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Background: The incidence of cutaneous squamous cell carcinoma (SCC) in patients with chronic
lymphocytic leukemia (CLL) is significantly higher compared with age- and sex-matched controls.
Objective: To evaluate the association of factors associated with SCC risk.
Methods: Clinical CLL and SCC data were obtained from Mayo Clinic CLL Resource and self-reported
questionnaires among patients with newly diagnosed CLL. We computed the CLL International Prognostic
Index (CLL-IPI) from CLL prognostic factors, and a polygenic risk score from SCC susceptibility variants. We
used Cox regression to estimate hazard ratios (HRs) and 95% confidence intervals (CIs).
Results: Among 1269 patients with CLL, the median follow-up was 7 years, and SCC subsequently
developed in 124 patients. Significant associations with SCC risk were history of skin cancer (HR=4.80; 95%
CI: 3.37-6.83), CLL-IPI (HR=1.42; 95% CI: 1.13-1.80), and polygenic risk score (HR=2.58; 95% CI: 1.50-4.43).
In a multivariable model, these factors were independent predictors (C statistic = 0.69; 95% CI: 0.62-0.76).
T-cell immunosuppressive treatments were also associated with SCC risk (HR=2.29; 95% CI: 1.47-3.55;
adjusted for age, sex, and prior SCC).
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Limitations: The sample size decreases when combining all risk factors in a single model.
Conclusion: SCC risk includes history of skin cancer, an aggressive disease at time of CLL diagnosis,
receiving T-cell immunosuppressive treatments, and high polygenic risk score. Future studies should
develop prediction models that include these factors to improved screening guidelines. ( J Am Acad
Dermatol 2020;83:1581-9.)

Key words: chronic lymphocytic leukemia; cutaneous squamous cell carcinoma.
CAPSULE SUMMARY

d Squamous cell carcinoma risk among
patients with chronic lymphocytic
leukemia was associated with squamous
cell carcinoma-specific risk factors:
history of skin cancer and squamous cell
carcinoma polygenic risk score; and
chronic lymphocytic leukemia
prognostic factors: international
prognostic index, and T-cell
immunosuppressive treatments.

d These factors predict squamous cell
carcinoma risk among patients with
chronic lymphocytic leukemia and may
improve screening guidelines.
Chronic lymphocytic leu-
kemia (CLL) is a B-cell
lymphoproliferative disorder
and the most prevalent adult
leukemia in the Western
world.1,2 Nonmelanoma skin
cancer (NMSC) is the most
common group of malignant
neoplasms in White-skinned
population and practically
refers to keratinocyte carci-
nomas, such as basal cell
carcinoma (BCC) and
squamous cell carcinoma
(SCC), where they account
for 99% of the tumors in this
group.3-5

The risk of NMSC is
increased in immunosup-
pressed conditions, such as

in patients with a history of a solid organ transplant,
autoimmune disorders, HIV infection, and non-
Hodgkin lymphoma, including CLL.6-10 CLL-
associated NMSC is a common phenomenon that
has been described for decades in the literature.11-13

The incidence of skin cancers in patients with CLL is
significantly higher compared with age- and sex-
matched controls, with an 8-fold increased risk.11,14

Moreover, NMSCs are the most common secondary
cancers in patients who are survivors of CLL.9,15

CLL treatments, such as chemotherapeutic regi-
mens and radiations, can be mutagenic and may
increase the risk of NMSC; however, conflicting data
make this hypothesis controversial.10,16

In recent years, genome-wide association studies
have identified single nucleotide polymorphisms
(SNPs) that are associated with BCC and SCC.17-19

We recently reported an association between the
genetic burden for risk of NMSC and CLL, high-
lighting the pleiotropic effect of genes in the path-
ogenesis of these cancers and suggesting that they
have a partially shared genetic etiology.20

Although almost all SCC are cured with surgery,
nodal metastasis develops in a subset of approxi-
mately 2% to 5%,21-23 and it is estimated that 4000 to
8000 patients die of SCC in the United States each
year.24 Moreover, patients
with CLL who develop SCC
are more likely to experience
locally aggressive SCC dis-
ease or metastatic SCC dis-
ease compared with those
without CLL.25,26 A recent
study of 18,407 patients with
CLL found the relative risks
of in situ and invasive SCC
were 24.6 and 7.6, respec-
tively, which were the largest
relative risks observed
compared with those from
other secondary cancers.27

The etiology of SCC risk
among patients with CLL is
not well established. Herein,
we evaluate factors associ-
ated with the risk of SCC
among patients with CLL, including CLL-specific
factors (ie, clinical characteristics, prognostic CLL
biomarkers, and CLL treatment), as well as known
SCC factors (ie, genetic risk score of inherited SCC
susceptibility SNPs, prior history of skin cancer, age,
and sex).

METHODS
Study population

Patients with newly diagnosed CLL (defined here
as consented #9 months from diagnosis) from 2002
to 2015, age 18 years or older, and no prior history
of lymphoma were enrolled and systematically
monitored by the Mayo Clinic/University of Iowa
Lymphoma Specialized Program of Research
Excellence. The Mayo Clinic Institutional Review
Board approved the cohort protocol, and all partic-
ipants provided written informed consent.

CLL clinical and prognostic data
Clinical and prognostic CLL data were obtained

from the Mayo Clinic CLL Resource. We computed
the CLL International Prognostic Index (CLL-IPI)
for each patient using a weighted average of 5
independent CLL prognostic factors: IGHV muta-
tional status, serum b2-microglobulin, Rai stage, age



Table I. Clinical characteristics of patients with
chronic lymphocytic leukemia (CLL)

Characteristics Total (N = 1269)

Age at CLL diagnosis, median (range), y 63 (24-91)
Male sex, No. (%) 858 (68)
Rai stage, No. (%)
0 676 (54)
I/II 511 (41)
III/IV 71 (6)
Missing 11

Serum b2-microglobulin, median
(range), �g/mL

2.4 (0.2-16.2)

Missing, No. 206
IGHV mutation status, No. (%)
Unmutated 486 (45)
Mutated 602 (55)
Missing 181

FISH: Del 17p-positive or TP53
mutation, No. (%)

60 (6)

Missing 202
CLL-IPI risk score, No. (%)
0-1: low risk 403 (44)
2-3: intermediate 307 (34)
4-6: high 164 (18)
7-10: very-high 39 (4)
Missing 356

IPI, International Prognostic Index; FISH, fluorescence in situ

hybridization; No., number; SCC squamous cell carcinoma.

Abbreviations used:

BCC: basal cell carcinoma
CI: confidence interval
CLL: chronic lymphocytic leukemia
HR: hazard ratio
IPI: International Prognostic Index
NMSC: nonmelanoma skin cancer
PRS: polygenic risk score
SCC: squamous cell carcinoma
SNP: single nucleotide polymorphism
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at CLL diagnosis and fluorescence in situ hybridiza-
tion 17p deletion/TP53 status.28 As previously done,
we then categorized the CLL-IPI into 4 risk groups:
low, intermediate, high, and very high risk.28

CLL treatment regimens were collected and clas-
sified as positive if a patient received T-cell immu-
nosuppressive treatments that we designated as
purine analogue-, alemtuzumab-, or bendamustine-
based treatments, or a combination of these. All
other therapies that did not contain purine analogues
were combined into an ‘‘other’’ category.

Data on newly diagnosed SCCs were abstracted
from medical records, including date and diagnosis
of other skin cancer subtypes, such as BCC, Merkel
cell carcinoma, other NMSC, and melanoma. Prior
history of any skin cancers before CLL diagnosis was
ascertained from patient-reported questionnaires
completed at the time of consent.
Genetic data
Patients with CLL were genotyped using the

Illumina OmniExpress (Illumina, Inc, San Diego,
CA) or Affymetrix 6.0 (Affymetrix/Thermo Fisher
Scientific, Santa Clara, CA) arrarys.29,30 Each geno-
typing array underwent rigorous quality control
metrics, as previously done.29,30 We computed the
SCC polygenic risk score (SCC-PRS) for the 545
patients with CLL with available genetic data. The
PRS is a weighted average of the number of risk
alleles across the SNPs that have been validated to be
associated with SCC. The weights for each SNP were
the log of the odds ratio reported from prior
studies,19 and 9 SNPs were available for calculating
the PRS for analysis (Supplemental Table I, available
via Mendeley at https://doi.org/10.17632/3r4sdppf
59.2).
Statistical analysis
We calculated time from the date of the CLL

diagnosis to the date of the first SCC event or the
last date of follow-up. Survival curves presenting the
incidence of first SCC after the CLL diagnosis were
calculated using the Kaplan-Meier method, and the
log-rank test was used to test statistical differences.
Cox regression analysis was used for multivariate
analyses and to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs). SCC risk factors included
sex, history of skin cancer before the CLL diagnosis,
and SCC-PRS, both as a continuous variable per
SD and as a categorical variable by tertiles, using the
first tertile as the reference category. CLL factors
included age at CLL diagnosis, CLL-IPI as a contin-
uous variable per category and as a categorical
variable, and CLL treatment. Specifically for CLL
treatment, we evaluated its effect on the risk of SCC
by modeling treatment as a time-dependent covari-
ate, both in a univariate and a multivariate analysis
adjusted for age, sex, and prior history of SCC. We
did not include CLL-IPI in this model because CLL-IPI
and treatment are highly correlated. In a sensitivity
analysis, we censored cases at the date of onset of
CLL treatment regimens to remove the effect of
treatment in the risk of SCC. Descriptions of the
available data for each factor evaluated in our
models are presented in Supplemental Fig 1.

To evaluate model discriminatory ability, we
computed a C statistic and 95% CIs31 for the
adjusted Cox regression models. The C statistic is
equivalent to the area under the receiver operating

https://doi.org/10.17632/3r4sdppf59.2
https://doi.org/10.17632/3r4sdppf59.2


Fig 1. Kaplan-Meier survival curves indicate the time to the first squamous cell carcinoma
(SCC ) after the chronic lymphocytic leukemia (CLL) diagnosis. (A) Incidence of SCC among
patients with CLL. (B) Incidence of SCC by male (red ) and female ( green) sex. (C) Incidence of
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characteristic curve and is the probability that the
measure or predicted risk is higher for a patient
who experienced the outcome of interest (in our
case, SCC) and a patient who did not.32 A C
statistic = 0.5 is equivalent to chance, C statistic
[0.7 is considered a good discrimination, C statistic
[0.8 is a strong discrimination, and a C statistic = 1
indicates perfect discrimination.33

RESULTS
Among 1269 patients with CLL, the median age at

diagnosis was 63 years (range, 24-91 years), all were
White, 68% were men, and 6% had Rai stage III to IV
at diagnosis. The median follow-up time was 7 years.
As assessed by the CLL-IPI, 44% were low risk, 34%
intermediate risk, 18% high risk, and 4% very high
risk CLL at diagnosis (Table I). The median SCC-PRS
was 1.47 (range, 0.24-3.03). There were 162 patients
(13%) with a history of any skin cancer before the
CLL diagnosis, and 61 patients (4.8%) had SCC before
CLL diagnosis. A total of 124 patients had $1 SCCs
after the CLL diagnosis (Fig 1, A; Table II), which
correlates to an 8.7% incidence rate at 5 years for
developing SCC after the CLL diagnosis, and 19 of
these patients also had SCC before their CLL diag-
nosis. Among patients treated for CLL, 313 received
T-cell immunosuppressive treatments before the
SCC diagnosis or at the last follow-up.

In univariate analyses, significant associations of
clinical and prognostic characteristics with risk of
SCC among patients with CLL were observed for
each 10-year increase in age (HR=1.62; 95% CI: 1.36-
1.92), male sex (HR=1.67; 95% CI: 1.10-2.54) (Fig 1,
B; Table III), prior history of any skin cancer
(HR=4.80; 95% CI: 3.37-6.83) (Fig 1, C; Table III),
and increased CLL-IPI per category (HR=1.42; 95%
CI: 1.13-1.80) (Fig 1, D; Table III).

We plotted the Kaplan-Meier survival curve ac-
cording to 3 CLL-IPI risk groups (low, intermediate,
and high to very high risk) among those with and
without history of any skin cancer before the CLL
diagnosis (Fig 1, E ) and observed significant differ-
ences (P = 5.73 10�13). Those with a prior history of
skin cancer (regardless of CLL-IPI category) had a
higher risk of developing SCC than those without a
prior history of skin cancer. Specifically, the 3-year
SCC by history of any skin cancer before the
Incidence of SCC by CLL international prognostic
diate risk (blue), high to very-high risk (red ). (E) In
before the CLL diagnosis and CLL-IPI stratified b
line), intermediate-risk CLL-IPI (solid blue line), hi
low-risk CLL-IPI with prior history of any skin ca
CLL-IPI with prior history of any skin cancer (dash
with prior history of any skin cancer (dashed red l
score tertiles: Tertile 1 (green), Tetile 2 (blue), Ter
incidence of SCC among those with high to very-high
CLL-IPI and no prior history of skin cancer was 6%.
This 3-year rate increased to 13% among the lowCLL-
IPI with prior skin cancer, to 20% among those with
intermediate CLL-IPI with prior skin cancer, and to
17% among those with high to very high CLL-IPI with
prior skin cancer (Fig 1, E ).

When we included CLL-IPI, sex, and prior history
of any skin cancer in a multivariable model (age not
included because it is part of the CLL-IPI), these
factors were still statistically significant and indepen-
dent, with an observed C statistic = 0.69 (95% CI:
0.62-0.76) (Table III).

In a univariate analysis, SCC-PRS was also associ-
ated with risk of SCC among patients with CLL (PRS
per SD HR=2.58; 95% CI: 1.50-4.43) (Table III; Fig 1,
F ). When we included SCC-PRS, sex, prior history of
any skin cancer, and CLL-IPI in amultivariable model
among 378 patients with CLL who had all 4 compo-
nents, these factors were still statistically significant
and independent with a C statistic = 0.75 (95% CI:
0.68-0.81) (Table III).

Types of first-line CLL treatments are described in
Supplemental Table II. In a univariate model, we
observed an association between T-cell immuno-
suppressive treatments with the risk of SCC after the
CLL diagnosis (HR=2.04; 95% CI: 1.31-3.18). This
association was slightly stronger in a multivariable
analysis after adjusting for age, sex, and prior history
of SCC (HR=2.29; 95% CI: 1.47-3.55), with a C
statistic = 0.69 (95% CI: 0.63-0.74) (Table IV). In
sensitivity analyses, when censoring cases at date of
treatment, we found that age, male sex, CLL-IPI, prior
history of any skin cancer, and PRS were still
associated with risk of SCC, both in univariate and
multivariable models, and the results remained
consistent (results not shown).

DISCUSSION
It is well established that patients with CLL have a

higher risk of developing skin cancer, yet, few
studies have investigated whether CLL factors are
associated with this risk. In our large cohort of
patients with newly diagnosed CLL, we found the
5-year incidence rate of SCC was 8.7%, and with
these events, having a prior history of any skin
CLL diagnosis: yes (red ), no ( green). (D)
index (CLL-IPI ): low risk ( green), interme-
cidence of SCC by history of any skin cancer
y 6 categories: low-risk CLL-IPI (solid green
gh- to very high-risk CLL-IPI (solid red line),
ncer (dashed green line), intermediate-risk
ed blue line), high- to very high-risk CLL-IPI
ine). (F) Incidence of SCC by polygenic risk
tile 3 (red).



Table III. Factors associated with squamous cell carcinoma risk after the chronic lymphocytic leukemia (CLL)
diagnosis

Characteristics No. Event

Univariate model

Multivariable model 1

(n = 907, events = 90)

Multivariable model 2

(n = 378, events = 53)

HR 95% CI P HR 95% CI P HR 95% CI P

Age at CLL diagnosis per 10-y increase 1267 122 1.62 1.36-1.92 \.001
Male sex 1267 122 1.67 1.10-2.54 .02 1.62 0.99-2.64 .05 2.21 1.13-4.34 .02
Prior any skin cancer 1259 121 4.80 3.37-6.83 \.001 5.16 3.43-7.77 \.001 4.22 2.46-7.25 \.001
CLL-IPI* (continuous per category) 911 91 1.42 1.13-1.80 .003 1.31 1.05-1.64 .02 1.43 1.02-1.98 .04
Intermediate vs low risk 307 31 1.22 0.75-1.20 .43
High vs low risk 164 23 2.22 1.31-3.79 .003
Very-high vs low risk 39 4 2.33 0.82-6.61 .11

Polygenic risk scorey (per SD) 544 73 2.58 1.50-4.43 \.001 . . . 2.72 1.49-4.94 .001
Tertile 2 vs 1 176 24 1.63 0.86-3.06 .13
Tertile 3 vs 1 186 33 2.11 1.16-3.83 .014

C statistic (95% CI) 0.69 0.62-0.76 0.75 0.68-0.81

CI, Confidence interval; HR, hazard ratio; IPI, International Prognostic Index; No., number.

*CLL-IPI includes age; therefore we do not adjust for age in multivariable models with CLL-IPI.
yPolygenic risk score based on 9 single nucleotide polymorphisms associated with squamous cell carcinoma risk.

Table II. Clinical characteristics of skin cancers before and after the chronic lymphocytic leukemia (CLL)
diagnosis

Characteristics Overall

Only before

CLL diagnosis

Only after

CLL diagnosis

Both before

and after CLL Unknown timing

Any skin cancer, No.* 340 104 164 58 14
SCC, No. 166 42 105 19 0
Basal cell carcinoma, No. 171 59 86 21 5
Merkel cell carcinoma, No. 2 0 2 0 0
Other nonmelanoma, No. 16 2 14 0 0
Melanoma, No. 65 32 29 2 2
Unknown type, No. 36 14 15 0 7

No. of SCCs per individual*
1 skin cancer, No. 97 38 59 0 0
2 skin cancers, No. 29 3 19 7 0
[2 skin cancers, No. 40 1 27 12 0
Median (range), No. 1 (1-26) 1 (1-5) 1 (1-25) 5 (2-26) .

No., Number; SCC, squamous cell carcinoma.

*Patients with CLL can have multiple types of skin cancers.
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cancer was the strongest risk factor for developing
subsequent SCC with a ;5-fold increased risk. The
prevalence of prior skin cancers of any type was 13%
in our cohort, and in particular, the prevalence of
SCC was 4.8%. Our results support findings from a
meta-analysis of 17 studies among individuals
without CLL that a prior history of SCC increases
the risk of developing a secondary SCC.34 Moreover,
we were able to report that CLL-IPI was indepen-
dently associated with the risk of SCC. Those with an
aggressive disease at the time of CLL diagnosis had a
higher risk for SCC. These results support prior
studies demonstrating that in univariate analyses,
Rai stage,9,35 IGVH mutation status,35 and lympho-
cyte doubling time35 are associated with increased
risk of skin cancer.
Of particular interest, when combining the prior
history of any skin cancer and CLL-IPI levels with the
risk of SCC, a person in the high to very-high risk
CLL-IPI, yet no prior history of any skin cancer, had a
better outcome (ie, reduced risk of SCC) compared
with individuals with a prior history of any skin
cancer regardless of their CLL-IPI level, indicating the
importance of having a prior history of skin cancer in
determining future SCC risk.

We also found that the SCC-PRS was indepen-
dently associated with risk of incident SCC among
our cohort of patients with CLL. The PRS is a
weighted average of the number of risk alleles across
the representative SCC SNPs that have been validated
in previous studies,19 with the weights being the log
of the odds ratio reported for each SNP. The weights



Table IV. Chronic lymphocytic leukemia (CLL) treatments associated with squamous cell carcinoma risk after
CLL diagnosis

Characteristics No. Events

Univariate model Multivariable model* (n = 1259, events = 104)

HR 95% CI P HRy 95% CI P

Any T-cell immunosuppressive
treatmentsz

1261 104 2.04 1.31-3.18 .002 2.29 1.47-3.55 \.001

Any other CLL therapy 0.83 0.48-1.43 .49 0.71 0.41-1.23 .23
C statistic (95% CI) 0.69 0.63-0.74

CI, Confidence intervals; HR, hazard ratio.

*We do not adjust for the chronic lymphocytic leukemia (CLL) International Prognostic Index (CLL-IPI) because treatment and CLL-IPI are

highly correlated with each other.
yAdjusted for age, sex, and prior history of squamous cell carcinoma.
zThere were 313 patients treated with any T-cell immunosuppressive before the first squamous cell carcinoma diagnosis that occurred after

the CLL diagnosis.
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allow one to account for the effect size of each SNP
on SCC risk.

The PRS is a widely used tool in recent years to
calculate risk of different phenotypes.36 Because a
single variant is not informative for assessing disease
risk, calculating the PRS allows us to estimate a
summary score where the effect size is more
informative, with sufficient information to identify
those at ‘‘high risk.’’ It is important to note that the
frequencies of inherited genetic SNPs have signifi-
cant racial differences, and studies have shown
that predictive performance of European ancestry-
derived PRS is lower in non-European ancestry
samples.37 The PRS calculated in our study was a
weighted average of 9 known SCC susceptibility
variants found in White individuals, and these
findings complement a recent study that also calcu-
lated a SCC-PRS and found this score to be associated
with risk of SCC,38 regardless of CLL status.

In addition, another recent study calculated a
SCC-PRS in renal transplant recipients and found that
this SCC-PRS also predicted risk of developing SCC.39

Together these studies highlight the important role of
SCC germline genetics in SCC risk, regardless of the
sample population, and suggest that these genetic
sites may be important clues to the origins of such
malignancies.

We found that T-cell immunosuppressive
treatments (purine analogue-, alemtuzumab-, or
bendamustine-based, or a combination of these)
for CLL were also associated with the risk of SCC.
These findings are supportive of the findings of a
previous study that prior lymphoma treatment was
associated with development of SCC in patients
with CLL10; however, the exact treatments in that
study were not reported. A recent study also
reported a significant association between skin
cancer, including SCC, BCC, melanomas, and
Merkel cell carcinomas, and prior chemotherapy
for CLL; however, the exact treatments were also
not reported.35

Chemotherapeutic regimens can be mutagenic,
and therefore, increase the risk of secondary malig-
nancies. In addition, many of the chemotherapeutic
agents used in CLL treatment are immunosuppres-
sive and might increase the risk of development of
skin cancer in patients with CLL.40 However, there
are conflicting data regarding the association be-
tween chemotherapy for treatment of lymphoma
and the risk of secondary malignancies.41-44

Treatment effect is also difficult to assess due to the
change in treatments over time.

Finally, age and male sex were also associated
with increased risk for SCC in our study, which is
consistent with prior studies.10,35,38

The strength of this study is the large CLL cohort
combining clinical CLL characteristics, SCC genetic
data, and prior history of skin cancer data. These CLL
factors enabled us to calculate the CLL-IPI for most of
our patients. The fact that prior history of skin cancer
was a strong risk factor to predict SCC in patients
with CLL will enable clinicians to better counsel an
individual patient and his or her risk in developing
SCC.

A limitation of this study includes the small sample
size when combining all risk factors in a single
model. Only 380 patients had complete data for
sex, prior history of any skin cancer, CLL-IPI, and
PRS. However, our analysis was able to discern that
these factors were significantly and independently
associated with SCC.

Another limitation is that our cohort included
White patients only. Prior studies have found that
African Americans are more likely to have adverse
prognostic factors, shorter time to initiation of
therapy, and reduced overall survival compared
with White patients.45-47 Therefore, our results may
not be generalizable and will need further validation
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in other ethnicities, in particular, the PRS finding
which was also based on variants discovered in
White individuals, and as mentioned previously,
these variants do not perform well in prediction
across other races/ethnicities.37

CONCLUSION
Screening for SCC is important in newly diag-

nosed patients with CLL, because patients with CLL
and SCC are more likely to have more frequent and
more aggressive SCC and are at higher risk of death
caused by metastatic SCC.48 Our data suggest that
more attention to patients with CLL is particularly
relevant among patients who have a prior history of
skin cancer, which is the most important risk factor
with the largest effect size, those with aggressive CLL
according to CLL-IPI score, and those receiving T-cell
immunosuppressive treatments. In addition, the
SCC-PRS is also an important factor in assessing
risk of SCC for patients with CLL. Future studies
should develop prediction models that include both
CLL-specific and SCC-specific factors. This may lead
to improved screening and counseling guidelines for
newly diagnosed patients with CLL.

REFERENCES

1. Hallek M, Cheson BD, Catovsky D, et al. Guidelines for the

diagnosis and treatment of chronic lymphocytic leukemia: a

report from the International Workshop on Chronic Lympho-

cytic Leukemia updating the National Cancer Institute-Working

Group 1996 guidelines. Blood. 2008;111(12):5446-5456.

2. Chiorazzi N, Rai KR, Ferrarini M. Chronic lymphocytic leukemia.

N Engl J Med. 2005;352(8):804-815.

3. Apalla Z, Lallas A, Sotiriou E, Lazaridou E, Ioannides D.

Epidemiological trends in skin cancer. Dermatol Pract Concept.

2017;7(2):1-6.

4. Leiter U, Eigentler T, Garbe C. Epidemiology of skin cancer. Adv

Exp Med Biol. 2014;810:120-140.

5. Katalinic A, Kunze U, Sch€afer T. Epidemiology of cutaneous

melanoma and non-melanoma skin cancer in Schleswig-

Holstein, Germany: incidence, clinical subtypes, tumour stages

and localization (epidemiology of skin cancer). Br J Dermatol.

2003;149(6):1200-1206.

6. Brewer JD, Colegio OR, Phillips PK, et al. Incidence of and risk

factors for skin cancer after heart transplant. Arch Dermatol.

2009;145(12):1391-1396.

7. Kipps TJ. Chronic lymphocytic leukemia. Curr Opin Hematol.

2000;7(4):223-234.

8. Lanoy E, Costagliola D, Engels EA. Skin cancers associated with

HIV infection and solid-organ transplantation among elderly

adults. Int J Cancer. 2010;126(7):1724-1731.

9. Chattopadhyay S, Sud A, Zheng G, et al. Second primary

cancers in non-Hodgkin lymphoma: bidirectional analyses

suggesting role for immune dysfunction. Int J Cancer. 2018;

143(10):2449-2457.

10. Brewer JD, Shanafelt TD, Khezri F, et al. Increased incidence

and recurrence rates of nonmelanoma skin cancer in patients

with non-Hodgkin lymphoma: a Rochester Epidemiology

Project population-based study in Minnesota. J Am Acad

Dermatol. 2015;72(2):302-309.
11. Manusow D, Weinerman BH. Subsequent neoplasia in chronic

lymphocytic leukemia. JAMA. 1975;232(3):267.

12. Ben-David A, Lazarov A, Lev S, Nussbaum B. Merkel cell tumor

and chronic lymphocytic leukemiadcoincidence or a possible

association? Dermatol Online J. 2005;11(3):16.

13. Levi F, Randimbison L, Te V-C, La Vecchia C. Non-Hodgkin’s

lymphomas, chronic lymphocytic leukaemias and skin cancers.

Br J Cancer. 1996;74(11):1847-1850.

14. Greene MH, Hoover RN, Fraumeni JF. Subsequent cancer in

patients with chronic lymphocytic leukemiada possible

immunologic mechanism. J Natl Cancer Inst. 1978;61(2):337-

340.

15. Falchi L, Vitale C, Keating MJ, et al. Incidence and prognostic

impact of other cancers in a population of long-term survivors

of chronic lymphocytic leukemia. Ann Oncol. 2016;27(6):1100-

1106.

16. Rashid K, Ng R, Mastan A, Sager D, Hirschman R. Accelerated

growth of skin carcinoma following fludarabine therapy for

chronic lymphocytic leukemia. Leuk Lymphoma. 2005;46(7):

1051-1055.

17. Stacey SN, Gudbjartsson DF, Sulem P, et al. Common variants

on 1p36 and 1q42 are associated with cutaneous basal cell

carcinoma but not with melanoma or pigmentation traits. Nat

Genet. 2008;40(11):1313-1318.

18. Chahal HS, Wu W, Ransohoff KJ, et al. Genome-wide associ-

ation study identifies 14 novel risk alleles associated with basal

cell carcinoma. Nat Commun. 2016;7:12510.

19. Chahal HS, Lin Y, Ransohoff KJ, et al. Genome-wide association

study identifies novel susceptibility loci for cutaneous squa-

mous cell carcinoma. Nat Commun. 2016;7:12048.

20. Besson C, Moore A, Wu W, et al. Common genetic poly-

morphisms contribute to the association between non-

melanoma skin cancer and chronic lymphocytic leukemia.

Blood. 2017;130(Suppl 1).

21. Brantsch KD, Meisner C, Sch€onfisch B, et al. Analysis of risk

factors determining prognosis of cutaneous squamous-cell

carcinoma: a prospective study. Lancet Oncol. 2008;9(8):713-

720.

22. Moore BA, Weber RS, Prieto V, et al. Lymph node metastases

from cutaneous squamous cell carcinoma of the head and

neck. Laryngoscope. 2005;115(9):1561-1567.

23. Brougham NDLS, Dennett ER, Cameron R, Tan ST. The

incidence of metastasis from cutaneous squamous cell carci-

noma and the impact of its risk factors. J Surg Oncol. 2012;

106(7):811-815.

24. Karia PS, Han J, Schmults CD. Cutaneous squamous cell

carcinoma: estimated incidence of disease, nodal metastasis,

and deaths from disease in the United States, 2012. J Am Acad

Dermatol. 2013;68(6):957-966.

25. Onajin O, Brewer JD. Skin cancer in patients with chronic

lymphocytic leukemia and non-Hodgkin lymphoma. Clin Adv

Hematol Oncol. 2012;10(9):571-576.

26. Brewer JD, Shanafelt TD, Otley CC, et al. Chronic lymphocytic

leukemia is associated with decreased survival of patients

with malignant melanoma and Merkel cell carcinoma in a

SEER population-based study. J Clin Oncol. 2012;30(8):843-

849.

27. Zheng G, Chattopadhyay S, Sud A, et al. Second primary

cancers in patients with acute lymphoblastic, chronic lym-

phocytic and hairy cell leukaemia. Br J Haematol. 2019;185(2):

232-239.

28. International CLL-IPI working group. An international prog-

nostic index for patients with chronic lymphocytic leukaemia

(CLL-IPI): a meta-analysis of individual patient data. Lancet

Oncol. 2016;17(6):779-790.

http://refhub.elsevier.com/S0190-9622(20)32196-4/sref1
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref1
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref1
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref1
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref1
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref2
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref2
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref3
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref3
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref3
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref4
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref4
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref5
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref5
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref5
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref5
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref5
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref5
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref6
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref6
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref6
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref7
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref7
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref8
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref8
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref8
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref9
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref9
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref9
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref9
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref10
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref10
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref10
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref10
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref10
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref11
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref11
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref12
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref12
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref12
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref12
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref13
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref13
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref13
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref14
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref14
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref14
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref14
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref14
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref15
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref15
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref15
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref15
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref16
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref16
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref16
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref16
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref17
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref17
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref17
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref17
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref18
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref18
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref18
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref19
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref19
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref19
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref20
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref20
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref20
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref20
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref21
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref21
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref21
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref21
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref21
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref22
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref22
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref22
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref23
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref23
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref23
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref23
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref24
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref24
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref24
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref24
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref25
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref25
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref25
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref26
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref26
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref26
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref26
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref26
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref27
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref27
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref27
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref27
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref28
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref28
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref28
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref28


J AM ACAD DERMATOL

VOLUME 83, NUMBER 6
Kleinstern et al 1589
29. Kleinstern G, Camp NJ, Goldin LR, et al. Association of

polygenic risk score with the risk of chronic lymphocytic

leukemia and monoclonal B-cell lymphocytosis. Blood. 2018;

131(23):2541-2551.

30. Law PJ, Berndt SI, Speedy HE, et al. Genome-wide association

analysis implicates dysregulation of immunity genes in

chronic lymphocytic leukaemia. Nat Commun. 2017;8:14175.

31. Steyerberg EW, Vickers AJ, Cook NR, et al. Assessing the

performance of prediction models: a framework for traditional

and novel measures. Epidemiology. 2010;21(1):128-138.

32. Hanley JA, McNeil BJ. The meaning and use of the area under

a receiver operating characteristic (ROC) curve. Radiology.

1982;143(1):29-36.

33. Hosmer DW, Lemeshow S. Applied Logistic Regression. 2nd

ed. New York, NY: John Wiley & Sons; 2000.

34. Marcil I, Stern RS. Risk of developing a subsequent non-

melanoma skin cancer in patients with a history of non-

melanoma skin cancer. Arch Dermatol. 2000;136(12):1524-1530.

35. Ishdorj G, Beiggi S, Nugent Z, et al. Risk factors for skin cancer

and solid tumors in newly diagnosed patients with chronic

lymphocytic leukemia and the impact of skin surveillance on

survival. Leuk Lymphoma. 2019;60(13):3204-3213.

36. Lewis CM, Vassos E. Polygenic risk scores: from research tools

to clinical instruments. Genome Med. 2020;12(1):44.

37. Duncan L, Shen H, Gelaye B, et al. Analysis of polygenic risk

score usage and performance in diverse human populations.

Nat Commun. 2019;10(1):3328.

38. Sordillo JE, Kraft P, Wu AC, Asgari MM. Quantifying the

polygenic contribution to cutaneous squamous cell carcinoma

risk. J Investig Dermatol. 2018;138(7):1507-1510.

39. Stapleton CP, Birdwell KA, McKnight AJ, et al. Polygenic risk

score as a determinant of risk of non-melanoma skin cancer in

a European-descent renal transplant cohort. Am J Transplant.

2019;19(3):801-810.
40. Brewer JD, Habermann TM, Shanafelt TD. Lymphoma-associ-

ated skin cancer: incidence, natural history, and clinical man-

agement. Int J Dermatol. 2014;53(3):267-274.

41. Tsimberidou A-M, Wen S, McLaughlin P, et al. Other malig-

nancies in chronic lymphocytic leukemia/small lymphocytic

lymphoma. J Clin Oncol. 2009;27(6):904-910.

42. Travis LB, Curtis RE, Hankey BF, Fraumeni JF. Second cancers in

patients with chronic lymphocytic leukemia. J Natl Cancer Inst.

1992;84(18):1422-1427.

43. Molica S. Second neoplasms in chronic lymphocytic leukemia:

incidence and pathogenesis with emphasis on the role of

different therapies. Leuk Lymphoma. 2005;46(1):49-54.

44. Morton LM, Curtis RE, Linet MS, et al. Second malignancy risks

after non-Hodgkin’s lymphoma and chronic lymphocytic leu-

kemia: differences by lymphoma subtype. J Clin Oncol. 2010;

28(33):4935-4944.

45. Coombs CC, Falchi L, Weinberg JB, Ferrajoli A, Lanasa MC.

Chronic lymphocytic leukemia in African Americans. Leuk

Lymphoma. 2012;53(11):2326-2329.

46. Shenoy PJ, Malik N, Sinha R, et al. Racial differences in the

presentation and outcomes of chronic lymphocytic leukemia

and variants in the United States. Clin Lymphoma Myeloma

Leuk. 2011;11(6):498-506.

47. Falchi L, Keating MJ, Wang X, et al. Clinical characteristics,

response to therapy, and survival of African American

patients diagnosed with chronic lymphocytic leukemia:

joint experience of the MD Anderson Cancer Center and

Duke University Medical Center. Cancer. 2013;119(17):3177-

3185.

48. Mehrany K, Weenig RH, Lee KK, Pittelkow MR, Otley CC.

Increased metastasis and mortality from cutaneous

squamous cell carcinoma in patients with chronic lym-

phocytic leukemia. J Am Acad Dermatol. 2005;53(6):1067-

1071.

http://refhub.elsevier.com/S0190-9622(20)32196-4/sref29
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref29
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref29
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref29
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref30
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref30
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref30
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref31
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref31
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref31
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref32
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref32
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref32
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref33
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref33
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref34
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref34
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref34
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref35
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref35
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref35
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref35
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref36
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref36
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref37
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref37
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref37
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref38
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref38
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref38
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref39
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref39
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref39
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref39
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref40
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref40
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref40
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref41
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref41
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref41
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref42
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref42
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref42
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref43
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref43
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref43
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref44
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref44
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref44
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref44
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref45
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref45
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref45
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref46
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref46
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref46
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref46
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref47
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref47
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref47
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref47
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref47
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref47
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref48
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref48
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref48
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref48
http://refhub.elsevier.com/S0190-9622(20)32196-4/sref48

	Delineation of clinical and biological factors associated with cutaneous squamous cell carcinoma among patients with chroni ...
	Methods
	Study population
	CLL clinical and prognostic data
	Genetic data
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


