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Does autofluorescenc
e help detect recurrent squamous
cell carcinoma? A prospective clinical study

Lara Schorn, MD, DDS,a Madiha Rana, MSc, PhD,b Anna Madry, DDS,c Ramin Ipaktchi, MD,d

Henriette M€ollmann, MD, DDS,e Nils Claudius Gellrich, MD, DDS,f and Majeed Rana, MD, DDSg
Objective. In oral squamous cell carcinoma (OSCC), 20% of patients experience local recurrences. In this study, the addition of

autofluorescence to a standard incandescent light examination was evaluated to enhance detection rates of recurrences in OSCC.

Study Design. Patients with OSCC who underwent follow-up examinations were included in this prospective cohort study. All

patients (with or without recurrences) were examined clinically and with autofluorescence (using VELscope; Mectron, Cologne,

Germany) and biopsy was used to examine suspect lesions for recurrences. Variables likely to influence results were analyzed.

An analysis of dependencies, a general log-linear analysis, and a binary regression analysis were performed using SPSS version

26 (SPSS Inc., Chicago, IL).

Results. The study included 195 patients and in 39 cases a biopsy was performed. Results showed significantly more recurrences

with the addition of autofluorescence to the usual clinical examination (P � .5). Sensitivity was 95.2% and specificity was 100%.

Conclusions. This study showed the advantages of adding autofluorescence to routine clinical assessments in OSCC follow-up

examinations.

Clinical trial registration: German Clinical Trials Register DRKS-ID: DRKS00004836 (Oral Surg Oral Med Oral Pathol Oral Radiol

2020;130:258�263)
Malignancies of the head and neck region occur at a

rate of 3.4% in males and 1.3% in females. Ninety-five

percent of those present as head and neck squamous

cell carcinomas.1 In patients with head and neck squa-

mous cell carcinomas, the 5-year survival rate is less

than 50%.2 Even after initial therapy, one-fifth of

patients suffer local recurrences, with 76% of recur-

rences occurring within the first 2 years after the pri-

mary diagnosis. Secondary tumors occur in up to 30%

of cases.3 Early and intense follow-up screenings are,

therefore, crucial, especially because early forms of

oral squamous cell carcinoma (OSCC) and recurrences

develop without clinical symptoms.4 Follow-up inter-

vals vary, depending on the hospital involved, but

should not exceed 3 months within the first 3 years and

6 months within 5 years of the primary diagnosis.5

After-care investigations usually involve clinical

assessments, including inspection and palpation of the
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head and neck region and assessment of symptoms,

such as fatigue, fever, night sweats, and weight loss,

and follow-up imaging (i.e., computed tomography

[CT], magnetic resonance imaging, positron emission

tomography/computed tomography [CT], cone beam

computed tomography, and ultrasonography).5 Precan-

cerous lesions to look for in clinical assessments are

leukoplakia, erythroplakia, lichen mucosae, and oral

submucosal fibrosis.6-8 Autofluorescence imaging has

become an important tool in cancer detection. The

VELscope (Visual Enhanced Lesion scope; Mectron,

Cologne, Germany) has been used for decades as an

adjunctive diagnostic device in the diagnosis of prema-

lignant lesions.9-11 It uses tissue autofluorescence

(wavelength 400�460 nm) to detect abnormal areas

showing loss of fluorescence.12 As recurrences occur

regularly and clinical evaluations are challenging, the

use of autofluorescence may be beneficial in the detec-

tion of recurrences in OSCC. The purpose of this study

was to determine whether supplementary technology,

such as autofluorescence, improves the detection rates

of recurrent OSCC. We hypothesized that autofluores-

cence enhances sensitivity and specificity in OSCC fol-

low-up examinations. The specific aims of the study

were to evaluate (1) if autofluorescence enhances
Statement of Clinical Relevance

The use of autofluorescence in follow-up examina-

tions of patients suffering from squamous cell carci-

noma was re-evaluated in this study. The most

effective way of combating oral cancer and its

recurrences is early detection, diagnosis, and eradi-

cation of early-stage lesions.
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detection rates, (2) how much autofluorescence adds to

sensitivity and specificity, and (3) if there are any vari-

ables, such as primary tumor location, type of recon-

struction, inflammation, sex, smoking, and so on,

which affect the predictor outcome of the autofluores-

cence assessment.

MATERIAL AND METHODS
Study design/sample
To address the research purpose, we designed and

implemented a prospective clinical trial to evaluate the

usefulness of adding autofluorescence to clinical

examinations. The study population included all

patients presenting to the Department of Craniomaxil-

lofacial Surgery at the Hannover Medical School for

evaluation and management of OSCC recurrences

between April 2012 and May 2013.

To be included in the study sample, patients had to

have a history of oral cancer, routinely attend follow-

up examinations, and consent to participation. Patients

were excluded if they were taking part in other clinical

studies, if they might be pregnant, if they were minors,

if they had a history of substance abuse, if they were

handicapped, or if they were under legal supervision.

Variables
The outcome variable was to determine if autofluores-

cence enhances detection rates of recurrent OSCC. Dif-

ferent levels of examinations were evaluated. First,

only white light examination was performed (variable

1 = conventional oral examination [CA]). Second, in

addition to the clinical examination, autofluorescent

light examination (AF) was performed (variable 2 =

clinical examination + autofluorescence). Moreover,

factors that may be related to the outcome were deter-

mined and compared: sex, age, smoking (y/n), alcohol

(y/n), inflammation (analyzed by using additional dia-

scopy), burning sensation of the tongue (TB; y/n),

localization of primary tumor (as described in the sur-

gical protocol), localization of efflorescence (according

to the Roed-Petersen classification13), time between

follow-up examination and primary tumor therapy

(median in months), and type of reconstruction (as

described in the surgical protocol).

Data collection methods
All patients were seen and examined by the same expe-

rienced maxillofacial surgeon. In addition to the usual

routine clinical examination according to the standard

protocol,14 the Roed-Petersen protocol13 was also com-

pleted. Then, in all patients, the oral cavity was exam-

ined using VELscope (Mectron, Cologne, Germany)

and a Pentax reflex camera. To ensure perfect condi-

tions, the examinations took place in a separate room

with dimmed lights. Safety goggles were worn by the
patients and the examiner throughout the inspection.

The examination followed the standard protocol, and

every suspect region was again marked according to

the Roed-Petersen protocol. A suspect finding in the

VELscope assessment was defined as loss of fluores-

cence (Figure 1). To detect inflammation, additional

diascopy was performed. In case of a suspect lesion,

either in the clinical or in the VELscope assessment, it

was up to the examining maxillofacial surgeon to take

all clinical aspects into account ( e.g. inflammation) to

determine whether additional biopsy was necessary.

Data analysis
To obtain significant data, the ideal sample size was

calculated using G*Power version 3.1. (2014) (Hein-

rich-Heine-University, Duesseldorf, Germany) and

was set to a number of at least 186 patients, including

18 patients suffering from recurrences of malignancies.

Data analysis was performed using SPSS statistical

software for Mac version 26 (SPSS Inc., Chicago, IL)

and Microsoft Excel version 16.16.3 (Microsoft Corp.,

Redmond, WA). Means and standard deviations (mean

§ standard deviation) were evaluated. An analysis of

dependencies was performed using the x2 test for asso-

ciations. This was conducted for all study variables and

biopsy outcomes. A 3-way log-linear analysis was per-

formed to determine a hierarchical unsaturated model

of the associations among the variables. Furthermore, a

binomial logistic regression analysis was performed to

ascertain the effects of the associated variables based

on the likelihood of participants’ biopsy results being

positive.

RESULTS
In this study, 195 patients (age range 30�93 years;

37.9% females and 62.1% males) were examined. Of

these, 174 patients were recurrence-free, and recur-

rences were diagnosed in 21 patients. The primary ther-

apy for all patients was surgery. In total, 73 patients

presented with suspect lesions (Figure 2): 24.7% (n =

18) of primary lesions and 19% (n = 4) of later recur-

rences were located at the gingiva; 13.7% (n = 10) at

the dorsum of the tongue; 15.1% at the vestibulum; and

19.2% at the mouth base. Of those identified in the

mouth base, 33.3% (n = 7) were later recurrences. In

the VELscope assessment alone, 62 patients were iden-

tified to have suspect lesions. In all cases, additional

diascopy was performed, and inflammation was

detected in 14 cases (22.6%). These patients were seen

again after 14 days. All of the 14 patients had inflam-

matory lesions. In 26 cases, the lesions detected with

the use of VELscope were also identified during clini-

cal examination. In 39 patients, additional biopsy was

performed, and 21 (11 females, 10 males) turned out to

be positive for recurrence of the malignancy. Of these
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21 patients, 20 showed suspect lesions in the incandes-

cent light examination, whereas all 21 showed loss of

fluorescence in the VELscope assessment. The interval

between primary tumor therapy and follow-up exami-

nation was 3 to 12 months in 23.6%, 12 to 96 months

in 73.8%, and 97 to 108 months in 2.6%.

Analysis of dependencies
A x2 test for association was conducted for all study

variables and biopsy results. Not all expected cell fre-

quencies were greater than 5. There were 4 statistically

significant associations between study variables and

biopsy results (Table I). A 3-way log-linear analysis

was performed to determine a hierarchical unsaturated

model for the associations among the variables, as

shown in Table I. Of the participants, 195 showed not

all 8 cells having greater than 5 expected frequencies,

no outliers, and approximately normally distributed

adjusted residuals for the chosen model. An unsatu-

rated model was chosen using the SPSS hierarchical

log-linear model selection procedure with a backward-

elimination stepwise procedure. This produced a model

that included all main effects and three 2-way associa-

tions between biopsy results and clinical incandescent

light examinations, between biopsy results and auto-

fluorescence examination, and between biopsy results

and TB. Only one main effect of sex stayed significant

in the analyses. The model had a likelihood ratio of

x2(2) = 0.816; P = .665. The log-linear parameter esti-

mations are presented in Table II. Furthermore, a bino-

mial logistic regression analysis was performed to

ascertain the effects of age, sex, and CA, AF, and TB

on the likelihood of the participants having positive

biopsy results (Table III). No continuous variable was

included in the test. Linearity of the continuous varia-

bles with respect to the logit of the dependent variable

was not necessary for the assessment. The logistic

regression model was statistically significant, x2(2) =

105.667; P < .001. The model explained 93.5%

(Nagelkerke R2) of the variance in biopsy results and

correctly classified 99.4% of cases. The accuracy of

the explained variance is enhanced with the addition of

autofluorescence by approximately 10% to 12%. Sensi-

tivity was 95.2%, specificity was 100%, positive pre-

dictive value was 100% and negative predictive value

was 99.27%. The area under the receiver operating

characteristic curve was 0.997; the 95% confidence

interval was 0.990 to 1.00, which is an excellent level

of discrimination.15

DISCUSSION
Despite advances in technology and thus better and

faster primary and adjuvant therapies, 5-year survival

rates, especially for patients with advanced oral cancer,

have only slightly improved over the last decades.16



Fig. 2. Locations where efflorescences were found during the standard white-light clinical examination (n = 73). Over 50% could

be found on the lateral tongue, the mouth base, and the gingiva.

Table II. Partial likelihood ratio: significant results of

the x2test

Variables df Partial x2 Significance

CA* B 1 74.861 < .001
*
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Consequently, the most effective way of combating

oral cancer and its recurrences is early detection, diag-

nosis, and eradication of early-stage lesions and their

precursors.17 This study evaluated the use of autofluor-

escence in the detection of recurrences of OSCC. It

was hypothesized that additional technology enhances

the predictability of routine clinical examinations with

regard to recurrent OSCC. The findings of this study

show that the addition of autofluorescence to standard

examinations does enhance the predictability of a posi-

tive biopsy result with approximately 10% to 12%

accuracy.

Furthermore, the effect on likely variables, such as

sex, age, smoking, alcohol use, inflammation, TB,

localization of primary tumor, localization of efflores-

cence, interval between follow-up examination and pri-

mary tumor therapy, and type of reconstruction on the

VELscope assessment, were evaluated. Surprisingly,

only sex and TB affected the outcome significantly.
Table I. Significant associations between biopsy out-

comes and study variables in the x2 test

Variable x2 P value

Clinical white-light assessment (CA) 133.61 P � .01

Autofluorescence assessment (AF) 30.38 P � .01

Sex (G) 6.61 P = .01

Burning tongue sensation (BT) 5.19 P = .015
The addition of autofluorescence was more effective in

males than in females in predicting a positive result on

biopsy. The reason could be that women are more

likely to suffer from autoimmune diseases related to

their vulnerable mucosa18 or the more fragile or thinner

mucosa, in general, leading to false-positive results.

The effect of TB on VELscope predictability might be

explained by autoimmune disease and/or by inflamma-

tion, which leads to increased cell destruction and thus

loss of fluorescence. Inflammation, which was tested

by using diascopy, showed no significant effect on the

VELscope assessment.
AF B 1 8.451 .004

CA 1 91.502 <.001

AF 1 26.684 <.001

B 1 95.199 <.001

TB 1 38.116 <.001

AF, autofluorescence assessment; B, results of biopsy CA, clinical

incandescent light assessment; df, degrees for freedom; TB, burning

tongue sensation.

* It indicates that the results of the clinical incandescent light assess-

ment (CA) and the results of the biopsy (B) have been used for the

calculation. Same for AF and B.



Table III. Logistic regression predicting likelihood of a positive (B = 1) or negative (B = 0) biopsy result based on

clinical incandescent light assessment (CA) and autofluorescence assessment (AF)

Parameter Estimate Standard error Z Significance 95% confidence interval

Lower bound Upper bound

Constant 2.784 .247 11.255 <.001 2.300 3.269

CA = 0 * B = 0 0.602 .308 1.957 .050 �0.001 1.205

CA = 0 * B = 1 �2.996 1.025 �2.924 .003 �5.004 �0.987

CA = 1 * B = 0 �3.610 .766 �4.711 <.001 �5.112 �2.108

AF = 0 * B = 0 1.272 .207 6.155 <.001 .867 1.677

AF = 0 * B = 1 �1.447 .556 �2.604 .009 �2.536 �.358

CA was positive when a suspect lesion was seen (negative CA = 0, positive CA = 1), a loss of fluorescents was counted as a positive autofluores-

cence result (negative AF = 0; positive AF = 1). Further parameters were left out because they were redundant.

Model: Poisson.

Design: Constant + (CA * B) + (AF * B) + CA + AF + B.

AF, autofluorescence assessment; B, results of biopsy CA, clinical incandescent light assessment.

* It indicates that the results of the clinical incandescent light assessment (CA) and the results of the biopsy (B) have been used for the calculation.

Same for AF and B.
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Follow-up OSCC assessments almost entirely

depend on the surgeon performing the examinations.14

Recurrences usually are nonsymptomatic and diagnosis

is made more difficult by mucosal changes related to

surgical reconstruction and adjuvant radiotherapy and

chemotherapy.19 Even experienced clinicians are at

risk of not recognizing suspect lesions, resulting in

severe consequences for the individual patient.4

Because of subjectivity, distinct rates of specificity and

sensitivity of clinical examinations cannot be provided

in the literature. In this study, clinical examinations

showed 88.9% accuracy in predicting the results of

biopsy. Diagnostic decisions should not rely only on

the examiner’s expertise. CT/magnetic resonance

imaging, cone beam computed tomography, positron

emission tomography/CT, or ultrasonography support

diagnostics but cannot be performed in every single

follow-up assessment.5 VELscope could be an easy,

quick, cheap, and safe option to enhance objectivity in

follow-up examinations. Because the results of VEL-

scope have to be interpreted by the examiner, assess-

ments are still prone to subjectivity. Therefore, the

examiner has to be trained in its use and interpretation.

In 2016, Scheer et al. tested VELscope for its use in the

detection of recurrences. In their study, the use of VEL-

scope alone was tested against the diagnostic properties

of biopsy in 41 patients with recurrent OSCC. Their

results for sensitivity and specificity were 33.3% and

88.6%, respectively, for the VELscope examination to

identify malignant oral lesions with autofluorescence.

Scheer et al., therefore, concluded that VELscope pro-

vided no additional value in follow-up examinations.20

However, biopsy is only performed if recurrences pres-

ent as clinically obvious lesions. In this study, 195

patients were evaluated. All of them were assessed

through clinical examination and the VELscope device.

Use of the clinical examination alone was compared
with the combination of clinical and VELscope exami-

nations. Suspect lesions were reassessed through

biopsy. Clinical examination in combination with

VELscope evaluation showed sensitivity of 95.2% and

specificity of 100%. The likelihood of a positive biopsy

result was enhanced from 88.9% to 99.27% with the

addition of autofluorescence. A pilot study by Lane

et al. showed sensitivity of 98% and specificity of

100%, similar to the results obtained by using auto-

fluorescence in patients with malignancies in previous

studies.12 In contrast, Sweeny et al. could only show

sensitivity of 81% and specificity of 50%.21 In this

study, additional diascopy was performed to reduce

false-positive results by excluding inflammation. A

common disadvantage of VELscope is that it cannot

distinguish between benign and malignant lesions.

Therefore, invasive biopsy is unavoidable, with the

possibility of the primary diagnosis leading to unneces-

sary treatment.22-25 This may not be as much of a prob-

lem in follow-up assessments because the lesion is

more likely to be a recurrence than a newly acquired

efflorescence. Nevertheless, false-positive results can

have a strong psychological impact on patients.26

Recurrences are far more likely to occur within the first

2 to 3 years after primary tumor therapy.3 Therefore,

we examined the relevance of the follow-up interval to

the outcomes of the VELscope assessment. The inter-

val between primary tumor diagnosis and follow-up

examination ranged from 3 months to 108 months. No

significant correlation could be detected. The number

of biopsies (n = 39) was compared to to the total num-

ber of cases examined. Only 21 positive biopsy results

were found. If more cases were included, more reliable

results could have been obtained, and further depen-

dencies of variables might have been discovered. This

limits the significance of this study. Unfortunately, no

differences between patients’ adjuvant therapies could
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be identified. It would have been interesting to see

whether monotherapy with chemotherapy, radiation, or

surgery affected the results. The use of VELscope

alone is not enough to detect recurrences. Outcomes

show that additional VELscope examinations increase

the predictability of recurrent OSCC by 10% to 12%.

Our results also showed that 88.9% of cases can be

diagnosed using clinical assessment alone. To avoid

false-negative or false-positive results, VELscope

examination should always be accompanied by clinical

examination and diascopy.

CONCLUSIONS
Despite its limitations, this prospective clinical cohort

study showed improved detection of recurrent OSCC

with the use of autofluorescence in addition to routine

clinical assessments. The effect of adjuvant therapy

still needs to be investigated and further technical

advances are needed to improve the reliability of addi-

tional diagnostic methods.

ACKNOWLEDGMENTS
We thank Mr. Erik Riedel for his help with the statisti-

cal analysis in this study.

REFERENCES
1. Gath HJ, Brakenhoff RH. Minimal residual disease in head and

neck cancer. Cancer Metastasis Rev. 1999;18:109-126.

2. Chin D, Boyle GM, Porceddu S, Theile DR, Parsons PG, Coman

WB. Head and neck cancer: past, present and future. Expert Rev

Anticancer Ther. 2006;6:1111-1118.

3. Wolff KD, Follmann M, Nast A. The diagnosis and treatment of

oral cavity cancer. Dtsch Arztebl Int. 2012;109:829-835.

4. Boysen M, Lovdal O, Tausjo J, Winther F. The value of follow-

up in patients treated for squamous cell carcinoma of the head

and neck. Eur J Cancer. 1992;28:426-430.

5. Wolff KD, Bootz F, Beck J, et al. S3-Leitlinie Mundh€ohlenkarzi-
nom. Diagnostik Therapie des Mundh€ohlenkarzinoms; 2012.

6. Khan S, Chatra L, Prashanth SK, Veena KM, Rao PK. Path-

ogenesis of oral submucous fibrosis. J Cancer Res Ther.

2012;8:199-203.

7. Scully C. Challenges in predicting which oral mucosal poten-

tially malignant disease will progress to neoplasia. Oral Dis.

2014;20:1-5.

8. Axell T, Pindborg JJ, Smith CJ, van der Waal I. Oral white

lesions with special reference to precancerous and tobacco-

related lesions: conclusions of an international symposium held

in Uppsala, Sweden, May 18-21, 1994. International Collabora-

tive Group on Oral White Lesions. J Oral Pathol Med.

1996;25:49-54.

9. Marzouki HZ, Tuong Vi Vu T, Ywakim R, Chauvin P, Hanley J,

Kost KM. Use of fluorescent light in detecting malignant and

premalignant lesions in the oral cavity: a prospective, single-

blind study. J Otolaryngol Head Neck Surg. 2012;41:164-168.
10. Sessions DG, Spector GJ, Lenox J, et al. Analysis of treatment

results for floor-of-mouth cancer. Laryngoscope. 2000;110:

1764-1772.

11. Balevi B. Assessing the usefulness of three adjunctive diagnostic

devices for oral cancer screening: a probabilistic approach. Com-

munity Dent Oral Epidemiol. 2011;39:171-176.

12. Lane PM, Gilhuly T, Whitehead P, et al. Simple device for the

direct visualization of oral-cavity tissue fluorescence. J Biomed

Opt. 2006;11:024006.

13. Roed-Petersen B, Renstrup G. A topographical classification

of the oral mucosa suitable for electronic data processing. Its

application to 560 leukoplakias. Acta Odontol Scand.

1969;27:681-695.

14. Driemel O. Erkennung oraler Risikol€asionen in der zahn€arztli-

chen Praxis. ZM. 2008;98:34-39.

15. Fagerland MW, Hosmer DW. A goodness-of-fit test for the pro-

portional odds regression model. Stat Med. 2013;32:2235-2249.

16. Silverman S. Oral cancer. Semin Dermatol. 1994;13:132-137.

17. Hanken H, Kraatz J, Smeets R, et al. The detection of oral pre-

malignant lesions with an autofluorescence based imaging sys-

tem (VELscope)a single blinded clinical evaluation. Head Face

Med. 2013;9:23.

18. Cooper GS, Stroehla BC. The epidemiology of autoimmune dis-

eases. Autoimmun Rev. 2003;2:119-125.

19. Manne RK. Oral potentially malignant disorders/individuals.

Oral Oncol. 2014;50:e7-e8.

20. Scheer M, Fuss J, Derman MA, et al. Autofluorescence imaging

in recurrent oral squamous cell carcinoma. Oral Maxillofac

Surg. 2016;20:27-33.

21. Sweeny L, Dean NR, Magnuson JS, Carroll WR, Clemons L,

Rosenthal EL. Assessment of tissue autofluorescence and reflec-

tance for oral cavity cancer screening. Otolaryngol Head Neck

Surg. 2011;145:956-960.

22. Jayaprakash V, Sullivan M, Merzianu M, et al. Autofluores-

cence-guided surveillance for oral cancer. Cancer Prev Res

(Phila). 2009;2:966-974.

23. Koch FP, Kaemmerer PW, Biesterfeld S, Kunkel M, Wagner W.

Effectiveness of autofluorescence to identify suspicious oral

lesions—a prospective, blinded clinical trial. Clin Oral Investig.

2011;15:975-982.

24. Balevi B. Evidence-based decision making: should the general

dentist adopt the use of the VELscope for routine screening for

oral cancer? J Can Dent Assoc. 2007;73:603-606.

25. Scheer M, Neugebauer J, Derman A, Fuss J, Drebber U, Zoeller

JE. Autofluorescence imaging of potentially malignant mucosa

lesions. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.

2011;111:568-577.

26. Brodersen J, Siersma VD. Long-term psychosocial consequences

of false-positive screening mammography. Ann Fam Med.

2013;11:106-115.

Reprint requests:

Majeed Rana

Department of Craniomaxillofacial Surgery

University Hospital Duesseldorf

40225 Duesseldorf

Germany.

Rana@med.uni-duesseldorf.de

http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0001
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0002
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0002
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0002
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0003
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0003
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0004
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0005
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0006
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0006
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0006
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0007
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0007
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0007
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0008
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref0009
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00010
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00011
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00011
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00011
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00012
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00012
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00012
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00013
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00014
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00015
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00015
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00016
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00017
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00018
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00018
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00019
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00020
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00021
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00022
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00023
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00024
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00025
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00026
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00026
http://refhub.elsevier.com/S2212-4403(20)30965-2/sbref00026
mailto:Rana@med.uni-duesseldorf.de 

	Does autofluorescence help detect recurrent squamous cell carcinoma? A prospective clinical study
	Material and Methods
	Study design/sample
	Variables
	Data collection methods
	Data analysis

	Results
	Analysis of dependencies

	Discussion
	Conclusions
	Acknowledgments
	References


