007;57:985-989.

Kimball AB, Resneck Jr JS. The US dermatology workforce: A specialty
remains in shortage. J Am Acad Dermatol 2008;59:741-745.

Maguiness S, Searles GE, From L, et al. The Canadian Dermatology
Workforce Survey: Implications for the future of Canadian dermatology
—who will be your skin expert? J Cutan Med Surg 2004;8:141-147.
Craiglow BG, Resneck Jr JS, Lucky AW, et al. Pediatric dermatology
workforce shortage: Perspectives from academia. J Am Acad Dermatol
2008;59:986-989.

Uhlenhake E, Brodell R, Mostow E. The dermatology work force: A
focus on urban versus rural wait times. J Am Acad Dermatol
2009;61:17-22.

Wu JJ. Current strategies to address the ongoing shortage of academic der-
matologists. J Am Acad Dermatol 2007;56:1065-1066.

Resneck Jr JS, Tiemney EP, Kimball AB. Challenges facing academic der-
matology: Survey data on the faculty workforce. J Am Acad Dermatol
2006;54:211-216.

Resneck Jr JS. Dermatology workforce policy then and now: Reflections
on Dr Peyton Weary’s 1979 manuscript. J Am Acad Dermatol 2013;68:
338-339.

Resneck JrJS, Kostecki J. An analysis of dermatologist migration patterns
after residency training. Arch Dermatol 2011;147:1065-1070.

Glazer AM, Farberg AS, Winkelmann RR, et al. Analysis of trends in geo-
graphic distribution and density of US dermatologists. JAMA Dermatol
2017;153:322-325.

Nestor MS. The use of mid-level providers in dermatology: A liability
risk? Semin Cutan Med Surg 2005;24:148-151.

Resneck Jr JS, Kimball AB. Who else is providing care in dermatology
practices? Trends in the use of nonphysician clinicians. J Am Acad Der-
matol 2008;58:211-216.

Adamson AS, Suarez EA, McDaniel P, et al. Geographic distribution
of nonphysician clinicians who independently billed Medicare
for common dermatologic services in 2014. JAMA Dermatol
2018;154:30-36.

The future of medicine: Squeezing out the doctor. The Economist. http://
www.economist.com/node/21556227. Published June 2, 2012. Accessed
Novembe 11, 2018.

Huang Y, Lei Y, Wang Q, et al. Telepathology consultation for frozen sec-
tion diagnosis in China. Diagn Pathol 2018;13:29.

Gentry MT, Lapid MI, Clark MM, et al. Evidence for telehealth group-
based treatment: A systematic review [published online ahead of
print January 1, 2018]. J Telemed Telecare https://doi.org/10.1177/
1357633X18775855.

Cohen DE, Melton D. Turning straw into gold: Directing cell fate for re-
generative medicine. Nat Rev Genet 2011;12:243-252.

Park KM, Shin YM, Kim K, et al. Tissue engineering and regenerative
medicine 2017: A year in review [published online ahead of print
April 26, 2018]. Tissue Eng Part B Rev. https://doi.org/10.1089/ten.
TEB.2018.0027

Hagbard L, Cameron K, August P, et al. Developing defined substrates for
stem cell culture and differentiation. Philos Trans R Soc Lond Ser B Biol
Sci 2018;373(1750).

Schmidt S, Lilienkampf A, Bradley M. New substrates for stem cell con-
trol. Philos Trans R Soc Lond Ser B Biol Sci 2018;373(1750).


http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0005
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0005
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0005
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0010
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0010
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0010
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0010
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0010
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0015
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0015
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0015
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0015
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0015
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0020
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0020
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0020
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0020
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0025
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0025
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0025
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0025
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0030
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0030
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0030
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0030
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0035
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0035
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0035
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0035
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0040
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0040
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0040
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0040
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0040
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0045
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0045
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0045
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0045
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0045
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0050
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0050
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0050
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0050
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0050
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0055
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0055
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0055
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0055
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0055
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0060
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0060
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0060
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0060
https://doi.org/
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0065
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0065
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0065
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0065
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0065
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0065
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0070
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0070
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0070
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0070
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0070
http://www.dermatologytimes.com/dermatology/future-dermatology
http://www.dermatologytimes.com/dermatology/future-dermatology
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0080
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0080
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0080
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0080
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0080
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0085
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0085
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0085
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0085
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0090
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0090
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0090
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0090
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0090
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0095
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0095
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0095
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0095
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0100
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0100
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0100
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0100
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0100
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0105
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0105
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0105
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0105
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0105
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0110
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0110
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0110
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0110
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0110
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0115
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0115
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0115
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0115
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0120
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0120
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0120
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0120
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0120
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0125
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0125
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0125
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0125
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0125
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0130
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0130
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0130
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0130
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0135
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0135
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0135
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0135
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0135
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0140
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0140
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0140
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0140
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0145
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0145
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0145
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0145
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0145
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0150
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0150
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0150
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0150
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0150
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0150
http://www.economist.com/node/21556227
http://www.economist.com/node/21556227
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0160
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0160
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0160
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0160
https://doi.org/
https://doi.org/
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0165
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0165
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0165
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0165
https://doi.org/
https://doi.org/
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0170
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0170
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0170
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0170
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0170
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0175
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0175
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0175
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0175

Evolution of dermatology

11

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

S1.

52.

53.

Abu-Dawud R, Graffmann N, Ferber S, et al. Pluripotent stem cells: In-
duction and self- renewal. Philos Trans R Soc Lond Ser B Biol Sci
2018;373(1750).

Hirsch T, Rothoeft T, Teig N, et al. Regeneration of the entire human epi-
dermis using transgenic stem cells. Nature 2017;551:327-332.

Skeldon G, Lucendo-Villarin B, Shu W. Three-dimensional bioprinting of
stem-cell derived tissues for human regenerative medicine. Philos Trans R
Soc Lond Ser B Biol Sci 2018;373(1750).

Alhaque S, Themis M, Rashidi H. Three-dimensional cell culture: From
evolution to revolution. Philos Trans R Soc Lond Ser B Biol Sci
2018;373(1750).

van Kogelenberg S, Yue Z, Dinoro JN, et al. Three-dimensional printing
and cell therapy for wound repair. Adv Wound Care (New Rochelle)
2018;7:145-155.

Nohynek GJ, Dufour EK. Nano-sized cosmetic formulations or solid
nanoparticles in sunscreens: A risk to human health? Arch Toxicol
2012;86:1063-1075.

Sun W, Jiang T, Lu Y, et al. Cocoon-like self-degradable DNA nano-
clew for anticancer drug delivery. J Am Chem Soc 2014;136:14722-
14725.

Weisenthal A, Hunter L, Wang S, et al. Nanoparticles: Small and mighty.
Int J Dermatol 2011;50:247-254.

Maron DF. Cancer drugs hit their mark. Sci Am 2015;312:44-46.

Krisch JA. A flare for cancer. Sci Am 2015;312:46.

Zhao CY, Cheng R, Yang Z, et al. Nanotechnology for cancer therapy
based on chemotherapy. Molecules 2018;23(4).

Sau S, Alsaab HO, Bhise K, et al. Multifunctional nanoparticles for
cancer immunotherapy: A groundbreaking approach for repro-
gramming malfunctioned tumor environment. J Control Release
2018;274:24-34.

Landesman-Milo D, Ramishetti S, Peer D. Nanomedicine as an emerging
platform for metastatic lung cancer therapy. Cancer Metastasis Rev
2015;34:291-301.

Patel P, Shah J. Safety and toxicological considerations of nanomedicines:
The future directions. Curr Clin Pharmacol 2017;12:73-82.

Damian M, Porteus MH. A crisper look at genome editing: RNA-guided
genome modification. Mol Ther 2013;21:720-722.

54.

55,

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

Yin H, Kauffman KJ, Anderson DG. Delivery technologies for genome
editing. Nat Rev Drug Discov 2017;16:387-399.

Doench JG. Am I ready for CRISPR? A user’s guide to genetic screens.
Nat Rev Genet 2018;19:67-80.

Nasr-Esfahani E, Samavi S, Karimi N, et al. Melanoma detection by anal-
ysis of clinical images using convolutional neural network. Conf Proc
IEEE Eng Med Biol Soci; 2016. p. 1373-1376.

Haenssle HA, Fink C, Schneiderbauer R, et al. Man against machine: Di-
agnostic performance of a deep learning convolutional neural network for
dermoscopic melanoma recognition in comparison to 58 dermatologists.
Ann Oncol 2018;29(8):1836-1842.

Ibnouhsein I, Jankowski S, Neuberger K, et al. The big data revolution for
breast cancer patients. Eur J Breast Health 2018;14:61-62.

Links MG. Big Data is changing the battle against infectious diseases.
Can Commun Dis Rep 2015;41:215-217.

Costa FF. Big data in biomedicine. Drug Discov Today 2014;19:433-440.
Roman-Belmonte JM, De la Corte-Rodriguez H, Rodriguez-Merchan EC.
How blockchain technology can change medicine. Postgrad Med
2018;130:420-427.

Mertz L. Hospital CIO explains blockchain potential: An interview with
Beth Israel Deaconess Medical Center’s John Halamka. /EEE Pulse
2018;9:8-9.

Mertz L. (Block) chain reaction: A blockchain revolution sweeps into
health care, offering the possibility for a much-needed data solution.
IEEE Pulse 2018;9:4-7.

Engel A. Could blockchain technology add value to surgical outcomes
research? Color Dis 2018;20:369-370.

Patel V. A framework for secure and decentralized sharing of medical
imaging data via blockchain consensus [published online ahead of
print April 1, 2018]. Health Informatics J https://doi.org/10.1177/
1460458218769699.

Wong MC, Yee KC, Nohr C. Socio-technical considerations for the use of
blockchain technology in healthcare. Stud Health Technol Inform
2018;247:636-640.

Mamoshina P, Ojomoko L, Yanovich Y, et al. Converging blockchain and
next-generation artificial intelligence technologies to decentralize and accelerate
biomedical research and healthcare. Oncotarget 2017;9:5665-5690.


http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0180
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0180
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0180
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0180
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0180
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0185
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0185
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0185
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0185
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0190
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0190
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0190
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0190
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0190
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0195
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0195
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0195
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0195
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0195
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0200
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0200
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0200
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0200
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0200
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0205
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0205
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0205
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0205
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0205
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0210
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0210
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0210
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0210
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0210
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0215
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0215
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0215
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0220
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0220
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0220
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0225
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0225
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0225
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0230
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0230
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0230
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0230
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0235
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0235
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0235
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0235
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0235
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0235
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0240
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0240
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0240
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0240
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0240
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0245
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0245
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0245
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0245
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0250
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0250
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0250
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0250
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0255
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0255
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0255
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0255
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0260
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0260
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0260
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0265
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0265
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0265
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0270
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0270
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0270
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0270
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0270
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0275
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0275
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0275
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0275
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0280
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0280
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0280
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0285
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0285
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0285
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0290
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0290
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0290
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0290
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0290
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0295
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0295
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0295
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0295
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0295
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0300
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0300
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0300
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0300
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0305
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0305
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0305
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0305
https://doi.org/
https://doi.org/
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0310
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0310
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0310
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0310
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0310
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0315
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0315
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0315
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0315
http://refhub.elsevier.com/S0738-081X(18)30195-0/rf0315

	The inevitability of change
	Era of “old school”
	Era of the business elites
	The business of medicine
	The dermatology hospitalist
	Procedural dermatology
	Shortage of dermatologists
	Era of optimism: The future of science �and technology
	Telemedicine
	Regenerative medicine
	Nanotechnology
	Genetics
	Artificial intelligence (AI)
	Conclusions
	References


