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Objective: While it is widely acknowledged that fingerprint recognition has played an essential part in 

policing and forensic science, little is known about fingerprint alterations in medical science, specifically 

as a consequence of anticancer treatments. Thus, we aimed to analyze the extent of evidence between 

cancer treatments and fingerprint alterations in adults with cancer. 

Methods: A systematic integrative review was conducted according to the PRISMA statement and the 

Cochrane guidelines for conducting a systematic review. PubMed, CINAHL, Web of Science, and Scopus 

were searched from the inception between August and November 2024. The quality appraisal was con- 

ducted to evaluate the methodological quality of the included articles, selecting the most appropriate tool 

based on the publication type and study design. 

Results: Of 176 records, we selected five experimental studies articles and nine case reports publica- 

tions. A correlation between specific anticancer treatments (capecitabine, taxanes, and tyrosine kinase 

inhibitors) and fingerprint alterations has been documented in individuals with various cancer diagnoses 

(mainly advanced breast and colorectal cancers). The majority of articles were of moderate to low quality. 

Conclusions: Although fingerprint alteration as a consequence of specific anticancer treatments has been 

documented, further large and well-designed experimental studies are necessary to quantify the phe- 

nomenon burden in relation to specific anticancer regimens and populations. 

Prospero registration n: (CRD42024581192). 

© 2025 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Fingerprints are the impressions produced by the raised papil-

ary or epidermal ridges (friction skin) at the fingertips’ surfaces on

he ends of the fingers and thumbs that contain rows of pores that

onnect to sweat glands [ 1 ]. When a person touches any surface,

he sebaceous secretion and sweat smear the impression of finger-

ips [ 2 ]. Friction ridge skin is distinguished from other skin vari-
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ties by its elevated ridges, thicker and more complex epidermis,

ncreased sensory capacity, lack of hair, and absence of sebaceous

lands [ 1 ]. The scientific study of fingerprint and palm patterning

s known as “dermatoglyphics” [ 3 , 4 ]. 

The use of biometric verification involving fingerprinting has

een spreading worldwide in several social contexts, such as

mmigration, office attendance, bank account verification, granting 

itizenship, driver’s licenses, and passports [ 5 ], as well as in

ealthcare, having advantages for broad scopes such as access con-

rol to restricted hospitals’ areas, medication dispensing systems

or reducing medication errors, patient identification at points of

are and identity of patients availing themselves of remote health-

are services [ 6–8 ]. Along with the widespread use of fingerprints,
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ore cases of “loss” or “absence” of fingerprints have been 

egistered [ 9 ]. In the USA, 24 million visitors/year experienced

 scanned rejection rate of 1%–2% [ 10 ]. In a survey conducted

n the Lebanese population, the incidence of adermatoglyphia 

as 0.18%, predominantly affecting the geriatric and female 

opulations [ 11 ]. 

In the field of acquired loss of dermatoglyphics, several der- 

atological or nondermatological causes have been investigated 

 11 ]. Considering the acquired nondermatological causes [ 9 ], cer-

ain drugs, such as anticancer treatments, may cause partial or to-

al loss of fingerprint [ 11 ], representing a barrier to fingerprint bio-

etric identification, especially if the condition is permanent or ir- 

eversible [ 9 ]. Denied access to fingerprint biometric identification

ystems may compromise the social and health needs of patients 

ith cancer, resulting in some cases of immigration delays at air-

orts and travel warnings [ 12 ], the inability to access promptly the

martphone [ 13 ], and denied authorization to perform a banking

ransaction [ 14 ] or in trouble in border [ 15 ]. These aspects become

ssential in the cancer population, where psychosocial needs are 

requently compromised [ 16 , 17 ]. 

However, fingerprint changes seem not to be investigated and 

eported as a side effect of cancer treatments in routine clini-

al care [ 18 ], and chemotherapy’s side effects remain one of the

ajor concerns of individuals with cancer that impact treatment 

dherence [ 19 ]. In this regard, no systematic reviews have been

onducted to analyze the literature regarding the relationship be- 

ween fingerprint changes and anticancer treatments. In the con- 

ext of health and social issues, fingerprint alterations and the in-

bility to access identification systems could exacerbate the well- 

ocumented perception of loneliness and social isolation who en- 

ounter individuals with cancer throughout their cancer trajec- 

ory, where social functioning emerged as the most relevant as- 

ect [ 20 , 21 ]. Psychosocial vulnerability may serve as an antecedent

f more serious psychological disorders [ 22 ]. Furthermore, some

hysical initial alterations could be antecedents of more serious 

hysical complications and precursors of health outcomes in can- 

er care as it was established, for example, with hand-foot syn-

rome (HFS) [ 23–25 ]. 

Adults with cancer encounter a variety of physical and psycho- 

ogical symptoms that lack appropriate management, suggesting 

hat complete symptom screening and management are needed 

o deal with this complex setting [ 26 ]. Providing patients with

omprehensive information about any potential treatment side ef- 

ects is crucial for enhancing treatment adherence, providing ac- 

ompaniment and support during treatment, and improving health 

utcomes [ 19 ]. In this regard, investigating the extent of liter-

ture about fingerprint changes as potential cancer treatments’ 

ide effects could be strategic for implementing the actual knowl- 

dge of symptom science in cancer care and empowering the 

ducational and interventional programs for symptom manage- 

ent [ 27 ]. This information will also help to identify the prob-

em’s size and establish research and intervention priorities among 

nstitutions and professional associations [ 27 , 28 ]. Therefore, this

tudy seeks to comprehensively summarize the extent of evidence 

etween cancer treatments and fingerprint alterations in adults 

ith cancer by addressing the following review questions: (1) 

hat is the extent of evidence between cancer and fingerprint

hange? (2) Is there a link between cancer, cancer-related treat- 

ents, and fingerprint change? (3) Do cancer-related treatments 

ause fingerprint change? The review questions were consistent 

ith the patients, exposure, and outcome (PEO) framework as fol- 

ows [ 29 ]: (P) adults aged ≥ 18 with cancer (any type, including

olid and hematological tumors), (E) cancer disease and cancer- 

elated treatments, (O) fingerprint change (as primary or secondary 

ndpoint). 
A  
ethods 

tudy design 

An integrative systematic review followed Whittemore and 

nafl’s five-step approach: problem identification, literature search, 

ata evaluation, data analysis, and presentation [ 30 ]. An integra-

ive review allowed for a combination of disparate multimethod 

ata collection approaches and studies’ design into integrated find- 

ngs and conclusions, resulting in a comprehensive portrayal of the 

ngerprint change phenomenon in cancer. Firstly, a rapid litera- 

ure review was conducted to detect any existing reviews as well

s the amount of evidence on this topic. The scarce available evi-

ence on the topic guided us toward an integrative review design.

o optimize the systematic process and reporting, we followed 

he requirements recommended by the Preferred Reporting Items 

or Systematic Reviews and Meta-Analyses (PRISMA) statement 

 31–32 ] and the Cochrane guidelines for conducting a systematic

eview [ 33 ]. The systematic integrative review protocol was regis-

ered on Prospero first [CRD42024581192]. 

efinition of the outcome and condition to be examined 

The congenital or acquired loss of the epidermal ridge pattern 

s called “adermatoglyphia” [ 34 ]. This condition can be limited to

 few digits or all fingers, and it can also relate to the lack of ridge

atterns on the plantar surfaces of the feet. Furthermore, ader- 

atoglyphia can refer to either a partial loss of epidermal ridges

ridges are imperceptible on a broad examination but visible on 

 deep inspection or under a magnifying lamp) or a total lack of

pidermal ridges (complete effacement). These scenarios make it 

omplex to standardize the outcome in experimental studies or 

cientific publications. However, in our research, we considered 

ny variation of fingerprint that could result in difficulties in ac-

essing fingerprint identification systems. This choice was consis- 

ent with broadly summarizing the available literature that com- 

rehensively describes the phenomenon. 

ligibility criteria 

The PEO framework constituted the basis for records selection 

long with the following inclusion criteria [ 29 ]: (a) Any type of

riginal research peer-reviewed articles focused on cancer and fin- 

erprint change, including articles analyzing the relationship be- 

ween HFS and fingerprint change (b) Records containing abstracts; 

c) Any type of study design papers (including case reports and

ase studies), (d) Articles focused on individuals with cancer (any 

alignancy) who are under and off treatment, regardless of dis- 

ase stage or treatment phase and type. We excluded letters to

ditors and commentary for analysis purposes, except letters that 

eported experimental studies data. No inclusion or exclusion cri- 

eria will be set for the setting and language. 

earch strategy and sources 

Multiple databases were searched between August 2024 (the 

rst date of search) and November 2024 (when we re-run the

earch strategy) to identify papers published from the inception 

ntil the present: PubMed, CINAHL, Web of Science, and Sco- 

us. The study’s topic informed the databases’ selection. The re- 

earch question guided the selection of the keywords to be im-

lemented in the research string with the boolean operator as 

ollows: “neoplasm” OR “cancer” AND “chemotherapy” OR “treat- 

ent” OR “capecitabine” AND “fingerprint” OR “Adermatoglyphia”. 

 search string was initially designed for PubMed using MeSH and
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ree-text words, and then it was adapted for the other databases

ccording to their syntax. We adopted purposive sampling, limit-

ng the search to the cancer subset and selecting methods-based

lters (PubMed Clinical Queries) and topic-specific filters (Topic-

pecific/Special Queries) [ 35 , 36 ]. To ensure that all relevant liter-

ture related to the research questions was intercepted, an addi-

ional search string was developed for PubMed without filters. An

uthor with expertise in research methods, particularly in system-

tic reviews, created and implemented the search strategy. 

Further methods and sources, such as hand-searching and ref-

rence checking, were used to maximize the results. No language

r any other restrictions were applied. As recommended [ 37 ], a

ystematic search was conducted on Google Scholar for grey lit-

rature or additional relevant published results to supplement

ur findings. This choice was consistent with our primary aim

o explore the amount of literature regarding fingerprint changes

nd anticancer treatments and confirm the relevance of this phe-

omenon. For quality and transparency purposes, we checked and

eported (in the extraction table) each article source, considering

hat Google Scholar could sometimes identify articles from preda-

ory journals and researchers are unable to search specifically for

eer-reviewed or scholarly articles. Supplementary File 1 reports

he search strategies for each database. The search was undertaken

n all fields for all databases and sources. 

rticles selection 

Records were exported from the original databases to Zotero for

emoving duplicates. After removing duplicates, records were im-

orted into Rayyan’s review software, and two authors performed

he entire screening independently. Firstly, records were screened

ased on the titles and abstract contents to obtain a list of pa-

ers for full-text screening. A hierarchical stepwise selection pro-

ess was used to decide whether an article could be included and

he reasons for exclusions, in which articles were excluded based

n the PEO order criteria and then the aforementioned inclusion

riteria order. This approach helped us standardize the process of

nclusion and exclusion of papers and the reasons for exclusion.

he following reasons were used to standardize the articles’ ex-

lusion process: “not congruent with the study aim” (in case the

esearch question was completely different from ours, then all the

EO framework elements were discordant), “letter to editor” (let-

er to editors or commentary without experimental studies results

elevant to the research question), “no abstract available” (as we

ould not perform the articles’ screening according to the PRISMA

tatement steps), “wrong outcome” (in case of a study focused on

ancer patients exposed to chemotherapy but assessing a differ-

nt outcome, i.e., HFS only). Additional sentences were used to

escribe specific situations that were not congruent with our re-

earch question and eligibility criteria. 

ata extraction 

Two authors extracted data using a piloted electronic extraction

orm (Excel form) [ 38 ]. Then, two authors independently extracted

ata on an Excel form and merged the results into a unique file.

ata extraction forms were created differently based on the study

ype: one for research studies and a further one for the case report

esults. Relevant information was extracted from each included ex-

erimental study, including first author, year, type of publication

nd source/journal, study design, sample, cancer localization, set-

ing, data collection, primary and secondary endpoints, and results.

From case reports, we extracted the following details: First au-

hor and year, journal and source, patient age, sex, and country,

umor type, previous treatment, current treatment (potentially re-

ated to fingerprint changes), HFS occurrence, concomitant side ef-
ects, fingerprint changes characteristics, fingerprint change practi- 

al consequences and duration and cancer course. Considering the

mportance of case reports in accurately describing the sequence

f the events in relation to the investigated outcome, we tried to

reserve this advantage by highlighting the temporality of the facts

ith the main outcome. Therefore, information about events’ tim-

ng and period were extracted. Further, we extracted any informa-

ion that could be relevant for suggesting new hypotheses about

he correlation between fingerprint change and certain variables

or future investigations. In case of disagreement between the two

eviewers, additional authors were planned to be involved in both

rticles’ selection and data extraction phases. 

The choice of extracting data about the source and publica-

ion journal was to describe the contexts where the fingerprint

odifications are investigated, considering that studying this phe-

omenon necessitates the inclusion of different disciplines and

rofessionals. This information allowed us to explore this phe-

omenon from different perspectives, understanding the interven- 

ion areas for future investigations. 

ata synthesis 

Considering the paucity of quantitative data to be pooled for

erforming a meta-analysis, we undertook a narrative synthesis

ccording to a suggested framework [ 39 ]. In particular, the data

ollection procedure and fingerprint instruments were different 

cross studies (i.e., digital fingerprint or ink fingerprint); therefore,

erforming a meta-analysis by pooling different outcome results

ould have been little informative about the generalizability of the

ndings. Rather than simply describing the main features, we ex-

lored the similarities and differences between studies and the re-

ationships within the data [ 39 ]. This approach implies a homoge-

ous description of studies, which enables the comparison of data

nd provides a summary of knowledge related to the specific re-

iew question that may be used to inform future research. There-

ore, data from the primary sources in this review were ordered

nd categorized based on the type of publication and summarized

o inform an integrated conclusion about the relationship between

ngerprint change and cancer. 

uality appraisal 

The lead author assessed the methodological quality of the in-

luded articles, which were independently reviewed by a second

uthor. A consensus discussion with an additional author solved

otential disagreements between the two reviewers regarding the

uality of the rating process. 

The Newcastle Ottawa Scale (NOS) [ 40 ] was used to evaluate

he methodological quality of cohort and case-control studies. The

OS includes eight items within three domains: (1) selection (rep-

esentativeness), comparability (due to design or analysis), and (3)

utcomes (assessment and follow-up). Two points can be allocated

o the comparability domain. Studies that obtained seven to eight

tars were considered to be of high quality (low risk of bias), stud-

es with five to six stars were of medium quality (moderate risk

f bias), and studies with less than five stars were of low quality

high risk of bias) [ 41 ]. 

The Joanna Briggs Institute (JBI) Checklist for Case Reports [ 42 ]

as used to evaluate the methodological quality of case reports

nd inform the synthesis and interpretation of the case reports’

esults. This tool includes eight items that should be evaluated

s “yes”, “no”, “unclear” and “not applicable”. The overall ap-

raisal consisted of the following judgment: “include”, “exclude”, 

nd “seek further info”. However, according to the study aim, we

lanned not to exclude any article based on the methodological
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Fig. 1. Selection process. 
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uality, but the strengths and limitations of studies were acknowl- 

dged within the analysis of the articles. Accordingly, we reported 

he evaluation of the items without giving a final report judgment.

wofford’s case study [ 43 ] was excluded from this evaluation as its

resentation was a hybrid form between a study and a report, and

he recommended tool did not apply to all the items. Based on the

tems tool, we generated an Excel file to summarize and display

he results. 

esults 

A total of 176 results were identified from the database search.

fter removing duplicates, 165 records were exported to Rayyan 

oftware for screening. The selection process identified 14 eligible 

ifferent types of publications. Fig. 1 depicts the PRISMA flow dia-

ram with sources, the entire selection process, and the reasons for

xcluding records. The second search strategy identified a total of 

6 results, of which 12 were duplicates of the records eligible from

he first search strategy, and four were new records; of these four

ew records, none were eligible. The systematic search on Google 

cholar yielded four additional pertinent articles: one research let- 

er [ 44 ] including results of a prospective study, an honor-awarded

hesis [ 45 ] for a Bachelor of Science in the School of Criminal Jus-

ice, a case study [ 43 ] and a case report [ 46 ]. Finally, we found five

xperimental studies articles [ 44 , 45 , 47–49 ] and nine case reports

ublications [ 43 , 46 , 50–56 ] (for a total of 10 cases described). How-

ver, Azadeh’s and Yaghobi Joybari’s publications were part of the 

ame experimental study. An additional publication [ 43 ] was found

n the form of a case study. While acknowledging that a case study

s methodologically different from a case report [ 57 ], we decided

o include these findings in the case report section as the results’
tructure was consistent with the extraction table of case reports. 

ll these articles described fingerprint changes as an effect of spe-

ific anticancer treatments or in relation to HFS occurrence. 

ohort studies: Characteristics of studies 

The characteristics of the included cohort studies are presented 

n Table 1 . The cohort studies evaluated the incidence of finger-

rint changes in patients who received specific treatments (as 

onotherapy or in combination with other chemotherapy regi- 

ens) and its relationship with the occurrence of HFS. Overall, we

elected three prospective cohort studies [ 44 , 45 , 48 ] and one case-

ontrol study resulting in two different publications [ 47 , 49 ]. All

he case reports were published in scientific methodological peer- 

eviewed journals indexed at least in PubMed, except for one re-

earch [ 45 ], part of a published thesis for Degree of Bachelor of

cience in the School of Criminal Justice. However, the source of

his thesis was reliable as it was commended by the University

f Southern Mississippi and included on the university’s website. 

xcept for one study (Hartung et al., 2020), all the research was

ublished in journals committed to oncology clinical practice and 

harmacology. Despite some studies were not original research ar- 

icles (i.e., Doorn’s study was a letter to editor containing research

ndings, and Lowe’s study was part of a published thesis) all the

nvestigations were undertaken after ethical approval from each lo- 

al authority. 

Female and male individuals of various ages (27-84 years) and 

ancer types (mostly colorectal cancer) were involved in these 

onocenter studies, which were undertaken in university hospitals 

n different countries worldwide: USA [ 45 ], Iran [ 47 , 49 ], Nether-

ands [ 44 ] and Germany [ 48 ]. The treatments under investigation
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Table 1 

Characteristics of the experimental research studies. 

References Study design Sample Cancer 

localization 

Setting Data collection Primary endpoint Secondary endpoint Results 

Lowe [ 45 ] Prospective cohort: 

n = 5 received taxane 

class drugs 144 mg 

weekly to upward of 

270 mg every 3 to 4 

wk) and n = 2 received 

liposomal doxorubicin 

60 mg every month 

(for 6 mo). 

N = 7, 27–84 yr. No infor- 

mation. 

University of 

South Alabama 

Mitchell Cancer 

Institute 

(USAMCI), 

Alabama (USA). 

Before treatment 

and at 3 and 6 mo, 

using a powder 

label technique. 

Modification of the friction 

ridge skin. Impressions 

were inputted into AFIX 

Tracker software to 

determine the number of 

minutiae points by way of 

the Smart-Extract feature. 

HFS No decrease in fingerprint quality. One 

patient who received doxorubicin had a 

quality decrease which may have been 

related to HFS. No other significant 

results further certified the link 

between HFS and ridge degradation. 

Azadeh et 

al. [ 47 ] 

Case-control: n = 31 

treated with Paclitaxel 

plus other therapies 

(cases) and n = 34 had 

no Paclitaxel but other 

chemotherapy 

regimens (controls). 

Study duration: 7 mo. 

N = 65 

Cases group: 

mean age 57,1 

yr, 87,1% 

female, 71% 

were 

housewives. 

Various 

(breast 

cancer, 

58,1%). 

University 

Hospital of 

Tehran (Iran). 

Before treatment 

and after at least 3 

cycles, using ink on 

paper cards. 

Fingerprint changes (as 

> 30% mismatching of 16 

points after treatment in 

the right thumb or right 

index finger (evaluated by 

a forensic expert of the 

Iranian Society of Forensic 

Physicians). 

HFS occurrence 

(according to the 

CTCAE) and the 

relationship between 

paclitaxel-induced HFS 

and fingerprint 

changes. 

Fingerprint changes in 26,2% of 

Paclitaxel group patients. No cases of 

HFS. 

OR = 13.69, 95% CI: 2.05 to infinite, 

P = .002. 

Doorn et 

al. [ 44 ] 

Prospective cohort: 

n = 66 treated with 

Capecitabine, n = 30 

with TKIs sorafenib, 

n = 10 with TKIs 

pazopanib 

hydrochloride, and 

n = 6 with TKIs 

sunitinib. Study 

duration: 2 yr. 

N = 112 (no 

data on sample 

characteristics). 

Various 

(mostly 

colorectal 

cancer, 

43,75%). 

Erasmus MC 

Cancer 

Institute, 

Rotterdam 

(Netherlands). 

Before treatment, 

within 6–10 wk 

after the start of 

treatment, and 

after treatment 

discontinuation 

using a digital 

fingerprint scanner 

(MorphoLivescan; 

Morpho). 

Fingerprint changes (as the 

overall quality of friction 

ridge details) on a 5-point 

Likert scale (evaluated by 3 

dactyloscopists and 1 

detective from the 

Netherlands National Police 

Agency). 

HFS (according to the 

CTCAE version 4.03). 

Severe quality loss of fingerprints in 

14% treated with capecitabine and 2% 

treated with the TKI sunitinib. 

HFS in 70% treated with capecitabine 

and in 46% treated with TKIs. The 

grade for HFS was not associated with 

the incidence of severe fingerprint 

quality loss ( P = .43). Severe fingerprint 

quality loss recovered completely 

within 2–4 wk after treatment 

discontinuation. 

Yaghobi 

Joybari et 

al. [ 49 ] ∗

Case-control: 

N = 37 treated with 

Capecitabine (10 0 0 

mg/m2 twice daily, day 

1–14 every 21 d) 

(cases) and n = 34 had 

no Capecitabine but 

other chemotherapy 

regimens (controls). 

Study duration: 11 mo. 

N = 71 

Cases group: 

mean age 53 

yr, 48,6% 

female, 43,2% 

were 

housewives. 

Various 

(mostly 

rectum 

cancer, 

45,9%). 

University 

Hospital of 

Tehran (Iran). 

Before treatment 

and after at least 3 

cycles, using ink on 

paper cards. 

Fingerprint changes 

(defined as > 30% 

mismatching of 16 points 

after treatment in the right 

thumb or right index finger 

(evaluated by a forensic 

expert of the Iranian 

Society of Forensic 

Physicians). 

HFS occurrence 

(according to the 

CTCAE) and the 

relationship between 

paclitaxel-induced HFS 

and fingerprint 

changes. 

Fingerprint changes in 67,6% of 

Capecitabine group patients. 

56,8% of Capecitabine group patients 

had HFS grade 1-4 but no correlation 

between HFS and fingerprint changes 

was found (r = 0.026, P = .880). 

Hartung et 

al. [ 48 ] 

Prospective cohort (all 

treated with 

Capecitabine). 

Study duration: 4 yr 

and 7 mo. 

N = 50 (68% 

male, 39–82 

yr). 

Various 

(mostly 

colorectal 

cancer, 

76%). 

University 

Hospital 

Düsseldorf, 

Germany. 

Before treatment, 

at 1, 2, and 4 mo 

after, using a 

ferromagnetic 

powder. 

HFS incidence (according to 

WHO grading). 

Fingerprint change in 

relation to HFS. 

Evaluations were done 

only in patients with 

HFS grade 2 or 3 (10%); 

for fingerprint 

low-quality results only 

2 patients (4%) were 

analyzed. 

HFS in 28% of the sample. 

Full conformity of the demanded 

minutiae before and after treatment 

and before and after HFS grade 3. HFS 

of grade 2 and 3 was associated with a 

temporary macroscopic loss of the 

epidermal ridges. 

HFS = hand foot syndrome; CTCAE = National Cancer Institute’s common terminology criteria for adverse events; TKIs = tyrosine kinase inhibitors. 
∗ Data coming from the same original research study. 
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or their potential relationship with fingerprint modifications were 

axanes drugs [ 45 , 47 ], capecitabine [ 44 , 4 8 , 4 9 ], and tyrosine kinase

nhibitors (TKIs) such as sorafenib, pazopanib hydrochloride, and 

unitinib [ 44 ]. The treatment dosages were not reported in most

f the studies. The presence of conditions that could alter finger-

rint patterns (i.e., eczema, acanthosis nigricans, scleroderma, dry 

nd atrophic skin, skin tumors, leprosy, electric or radiation injury, 

ermabrasion, celiac disease, rickets, acromegaly) [ 47 ] or previous

xposure to the treatments under investigation represented the ex- 

lusion criteria in all the studies. 

The fingerprint collection procedure was different between the 

xperimental studies. In Hartung’s study [ 48 ], the fingerprints were

ollected using a ferromagnetic powder after the patients rubbed 

heir fingers and palms against the skin of their forehead to

oisten them. Analogously, in Lowe’s thesis [ 45 ], the researcher

sed a powder label technique to collect the fingerprints. No de-

ails of procedures were described in these studies. In Azadeh’s 

 47 ] and Yaghobi Joybari’s [ 49 ] studies, the fingerprints were col-

ected using ink on paper cards after hands were washed and dried

sing proper paper cards and ink according to forensic medicine

ules and concepts. In this last study, prints were obtained by

olling the fingers on the paper cards from the outside to the in-

ide to imprint the complete details of the finger ridges. In Doorn’s

tudy [ 44 ], the fingerprint was obtained using a digital fingerprint

canner (MorphoLivescan; Morpho). 

Fingerprint changes or loss was assessed in all the studies as a

rimary endpoint and consequently its relationship with HFS (as 

 secondary endpoint), except in Hartung’s study [ 48 ], which ana-

yzed the fingerprint alterations during and after the occurrence of 

FS. The fingerprints were collected in all the studies before treat-

ent and then at different time points. HFS grading was assessed

ccording to the National Cancer Institute’s Common Terminology 

riteria for Adverse Events (CTCAE) in the majority of the stud-

es [ 44 , 45 , 47 , 49 ], whereas in the remaining research, we had no

nformation about the evaluation criteria. Specialized professionals 

nalyzed the fingerprints and images. In Azadeh’s study, images of 

ngerprint examples of all patients were sent to the Iranian Society

f Forensic Physicians to compare changes. In Doorn’s study, three 

actyloscopists and a detective from the Netherlands National Po- 

ice Agency visually assessed fingerprints and images, respectively. 

n Yaghobi Joybari’s research, a forensic expert from the Iranian

ociety of Forensic Physicians evaluated all fingerprint records for 

hanges, blinded to the study groups. In Hartung’s study, trained

pecialists performed the dactyloscopic examinations of images. 

owe’s study used specific software to analyze the fingerprints at 

he University of Southern Mississippi School of Criminal Justice 

ingerprint Laboratory. 

ohort studies: Outcome evaluation 

Lowe’s study [ 45 ] evaluated the effects of taxane-class drugs

nd doxorubicin on fingerprints. The results suggest no relevant 

ecrease between taxane-class drugs and the quality of the fin- 

erprints. A singular patient who had been prescribed doxorubicin, 

owever, experienced a quality decrease, which may have been re- 

ated to HFS. No other significant HFS findings were discovered,

urther certifying the link between HFS and ridge degradation. 

Azadeh’s study [ 47 ] evaluated the incidence of fingerprint

hanges in patients who received paclitaxel in combination with 

ther chemotherapy regimens. Fingerprint changes were clinically 

bserved in 17 of the 65 studied patients (26.2%). All patients

ith fingerprint changes were in the paclitaxel group (11 patients 

eceived only paclitaxel, and six were administered paclitaxel in 

ombination with other drugs). In both groups, no cases of HFS

ere registered. After adjusting the confounding variables, there 

as a statistically significant difference between the case and con- 
rol groups regarding the odds ratio (OR) of fingerprint changes 

 P = .002, OR 13.69, 95% CI 2.05 to infinite). A dose-response anal-

sis in the paclitaxel group found no significant difference in the

ikelihood of fingerprint changes with paclitaxel dosage ( P = .591)

r chemotherapy course number ( P = .998). There was a statisti-

ally significant difference in fingerprint changes between the two 

roups for the occupation variable (housewives). 

Doorn’s study [ 44 ] reported a severe quality loss within

 weeks of treatment in nine patients (14%) treated with 

apecitabine and in one (2%) patient treated with TKI sunitinib. 

FS was observed in 70% of patients treated with capecitabine and

6% treated with TKIs. The grade for HFS was not associated with

he incidence of severe fingerprint quality loss ( P = .43). Severe fin-

erprint quality loss recovered completely within 2–4 weeks after 

reatment discontinuation in all three patients who could provide 

ost-treatment fingerprints. 

Hartung’s study [ 48 ] investigated the fingerprint alterations 

uring and after the occurrence of HFS throughout longitudinal 

ohort studies over 4 years and 7 months. In total, 14 of the

0 patients developed HFS (28%) with HFS grades 1–3 observed. 

ingerprint change evaluations were done only in patients with 

FS grade 2 or 3 (10%). However, only two patients’ (4%) finger-

rints were evaluated for low-quality results. HFS of grades 2 and

 was associated with a temporary macroscopic loss of the epi-

ermal ridges, whereas no dactyloscopy microscopic changes were 

etected, which might have led to a false identification. Epider- 

al ridges did not return to macroscopically normal shape before 

hemotherapy was finished for at least 1 month. 

Yaghobi Joybari’s study [ 49 ] evaluated the incidence of fin-

erprint changes in patients treated with capecitabine plus other 

hemotherapy regimens and its relation to various grades of HFS. 

ll patients with fingerprint changes were in the paclitaxel group. 

wenty-one (56.8%) patients in the capecitabine group experienced 

FS in grades 1, 2, and 3 in 4 (10.8%), 7 (18.9%), and 10 (27.0%) pa-

ients, respectively. Based on the Spearman correlation coefficient, 

here was no correlation between HFS and fingerprint changes 

r = 0.026, P = .880). The total dose of capecitabine was not signifi-

antly different in the groups with and without fingerprint changes 

2.79 ± 0.39 and 2.64 ± 0.36 g, P = .256). The effect of the num-

er of capecitabine courses in patients without (11.33 ± 10.16) and 

ith (12.04 ± 8.73) fingerprint changes was also not significant 

 P = .822). There were no statistically significant differences in de-

ographic data between capecitabine-treated patients and those 

ithout fingerprint alterations. 

ase reports: Characteristics and findings 

The characteristics of the included case reports are presented 

n Table 2 . All the case reports were published in scientific

ethodological peer-reviewed journals indexed at least in PubMed. 

wo case reports were published in journals addressing forensic 

edicine practice [ 43 , 54 ], and the remaining reports were part of

ournals addressing oncology clinical practice and medical science 

 46 , 50–53 , 55 , 56 ]. 

Overall, the individuals were male and female patients, with 

ges ranging from 47 to75 years, located in hospitals in different

ountries worldwide: Saudi Arabia [ 50 ], Brazil [ 55 ], Italy [ 54 ], USA

 51 ], China [ 46 , 56 ], Africa [ 52 ] and Mexico [ 53 ]. All the case re-

orts described cases of patients with metastatic or advanced can- 

er (different disease localization) who received specific anticancer 

reatments (mainly capecitabine, but also in combination with do- 

etaxel and oxaliplatin) and then developed fingerprint change or 

oss, in terms of visual erasure of fingers ridges with troubles in us-

ng index finger scanning system for identification and then conse- 

uences in access to different utilities. In one case [ 46 ], fingerprint

oss occurred during combination therapy using osimertinib and 
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Table 2 

Characteristics of the included case reports. 

References Patient age, 

sex, and 

country 

Tumor type Previous 

treatments 

Current treatment (related 

to fingerprint changes) 

HFS Concomitant 

side effects 

Fingerprint changes 

characteristics 

Fingerprint change practical 

consequences and duration 

Cancer course 

Swofford and 

Schenck [ 43 ] 

62 yr, male, 

Singapore. 

Breast cancer 

(metastatic at 

bones). 

Capecitabin and 

radiation 

therapy. 

Capecitabine (2500 mg/m2 

per day) for a total of 188 

d. 

Yes Not reported. The quality of the friction 

ridge skin impressions 

decreased by 32%. The 

fingerprint changes 

recovered after 65 d after 

cessation of therapy. 

Not reported. Not reported. 

Al-Ahwal [ 50 ] 53 yr, male, 

Saudi Arabia. 

Terminal 

rectum adeno- 

carcinoma 

(metastatic at 

liver and 

lungs). 

No information. Capecitabine, starting with 

1,0 0 0 mg/m2 twice daily) 

on days 1–15 followed by a 

1-wk rest, with i.v. 

oxaliplatin (130 mg/m2 ) on 

day 1 and then dose 

reduction for 6 cycles 

overall. 

Yes, grade 3 

(after the 5th 

and 6th cycle). 

Nausea, 

vomiting, 

diarrhea. 

Erasure of fingerprints. 

Palms and soles became 

swollen, painful, 

hyperpigmented, hardened, 

and desquamated. 

The patient was unable to process 

required governmental documents 

on several occasions because of a 

lack of fingerprints (1 wk after the 

5th–6th cycle). No information 

about duration. 

The patient died 6 

mo later. 

Rovere and 

De Lima [ 55 ] 

47 yr, male, 

Brazil. 

Rectal cancer 

(metastatic). 

Oxaliplatin and 

surgery. 

Capecitabine 8 mo, starting 

with 2,0 0 0 mg/ m2 daily 

and then reducing dosage 

for HFS toxicity. 

Yes, grade 4 

(after 8 mo). 

Peripheral 

neuropathy 

(grade 3–4). 

Erasure of fingerprints. No 

other macroscopical 

alterations of the skin. 

Not allowed to receive a driver’s 

license because of fingerprint 

lacking (just after 8 mo of therapy). 

HFS recovered and peripheral 

neuropathy was improved. No 

information about duration. 

A few months later 

the patient died. 

Negri et al. 

[ 54 ] 

75 yr, male, 

Italy. 

Colon adeno- 

carcinoma. 

Surgery. Capecitabine and 

oxaliplatin for 6 mo. 

No skin 

toxicity. 

Not reported. Erasure of fingerprints. No 

other macroscopical 

alterations of the skin. A 

microscopical examination 

was also performed at the 

end of treatment and after 

2 mo. 

Denied access to bank and 

smartphone touch ID (after 6 mo 

of therapy). Two months later the 

end of treatment, this patient was 

once again able to access his bank 

account. 

No treatment 

interruption or 

discontinuation for 

HFS or fingerprint 

loss. No 

information about 

the cancer course. 

Cohen [ 51 ] 57 yr, female; 

USA. 

73 yr, female; 

USA 

Triple-negative 

breast cancer. 

Metastatic 

triple-negative 

breast cancer. 

Paclitaxel; 

doxorubicin, 

cyclophos- 

phamide; 

radiation 

therapy. 

Surgery; 

cyclophos- 

phamide, 

methotrexate, 

and 

5-fluorouracil; 

paclitaxel; 

radiotherapy. 

Capecitabine 1500 mg 

twice daily and then 

increased to 1650 mg twice 

daily for 14 d on and 7 d 

off for 8 cycles. 

Capecitabine 20 0 0 mg each 

morning and 1500 mg each 

evening for 1 wk on and 1 

wk off. 

Yes, grade 1 

(after 1st 

cycle). 

Yes, grade 1 

(after 1st 

cycle). 

Not reported. 

Not reported. 

Red skin, scaling, random 

fissures, and focal 

preservation of only some 

of the fingerprint ridges 

until their absence. 

Erasure of fingerprints, 

desquamation, fingertips, 

and thumb were red and 

rough, until 2 yr after the 

end of treatment. 

Unable to gain entrance into a 

fitness center that required index 

finger scanning for identification 

and denied access to smartphone 

touch ID (after 1st cycle). 

Unable to access to laptop (after 

1st cycle) until 2 yr after the end 

of treatment. 

No treatment 

interruption or 

discontinuation for 

HFS or fingerprint 

loss. No 

information about 

the cancer course. 

No treatment 

interruption or 

discontinuation for 

HFS or fingerprint 

loss. No 

information about 

the cancer course. 

( continued on next page ) 
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Table 2 ( continued ) 

References Patient age, 

sex, and 

country 

Tumor type Previous 

treatments 

Current treatment (related 

to fingerprint changes) 

HFS Concomitant 

side effects 

Fingerprint changes 

characteristics 

Fingerprint change practical 

consequences and duration 

Cancer course 

Zhao et al. 

[ 56 ] 

75, female; 

China. 

Breast cancer 

stage IIA, ER + , 

PR + , HER2-; it 

became 

metastatic in 

the left chest 

wall and lung. 

Surgery; CMF 

chemotherapy; 

tamoxifen; TP 

chemotherapy; 

letrozole; 

exemestane. 

Docetaxel and capecitabine 

(21-d cycles of docetaxel 

120 mg on day 1 and oral 

capecitabine 1500 mg 

twice daily on days 1–14 

and then reduced to 1,0 0 0 

mg twice daily) for 6 cycles 

overall. 

Yes, grade 4 

(during the 4th 

cycle). 

Not reported. Loss of the texture of the 

palm and loss of 

fingerprints. Thinning and 

peeling of the skin of the 

fingers, toes, and 

interphalangeal joints, 

gradually worsened, 

resulting in chapping and 

bleeding. 

Inability to open her fingerprint 

lock (after the 3rd cycle). No 

information about duration. 

The patient 

stopped the 

therapy for HFS 

grade 4. No 

progression at 17 

mo. 

Dawood et al. 

[ 52 ] 

62 yr, male; 

Africa. 

Locally 

advanced rectal 

adenocarci- 

noma. 

Surgery; 

Chemoradiation 

therapy with 

5-fluorouracil. 

Capecitabine 10 0 0 mg/m2 , 

1500 twice daily from days 

1–14, and oxaliplatin 130 

mg/m2 every 3 wk for 6 

cycles. 

Yes, grade 1 

(after the 5th 

cycle). 

Not reported. Loss of the texture of the 

palm and loss of 

fingerprints. 

Hyperpigmentation on the 

skin of the hands and soles 

along with numbness in 

the soles. 

Inability to open a bank account as 

the patient’s biometrics could not 

be done since he had lost 

fingerprints (after the 5th cycle). 

After 1 mo the end of the 

treatment fingerprints had started 

to appear again. 

No treatment 

interruption or 

discontinuation for 

HFS or fingerprint 

loss. Complete 

remission by CT 

and PET. 

Xie [ 46 ] 55 yr, male; 

China. 

Metastatic 

(bones) lung 

adenocarci- 

noma, stage 

IV 

Pemetrexed, 

cisplatin, 

icotinib. 

Osimertinib (80 mg/day) 

plus anlotinib (12 mg/day). 

No HFS or 

hands skin 

rash. 

Brittle nails 

(grade 2), skin 

rash on his face 

and scalp 

(grade 2), and 

diarrhea (grade 

3). 

Loss of the texture of 

fingerprints. 

Unable to unlock the electric lock 

of his home door, turn on his 

smartphone, and sign a contract 

that required fingerprint 

authentication. After 10 mo the 

fingerprint loss recovered; 2 mo 

thereafter it occurred again. The 

patient has continued to 

experience recurrent loss and 

recovery of his fin fingerprints 

despite anlotinib discontinuation. 

Fingerprint loss recovered during 

osimertinib monotherapy but 

subsequently recurred. 

Anlotinib was 

discontinued. 

Stable lung lesion 

and stable disease 

for more than 20 

mo. 

Deneken- 

Hernandez et 

al. [ 53 ] 

52 yr, female; 

Mexico. 

Metastatic 

(bones) breast 

cancer, stage IV, 

HER-2 negative. 

Radiotherapy; 

anthracycline 

chemotherapy; 

tamoxifen; 

paclitaxel; 

anastrozole. 

Capecitabine 1500 mg 

twice a day (3 g daily total 

dose for 14 days followed 

by a week off) for lung 

metastasis and hepatic 

progression. 

Yes, grade 1 

(after 9 mo of 

treatment). 

No concomitant 

relevant other 

side effects. 

Fingertips smooth and 

shiny with no evidence of 

characteristic epidermal 

ridges on the fingertips 

(confirmed by 

dermatoscopy examination 

and biopsy). 

Unable to get government aid due 

to fingerprint authentication failure 

(2 yr after treatment). No 

information about duration. 

No treatment 

interruption or 

discontinuation for 

HFS or fingerprint 

loss. Stable bone 

disease and 

complete lung and 

liver response. 

HFS = hand foot syndrome; CMF = cyclophosphamide, methotrexate, and fluorouracil; TP = docetaxel plus cisplatin; CT = computed tomography; PET = positron emission tomography. 
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nlotinib, although the correlation between fingerprint loss and

simertinib or nilotinib monotherapy could not be confirmed by

hese results. Macroscopical fingerprint changes or troubles with

he authentication system were, in some cases a short-term out-

ome as occurred during therapy [ 51 , 52 , 56 ] and in other cases was

 long-term effect as it appeared after the end of the treatment

ycles [ 50 , 53–55 ]. In two situations [ 53 , 54 ], a microscopical exam-

nation was performed to confirm the fingerprint change. Overall,

he duration of visual fingerprint changes or troubles with identi-

cation fingerprint systems varied over time, from 1 month to 2

ears [ 46 , 51 , 52 , 54 ]; however, in most cases, we have no informa-

ion about the recovery of the fingerprint change. 

In all the cases, fingerprint changes occurred in association with

FS, except for two cases [ 46 , 54 ] in which the patient did not de-

elop any hand or foot skin toxicities. The HFS grading ranged from

rade 1 to 4; grade 1 HFS occurred just after the first cycle of

hemotherapy [ 51 , 53 ], whereas the most severe grades (3–4) ap-

eared between the 4th and 6th cycle [ 50 , 52 , 55 , 56 ]. However, in

ll cases, HFS appeared gradually. In the majority of cases, HFS or

ngerprint changes did not require a treatment interruption or dis-

ontinuation [ 51–54 ]; in two cases, the patients died a few months

fter the end of treatment cycles [ 50 , 55 ] (however, they were in an

dvanced stage of the disease), and in one case the patient stopped

he therapy for HFS grade 4 [ 56 ]. Only in Zhao’s report [ 56 ] Vase-

ine was applied to the affected area. 

Only three case reports described other concomitant side ef-

ects: in one case, the patient had nausea, vomiting, and diarrhea

 50 ]; in the second case, the patient developed peripheral neuropa-

hy grade 3–4 [ 55 ]; and in the third case [ 46 ], the patient experi-

nced brittle nails (grade 2), skin rash on his face and scalp (grade

), and diarrhea (grade 3). Comorbidities were reported only in Da-

ood’s report, where the patient was affected by diabetes melli-

us and hypertension [ 52 ]. One included report [ 43 ] was a case

tudy of a male 62-year-old breast cancer patient evaluating the

egative effects of capecitabine-induced HFS on the quality of fric-

ion skin for forensic and other comparative purposes. This study

tilized multiple methods to record the friction skin’s condition:

igital imaging, powder, ink, and livescan. This study found that

apecitabine-induced HFS decreased the quality of friction skin im-

ression, which recovered after 65 days of treatment cessation. 

uality appraisal 

The NOS scale was used to evaluate the methodological qual-

ty of the cohort and case-control studies. One study [ 47 ] obtained

even stars and, therefore, was at a low risk of bias, whereas the

thers obtained five stars and thus were at a moderate risk of bias

 48 ]. We did not include the Lowe’s [ 45 ] study as part of an honor

hesis in the risk of bias evaluation. The quality appraisal descrip-

ion of the cohort and case-control studies is reported in Supple-

entary File 2. 

The quality appraisal of the case reports is reported in Table 3 .

he JBI Checklist was used to evaluate the case reports’ method-

logical quality. Without stating a final judgment about the case

eports’ inclusion or exclusion (as it was not in our research scope),

e used the checklist items to provide a comprehensive and con-

tructive analysis of the existing gaps and recommendations for

uture research. The major deficiencies were found in the pa-

ients’ demographic characteristics description, where the authors 

niquely reported patient age and sex. Similarly, the descriptions

f diagnostic tests and assessment methods were not accurately

escribed by all the authors. Although the patient’s main clinical

ondition at presentation was clearly described (tumor diagnosis

nd stage), additional clinical information, such as comorbidities

r concomitant clinical conditions, was not provided. The condi-

ion under investigation (fingerprint modifications or loss) and the
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auses (specific anticancer treatments) were clearly described, as 

ell as the sequence of the events, which is useful for reconstruct-

ng the cause-and-effect mechanism. 

iscussion 

This integrative systematic review is the first to summarize the 

xisting literature on fingerprint change in adults who underwent 

nticancer treatments. Since we aimed to provide a narrative de- 

cription regarding the occurrence of this phenomenon, this re- 

iew encompasses different types of publications retrieved from 

arious sources, including grey literature. This approach allowed 

 comprehensive examination of all available literature on the ac- 

ual relevance of this phenomenon to base future more structured 

esearch that accurately describes the association between finger- 

rint change and specific anticancer treatment by including spe- 

ific variables that may act as predictors or risk factors. 

Although all the included studies and reports were settled in 

xclusively clinical settings (i.e., hospital wards and chemo day 

nits), they were published by both legal and criminal justice disci-

lines and the clinical oncology branch. This disciplinary intersec- 

ion reflects the importance of a multidisciplinary approach span- 

ing all facets of cancer prevention and management [ 58 ]. Legal

nd criminal competencies must be integrated as an essential com- 

onent of the cancer prevention and control workforce in eval-

ating and detecting specific consequences [ 58 ]. These interdisci-

linary collaborations and professional contaminations enrich dis- 

iplines and allow a surrounding approach to the patients. 

hat we know from the case reports 

The relevance of case reports as individual studies has been de-

cribed in previous research as a complementing factor of other 

esearch methods in areas of medicine that are not specifically 

esearch-related [ 59 , 60 ]. The value of case reports lies in the abil-

ty to detect novelties, temporally describe events, and potentially 

enerate new hypotheses for future research based on the cause- 

ffect dynamics between one event and another [ 60 ]. This as-

ect is particularly relevant in the initial exploration phases of a

henomenon or rare disease [ 61 ]. However, case reports’ findings

ight not be generalizable and could not be useful in establishing

 cause-effect relationship, with a consequent high risk of over- 

nterpretation [ 61 ]. 

The case report results concordantly describe the relationship 

etween fingerprint alterations and specific anticancer treatments 

uch as taxanes, TKIs, and capecitabine. Osimertinib and anlotinib 

re epidermal growth factor receptor (EGFR) tyrosine kinase in- 

ibitors (TKI) approved for nonsmall cell lung cancer (NSCLC) in 

atients failing previous TKI therapy [ 62 ]. Evidence suggests the

ole of the EGFR pathway in the regulation of keratinocyte biol-

gy (survival, migration, and proliferation), including the inflam- 

atory and immune reactions of the skin [ 63 ]. The skin barrier is

aintained by the precise proliferation and differentiation of ker- 

tinocytes [ 64 ]. The blockade of epidermal growth factor signaling

y EGFR-TKI induced severe disruption of the skin epidermis and 

poptosis induced by inflammatory activation [ 65 ]. However, addi-

ional data are projected to be obtained from an underway clini-

al study (NCT04029350) that investigates the efficacy and safety 

f osimertinib combined with anlotinib as second-line treatment 

or stage IIIb- IV NSCLC in patients with EGFR-sensitive and T790M

utations [ 66 ]. 

Capecitabine is an oral prodrug of 5-FU that was designed to

apidly convert the fluorouracil in 5-FU and reduce several compli- 

ations and toxicities [ 67 ]. The final step of this three-step enzy-

atic cascade conversion is mediated by thymidine phosphorylase 
TP), an enzyme that aggregates at cancerous sites (significantly in- 

reased concentrations in a wide range of tumor types, including 

olorectal, breast, and gastric cancers) in large quantities and con- 

erts Fluorouracil to 5-FU [ 68 ]. Studies have shown that TP is more

revalent in friction ridge skin than other areas of the body, sug-

esting that the increased proliferation of keratinocytes in the epi- 

ermis draws 5-FU to these areas in much the same way that the

ubstance is drawn to areas with high proliferation of cancerous 

ells [ 69–71 ]. 

From our summary, the fingerprint changes and troubles with 

dentification fingerprint systems varied over time; they can ap- 

ear during the first cycle of therapy and can recovered after 65

ays after cessation of therapy or lasting from 1 month to 2 years

fter the end of treatment. These findings support previous re- 

earch that estimates keratinocyte maturation to be between 40 to 

6 days [ 72 ]. Over this time, once new cells are generated, older

ells migrate toward the skin surface [ 73 ]. During the migration,

he cells change in structure, eventually drying and dying off as 

hey reach the uppermost layer [ 73 ]. Once at the uppermost layer,

he dead skin cells are gradually sloughed off to create a place for

ewer cells [ 73 ]. However, several regulators (i.e., cytokines and

rowth factors) modulate keratinocyte migration and proliferation 

 74–76 ], and these may influence the overall period of reepithelial-

zation, as we observed in our results. As a result, the decline of

ngerprint observed quality is associated with significant disrup- 

ion in the basal layer, implying that these areas are susceptible

o 5-FU in a similar way to cancer cells and necessitate variable

ime to recover (at least 45 days). Although we tried to extract ad-

itional variables that could have a relationship with fingerprint 

hanges, such as concomitant side effects, cancer course, and HFS 

emission, no sufficient data were available to document this data 

niformly and generate assumptions. 

hat we know from experimental studies 

The experimental studies’ results were concordant in report- 

ng fingerprint alterations as a consequence of specific anticancer 

reatments such as taxane therapies, capecitabine, and TKIs (so- 

afenib, pazopanib hydrochloride, and sunitinib) despite a variable 

ccurrence of this disease was reported with some studies docu- 

enting a substantial proportion of affected patients whereas oth- 

rs no patients with a decrease in fingerprint quality and full con-

ormity of the demanded minutiae before and after treatment. So- 

afenib, pazopanib hydrochloride, and sunitinib are drugs targeting 

he vascular endothelial growth factor (VEGF), which promotes tu- 

or angiogenesis by stimulating the proliferation and survival of 

ndothelial cells [ 77 ]. The skin toxicity caused by VEGFR inhibitors

s controversial as an increased keratinocyte proliferation has been 

escribed along with possible keratinocyte damage, keratinocyte 

acuolar degeneration, and confluent keratinocyte necrosis associ- 

ted with intraepidermal cleavage [ 78 ]. 

Only one study reported a quality decrease in the fingerprint in

ne patient after therapy with doxorubicin. The mechanism under- 

ying this clinical outcome is unknown; however, recent research 

upports the use of doxorubicin on squamous cell carcinoma of 

he skin [ 79 ] as it can regulate the expression of the high-mobility

roup A1 (HMGA1) protein, which is responsible for cell cycle tran-

ition, cell motility, migration, and invasion [ 80 ]. This protein is

ighly expressed in numerous tumors as skin cancer; therefore, 

ome underlying mechanism may influence skin proliferation, also 

onsidering that doxorubicin damages cellular components, caus- 

ng cell damage and inducing apoptosis [ 81 ]. 

In all studies, the fingerprint changes were not significantly re- 

ated to the total administered doses of anticancer treatments, the 

umber of courses, or the occurrence of HFS. These results require

urther investigation, acknowledging that the small sample sizes 
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ould impact the statistical significance of the results [ 82 ]. None

f the studies reported comorbidities, concomitant therapies (ex-

ept Azadeh’s study, where all patients were taking dexametha-

one), and toxicities (except for HFS), representing potential con-

ounding variables that could influence the relationship between

he variables under study [ 83 ]. In this regard, a case report docu-

ented epidermal ridge atrophy caused by corticosteroids [ 84 ]. 

Results on the occupational sociodemographic variable as a po-

ential risk factor were discordant with one study [ 47 ] found a sta-

istically significant difference in fingerprint changes between the

wo groups (paclitaxel therapy) for the occupation variable (house-

ives), whereas another [ 49 ] did not find any statistical difference

n fingerprint changes between the two groups (capecitabine ther-

py). The literature identified some dermatological causes of loss of

ngerprints, such as hand eczema [ 85 ], which is highly common

mong people with occupational exposure (80%), such as house-

ives, hairdressers, nurses, workers with repeated exposure to ce-

ent, mortar, cutting oils, or abrasive [ 85 ]. Precisely, 55% of all

ermatological cases of adermatoglyphia were observed in house-

ives (58%) in the form of fingerprint dystrophy and abnormal

hite lines [ 86 ]. Accordingly, a national survey conducted among

he Lebanese population found that the number of female patients

ith adermatoglyphia was 3.75 times greater than the number of

ale patients, and most of these female patients were housewives

 11 ]. Hand dermatitis affects fingerprints by causing scaling, wrin-

ling/fissures, and destruction of finger ridges. Scaling corresponds

o fingerprint dystrophy, most commonly the mottled form, which

educes the quality score by interfering with the ridge pattern and

dding artifacts to the fingerprint [ 86 ]. Fissures and wrinkles cor-

espond to irregular white lines in fingerprints; in severe cases,

idges may be obliterated, resulting in fingerprint dystrophy and

he loss of minutiae points needed in fingerprint matching (Lee et

l., 2013). 

imitations of included studies 

The studies included in this review exhibited several method-

logical and reporting limitations that could impact the reliability

nd generalizability of the findings. First, most of the experimental

tudies were conducted with small sample sizes, and none deter-

ined a priori sample size calculation, which reduces the statis-

ical power of their conclusions. Second, significant heterogeneity

as observed in the methods used to collect and assess fingerprint

lterations, ranging from ink-based techniques to digital imaging,

hich could introduce bias and limit the comparability of the re-

ults. Third, the definitions of the primary outcome—fingerprint

hanges—varied between studies, with terms such as “loss,” “al-

erations,” and “quality reduction” being inconsistently used. This 

nconsistency further complicates cross-study comparisons and in- 

erpretations. Additionally, potential confounding variables such as 

omorbidities, concurrent therapies, or other skin conditions may

nfluence fingerprint changes and were rarely reported. 

imitations 

We acknowledge that this study has several limitations. First,

he choice of utilizing different sources (i.e., Google Scholar) rather

han relying solely on indexed databases may affect the overall

uality and rigor of the included findings. However, this approach

ligns with our aim of comprehensively capturing all available evi-

ence on the topic. To maintain transparency, the sources of all ar-

icles have been reported, and only authoritative publications from

ndexed journals or reliable sources were included. Second, the in-

lusion of case reports poses inherent challenges. Case reports are

etrospective, nonblinded, and nonrandomized by design, which

ntroduces biases and limits the generalizability of their findings.
hile we evaluated the methodological quality of the case reports

o mitigate interpretive risks, their inclusion may not provide the

evel of evidence seen in experimental studies. Third, the variabil-

ty in fingerprint data collection procedures and definitions of the

rimary outcome across studies represents a challenge for synthe-

izing the results. The studies inconsistently defined “fingerprint

lterations,” using terms such as “loss,” “alterations,” and “quality 

eduction,” which complicates the comparability of findings. This 

eterogeneity reflects the broader need for standardized method-

logies in this field of research. Fourth, the included experimental

tudies often featured small sample sizes, and none performed an

 priori sample size calculation. This reduces the statistical power

nd limits the generalizability of their findings. Additionally, the

tudies provided limited details on confounding variables such as

omorbidities, concurrent therapies, or other factors that could in-

uence fingerprint alterations. Finally, the variability in outcome

efinitions and the lack of standardized fingerprint collection qual-

ty further complicate the interpretation of results. For instance,

ailure to access identification systems was not always associated

ith visible macroscopic changes in fingerprints, reflecting a com-

lex interplay of factors influencing this condition. 

Despite these limitations, our review provides a valuable foun-

ation for future research by summarizing the current evidence

nd identifying critical gaps in knowledge. 

onclusions 

Acknowledging the growing importance of fingerprint identi- 

cation in several social contexts along with the imperative of

ddressing the physical and psychological burden of cancer, we

imed to comprehensively summarize the extent of evidence be-

ween cancer treatments and fingerprint alterations in adults with

ancer. Our research yielded a considerable number of case reports

nd few experimental studies of fingerprint alterations following

apecitabine, taxanes, and TKIs, suggesting the necessity of fur-

her investigating this phenomenon throughout original research 

tudies on additional drugs that may share similar mechanisms of

ction. Although the relationship between some anticancer treat-

ents and fingerprint change has been clearly documented in our

ynthesis, the occurrence of this toxicity may vary across popula-

ions and settings. Controversial results were found for the associ-

tion between HFS and fingerprint changes, with two studies doc-

menting this association, one study was unable to test this asso-

iation for no cases of HFS, and two studies found no significant

orrelation. 

Our results pose the rationale for a future assessment of fin-

erprint data within clinical trials as a potential side effect of se-

ected anticancer treatments. A clear distinction in outcome defi-

ition and assessment is required to preventively identify and de-

ect microscopical changes that could result in incapacity to access

dentification systems. Additional variables need to be investigated

s potential influencing or predictive factors of fingerprint alter-

tions, or conversely, to understand if fingerprint alterations could

e a precursor of specific disorders. Thus, further large and well-

esigned experimental studies are necessary to quantify the phe-

omenon burden in relation to specific anticancer regimens and

opulations. 

ractical implications 

During the past few decades, biometric identification involving

ngerprinting has become mandatory in several situations. Detect-

ng high-risk populations based on specific sociodemographic and

linical risk factors will help to target educational and surveillance

nterventions for shaping the cancer care pathway and improv-

ng clinical outcomes. Since fingerprint identification systems have
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een progressively utilized worldwide in different contexts, estab- 

ishing contact paths with authorities in the hospital discharge 

hase for patients at high risk of fingerprint alterations will con-

ribute to improving care continuity and assist patients in dealing 

ith treatment side effects in the community. For this reason, le-

al and criminal competencies must be an essential component of 

he cancer prevention and control workforce in assessing and de- 

ecting nonestablished clinical and biological consequences, which 

equire interdisciplinary collaborations for extending all facets of 

ancer prevention and management. However, legal issues must be 

onsidered for a successful operation of integrated medicine to en- 

ance the overall quality of care. 

To provide a 360-degree view of a patient, a culture of current

reatment-related legal implications should be promoted, along 

ith particular attention to skin care and assessment in these in-

ividuals. A call to action for the psychosocial and forensic impli-

ations of anticancer treatments is warranted to optimize cancer 

are pathways and guarantee the social integration of patients with 

ancer. Addressing the psychosocial needs of cancer patients, in- 

luding the social and forensic implications of symptom burden, 

ust be a global priority to ensure equitable access to facilities. 

RB approval 

Not applicable. 

nformed consent statement 

Not applicable. 

eclaration of generative artificial intelligence (AI) 

A generative AI system was used in the writing process to im-

rove the readability and language of the manuscript. 

eclaration of competing interest 

The authors declare that they have no known competing finan-

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 

RediT authorship contribution statement 

Silvia Belloni: Writing – review & editing, Writing – original 

raft, Validation, Supervision, Resources, Methodology, Data cura- 

ion, Conceptualization. Arianna Magon: Writing – review & edit- 

ng, Validation. Rita de Sanctis: Writing – review & editing, Valida- 

ion, Conceptualization. Paola Tiberio: Writing – review & editing, 

alidation, Conceptualization. Gianluca Conte: Writing – review & 

diting, Validation. Cristina Arrigoni: Writing – review & editing, 

alidation, Supervision. Rosario Caruso: Writing – review & edit- 

ng, Validation, Supervision, Methodology, Conceptualization. 

cknowledgments 

This research did not receive any specific grant from funding 

gencies in the public, commercial, or not-for-profit sectors. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.seminoncol.2025. 
52335 . 
eferences 

[1] Hicklin RA. Anatomy of friction ridge skin. In: Li SZ, Jain A, di Ac, editors. En-

cyclopedia of Biometrics. Boston, MA: Springer US; 2009. p. 23–8. doi: 10.1007/
978- 0- 387- 73003- 5_48 . 

[2] Kaushal N, Kaushal P. Human identification and fingerprints: a review. J
Biomet Biostat 2011;2(4). doi: 10.4172/2155-6180.10 0 0123 . 

[3] Cummins H. Epidermal-ridge configurations in developmental defects, with 

particular reference to the ontogenetic factors which condition ridge direction. 
Am J Anatomy 1926;38:89–151. doi: 10.10 02/aja.10 0 0380105 . 

[4] Cummins H, Midlo C. Palmar and plantar epidermal ridge configurations (der-
matoglyphics) in European-Americans. Am J Physical Anthropol 1926;9:471–

502. doi: 10.10 02/ajpa.1330 090422 . 
[5] De A, Dhar S, Sarda A, Dhar S. Adermatoglyphia in the era of biometrics. Indian

J Dermatol 2022;67:465–7. doi: 10.4103/ijd.ijd_54_21 . 
[6] Mason J, Dave R, Chatterjee P, Graham-Allen I, Esterline A, Roy K. An in-

vestigation of biometric authentication in the healthcare environment. Array 

2020;8:10 0 042. doi: 10.1016/j.array.2020.10 0 042 . 
[7] Sohn JW, Kim H, Park SB, Lee S, Monroe JI, Malone TB, Machtay M. Clini-

cal study of using biometrics to identify patient and procedure. Front Oncol
2020;10:586232. doi: 10.3389/fonc.2020.586232 . 

[8] Wells A, Usman AB. Privacy and biometrics for smart healthcare systems: at-
tacks, and techniques. Informat Secur J: A Global Perspect 2024;33:307–31. 

doi: 10.1080/19393555.2023.2260818 . 

[9] Sarfraz N. Adermatoglyphia: barriers to biometric identification and the need 
for a standardized alternative. Cureus 2019;11:e4040. doi: 10.7759/cureus. 

4040 . 
[10] De Benito V, Ratón JA, Palacios A, Garmendia M, Gardeazábal J. Systemic

contact dermatitis to prednisone: a clinical model approach to the manage-
ment of systemic allergy to corticosteroids. Clin Exp Dermatol 2012;37:680–1. 

doi: 10.1111/j.1365-2230.2011.04310.x . 

[11] Haber R , Helou J , Koekomaz J , Habre M . Absence of fingertips with fo-
cus on dermatological etiologies: national survey and review. Clin Dermatol 

2015;3:21–6 . 
[12] Wong M, Choo SP, Tan EH. Travel warning with capecitabine. Ann Oncol

2009;20:1281. doi: 10.1093/annonc/mdp278 . 
[13] Suárez EU, Pizano PE. Denied access to smartphone with fingerprint sensor 

in a patient with cancer. Med Clin (Barc) 2022;159:305. doi: 10.1016/j.medcli.

2022.04.015 . 
[14] Chavarri-Guerra Y, Soto-Perez-de-Celis E. Images in clinical medicine. 

Loss of fingerprints. N Engl J Med 2015;372:e22. doi: 10.1056/ 
NEJMicm1409635 . 

[15] Mazza C, Slimano F, Visseaux L, Ordan MA, Botsen D, Grange F, Bouche O.
Capecitabine and adermatoglyphia: trouble in border!. J Eur Acad Dermatol 

Venereol 2017;31:e283–4. doi: 10.1111/jdv.14045 . 

[16] Bergerot C, Jacobsen PB, Rosa WE, Lam WWT, Dunn J, Fernández-González L.
Global unmet psychosocial needs in cancer care: health policy. eClini- 

calMedicine 2024;78:102942. doi: 10.1016/j.eclinm.2024.102942 . 
[17] Caruso R, Belloni S, Albanesi B, Piredda A, Biagioli V. Comment on “pathways

to psychological wellbeing for patients with bladder cancer and their partners- 
in-care” and contextualization in the COVID-19 pandemic. Eur J Oncol Nurs 

2020;48:101821. doi: 10.1016/j.ejon.2020.101821 . 
[18] Katta B, Vijayakumar C, Dutta S, Dubashi B, Nelamangala Ramakrishnaiah VP. 

The incidence and severity of patient-reported side effects of chemother- 

apy in routine clinical care: a prospective observational study. Cureus 
2023;15:e38301. doi: 10.7759/cureus.38301 . 

[19] Rashidi A, Thapa S, Kahawaththa Palliya Guruge WS, Kaur S. Patient experi-
ences: a qualitative systematic review of chemotherapy adherence. BMC Can- 

cer 2024;24(1):658. doi: 10.1186/s12885-024-12353-z . 
20] Deckx L, van den Akker M, Buntinx F. Risk factors for loneliness in patients

with cancer: a systematic literature review and meta-analysis. Eur J Oncol Nurs

2014;18:466–77. doi: 10.1016/j.ejon.2014.05.002 . 
[21] Liang Y, Hao G, Wu M, Hou L. Social isolation in adults with cancer: an evo-

lutionary concept analysis. Front Psychol 2022;13:973640. doi: 10.3389/fpsyg. 
2022.973640 . 

22] Henry M, Sargi E, Frenkiel S, Hier M, Zeitouni A, Kost K, Rosberger Z. Longi-
tudinal study indicating antecedent psychosocial vulnerability as predictor of 

anxiety disorders post-treatment in people with head and neck cancer. Psy-

chooncology 2021;30:1910–19. doi: 10.1002/pon.5760 . 
23] de Queiroz MVR, de Medeiros ACTR, Toledo SP, de Abreu Sarmenghi KD,

de Vasconcellos VF. Hand-foot syndrome caused by capecitabine: incidence, 
risk factors and the role of dermatological evaluation. Ecancermedicalscience 

2022;16:1390. doi: 10.3332/ecancer.2022.1390 . 
24] Falcone G, Arrigoni C, Dellafiore F, Gallucci F, Milani V, Boveri S, Caruso R. A

systematic review and meta-analysis on the association between Hand-foot 

syndrome (HFS) and cancer chemotherapy efficacy. Clin Ter 2019;170:e388–
95. doi: 10.7417/CT.2019.2165 . 

25] Zielinski C, Lang I, Beslija S, Kahan Z, Inbar MJ, Stemmer SM, Brodowicz T. Pre-
dictive role of hand–foot syndrome in patients receiving first-line capecitabine 

plus bevacizumab for HER2-negative metastatic breast cancer. Br J Cancer 
2016;114:163–70. doi: 10.1038/bjc.2015.419 . 

26] He Y, Pang Y, Su Z, Zhou Y, Wang Y, Lu Y, Jiang Y, Han X, Song L. Symptom

burden, psychological distress, and symptom management status in hospital- 
ized patients with advanced cancer: a multicenter study in China. ESMO Open

2022;7(6):100595. doi: 10.1016/j.esmoop.2022.100595 . 

https://doi.org/10.1016/j.seminoncol.2025.152335
https://doi.org/10.1007/978-0-387-73003-5_48
https://doi.org/10.4172/2155-6180.1000123
https://doi.org/10.1002/aja.1000380105
https://doi.org/10.1002/ajpa.1330090422
https://doi.org/10.4103/ijd.ijd_54_21
https://doi.org/10.1016/j.array.2020.100042
https://doi.org/10.3389/fonc.2020.586232
https://doi.org/10.1080/19393555.2023.2260818
https://doi.org/10.7759/cureus.4040
https://doi.org/10.1111/j.1365-2230.2011.04310.x
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0011
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0011
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0011
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0011
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0011
https://doi.org/10.1093/annonc/mdp278
https://doi.org/10.1016/j.medcli.2022.04.015
https://doi.org/10.1056/penalty -@M NEJMicm1409635
https://doi.org/10.1111/jdv.14045
https://doi.org/10.1016/j.eclinm.2024.102942
https://doi.org/10.1016/j.ejon.2020.101821
https://doi.org/10.7759/cureus.38301
https://doi.org/10.1186/s12885-024-12353-z
https://doi.org/10.1016/j.ejon.2014.05.002
https://doi.org/10.3389/fpsyg.2022.973640
https://doi.org/10.1002/pon.5760
https://doi.org/10.3332/ecancer.2022.1390
https://doi.org/10.7417/CT.2019.2165
https://doi.org/10.1038/bjc.2015.419
https://doi.org/10.1016/j.esmoop.2022.100595


S. Belloni, A. Magon and R. de Sanctis et al. / Seminars in Oncology 52 (2025) 41–54 53 

 

 

[  

 

 

[  

 

[  

 

 

[  

 

 

 

[

 

[  

 

 

[  

 

[  

[  

 

 

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

 

 

[  

 

 

[  

[  

 

 

 

[  

 

[  

 

[  

 

[  

[  

 

 

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

[  

 

[  

 

 

 

 

 

 

[  

 

[  

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

[  

 

[  

 

[  

 

 

[27] Dowling M, Efstathiou N, Drury A, Semple C, Fernández-Ortega P,
Dieperink KB. Cancer nursing research priorities: a rapid review. Eur J

Oncol Nursing 2023;63:102272. doi: 10.1016/j.ejon.2023.102272 . 
28] Caruso R, Conte G, Arcidiacono MA, Caponetti S, Cremona G, Dabbene M,

Magon A. Shaping the future research agenda of Cancer Nursing in Italy: in-
sights and strategic directions. J Cancer Policy 2024;42:100505. doi: 10.1016/j.

jcpo.2024.100505 . 
29] Hosseini MS, Jahanshahlou F, Akbarzadeh MA, Zarei M, Vaez-Gharamaleki Y.

Formulating research questions for evidence-based studies. J Med Surg Public

Health 2024;2:10 0 046. doi: 10.1016/j.glmedi.2023.10 0 046 . 
30] Whittemore R, Knafl K. The integrative review: updated methodology. J Adv

Nurs 2005;52:546–53. doi: 10.1111/j.1365-2648.2005.03621.x . 
[31] Moher D, Liberati A, Tetzlaff J, Altman DGPRISMA Group. Preferred reporting

items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
medicine 20 09;6:e10 0 0 097. doi: 10.1371/journal.pmed.10 0 0 097 . 

32] Page Matthew J, McKenzie Joanne E, Bossuyt Patrick M. The PRISMA 2020

statement: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71. doi: 10.1136/bmj.n71 . 

[33] Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, edi-
tors. Cochrane Handbook for Systematic Reviews of Interventions version 6.5;

August 2024. updatedCochrane, 2024. Available from www.training.cochrane. 
org/handbook . 

34] National Library of Medicine, Adermatoglyphia: https://medlineplus.gov/ 

genetics/condition/adermatoglyphia/ . Access date: November 11, 2024. 
[35] Jenkins M. Evaluation of methodological search filters—a review. Health Info

Libr J 2004;21:148–63. doi: 10.1111/j.1471-1842.20 04.0 0511.x . 
36] National Library of Medicine, Topic-specific PubMed queries. 2024. https://

www.nlm.nih.gov/psd/special_queries.html . Access date: August 20, 2014. 
[37] Haddaway NR, Collins AM, Coughlin D, Kirk S. The role of Google Scholar in

evidence reviews and its applicability to grey literature searching. PLOS ONE

2015;10(9):e0138237. doi: 10.1371/journal.pone.0138237 . 
38] Li Tianjing, Higgins Julian PT, Deeks Jonathan J. Chapter 5: Collecting data.

Cochrane handbook for systematic reviews of interventions version 6.4; 2023.
Available at: https://training.cochrane.org/handbook/current/chapter-05 Ac- 

cess date: September 10, 2024 . 
39] Lisy K, Porritt K. Narrative synthesis: considerations and challenges. JBI Evid

Implement 2016;14:201. doi: 10.1097/01.XEB.0 0 0 0511348.97198.8c . 

40] Wells GA, Shea B, O’connell D, Peterson J, Welch V, Losos M, Tugwell P.
The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised

studies in meta-analyses. Clinical Epidemiology 2014. Available from: https:
//www.ohri.ca/programs/clinical_epidemiology/oxford.asp Access date: Octo- 

ber 10, 2024 . 
[41] Machado V , Botelho J , Lopes J , Patrão M , Alves R , Chambrone L , Mendes JJ .

Periodontitis impact in interleukin-6 serum levels in solid organ transplanted

patients: A systematic review and meta-analysis. Diagnostics 2020;10(4):184 . 
42] Gagnier JJ , Kienle G , Altman DG , Moher D , Sox H , Riley D CARE Group.

The CARE Guidelines: Consensus-Based Clinical Case Reporting Guideline
Development. Headache: The Journal of Head and Face Pain 2013;53(10):

1541–1547 . 
43] Swofford HJ, Schenck RA. Capecitabine-induced hand and foot syndrome and

the reproducibility of friction skin. Acad Forens Pathol 2011;1:365–71. doi: 10.
23907/2011.051 . 

44] van Doorn L, Veelenturf S, Binkhorst L, Bins S, Mathijssen R. Capecitabine and

the risk of fingerprint loss. JAMA Oncol 2017;3:122–3. doi: 10.1001/jamaoncol.
2016.2638 . 

45] M Lowe, A comprehensive study of the effects of chemotherapy on fric-
tion ridge detail, 2016. https://aquila.usm.edu/honors_theses/395 . Access date:

September 15 2024. 
46] Xie L, Feng Y, Sun J. Fingerprint loss during combination therapy using os-

imertinib and anlotinib: a case report. J Clin Pharm Ther 2021;47:248–50.

doi: 10.1111/jcpt.13480 . 
[47] Azadeh P, Dashti-Khavidaki S, Joybari AY, Sarbaz S, Jafari A, Yaseri M. Finger-

print changes among cancer patients treated with paclitaxel. J Cancer Res Clin
Oncol 2017;143:693–701. doi: 10.10 07/s0 0432- 016- 2314- 1 . 

48] Hartung B, Thiel W, Ritz-Timme S, Häussinger D, Erhardt A. Hand-foot syn-
drome induced changes of the palmar epidermal ridge configurations during

and after treatment with capecitabine. Legal Med 2020;45:101710. doi: 10.

1016/j.legalmed.2020.101710 . 
49] Joybari AY, et al. Capecitabine induced fingerprint changes. J Clin Pharm Ther

2019;44:780–7. doi: 10.1111/jcpt.13003 . 
50] Al-Ahwal MS. Chemotherapy and fingerprint loss: beyond cosmetic. Oncologist

2012;17:291–3. doi: 10.1634/theoncologist.2011-0243 . 
[51] Cohen PR. Capecitabine-associated loss of fingerprints: report of capecitabine-

induced adermatoglyphia in two women with breast cancer and review of ac-

quired dermatoglyphic absence in oncology patients treated with Capecitabine.
Cureus 2017;9:e969. doi: 10.7759/cureus.969 . 

52] Dawood T, Zahir MN, Afzal M, Rashid YA. Capecitabine-associated loss of fin-
gerprints: a case report of a 62-year-old man with colorectal cancer suf-

fering from Capecitabine-induced adermatoglyphia. Cureus 2021;13:e15519. 
doi: 10.7759/cureus.15519 . 

53] Deneken-Hernandez Z, Cherem-Kibrit M, Gutiérrez-Andrade L, Rodríguez-

Gutiérrez G, Colmenero-Mercado JO. Capecitabine induced fingerprint loss:
case report and review of the literature. J Oncol Pharm Pract 2022;28(2):495–

9. doi: 10.1177/10781552211045009 . 
54] Negri FV, De Giorgi A, Bozzetti C, Squadrilli A, Petronini PG, Leonardi F. Fin-
gerprint change: not visible, but tangible. J Forensic Sci 2017;62(5):1372–3.

doi: 10.1111/1556-4029.13422 . 
55] Rovere RK, De Lima AS. Forbidden to drive -a new chemotherapy side effect.

Klin Onkol 2015;28:370–2. doi: 10.14735/amko2015370 . 
56] Zhao J, Zhang X, Cui X, Wang D, Zhang B, Ban L. Loss of fingerprints as a

side effect of capecitabine therapy: case report and literature review. Oncol
Res 2020;28:103–6. doi: 10.3727/096504019X15605078731913 . 

[57] CHRASTINA, Jan. “Case Study or Case Report in Educational Research?” (Key

Differences in the Two Formats Illustrated with an Example of Duchenne Mus-
cular Dystrophy). Proceedings of IAC in Vienna 2022;171. 

58] Trimbur MC, Vanjani R, Thigpen A, D’Andrea L, Haberek M, Andrade J. Improv-
ing quality of life for patients with cancer and legal involvement: integrat-

ing medical-legal partnerships. J Pain Symptom Manage 2024;67(5):e534–5. 
doi: 10.1016/j.jpainsymman.2024.02.311 . 

59] Jackson D, Daly J, Saltman DC. Aggregating case reports: a way for the future of

evidence-based health care? Clin Case Rep 2014;2(2):23–4. doi: 10.1002/ccr3.
58 . 

60] Nissen T, Wynn R. The clinical case report: a review of its merits and limita-
tions. BMC Res Notes 2014;7:264. doi: 10.1186/1756- 0500- 7- 264 . 

[61] Nakamura T, Igarashi H, Ito T, Jensen RT. Important of case-reports/series, in
rare diseases: using neuroendocrine tumors as an example. World J Clin Cases

2014;2(11):608–13. doi: 10.12998/wjcc.v2.i11.608 . 

62] Bollinger MK, Agnew AS, Mascara GP. Osimertinib: a third-generation tyrosine
kinase inhibitor for treatment of epidermal growth factor receptor-mutated

non-small cell lung cancer with the acquired Thr790Met mutation. J Oncol
Pharm Pract 2018;24(5):379–88. doi: 10.1177/1078155217712401 . 

63] Pastore S, Mascia F, Mariani V, Girolomoni G. The epidermal growth fac-
tor receptor system in skin repair and inflammation. J Invest Dermatol

2008;128(6):1365–74. doi: 10.1038/sj.jid.5701184 . 

64] Madison KC. Barrier function of the skin: “la raison d’être” of the epidermis. J
Invest Dermatol 2003;121:231–41. doi: 10.1046/j.1523-1747.2003.12359.x . 

65] Li Y, Fu R, Jiang T, Duan D, Wu Y, Li C. Mechanism of lethal skin toxicities
induced by epidermal growth factor receptor inhibitors and related treatment

strategies. Front Oncol 2022;12:804212. doi: 10.3389/fonc.2022.804212 . 
66] ClinicalTrial.gov, A multi-center, one-arm, Phase II trial of Anlotinib com-

bined with Osimertinib as the second-line treatment in stage IIIb-IV NSCLC

with confirmed EGFRm and T790M., clinicaltrials.gov, Clinical trial registra-
tion NCT04029350. 2019. Access date: november 19, 2024. Available at: https:

//clinicaltrials.gov/study/NCT04029350 . 
[67] Van Cutsem E, Hoff P M, Harper P, Bukowski R M, Cunningham D. Oral

capecitabine vs intravenous 5-fluorouracil and leucovorin: integrated efficacy
data and novel analyses from two large, randomised, phase III trials. Br J Can-

cer 2004;90:1190–7. doi: 10.1038/sj.bjc.6601676 . 

68] Miwa M, Ura M, Nishida M, Sawada N, Ishikawa T. Design of a novel oral flu-
oropyrimidine carbamate, capecitabine, which generates 5-fluorouracil selec- 

tively in tumours by enzymes concentrated in human liver and cancer tissue.
Eur J Cancer 1998;34:1274–81. doi: 10.1016/s0959-8049(98)0 0 058-6 . 

69] Schwartz PM, Barnett SK, Reuveni H. Thymidine salvage changes with differ-
entiation in human keratinocytes in vitro. J Invest Dermatol 1991;97:1057–60.

doi: 10.1111/1523-1747.ep12492583 . 
[70] Asgari MM, Haggerty JG, McNiff JM, Milstone LM, Schwartz PM. Expression

and localization of thymidine phosphorylase/platelet-derived endothelial cell 

growth factor in skin and cutaneous tumors. J Cutan Pathol 1999;26:287–94.
doi: 10.1111/j.1600-0560.1999.tb01846.x . 

[71] Milano G, Etienne-Grimaldi MC, Mari M, Lassalle S, Formento JL, Francoual M.
Candidate mechanisms for capecitabine-related hand–foot syndrome. Br J Clin

Pharmacol 2008;66:88–95. doi: 10.1111/j.1365-2125.2008.03159.x . 
[72] Halprin KM. Epidermal “turnover time”—a re-examination. Br J Dermatol

1972;86:14–19. doi: 10.1111/j.1365-2133.1972.tb01886.x . 

[73] Pastar I, Stojadinovic O, Yin NC, Ramirez H, Nusbaum AG, Sawaya A. Epithe-
lialization in wound healing: a comprehensive review. Adv Wound Care (New

Rochelle) 2014;3:445–64. doi: 10.1089/wound.2013.0473 . 
[74] Barrientos S, Stojadinovic O, Golinko MS, Brem H, Tomic-Canic M. Growth fac-

tors and cytokines in wound healing. Wound Repair Regen 2008;16:585–601.
doi: 10.1111/j.1524-475X.20 08.0 0410.x . 

75] Sivamani K Raja, Garcia MS, Isseroff RR. Wound re-epithelialization: modulat-

ing keratinocyte migration in wound healing. Front Biosci 2007;12:2849–68.
doi: 10.2741/2277 . 

[76] Werner S, Grose R. Regulation of wound healing by growth factors and cy-
tokines. Physiol Rev 2003;83:835–70. doi: 10.1152/physrev.2003.83.3.835 . 

[77] Imano H, Kato R, Ijiri Y, Hayashi T. Activation of inflammasomes by tyro-
sine kinase inhibitors of vascular endothelial growth factor receptor: impli-

cations for VEGFR TKIs-induced immune related adverse events. Toxicol Vitro

2021;71:105063. doi: 10.1016/j.tiv.2020.105063 . 
78] Schmidinger M. Understanding and managing toxicities of vascular endothelial

growth factor (VEGF) inhibitors. EJC Suppl 2013;11:172. doi: 10.1016/j.ejcsup.
2013.07.016 . 

79] Sharma A, Sharma U, Jagannathan NR, Ray R, Rajeswari MR. Effect of doxoru-
bicin on squamous cell carcinoma of skin: assessment by MRI relaxometry at

4.7T. Cancer Invest 2019;37:339–54. doi: 10.1080/07357907.2019.1651327 . 

80] Akhter MZ, Sharma A, Rajeswari MR. Interaction of adriamycin with a pro-
moter region of hmga1 and its inhibitory effect on HMGA1 expression in

A431 human squamous carcinoma cell line. Mol Biosyst 2011;7:1336–46.
doi: 10.1039/c0mb00247j . 

https://doi.org/10.1016/j.ejon.2023.102272
https://doi.org/10.1016/j.jcpo.2024.100505
https://doi.org/10.1016/j.glmedi.2023.100046
https://doi.org/10.1111/j.1365-2648.2005.03621.x
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/bmj.n71
http://www.training.cochrane.org/handbook
https://medlineplus.gov/genetics/condition/adermatoglyphia/
https://doi.org/10.1111/j.1471-1842.2004.00511.x
https://www.nlm.nih.gov/psd/special_queries.html
https://doi.org/10.1371/journal.pone.0138237
https://training.cochrane.org/handbook/current/chapter-05
https://doi.org/10.1097/01.XEB.0000511348.97198.8c
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0024
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0042
https://doi.org/10.23907/2011.051
https://doi.org/10.1001/jamaoncol.2016.2638
https://aquila.usm.edu/honors_theses/395
https://doi.org/10.1111/jcpt.13480
https://doi.org/10.1007/s00432-016-2314-1
https://doi.org/10.1016/j.legalmed.2020.101710
https://doi.org/10.1111/jcpt.13003
https://doi.org/10.1634/theoncologist.2011-0243
https://doi.org/10.7759/cureus.969
https://doi.org/10.7759/cureus.15519
https://doi.org/10.1177/10781552211045009
https://doi.org/10.1111/1556-4029.13422
https://doi.org/10.14735/amko2015370
https://doi.org/10.3727/096504019X15605078731913
https://doi.org/10.1016/j.jpainsymman.2024.02.311
https://doi.org/10.1002/ccr3.58
https://doi.org/10.1186/1756-0500-7-264
https://doi.org/10.12998/wjcc.v2.i11.608
https://doi.org/10.1177/1078155217712401
https://doi.org/10.1038/sj.jid.5701184
https://doi.org/10.1046/j.1523-1747.2003.12359.x
https://doi.org/10.3389/fonc.2022.804212
https://clinicaltrials.gov/study/NCT04029350
https://doi.org/10.1038/sj.bjc.6601676
https://doi.org/10.1016/s0959-8049(98)00058-6
https://doi.org/10.1111/1523-1747.ep12492583
https://doi.org/10.1111/j.1600-0560.1999.tb01846.x
https://doi.org/10.1111/j.1365-2125.2008.03159.x
https://doi.org/10.1111/j.1365-2133.1972.tb01886.x
https://doi.org/10.1089/wound.2013.0473
https://doi.org/10.1111/j.1524-475X.2008.00410.x
https://doi.org/10.2741/2277
https://doi.org/10.1152/physrev.2003.83.3.835
https://doi.org/10.1016/j.tiv.2020.105063
https://doi.org/10.1016/j.ejcsup.2013.07.016
https://doi.org/10.1080/07357907.2019.1651327
https://doi.org/10.1039/c0mb00247j


54 S. Belloni, A. Magon and R. de Sanctis et al. / Seminars in Oncology 52 (2025) 41–54 

[  

[  

[  

[  

[  

[  
81] Swift LP, Rephaeli A, Nudelman A, Phillips DR, Cutts SM. Doxorubicin-DNA
adducts induce a non-topoisomerase II–mediated form of cell death. Cancer 

Res 2006;66:4863–71. doi: 10.1158/0008- 5472.CAN- 05- 3410 . 
82] Button KS, et al. Power failure: why small sample size undermines the re-

liability of neuroscience. Nat Rev Neurosci 2013;14:365–76. doi: 10.1038/ 
nrn3475 . 

83] Pourhoseingholi MA , Baghestani AR , Vahedi M . How to control confound-
ing effects by statistical analysis. Gastroenterol Hepatol Bed Bench 2012;5: 

79 . 
84] Sergeant A, McPhee N, Holme SA. Acquired loss of fingerprints: do topical
corticosteroids play an aetiological role? Clin Exp Dermatol 2012;37:679–80. 

doi: 10.1111/j.1365-2230.2011.04307.x . 
85] Drahansky M, Dolezel M, Urbanek J, Brezinova E, Kim T. Influence of skin

diseases on fingerprint recognition. J Biomed Biotechnol 2012;2012:626148. 
doi: 10.1155/2012/626148 . 

86] Lee CK, Chang CC, Johar A, Puwira O, Roshidah B. Fingerprint changes and
verification failure among patients with hand dermatitis. JAMA Dermatol 

2013;149:295–9. doi: 10.1001/jamadermatol.2013.1425 . 

https://doi.org/10.1158/0008-5472.CAN-05-3410
https://doi.org/10.1038/penalty -@M nrn3475
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0083
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0083
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0083
http://refhub.elsevier.com/S0093-7754(25)00004-1/sbref0083
https://doi.org/10.1111/j.1365-2230.2011.04307.x
https://doi.org/10.1155/2012/626148
https://doi.org/10.1001/jamadermatol.2013.1425

	Fingerprint change as a consequence of anticancer treatments: A systematic integrative review
	Introduction
	Methods
	Study design
	Definition of the outcome and condition to be examined
	Eligibility criteria
	Search strategy and sources
	Articles selection
	Data extraction
	Data synthesis
	Quality appraisal

	Results
	Cohort studies: Characteristics of studies
	Cohort studies: Outcome evaluation
	Case reports: Characteristics and findings
	Quality appraisal

	Discussion
	What we know from the case reports
	What we know from experimental studies
	Limitations of included studies
	Limitations

	Conclusions
	Practical implications

	IRB approval
	Informed consent statement
	Declaration of generative artificial intelligence (AI)
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


