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Abstract

Introduction: Dermoscopy aids family physicians (FPs) in skin cancer detection. The triage 

amalgamated dermoscopic algorithm (TADA) was created to simplify the dermoscopic evaluation 

of a skin growth. The purpose of this image-based study was to evaluate the effect of teaching the 

clinical and dermoscopic features of benign skin lesions on the diagnostic accuracy of skin cancer 

identification using TADA. We also sought to determine the best method to teach benign 

neoplasms.

Methods: In this cross-sectional study of an educational intervention, FPs participated in 

dermoscopy training. Participants were divided into 3 groups for teaching of common benign 

neoplasms (dermatofibroma, angioma, and seborrheic keratosis/lentigo): didactic + interactive, 

didactic + heuristic, and didactic. For each group, the benign teaching was followed by skin cancer 
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identification training with TADA. All participants took a 30 image pre-test and 30 image post-

test.

Results: Fifty-nine participants completed the study. The mean preintervention score (out of 30 

correct responses) was 17.9 (SD, 4.5) and increased to 23.5 (SD, 3.0) on the postintervention 

evaluation (P < .001). Sensitivity for skin cancer increased from 62.5% to 88.1% following the 

intervention. Postintervention specificity for skin cancer was 87.8%. Sensitivity and specificity 

increased following the intervention for all 3 types of benign neoplasms. Diagnostic accuracy was 

not impacted by the method of benign teaching.

Conclusion: Short dermoscopy training sessions with dedicated time for benign growths 

followed by TADA training for malignant growths are an effective means of teaching FPs 

dermoscopy and result in a high sensitivity and specificity for the identification of benign and 

malignant skin neoplasms.
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Current estimates predict that 1 in 5 Americans will develop skin cancer in their lifetime.1 

Although melanoma is the deadliest form of skin cancer, when found in its early stages, cure 

rates reach nearly 100%.1 One of the greatest opportunities for early detection of skin cancer 

resides within the hands of family physicians (FPs), who see patients that may not otherwise 

be regularly followed for total body skin examination by a dermatologist. However, studies 

have shown that FPs desire better training in dermatology and triaging cutaneous lesions.2,3

Dermoscopy is a noninvasive, in vivo, technique that uses a handheld instrument 

(dermatoscope), which uses polarized light to facilitate visualization of subsurface skin 

structures (epidermis, dermoepidermal junction, and papillary dermis) that are otherwise not 

visible. Dermoscopy has vastly improved the diagnostic accuracy of the observer in the 

detection of cutaneous malignancies.4,5

It is, therefore, a valuable tool that can aid FPs in the detection of skin cancer. However, few 

dermoscopic algorithms were created for this target population of physicians. To address this 

issue, we previously described a dermoscopic algorithm known as triage amalgamated 

dermoscopic algorithm (TADA).6 TADA requires minimal requisite knowledge of 

dermoscopy and is designed to facilitate triage of suspect lesions for monitoring, biopsy/

referral, or reassurance. In a pilot, TADA was taught to a group of physicians (64 

dermatologists, 19 FPs, and 22 other primary care providers) attending a dermoscopy course 

and showed good sensitivity and specificity for malignant skin lesions (94.8% and 72.3%, 

respectively).7 Although no sensitivity differences were observed among specialists, 

specificity was higher among dermatologists (79% vs 72%, P = .008). In addition, there 

were no differences in sensitivity or specificity depending on the years of dermoscopy 

experience.7

The difference in specificity may be due to a better knowledge of the clinical features of 

benign skin growths among dermatologists. Thus, considering the majority of skin lesions 
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that are evaluated in the clinical setting are benign lesions, we hypothesized that teaching the 

clinical and the dermoscopic features of the commonest benign lesions (dermatofibroma, 

angioma, and seborrheic keratosis/lentigo) would improve the specificity of the algorithm 

and, therefore, would improve the diagnostic accuracy of TADA when used by FPs. The 

objectives of our study were to (1) evaluate the effect of teaching the clinical and 

dermoscopic features of benign skin lesions on the sensitivity and specificity of TADA; (2) 

determine which is the best method to teach benign skin lesions: heuristic teaching, didactic 

teaching, or interactive cases; and (3) confirm the ability of FPs to use TADA to identify 

dermoscopic images of skin cancer (prior pilot study only included 19 FPs).

Methods

Study Population and Selection of Skin Lesions

This study was considered exempt by the Penn State Hershey Institutional Review Board. At 

Penn State Health, practicing FPs volunteered to participate in dermoscopy training. They 

were divided into 3 groups based on practice site location (Hershey Medical Center, Mt. 

Nittany Medical Center, and St. Joseph Medical Center) for teaching of common benign skin 

growths, namely dermatofibroma, angioma, and seborrheic keratosis/lentigo. The 3 groups 

(sites) received different teaching interventions for the benign growths: didactic + 

interactive, didactic + heuristic, and didactic (Hershey Medical Center, Mt. Nittany Medical 

Center, and St. Joseph Medical Center, respectively). For each group, the benign teaching 

was followed by skin cancer identification training using TADA. All participants took a 30 

question pre-test and 30 question post-test (Figure 1). Images were not repeated, and none of 

the test images were used in the teaching sessions. The study lesions were selected from 

dermoscopically imaged neoplasms stored in the Memorial Sloan Kettering Cancer Center 

imaging database and the dermoscopy teaching database collected by author EVS at Penn 

State Health. Images were reviewed by EVS, AKG, and HTA, and 60 images were deemed 

representative examples of benign and malignant neoplasms and, thus, were selected for 

inclusion in the pretests and posttests.

The didactic training for the 3 groups was the same and involved reviewing the classic 

clinical and dermoscopic features of dermatofibroma, angioma, and seborrheic keratosis/

lentigo for 15 minutes (Figure 2). Two of the groups then received additional benign 

neoplasm training. The additional training was either 15 minutes on benign growths by using 

a heuristic approach or 15 to 30 minutes on benign growths by using an interactive 

approach. For the heuristic training, images of benign growths were labeled with only the 

diagnosis and displayed without any explanation of the dermoscopic features. For the 

interactive arm of the study, participants were asked to describe to the group what they saw, 

and the salient dermoscopic features of the case were highlighted by the instructor. For all 

groups, the benign teaching was followed by TADA training on the dermoscopic findings of 

malignant skin growths (Figure 3). Following the benign and TADA teaching, participants 

completed a 30 question post-test.
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Evaluation Methods

To evaluate the effectiveness of this intervention, participants were given a pre-test and post-

test. The pre-test contained a short demographics section. Participants were then shown 30 

dermoscopic images and asked to classify the image as a melanocytic nevus, 

dermatofibroma, seborrheic keratosis/lentigo, angioma, or skin cancer. The post-test 

consisted of a different set of 30 images with the same answer choices. Both the pre-test and 

the post-test consisted of 16 benign images and 14 malignant images. Correct answers were 

coded as a 1 and incorrect answers were coded as 0. Evaluation forms were linked together 

so matched analyses could be performed and analyses were stratified based on intervention 

type.

Statistics

Descriptive statistics were used to assess the characteristics of the study population as well 

as the lesions that were used in the evaluations. For the purposes of this study, certain 

demographic variables (such as years evaluating skin lesions, prior dermoscopy use or 

training, and access to a dermatoscope) were assessed dichotomously (Table 1). Evaluation 

scores were calculated with a total possible score of 30. Descriptive comparisons of scores 

were made by using mean scores along with standard deviations and were compared using 

the Wilcoxon-signed rank test. Random effects regression was used to assess differences in 

preintervention and postintervention scores, controlling for previous dermoscopy training, 

access to a dermatoscope, sex, participant institution, and years evaluating skin lesions. 

Sensitivity (the true positive rate) and specificity (the true negative rate) were calculated to 

measure diagnostic accuracy along with the 95% confidence intervals (CIs). Separate 

preintervention and postintervention sensitivities and specificities were calculated for all 

diagnoses. All analyses were performed using Stata v. 14.0, StataCorp, College Station, TX.

Results

In total, 59 participants completed both preintervention and postintervention evaluations. 

The majority of participants were male (59.3%, n = 35), did not report any formal 

dermoscopy training (72.9%), but did report having access to a dermatoscope (83.0%). The 

median number of years evaluating skin lesions was 15. Overall, the mean preintervention 

score (out of 30 correct responses) was 17.9 (SD, 4.5) and increased to 23.5 (SD, 3.0) on the 

postintervention evaluation (P < .001) (Figure 4). Almost all participants increased their 

evaluation score between preintervention and postintervention time points. A significant 

increase of 5.6 points (95% CI, 4.6 to 6.4; P < .001) was observed between study time 

points. Having some prior formal dermoscopy training was associated with a slightly higher 

score postintervention (2.0; 95% CI, 0.14–3.92; P = .04). No significant differences were 

observed by the other potential study covariates (participant sex, age group, access to a 

dermatoscope, and years evaluating skin lesions), with all observed effects being small and 

all estimated P values being >.05. There was no statistically significant difference in 

postintervention scores between the 3 groups despite each group undergoing a different 

teaching modality for the benign portion of the training.
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Before the teaching intervention, sensitivity for skin cancer image identification was 62.5% 

(95% CI, 59.1%–65.8%). Following the intervention (benign and TADA training), the 

sensitivity for skin cancer image identification increased to 88.1% (95% CI, 85.7%–90.3%) 

(Figure 5). Postintervention specificity for skin cancer image identification was 87.8% (95% 

CI, 85.6%–89.8%); this was a nonsignificant decrease from the pre-test specificity of 90.3%. 

Sensitivity and specificity increased following the intervention for the identification of all 3 

types of benign neoplasms, namely dermatofibroma, angioma, and seborrheic keratosis 

(Figure 5). Before the intervention, the specificity for dermatofibroma was 88.8%, angioma 

was 95.2%, and seborrheic keratosis was 87.4%. Following the intervention, the specificity 

improved, with dermatofibroma at 96.2%, angioma at 97.7%, and seborrheic keratosis at 

90.2%.

Discussion

Up to 25% of primary care visits are due to a dermatologic condition.8 A significant portion 

of these visits is for a concerning skin growth.9 However, FPs are not always confident in 

their skin cancer detection skills.10 Furthermore, over half of FPs report a desire for 

additional training to aid in skin cancer detection.11 Dermoscopy can assist FPs in accurately 

detecting melanoma.12 Because of its proven utility, dermoscopy has been proposed to be 

added to the FP residency curriculum.13 However, the best modality to teach dermoscopy to 

FPs is not known. Much of the published literature on dermoscopy training is intended for 

dermatologists and requires prior knowledge of dermoscopic structures. Many FPs are 

novice dermoscopists and lack the necessary dermoscopy background to use complex 

algorithms.14 Thus, dermoscopy training for FPs should likely differ from dermoscopy 

training for dermatologists. There have been attempts to simplify dermoscopy algorithms to 

make them easier to use by novice dermoscopists. Most of these algorithms were designed 

for melanoma detection and failed to address the dermoscopic findings of basal cell 

carcinoma and squamous cell carcinoma (which are far more common than melanoma) or 

did not account for amelanotic melanomas.15-17 To address the shortcomings of prior 

algorithms and to simplify triage, TADA was created and previously described in this 

journal.7 The original TADA pilot had participants from many different specialties and only 

a small number of FPs (N = 19). The study we present here was conducted with only FPs (N 

= 59). Our findings confirm that TADA is an effective means of teaching FPs to identify 

dermoscopic images of skin cancer. Sensitivity for skin cancer identification before the 

training was 62.5% and increased to 88.1% following benign and TADA teaching. 

Following the training, participants also had very high specificity for malignant growths, 

87.8%. This specificity is much higher than the pilot TADA study (72%). The improved 

specificity for skin cancer identification in our study may be due to the dedicated benign 

training we gave before TADA teaching. This training included clinical and dermoscopic 

images of dermatofibroma, angioma, and seborrheic keratosis/lentigo (Figure 2). Clinical 

images were not part of the pilot study. We suspect that the dedicated benign teaching with 

clinical images allowed participants to filter out benign growths and, thus, not subject them 

to further evaluation. Given the high negative predictive value following the intervention for 

all 3 types of benign growths (dermatofibroma, 97.9%; angioma, 98.9%; and seborrheic 
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keratosis, 96.3%), benign training might result in the removal of fewer benign growths in 

clinical practice.

We also sought to determine if there was a difference in outcomes based on the teaching 

style by which the participants were taught about benign neoplasms. We found no significant 

difference between the 3 groups, didactic + interactive, didactic + heuristic, and didactic. 

This finding is consistent with a prior study that found no difference in teaching dermoscopy 

to novices with an analytic versus heuristic approach.18

Lastly, our participants were actively practicing FPs. We wanted to make their participation 

meaningful but not lengthy. Our training was 75 minutes in total and still achieved powerful 

changes in diagnostic accuracy. Thus, our study supports prior reports showing basic 

dermoscopy training of short duration is effective in teaching dermoscopy novices how to 

triage skin growths.19

Furthermore, dermoscopy training is only useful if one has access to a dermatoscope and 

knows how to operate the device. Thus, at each of our teaching interventions, we conducted 

10 minutes of hands-on training on how to operate a dermatoscope. We highlighted how to 

toggle between polarized and nonpolarized light (there are structures in TADA that can only 

be seen when using polarized light). We also worked with the medical directors at Penn 

State Health clinic sites to facilitate the purchase of a dermatoscope for the participants’ 

offices. Lastly, through our work with FPs, we learned that some FPs use an otoscope to 

look at skin growths instead of a dermatoscope. These tools are not equivalent. Otoscopes do 

not allow for the visualization of subsurface structures, which are important for skin cancer 

detection.

Conclusion

TADA is a valuable triage algorithm for the identification of dermoscopic images of skin 

cancer. Teaching benign neoplasms may improve malignant neoplasm identification with 

TADA. Dermoscopy training of common benign skin growths, TADA for skin cancer 

detection, and training on how to operate a dermatoscope can all be conducted in just over 1 

hour. Future dermoscopy courses should include dedicated time addressing the features of 

benign neoplasms. Furthermore, our study found no difference in the teaching modalities for 

benign neoplasms; thus, the course director can choose which modality they prefer.

This study confirms FPs can reliably differentiate dermoscopic images of dermatofibroma, 

angioma, and seborrheic keratoses from malignant neoplasms after TADA training. This 

training method could be implemented at more FP training sites. Furthermore, dermoscopy 

training with TADA has the potential to reduce the number of biopsies being performed to 

detect skin cancer, thus improving patient care and reducing health care costs. Lastly, by 

equipping FPs with improved knowledge of benign and malignant neoplasms, there might be 

fewer referrals to dermatology, allowing for faster access to specialty care. Future studies are 

needed to analyze the effect of this type of dermoscopy training in a clinical setting.
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Limitations

This study was conducted in a classroom setting. It is not known how the participants will 

apply the training in a clinical setting. The images were of high quality and evaluated on a 

screen, making it easier to see dermoscopic findings compared with when dermoscopy is 

performed in vivo. Another limitation to our study is the lack of a dedicated control group. 

We compared our results to a prior TADA pilot study during which participants received 

different training, and thus, the improvement we noted in specificity might not be due to 

only the additional dedicated benign training.
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Figure 1. 
Study design. Three arms, each with a different educational modality for benign growths, 

namely dermatofibroma (DF), angioma, and seborrheic keratosis (SK).
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Figure 2. 
Common benign skin growths.
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Figure 3. 
Dermoscopic findings in malignant skin growths by using the Triage Amalgamated 

Dermoscopic Algorithm TADA.
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Figure 4. 
Boxplot of preintervention and postintervention scores.
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Figure 5. 
Sensitivity preintervention and postintervention for common benign skin growths and skin 

cancer. DF, dermatofibroma; SK, seborrheic keratosis.
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