Additional file 6. Quotations by themes.
Theme 1: The evolving role of AI in the dermatological diagnostic process
AI before the clinical encounter
Replacement of human observation and decision-making by machines.38
It's an autonomous machine that can…problem-solve.38
No AI concept “I don't even know what is it…I never think about it.38
The Terminator movie.38
[Specialized AI] knows the rules for something like Go, like AlphaGo. [Generalized AI] could potentially teach itself in other areas.38
I knew about it but no specific names or anything, you hear that they exist sometimes.33
Yes, but not exactly what it is called or anything like that. Maybe because I'm not that interested in it myself.33
So I think people first self-diagnose via Google a lot anyway so having something that’s a little bit more accurate than self-diagnosis is probably helpful.34
And seeing this opportunity, for example, hairdressers, podiatrist, pharmacist, they get asked a lot about these things, about lesions. And from time to time you get referrals because they went to the hairdresser and they spotted a mole... it would be a good thing to implement in these areas, expand beyond the GPs.34
Yeah, it (using the app) has especially low barrier to use it so it’s way lower than going to a doctor or going to a dermatologist. It is really a first step into being more interested or more concerned about skin cancer. And I think it can help to raise awareness (of skin cancer) and inform people better.34
Making people responsible for their own medical care, being their own advocate.38
With melanoma and all the research that's out there and a lot of discoveries recently, I think [AI] is very positive and anything that can keep increasing your awareness.38
Perhaps an indirect good effect of this is that it creates more awareness. So that people will pay more attention to these kinds of things. (...) So that people are more aware of suspicious skin lesions.36
I always feel a little burden to go to the GP, with the idea that it is actually not necessary to go to the GP.33
[AI] has a huge database of what diagnosis A is supposed to look like as opposed to a human who only has their own life experiences.38
Every physician may be different where [AI] can be a constant.38
You don't have to share your surprise and your grief with a practitioner.38
You don't have to leave the house. You don't have to do all kinds of things (...) You don't have to be absent from work.33
If the app says, ‘You probably have melanoma—go see your doctor, they might actually get in there sooner…so it could be lifesaving.38
Putting people at ease much quicker than waiting, waiting, waiting, waiting, waiting.38
[AI] can very quickly do a kind of triage where using the wonders of the diagnostic machinery, there can be an initial determination that something is not quite right, and then I would want to have a doctor talk to me about that.38
Rather than…pondering for weeks or months whether it's time to go see the doctor, it could be…an immediate indicator of, ‘Go see the doctor.’38
I can imagine it’s quite a useful app. It’s probably set very defensively, so it might create more work for us (...) but that’s fine — we’ll see people with possible skin cancer sooner.36
[AI] could reach people who don't have great access to health care but may have an iPhone.38
[AI] would save money because early detection of melanoma would save money down the road with treatments.38
[AI] will help people that maybe don't have very easy access to care, not just because they're busy, but maybe because of where they live or the state of care in their country.38
You will get very strange phenomena that patients might come walking in with the diagnosis. I won’t say that we should then become a garage company, but then we might start doing the excisions much more or the more complex things. That can also contribute to cost efficiency.36
[AI] is a gateway to other technology opportunities.38 
Augmenting clinical judgment in practice 
I'm ambivalent, there are possible benefits but serious risks too…40
AI could point out those that differ from the rules and may bring any risk of melanoma. With that, it could save time for the dermatologist and money for the patient.40
One of the things I came across is that there was a shortage of dermatologists in general. This means that the practitioner is expected to see a lot of patients in the same day...the practitioner is a human, maybe some stress, or he had a bad day, he might not spot some feature in that image. So those (AI) tools can be something that fixes this gap if in that day he had a bad day and didn’t notice some features.34
But the way I used AI was to try to train on some features in the image rather than giving me a diagnosis. For instance, to teach a deep learning algorithm to tell me whether that the borders are regular or irregular, ’cause that’s something subjective sometimes between readers...So I used AI to reveal the features rather than giving the full diagnosis.34
I would like it to receive feedback from the application and compare it to my own interpretation to see if I’m right. I think you can learn a lot in that way.35
The younger, less experienced dermatologists might think of AI as a peer colleague, while the most experienced ones said they could instead look at it as a resident supporting them.40
The worst thing is you have an inexperienced practitioner and they cut stuff out that doesn’t need to be cut out and they’ve actually missed the important thing.41
For non-dermatology practitioners, so GPs and other health care specialists, AI tools may improve the identification of suspicious lesions or otherwise the reassurance of lesions that are completely benign.41
You could definitely, as a new person doing this, rely on AI without having the training, and the experience. And so it’s getting that balance between the experience and not totally relying on it.41
I feel like if I don’t stay cautious I am a bit worried that I’m going to get into a false sense of security with it. And you don’t want to be getting to a point where you’re relying on the A.I. You really want to have your clinical skills being your reassurance and your experience.41
Every patient we reviewed them with a dermatoscope prior to doing any AI analysis...we very, very deliberately take logistical steps [to do that].41
...look in truth, I do look at it quite often if I’m not sure about something, and if I’m vacillating.41
I only use it for things that I’m not sure about. Yeah, that’s probably where my years of experience come in.41
Having the AI is just like having another person in the room. It’s actually swarm intelligence.41
I can tell you, I’ve used the AI and then second guessed myself. I think that’s what it’s there for. It is like having a second opinion from a colleague, if you like, but again, one that’s not validated. One that’s not ready. A less expert colleague, perhaps.41
I would use that only for an additional opinion you know the same way I use my colleague’s opinion when I am not sure about a lesion of concern. If there’s a discordance between us I think I just do what I feel. I would do the same with AI. If the AI says this is benign, and I still feel that this is not benign, or it is something that must be excised, I would go for the excision.41
...as long as it’s accurate, as accurate as it can be, I don’t really see any disadvantage of having a second opinion right in front of us. Yeah, I think that it’s more thorough and more accurate if you have the person, myself, and then a system to help you as well.41
If you’re any good, you know what’s benign. And then there’s a whole bunch of stuff that is obviously a problem. And then there’s some stuff in the middle that you look at and you go ‘Y’know, I’m not so sure about that.’ And if you’re not so sure about it then you either put the AI on it, if you’ve got the AI, or you just say to the patient,  ‘I’m not too sure about this, so if in doubt let’s cut it out.’ I mean, that’s the broad reality. You’ve got those three buckets.41
If I were to use TBD, I would do the exact same thing as I do today. That is, first thoroughly examine the entire skin with a dermoscope and then compare with an overview photo. Afterwards I would look to see what additional information TBD could possibly give me.42
I would still be using my clinical acumen and still would be doing skin checks and using this as an adjunct.41
I quite like it when AI agrees with me.41
If you want me to give you a take home point from my use, it would be just confidence changes, but that’s it.41
Whenever I think something’s benign, AI reassures my decision.41
A reassuring little friend in clinic.41
If I knew the AI would insist on me looking at it, that would be good.41
I definitely like it as a tool to cross-check my work...Often, even not so much to get AI’s opinion. I suppose I use AI to validate and reinforce some of the decisions that I’ve already made. Often, I’ll already have assessed something on the skin.41
...mostly I find it confirms, more than changes, what I’m doing...It’s more supporting and confirming.41
...it makes you more vigilant, which is only a good thing. So long as you manage that balance well, where it doesn’t turn into paranoia.41
I make my decision, and I know in myself “I think it’s this.” I pop the AI on and then it’s a nice confirmation. Hypothetically, maybe it’ll catch something I didn’t think of, but if you’ve done the first part right, that shouldn’t be happening.41
I don’t get a surprise by the answer. You know, more often than not it [AI] goes along with what I am thinking. So maybe that sounds really, really cocky. But I’d say it’s the truth.41
I think I use it as a double check. Most of the time it’s nothing, I think it’s very sensitive, not very specific. And I that makes sense. I think I like it that way because I could be very sure that I’m adding specificity and the computer is helping with sensitivity, right?41
I’d love it in my hands. Anything that saves primary care queuing people up in dermatology...I think skin is difficult. And so my feeling is that human error will always exist and I guess if you’ve got something to support you in making the correct diagnosis in serious skin lesions, then it seems to me like a win-win and a sensible option.34
I would like to see that used in practice. Particularly in order to separate out certain patient groups so that you provide tailored care and don't try and waste a lot of time on things that don't really matter.35
Most patients with a lesion will go straight to their GP. So I think definitely that’s where it’s going to be best placed and whether that’s a specialist nurse within a GP setting or a GP, certainly within that primary care set up I think is most relevant.34
They (dermatologists) are very experienced and they don’t need a tool. But some of those tools might be needed for the people who refer patients, not to make any mistake at that stage for the early detection...So I can think of those two aspects, like speed and a better decision for the practitioner. I see really big opportunities in those kinds of things.34
People just think it’s about diagnosing melanoma, where actually it’s not. It’s about recognising all skin lesions. You’ve got to diagnose benign lesions, and you’ve to diagnose malignant lesions, and it’s not just melanomas, you’ve got BCCs, you’ve got SCCs, you’ve got AKs, and then you’ve got all the benign lesions.34
I can see its clear benefit, that compared to a human, AI can handle big volume of data, and if it could scan and analyze the whole body of a patient and point out that might have a risk for melanoma, that could be a great support and save time for us, physicians.40
If AI had a really, really good dataset of benign lesions, that would give a GP confidence to say ‘no, that’s benign, that doesn’t need to be referred in’.34
Just screening out the seborrheic keratosis, the pigmented dermatofibromas, the benign...if it could screen all of those out, which are the vast majority of the two-week-wait referrals that we see, that would be incredibly important for providing a better, more targeted service...plus potentially triaging things that are so unlikely to be a cancer that they don’t need to be referred. So it kind of works both ways, early detection and reducing the massive numbers of 2-week-wait referrals that we get.34
The great thing would be if they were able to pick up those skin cancers that they haven’t thought about, for example, amelanotic melanomas, or nodular melanomas, that they don’t follow the typical a, b, c, d criteria.34
I might have benefited from this instead of going to get a colleague, I think.39
Sometimes it may help to set up a differential diagnosis that may or may not be accepted by the doctor.40
I think melanoma is the most important because I’d like to think that because your differential features for a squamous cell are quite obvious, that would be referred on anyway. I think it’s melanoma and other pigmented lesion differentiation that’s really tricky. So my thought would be more melanoma, and certainly that’s what I’ve used it for.34
I thought: ‘Oh this is really a harmless mole’ and it turned out to be a melanoma that was flagged by that app. I got a warning notification and called the patient and said: ‘Well, go to the dermatologist today’. It was a young man of about 24 years with a melanoma which I would have missed otherwise.35
If it’s just malignant melanoma, it’s perfect. But, [I] would like to see that it could analyse squamous cell carcinoma and basal cell carcinoma.39
I would think of it as a tool that works with image recognition that has seen thousands of images. Thus, it can provide a differential diagnosis for me and specific probabilities of melanoma.40
I want it to display, with 100% certainty, lesions with malignant potential and malignant lesions. That would be the ultimate goal when it comes to AI.42
Beyond diagnosis: AI in clinical training and lesion management
I have a thought now, because the moment I started to treat the sun damage on my forehead with Efudix, then your skin slowly becomes redder. That's a period of about three months before it's over again. I think an app like that would be an informative medium. After a few weeks, take a picture of it so that it can be assessed: Is it developing well? Or not? Or is there something else going on? Because during that period you do wonder. Well how long will it take? Is this normal? Is that normal?33
Give people recommendations of you should not go out unless you’re wearing 50 SPF, we think you should not sunbathe between 12 and four, just because it’s cloudy does not mean you’re not going to burn...put a kid in a sun hat so they don’t have sunstroke.34
In secondary care it would be really helpful, I think particularly for juniors starting out, to have a list of the differential, including the rarer things that could possibly be consistent with the appearances that the algorithm has identified. But giving you ranking of likelihood.34
The first aim of the app needs to be to go and get it checked or not, or to go and get it biopsied or not.34
[AI] could stop a lot of unnecessary biopsies.38
Maybe in some aspects of surgery there may be a better control than the human hand, which may have a slight tremor.38
Indeed, if AI said it was a melanoma and I thought of it as a naevus or a basalioma, I would go for safety, and I would still cut it off.40
I have the idea that with skin cancer, often there is a spot, or thingy that changes.33
You could use an app to monitor whether something changes.33
I would really like to then streamline the process. So we have an ability within our practice that the patient doesn’t need an appointment for asking about a mole of concern and they can send a photo. That photo would be reviewed by a clinician. It would be absolutely fantastic if that photo was also able to be reviewed by an AI process and advise whether there were concerning features on it or not. It would be useful if that photo could then be reviewed again six weeks later against a new photo to assess for changes.34
I guess you always take a picture at a point in time and...say you noticed it change in a couple of months could you go back and say, it’s changed from this to this, and almost keeping a progression record...I think that would be a really helpful feature.34
I say to them (patients) there are mole apps that you can monitor, and that maybe it’s not great in terms of getting a diagnosis, but they’re more aware and they’re keeping attention more to a particular lesion. And definitely it helps to diagnose cancer in the early state than what we saw years ago.34
So if you could develop one that was validated it might be useful for selected patients, maybe not the entire population but particularly high risk patients, maybe patients with lots of moles.34
I am thinking above all of the patients who have had melanoma and will have an annual check-up, then there can be quite a few lesions to look at, and then it is a clear advantage, this direct feedback, versus teledermoscopy and keep on taking six pictures; it’s a damn job.39

It would be a great benefit if AI could track the changes of a mole via the images recorded by time passing, and warn in case of negative changes. In that case, an AI can significantly augment the dermatologist's work and improve performance.40
The fact that the machine can say: this mole used to look like this, but now it looks like that, so it has changed, makes TBD obvious to use.42
I guess one approach you could take with marginal cases, you could say that we suggest you get re-tested in six months’ time or something like that. So, you have a three-layer band. One you definitely need action, one you definitely don’t, and then a middle level where you come back for a test after a bit.34
Maybe if a mole was changing, there would be a way to track that… If the doctor said, this is a watch and wait…maybe [AI] could…take pictures of it and feed that information to the doctor.38
Theme 2: Barriers and concerns regarding AI implementation
The primacy of clinical judgment and the physician-patient relationship
I think putting all these little clues together is part of the point, and each thing gives you a little bit of incremental information when you have to use your judgment, too, of how you weigh bits of information to make a decision. And then you have to also make decisions about how you rate information in terms of what the patient will consider acceptable practice.41
You can’t treat a patient in isolation, or a lesion in isolation from the rest of the patient…41
Get stuck on one feature.41
AI can’t put the lesion into the context of the patient.41
It’s looking at an image. We’re not looking at image. This is a completely artificial way of looking at our job...We’re looking at a patient who has 100 lesions, and we’re putting so many of their risk factors in the question.41
...when you have to manage a patient, you don’t just see a dermoscopy image and say, “okay, it’s melanoma or it’s a dysplastic nevus.” You take into account so many different factors. There are so many variables that we consider when we have to offer a specific management to the patient.41
Using your clinical judgment. Because that’s the thing, AI doesn’t take into account any of the clinical context of the patient and what you’re seeing.41
It’s a multifactorial process. You can never base your decision on a single factor, always you take into consideration many things.41
To be honest, I’ve used this for a number of years, and I don’t often find anything new with it...if you’re a really good dermoscopist, what we’re finding with our data is that the GPs are better than the AI here. We’re finding melanomas smaller and earlier than the AI is.41
An expert clinician doesn’t need AI...I have spent like twenty years doing dermoscopy and been training in it for years. So I am as good as any AI. Possibly not as fast. And I have other bits of information to help me like a patient tells me it’s changed, or they have a concern about it, or it’s different. So I don’t need AI to tell me things right now.41
It’s not a resistance to an app. It’s not. But it’s me as a person who’d rather have someone live in front of me. [...] That just seems a lot more truthful and believable as you have someone to talk to.33
It [AI] detects change, but it detects every little change...and in the end we manually compare their sequential images and we turn off all the AI, because it circles so many things. It’s just a pain.41
[AI causes a] delay to care because [you’re not] accessing an actual provider. You can’t remove it or treat it.38
[AI] is not a substitute for [an] in-person exam. We're examining a photograph that you get with your phone in variable light. It's possible that you might get a false-positive or a false-negative.38
The system in which I photograph something I'm worried about, would not take care of these melanomas that are not visible to the patient.38
[The] visit to the dermatologist for follow-up tests and biopsies… would be more accurate.38
...there’s still a lot of human interaction which goes into clinical decision formulation and management planning, which I think is not yet incorporated in AI appropriately, satisfactorily.41
...that’s something that AI can’t do. It can’t grab that patient, the background, at this point anyway. How long has it been there? Is it coming and going? Were you aware of it? What does it feel like? From an actual physical touch is it rough, is it raised, is it soft,is it squishy. Then from the patient experience is it sore, is it tender, it is itchy?41
This is, besides the known problems, for me the biggest problem. That not the entire skin is examined.36
I would be concerned…if people weren't followed up by a doctor because if they decided they had melanoma and decided they weren't going to get it treated, then nobody would know that they have it. And something like that would advance and of course, ultimately kill them… If people are self-diagnosing and not following up, then there could be a lot of danger in that.38
It's not always about the diagnosis…the act of delivering the diagnosis matters. So those people who are broken by the idea of getting something scary like cancer, where do they turn? They can call and make an appointment, but that's not going to help them feel better. They're going to be anxious.38
More in the neutral terms I think, like: ‘consult this lesion with your doctor’, but not already making an assessment of what the severity is, because that makes some people, not everyone, but some people are very sensitive to that and I think we do need to take that into account.36
I always feel a little burden to go to the GP, with the idea that it is actually not necessary to go to the GP.33
I love technology…but I really hate what's happened to our culture. It's become sterile and artificial and cold and people don't relate to each other. I'm still seeking the human component even if it's just emotional.38
There's something about the human interaction and the ability to answer questions and for the doctor to gauge the other individual's emotional experience. Because people can…be really anxious, sad, fearful, and the app's not going to be able to sense that.38
[AI] can't be compassionate. You can't write an algorithm to love somebody.38
It's the interaction of the human touch and the human eye contact that's very important.38
Humans might be able to do better because in the long run… they may think in ways that [AI] hasn't.38
You don't have a relationship with this thing. Whereas a doctor, you actually have some form of relationship on a professional level.38
You get to pick and choose who you go to and who you feel comfortable with. With a computer, it is what it is.38
I think selfishly, I’d be disappointed if I was told you don’t need your dermatoscope anymore, because it’s an area I’m really interested in and I’m really enjoying...because if it’s automated and, therefore, you lose the skill set and you lose motivation around the topic.34
I would be worried about de-skilling our GPs by giving them a tool that tells them what to do.34
I don’t want to think that a doctor would see results on an app and still not think about it at all...But I think with time they might lose their skills.34
… such an algorithm is based on knowledge, on input from dermatologists, but when you start as a young dermatologist, or as a resident, or as a general practitioner, then you don't have that knowledge, so then you are more likely to blindly rely on such an algorithm and I don't think that would be good.35
The digital clinic that steal our patients, we experience that.37
Society has a problem of becoming too reliant on technology…If people become too dependent on technology you can't function without it.38
The moment this computer becomes self-aware we're in trouble.38
The growth in technology winds up taking the place of jobs… and I personally always prefer to deal with a human than some sort of robotic AI.38
[Patients] could start to not trust medical professionals.38
AI can be beneficial, but at the same time also risky for young professionals if they trust AI-generated predictions more on the prediction of AI and less than their own judgment.40
If you click an AI button before you’ve made your assessment, you won’t actually get a real idea what you’re thinking what the lesion was. It’ll actually adversely influence your decision-making process.41
I don’t know that it’s a good idea, in new melanographers. I really think you need to sort oftrust your instincts and use your knowledge in the beginning to really know what you’re looking at. We’ve had a couple of new people start with that (AI), and I guess they rely quite heavily on it.41
So we have someone here who is newer and she was saying you could definitely, as a new, person doing this rely on AI without having the training, and the experience. And so it’s getting that balance, I suppose, between the experience and not totally relying on it.41
I notice the new nurses, they’re using it definitely as their guidance. Whereas I almost use it to justreinforce my decisions. I think at this point I definitely tend to have made my decision up already.41
The ultimate shortcut for people to not learn stuff.41
 An excuse for not becoming an expert yourself.41
What if tomorrow we stopped using it [AI]? Will I lose my clinical skills?... sometimes I think to myself at the end that’s why I stay quite cautious.41
Maybe our human expertise lowers a bit, or gets a bit impaired, that we have the (AI) support. And we’ve trusted so much that we stopped developing ourselves.41
At the beginning we thought that it will be a tool that will be a significant help for non-experienced users, but for experts, okay, it’s not so important. I’ve started to believe it is the opposite. You have to be quite good in order to be able to deal with the strange decision making that the machine makes, and to understand when you should follow and when you should ignore what the machine is saying. This requires quite a lot of confidence and experience. An inexperienced user is prone to fall in all the traps that might happen when you use these tools.41
I can imagine that as a GP it puts you in a tough position, that someone comes in with an app, that they have skin cancer and need to be referred, and then, yes, you are supposed to make a referral. And while you might think very differently about it, or you don’t think it’s suspicious at all, or you see something else, or you want to remove something yourself or do diagnostics in primary care, biopsy or something. That this also limits you. And that you just have to write a referral, because that’s what the patient wants.36
It’s just an additional checkpoint, if you like, that sometimes we take into account...for real decision making with patients today, then the role is minimal. It’s just an additional auxiliary tool that we take a look at.41
Every field of medicine, as technology improves, if you don’t use it well then you have to say why not? So this is no different. Just another tool. It’s just a more difficult tool to interpret.41
Look the way I perceive it [AI] would be an incremental step so...but it doesn’t replace taking the history, examining the patient, selecting my lesions, it will give me one incremental piece of information in the specific investigations required.41
...a useful tool for an intelligent doctor who knows its limitations.41
I don’t think it would be effective giving it directly to patients, least of all because they won’t have the training and the right level of professional knowledge in being able to interact with digital innovations effectively.34
I would be a little bit concerned about it just being open-ended, because...the potential for over-use by some people and under-use by others would be quite large, I think. So, I think...a nurse-led clinic or something like that might be better. Or give people the option.34
I know from doing online and video consultations during COVID, what was quite evident is that patients have got varying skills in terms of how they use their mobile devices to show you their skin remotely and taking images, and the quality of those images. So I think you’d have to think very carefully about who is taking the image, what they understand about what the clarity of that image needs to be, and what devices they’re being used on. Because that’s going to affect your interpretation. So I would be hesitant to say as a matter of routine for it to be patient led.34
Maybe someone would take their care into their own hands if they have a diagnosis in hand that…could be potentially harmful.38 
I haven’t used it yet because I don’t really know which patients it is intended for.42
You have one opinion, but then other doctors have other opinions...42
The definitions of the various conditions are not clear to all of us, causing us to do things differently.42
I’ve already seen a few patients who had been referred, and the referral letter stated that the app indicated an increased risk, so the patient was referred. I didn’t really get the impression that the GP had a personal opinion about it.36
The objective with this is to make things easier I say, but they are exhausted, or the workload is high, so they don’t want any new program in their computer.37
High workload - to learn a new way of working in parallel is disturbing and the new tool gets unused.37
More lines at the dermatologist or longer wait times.38
Concerns regarding trust and accuracy
Must at least be as good or bad as it is performed manually today.37
What the patient think? Good if I explain pedagogically the advantages, assure it is not an IT guy who believes this is exciting but a well-tested, validated method which makes us confident in the result – then I believe the patient would appreciate it.37
The main question is: will the clinicians become better from using the AI or not?41
I would question the premise that being a black box is actually a terrible thing or even a novel thing, because clinicians are black boxes. As far as I understand for most medicines we have no idea why they work, and we still use them because statistically it works. And as long as we regularly check that our models work statistically then who cares whether that’s a chemical or a computational black box. Obviously, it’s nicer if you can also present the clinician with some data that the clinician then can use to make further judgment calls.34
If we look at a top-level view across all AI it’s really hard to summarise in a single sentence whether this will help or hurt. But if developed well, if used well I still do believe there’s lots of great potential here.34
I don’t know, it works well. But I hope I can trust it of course.39
I think I rely on it [AI]. I do. Yeah, I think I relied on it like the most when I first started, but I think as you like learn more and see more skin and see more like diagnoses, I think slowly you start—I don’t rely on it as much anymore, but I definitely still rely on it.41
I don’t have an app, because I don’t see the need for it anyway.33
I find it very difficult to rate, because in my opinion the development is still so incredibly ongoing and for me it is really a very distant future. Not so much that there is such an app, but that it is reliable enough for me.33
You want to see such a thing in the light of what kind of patient you have in front of you, with what kind of skin type, sun exposure, eye color etc. So, I'm just missing a whole lot to comfortable rely on an algorithm.35
Doctors can be very sceptical, they only trust science and well proven experiences.37
I would probably need…feedback from a medical professional to… trust the app…because it's like a black box…Algorithms with databases behind them…can make errors.38 
Let's get the biopsy and find out what the story is.38
I would put more faith in the doctor.38
I probably would never use that app again.38
I never base solely on AI...So, I never say “AI said this, so I’ll do this.” No, never.41
...if you are not as good at seeing melanomas, then AI may help you to do that. But it could easily provide false reassurance because we know it doesn’t always pick them up. And it could lead to reliance on AI and deskilling, and that’s my concern. It’s not a substitute for good clinical acumen.41
Yeah, sort of, I'd do a little research myself into how well that algorithm would work, but it sounds like an algorithm that says whether a picture is good or not. That sounds a bit like it's doubtful whether it works at all.33
I think people fundamentally put trust in people and we’re still wary about putting trust in machines, or computers, because we’ve been fed sci fi for years that makes us worry, and also I do think that we still think we know best, even though the algorithms that will be in the computer will be absolute gold standard, and they won’t be tired, hung over, jaded, they’ll be right every time.34
Yeah. I’m just really unsure in how far, to be honest, machine learning can or will take over a medical setting, or should. The more I see and read, the more I’m getting also suspicious.34
The fact that it hasn’t been the norm within the health care setting, I think will make quite a lot of people feel uncomfortable. So the fact that it’s just so up and coming and new will naturally spark a bit of anxiety in terms of people and they think about if it’s safe, if it’s got the same principles and standards in place in terms of care, safety, confidentiality et cetera.34
Unless you can guarantee under penalty of being sued out of existence that [AI] will be 100% accurate all the time, you need to…soften the presumption of accuracy.38
If there are many discrepancies, and major, between my evaluation and this [the CDSS], then maybe I won’t have that much use of it.39

I think if we don't learn to use AI properly, it may cause misdiagnosis….40
When put under the pressure you can see, wow this AI is fast and pretty accurate! So after that, I had a lot of respect.41
It shows an eyebrow or changed lighting as being a new or changed nevus.42
In terms of processes, then we need to think, should we offer spot-examinations.37
I would make another appointment with her or him to evaluate it at a later date… to see if it's changed.38
I would get another opinion from another human, another dermatologist.38  
If there's more than 1 AI program that you could check on, you could do that.38
I might even use the app again to determine maybe it was the lighting.38
The machine could say something, the doctor could say something, and… you could leave it up to your wife.38
I think the key issue is generalisability, because algorithms are developed on a very small set which have very specific properties and there is biases. And then of course, they do not work on a wider range of other images from other scanners from other countries...this is a huge issue, the generalisability. You have all these algorithms that achieve higher numbers in one setting but it doesn’t mean that they will work well on new data they have not seen.34
They need to make sure that there is a proper diversity of people in there. Because AI is only ever going to be as good as what you use to train it. So I think they need to be particularly careful about diversity of skin color and capturing the wide variety that’s needed.34
For us it’s a kind of a chicken and egg problem. So, there’s not a lot of data for darker skin available, so training on that...and especially proving the accuracy on dark skin it’s almost impossible...We don’t have the users, we don’t get the data, we don’t get the proof of how good we are on darker skin—so that definitely is a loop that we need to break at some point.34
I think it is also important to check whether it [AI] works on people with a black skin, for a lot of AI performs well on people with a white skin in particular.35
Yeah, and I think what you’re going to get more and more in the future is inequity in access to care.36
You know I wouldn't want that. (..) I don't want some kind of cookie to be placed on it either.33
There are a lot of apps that have a lot of spyware on them already.33
Here you have highly educated people working in the production. In other companies, the highly educated people are working in back office with administration, management, and leadership or so.37
This means there are many highly educated people used to do as they like.37
How to measure it, I do not know.37
I am currently not very interested.37
I prefer to check all moles with the macroscopy, looking for that specific structure- and color-based characteristic of melanoma. I prefer to do this because it can cause surprises in both directions, and I might set up a different diagnosis if I check first without and then with dermatoscopy.40 
Some moles might cause surprises, and checking with my eyes or a dermatoscope might lead to a different diagnosis.40
It needs to be safe. And how can you build a safe system, that is a challenge.37
It is not a 100% safe system even if there are two colleagues behind.37
The other thing is that when there is small startup digital separate solution, then the data security or ownership of data is not fully in control.37
If they want to use them in the future [to] say, ‘Here, this is what melanoma looks like’… I don't care.38
It’s more about what you look for, because when you download an app like that, it’s really quite personal data that you send. Sometimes you take a photo and so on, you just don’t want it to be linked to you, in general. So, in that respect, I really wouldn’t want to create an account.33
Final decision-making and accountability
What I suggest would be good...if you’re less than 70 per cent sure, it’s an arbitrary...whatever number sure, then there is clinician involvement. So take a deeper dive into the history and that person then comes in and is looked at.34
So I think it would be really interesting, if when I looked at a lesion I gave the patient a percentage of how right I thought I was or even any diagnosis. I mean, I’d love that, that would be really cool to have that honesty. ‘I think you’ve got a viral chest infection, I’m about 50-50, I’m going to hold off on the antibiotics, but here’s some strict safety netting.’ Yeah, I don’t know whether I’d want to give the patient that information.34
So it would come back with a comment like ‘this is 80% likely to be a melanoma, this is 20% likely to be a melanoma’ and there would have to be some sort of understanding, some sort of cut off, what is the point at which a referral is merited...And I suppose that one of the dangers...where do you cast the net in terms of risk?34
[AI] would be helping to aid in the decision-making. But the human would be actually making the decision after.38
It would take quite a lot of evidence that this is accurate. The question is what happens if I free someone from a melanoma based on the tool, am I responsible for it or the person who developed this app?39
Well…It has to do with what you, at the health centre, agree should be the routines actually…I guess…39
If we work with [the teledermatology system], it comes with a recommendation in the answer, along with a description. But this one [the CDSS] is simpler, and I am the one who has to make a decision, of course.39

The AI system can assist, but can never become the one who makes the final diagnosis.40
We need to go for safe, and the final decision about a diagnosis will remain the responsibility of the physician.40
I could hardly imagine that a patient would accept if I told him that the AI systems said this and that…40
My patients want to talk and discuss every little detail…40
If I’m thinking this looks a little suspicious then I would probably have a hard time, maybe just letting it go even if the phone says it’s benign.39
And also where does it stand legally? If you come to me and you show me a mole and I do my AI thing and I say to you computer says no, and off you go and you keep doing the things that you do, and then two years later you come back to me with a large black blobule, sentinal lymph node biopsy positive...is that my fault? Is that the AI’s fault? And if it’s the AI’s fault, who are you suing?34
.. what I do worry about is indeed liability, as to what extent are you fully responsible, or is there a part in which the application itself or the developer is responsible.35
...de novo interpretation of a particular lesion is where the AI can be helpful, but I don’t believe it helps with someone that already has quite a considerable amount of training in lesions.41
If a patient uses the app independently, I think liability partly lies with the app. (...) But if it’s a professional tool and the doctor still sees the lesion, then I believe the doctor holds full responsibility. So if the patient uses it alone — that’s tricky.36
The people who have built the database and code the AI and develop the algorithm who continue to tweak it.38
Oh, it has to be the doctor.38
Everybody along the line should hold some responsibility for it.38  
[AI] should be government regulated. So maybe by the FDA?38  
If you're seeking treatment, it's your responsibility.38
I think the American [Academy] of Dermatology should be responsible.38
I don't know whose responsibility it would be.38
Theme 3: Requirements for successful AI adoption
Usability and stakeholder engagement
Important to always gain interest and engagement from the employees and adjust to what is working.37
The important thing when introducing something new is to have the group of doctors with you.37
Start small… the advantage of being part of a pilot is that you have the chance to influence.37
Managers need to take the lead and test it.37
Would delegate to medical responsible doctor who works in the clinic and has higher legitimacy among the doctors, but of course support.37
The reason for doing this, if one can answer that question – why – we will get the employees with us.37
We could be more digital when we work.37
I have to be engaged. It must be me who believes in it. Otherwise, I am unable to sell it.37
Probably the longer I use such an AI tool and previously gave me good predictions, the more I could rely on that in the next cases.40
The problem comes from replacing a person with [AI]…if it's used in tandem, if it's used as a tool for a dermatologist as opposed to being used instead of a dermatologist.38
However well [AI] gets integrated with Partners…would be fantastic.38
For me patient choice is so important—so both have a machine in the GP surgery for those who would prefer to do that and have an app for the people who are quite comfortable using those.34
I do not think that this needs to be documented for the medical record system. But it would be good if it was possible to connect… But I mean, many more things are more important to connect with the journal system today.39
What is directed from above does seldom engage employees much.37
User-friendliness is an important precondition if you want to entice people to use it.33
That it's actually child's play, so to speak. That if you open it and with a few questions you are actually sent in the right direction.33
If you can just click from your home page and you're there. Instead of all the choices and hundreds of things you have to click on first. (...) It should just be simple.33
Yes, because skin cancer, for example, I think you're talking about an older population group. Then it must be even easier for them, of course, to be able to use it at all. When they switch to the app itself. Then user-friendliness is really super important.33
I think that if you want to use something long-term then an app is easier, because it automatically saves all your data. Then you don't have to open a web page every time.33
It's also just faster.33
Yes. And with a web page you have to type in a website, so to speak. You can just click on an app and you're done.33
So, being accurate, being honest, easy to use, easy to understand. And easy for the GPs to use as well, the other health care professionals who’ve got to get the information through that as well, easy for them. Because they’re going to have to look at whatever it’s come up with and try and make some sense of that before they actually sit down in front of us.34
You have to feel that the user experience is good, and then that you can trust this.39
And the app itself is fantastic, so you do not have to take as many pictures as with [the teledermoscopy system], but this went very fast.39
It was quite intuitive. I mean because I have not used this, I did not know how to turn on the lamp and so on… But I mean you remember, so it was very easy to use.39
Maybe if it was very intuitive or smooth and I got good instructions…39
No, now it’s the first time, and then it takes some time to understand the technology. But I do not think there will be any problems.39
It is very convenient that it is possible to get an answer immediately. Extremely practical and timesaving.39
I was surprised that the answer came so quickly, I am used to thinking that it will take several weeks.39
I have no idea. I just couldn’t figure it out. So I thought it was very user-unfriendly.33
In some apps, you first have to click on that and then click on that and then click on that and then, only then, are you at where you were looking for.33
I suppose if it was a lengthy process. So if there was dodgy Wi-Fi or it’s hard to get your image or it’s taking time to upload...I suppose it’s just the practicalities and the ease of the software and hardware that you’re using, those will be barriers, if it didn’t work.34
How easy is it to take the photograph? I think that’s really important. Because I get loads of referrals with photographs, but the photographs are completely useless, they’re blurred and a complete waste of time. Somebody’s ticked the box and said, sent a photograph, but they might as well not be there.34
I frequently have to help and assist, until they become familiarized with the machine. Then, the need for help fades out.42
Regulation, transparency, and economic considerations
... [I]f you would also give it approval because of a ministry or because of a legal regulation or something like that, this guarantee should be legal. The responsibility lies with the government with regard to its quality.33
I think that’s really important that it has CE marking; because I see a lot of apps and crap in the digital space that a lot of people are buying and spending money on and they’re not evidence-based medicine.34
I know it (regulation) is fairly patchwork. Obviously, when it comes to medication and prescribing, there’s fairly robust regulatory systems... When it comes to certain equipment, some patient devices it’s a bit piecemeal. But I would be fairly reassured if the MHRA covered this equipment.34
I’ve been indoctrinated by the British Association of Dermatologists. And what they explained. They gave a position statement, I think it was a year or two ago, and we were’ve told these are medical devices and therefore they need to go through these medical regulatory agencies. I think before Brexit it obviously would have been Europe as well and now I think it’s MHRA should be responsible for this. Which makes sense because obviously it’s a very important thing for patients and for doctors, medicolegally as well. So it needs to work for its purpose, for what they say it’s going to be doing.34
AI that the dermatologist uses, and so really makes a prediction whether it [a lesion] is good or bad, should really be tested by an authoritative organization with independent research, at least two preferably. So just like you register a drug.35
And then, as we mentioned before, that it was certified and something that the dermatologists think you should use this, this is good.39
So, if a good clinical study would confirm that it Works in practice, it would also make it easier for me to use the tool.39
Is there a team behind this or is it clear that an algorithm determines what’s going on? Or does it involve a real doctor or whatever?33
Is it used elsewhere, is it developed in Sweden, you need to know more or is it just some hocus pocus thing. You need to have the background of such things.37
I would have to know that this application was set up by the dermatologist… or [my] medical group. I wouldn't want it to be in the hands of a private company.38  
I doubt I could trust entirely and would use 100% of what the AI proposes, but if I knew how the AI tool has been designed and who did participate in the design, that could increase my trust.40
If someone is coming with an AI, I need to understand where to place it, and the training and testing of the data set, so I can see if my things are the same as what they’ve been doing. I need to understand the data, how they’ve been taking their images, how they designed the algorithm, how they’ve been processing their images, if there was some process, and then of course, I need all the metrics. I need the clinical validation. I need to have that in my work flow, with my patients, and so I need to know if it has a good sensitivity and specificity, and all the performance metrics...I need to know the limitations, because there are always limitations.41
So the study population must also correspond to the population that will be using the product. That’s very important to me, it has to be large enough, of course, the study and it has to be independent people who have done that. And if this is done and then preferably at least two different groups, then I would have some confidence in that.36
It would be trustworthy indeed (..) if a hospital recommends it or suppose you call the doctor and you say hey, I have a mole and then the assistant says for example: ‘Have you used the app?’33
If the app says, 'Oh, it's approved by 6,000 dermatologists', you name it, and there are professors or whatever monitoring, checking once every two months that everything is still up to date, then I would be inclined to try it.33
In some ways the accuracy would build as the technology was used. So the longer it’s been in play the more you can depend on it probably...I assume that you don’t just test the heck out of it and say it’s fine now and then stop refining it.34
Let’s say the model was trained in a way it works really well when you are taking dermatoscope photos, and it gives you a really good sense of the malignancy potential there and the studies support this. Then a patient sends you a photo...and this photo was taken using a smart phone with different kinds of lighting conditions, in a setting where it was actually never designed for use but that fact is not obvious to anyone who hasn’t been thinking about this for a really long time. So with the best of intentions, I think you could still have a situation where the performance starts drifting away from how it was designed for use.34
Maybe scanners will change...It is not clear that if an algorithm works well on the scanner of the last generation, even from the same company, (if) you get a new one that it would work on that as well...They (scanners) will not stay the same, but then we really should think about how do we integrate new modalities into the machine learning models, because it’s not sustainable to develop something on a fixed dataset.34
It should be tested before it gets to the GP surgery, and then it should be checked...at regular intervals, to make sure it’s still working correctly. Because if you start falsely diagnosing people, that could be a complete waste of time.34
External surveillance, because I think the employees in healthcare need to see what is available.37
One key factor is knowing that the outcome of each diagnosis was looped back into the system, which could further train the AI system reliability.40
I have come across many issues because algorithms have been evaluated with measures that are actually not measuring what you would want or need in a clinical setting...So I actually think the most important thing right now would be to set up proper evaluation schemes and to think about how deep learning models should be or can be properly evaluated...The real question is, how do we evaluate them to make sure they will work in a medical clinical setting.34
Exciting IT project can start in one part of the organization while other parts do not know about it, so it is difficult from an IT structural way to get everyone onboard the train.37
The corona tracing app is a good example. (...) All kinds of groups of people, including blind people, had to test that app first and the design was adapted. So that design part is very important, I think.36
I continue to have reservations about the commercial parties behind it.33
But the companies that manufacture the AI, they're just thinking bottom line… so the compartmentalizing and the dehumanizing of making money ultimately is the downfall.38
The worst nightmare…is the company selling your medical data. All of a sudden you become a commodity. All your numbers are sold to every…consumer product company in the country… I think it should also be on them to have privacy guardrails in place.38
It is a challenge to work in politically governed organizations since the long-term perspective is lacking.37
So this is definitely a concern, not to send too many users into healthcare. The first concern’s accuracy, we don’t want to miss too many skin cancers, for sure, but the second concern is definitely also the health economic case. So, we can of course send a huge amount of people into healthcare. We find more skin cancer, we reach our goals of finding more skin cancer, that’s fine. But we don’t solve a real problem, we make it worse for the healthcare system as well.34
So it’s going to cost something to have this kind of level of equipment, but there’s not an infinite amount of money in GP land, if they’re spending on that then it’s coming out of somewhere else, which might mean we won’t have the money or equipment for something that may benefit patients.34
If you have a technology that’s extremely beneficial for a certain disease but it’s really expensive, it takes a really long time, and it’s hard to use then no one will ever use it. So there’s real world factors there.34
If my insurance company says I can use that app for free, I’m quite willing to try it.33
It should be at least free of charge. I don't want to pay for anything.33
I think maybe the price as well, suppose you have a weird lesion and you have to pay 30 euros for this app. And then you don't really use it that much.33
... [I]f you go to the doctor it’s free and if you have an app, so yes less reliable in your opinion and then you have to pay, and if you go to the doctor it is included in your health insurance. That’s weird, isn’t it?33
...ideally, there should be one in every room which could easily be used to take a picture, in the future it can be that way when the costs get lower.37
It should basically not cost anything.37
I do not like to talk about clients, we have patients. It is a wrong wording I believe; it is the reason I became a doctor.37
Now, it feels like other forces take over … where my experience is that these new players … deplete the traditional primary healthcare providers both on personnel and money.37
I think when you’re an external looking in at the NHS it’s just a monster beast to try and understand different parts of it...Overall I think integration of digitals is great, but it’s not uniform, and also there are massive connectivity issues still in some areas...Some parts of the country are doing amazing things, and other parts are so backward.34
I’m just very much aware that the basics of general practice is under so much pressure that adding a new technology and complication is not everybody’s first priority...I appreciate a lot of these new technologies can save time and resources in the long term, but certainly, if I’m thinking now of the start of a difficult winter, it’s going to be a tough sell right now.34
It’s got to come with the support and the training along with it, it’s not just about getting a new piece of kit...I think the important thing is that that cost incorporates training and a clear understanding of the device and what it’s used for, and why, and how to use it. It’s silly to give a piece of kit and then not have the support to know how to use it best.34
Good digital system, you do not think about them, they just work.37
It is OK not to have the same telephone-availability to be able to direct the traffic to the new tool - so you need for a period of time to reduce the telephone-availability and accept that there will be some complaints.37
We are quite immature I would say.37
Healthcare is far behind in all digitalization, compared to other businesses.37
Time is short, a first priority is to take care of the patients and it is hard to make time available for development work.37
Time is a major limitation to the introduction of new technologies. So, it is necessary to add some time to the consultations, but this has to be organized by the management.42
It would be nice to try on some uncomplicated patients, to learn the strengths and weaknesses and get a sense of how the machine works.42
I need to know which buttons to push and how to save the picture. That is, the technicalities of the machine.42
I feel there is lots of equipment here which is not really used, because time is not set aside for training. When buying a machine, one should also plan for how to implement it.42
And if we want to implement an app on a much larger scale, it’s going to be a lot more [patients referred by an app]. And if we have to go see all those people, I think you’re going to get a lot more care and not necessarily better care.36
There are good intentions, excellent systems, but it often fails since it is not possible to add one more system. That does not contribute to the full picture. If a system can talk to existing systems, then it becomes interesting.37

