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ABSTRACT

We investigated whether a previous diagnosis of non-
melanoma skin cancer among chronic lymphocytic
leukemia patients is a predictor of poor outcome. Using the
Swedish Cancer Registry, we conducted a population-
based study to evaluate the survival patterns among chron-
ic lymphocytic leukemia patients with and without non-
melanoma skin cancer. Cox proportional hazards regres-
sion models were used and Kaplan-Meier curves were con-
structed. Of a total of 12,041 chronic lymphocytic
leukemia cases identified, 236 cases, including 111 squa-
mous cell cancer, had a prior history of non-melanoma skin
cancer. Chronic lymphocytic leukemia patients with a
prior history of non-melanoma skin cancer had a 1.29-fold
(95% CI 1.10-1.52; p=0.0024) increased risk of dying; and
those with a history of squamous cell cancer had a further
elevated 1.86-fold (95% CI 1.46-2.36; p<0.0001) risk of
dying. Kaplan-Meier plots showed that patients with a his-
tory of non-melanoma skin cancer, particularly those with

squamous cell cancer, had significantly poorer survival than
chronic lymphocytic leukemia patients without non-
melanoma skin cancer (p<0.0001; log-rank test). Non-
melanoma skin cancer may be a novel clinical predictor of
worse chronic lymphocytic leukemia outcome.
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Introduction

Chronic lymphocytic leukemia (CLL) is a neoplastic disease
characterized by the accumulation of small, mature-appearing
lymphocytes in the bone marrow, blood, and lymphoid tissues.
CLL accounts for 30% of all leukemias and is the most com-
mon form of leukemia among older adults in Western coun-
tries.! Data from the United States Surveillance, Epidemiology,
and End Results (SEER) Registry estimate the incidence rate of
CLL to be 3.9/100,000 person-years with a median age at diag-
nosis of 72 years.” During 2008 it is estimated that 15,110 new
cases of CLL will be diagnosed and 4,390 people will die of CLL
in the US.® In Sweden, the incidence of CLL is 6.5/100,000 and
3.1/100.000 person-years for males and females, respectively.
Although advanced age, Caucasian race, and family history of

certain hematologic malignancies are recognized risk factors,
the etiology of CLL is unknown."*** The clinical course of CLL
varies enormously among patients, reflected in the overall sur-
vival ranging from months to decades.® The identification of
novel clinical predictors of outcome in CLL is of intense inter-
est” Non-melanoma skin cancers (NMSC) are the most com-
mon malignancies in Caucasian populations.® Indeed, squa-
mous cell cancer (SCC) was the fourth most common cancer in
men and women in Sweden in 1998, with an annual incidence
0f 30.2/100,000 and 14.1/100, 000, respectively. Currently, SCC
is the most rapidly increasing cancer in Sweden.”"’ Multiple
case reports described subclinical cases of CLL incidentally
identified during re-excisions of SCC and basal cell cancer." "
Prior studies found individuals with a history of SCC to have a
2-fold increased risk of developing CLL,"” non-Hodgkin’s lym-
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phoma (NHL) and Hodgkin’s disease."

In Finland,” Denmark'® and Switzerland” increased
risks for both CLL and non-Hodgkin's lymphoma have
also been reported. Furthermore, two recent investiga-
tions found increased mortality among lymphoma
patients with a prior history of skin cancer."*"” However,
in both studies, CLL patients were combined with other
NHL subtypes. We conducted a large population-based
study including 12,041 CLL patients diagnosed in
Sweden between 1958 and 2003 to assess survival pat-
terns among CLL patients with and without a diagnosis
of NMSC.

Design and Methods

Data resources and patients

The nationwide Swedish Cancer Registry has been in
operation since 1958 with very high diagnostic accura-
cy.”’ We identified 11,805 cases in whom CLL was the
primary tumor and who did not develop NMSC before
or after the diagnosis of CLL during the study period. We
also identified 236 NMSC cases (including 111 SCC
cases) in whom CLL occurred after a diagnosis of NMSC
registered on the Swedish Cancer Registry between
January 1, 1958 and December 31, 2003 (International
Classification of Diseases [ICD] 7th Revision codes: CLL
72041 and NMSC 191). We selected SCC patients with
the ICD-O-1 codes 80513 (verrucous carcinoma), 80703
(SCC), 80702 (SCC in situ), 80812 (Bowen’s disease),
80743 (SCC, spindle cell type) and 80763 (microinvasive
SCQ). For each person, information on date of birth, date
of diagnosis of CLL, and gender; and for CLL patients
with NMSC, date of skin cancer diagnosis and histologi-
cal subtype were collected. Through record linkage with
the Cause of Death Register, we collected information on
vital status. Approval for the study was obtained from
the Swedish National Review Board and the IRB of NIH
Office of Human Subjects Research.

Table 1A. Characteristics of chronic lymphocytic leukemia patients.
Non-melanoma skin cancer

ariable With Without
Total number, n (%) 236 (100) 11,805 (100)
Age in years, median 78.5 (72-83.5) 71 (62-78)
(interquartile range)
Age group, n (%)
Less than 70 years 45 (19.07) 5417 (45.89)
70 years or more 191 (80.93) 6388 (54.11)
Gender, n (%)
Male 165 (69.92) 7314 (61.96)
Female 71 (30.08) 4491 (38.04)
Calendar year, median 1993 1984

(interquartile range)

History of non-melanoma
skin lesions, n (%)

1 lesion

2 or more lesions

(1984-1999) (1972-1995)

NA.
NA

197 (83.47)
39 (16.53)

Statistical analysis

The assumption of proportional hazards was first
examined by assessing the effect of NMSCs on death.
The relative risk (RR) for dying was estimated by using
Cox proportional hazards regression analysis™ with
years since diagnosis of CLL as the time scale. Models
were adjusted for age at first CLL diagnosis (quartiles),
sex, and calendar period of first CLL diagnosis (quartiles)
to investigate the association between the survival time
and NMSC. Five year survival analysis was conducted.
Kaplan-Meier plots were constructed stratified by NMSC
status to compare the survival curves for CLL patients
with a previous history of NMSC and patients in whom
CLL was the primary tumor but who did not develop
NMSC before or after the CLL diagnosis. Differences
were tested formally by the log-rank test. Further, we
assessed the relationship between CLL mortality and
latency of NMSC by the time between diagnosis of
NMSC and CLL diagnosis (<1 year, 1-5 years, or >5
years) and compared the difference in the RR among
three latency categories to those without NMSC. The
difference in the RR were examined by the number of
registrations of NMSC, gender, and age at CLL (<70 vs.
>70 years) to those without an NMSC. All statistical
analyses were performed using the SAS statistical pack-
age (SAS Institute, Inc., Cary, North Carolina, USA).

Results and Discussion

This is the largest population-based study and includ-
ed 12,041 CLL cases. Between 1958-2003, 11,805 cases in
whom CLL was the primary tumor and 236 NMSC cases

Table 1B. Relative risk for death (all-cause mortality) after diagno-
sis of chronic lymphocytic leukemia in patients with a previous his-
tory of non-melanoma skin cancer.

Number of cases with  Relative risk p
prior non-melanoma (95% confidence  value
skin cancers interval)
Total number of patients 236 129 (1.10-1.52) 0.0024
Latency interval® (years)
Less than 1 80 1.38 (1.06-1.81) 0.29°
1t04.99 94 1.41 (1.09-1.82)
5 or more 62 1.03 (0.74-1.44)
Number of separate
registrations for NMSC
1 197 1.30 (1.09-1.55) 0.88"
2 or more 39 1.25 (0.82-1.91)
NMSC tumor status
Non-SCC 125 103 (0.82-128)  0.0004
SCC 111 1.86 (1.46-2.36)
Gender
Male 165 1.29 (1.06-1.56) 1.00°
Female 71 1.29 (0.95-1.76)
Age at CLL diagnosis (years)
Less than 70 45 1.45 (0.94-2.22) 0.87°
70 or more 191 1.50 (1.26-1.79)

Relative risk estimates were adjusted for age, calendar time of CLL diagnosis, and
sex. Italic entries have p values <.05; )’ test for the comparison of relative risks;
Time from the diagnosis of a non-melanoma skin lesion until CLL diagnosis.

haematologica | 2009; 94(10)

| 1461 |



| 1462 |

J.R. Toro et al.

in whom CLL occurred after a diagnosis of NMSC were
registered on the Swedish Cancer Registry (Table 1A).
The median age at CLL diagnosis for individuals with and
without a history of NMSC was 78.5 and 71 years,
respectively. While 70% of the NMSC patients were
men, 30% were women. Of the 236 patients with
NMSC, 83.5% of cases had one registered skin NMSC
lesion and 16.5% had two or more registered NMSC
lesions (Table 1A). Of 236 CLL cases who had a prior his-
tory of NMSC, 111 had at least one SCC, prior to their
CLL diagnosis (Table 1B). There were no cases with an
ICD code specific for basal cell carcinoma. Thirty-three
percent (80/236) of NMSC and 44% (49/111) of SCC
cases preceded the diagnosis of CLL by less than one year
(Figure 1).

We showed for the first time that CLL patients with a
history of NMSC had a significantly increased mortality
compared to CLL patients without NMSC (RR=1.29,
95% CI1.10-1.52) (Table 1B). Mortality was slightly high-
er among individuals diagnosed with NMSC within one
year (RR=1.38, 95% CI 1.06-1.81) and 1-5 years
(RR=1.41; 95% CI 1.09-1.82) prior to CLL diagnosis com-
pared to those diagnosed with NMSC more than five
years (RR=1.03; 95% CI 0.74-1.44) prior to CLL diagno-
sis. However, the difference among groups was not statis-
tically significant (p=0.29). Similarly, mortality did not
differ by number of registrations for NMSC (1 or >2)
(»=0.88), gender (p=1.00), or age at CLL diagnosis (<70
years vs. >70 years) (p=0.87) (Table 2). CLL patients with
a prior history of SCC had a further elevated 1.86-fold
(95% CI 1.46-2.36; p<0.0001) risk of dying. Kaplan-Meier
plots showed that CLL patients with a prior history of
NMSC (81%) or SCC (28%) had significantly poorer
overall 5-year survival rates than those patients with CLL
without NMSC (43 %) (p<0.0001, log-rank test) (Figure 2).
Among the 236 NMSC cases, there were 149 deaths of
which 64 (43%) were attributed to CLL within the 5-year
follow-up period. Among 111 SCC cases, there were 69
deaths of which 31 (45%) were attributed to CLL within
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Figure 1. Time between first diagnosis of non-melanoma skin can-
cers, including squamous cell cancer, and chronic lymphocytic
leukemia diagnosis.

the 5-year follow-up period. Individually, causes other
than CLL accounted for a small proportion of deaths and
accounted for similar proportions in the NMSC and the
SCC group.

We showed for the first time that CLL patients with a
previous diagnosis of NMSC have a significantly
decreased survival compared with CLL patients without
NMSC before and after the CLL diagnosis. Our investiga-
tion has unique new findings and expands the findings of
two previous studies that found increased mortality
among lymphoma patients with a prior history of skin
cancer.””” However, in both studies, CLL patients were
combined with other non-Hodgkin’s lymphoma (NHL)
subtypes. The association of NMSC, especially SCC, and
CLL is of increased interest since it has been observed in
numerous CLL patients across the United States and
worldwide. However, this association has been very little
studied and is under-reported in the literature. The rela-
tionship between NMSC and CLL, as well as the
increased mortality in CLL patients with a prior history of
NMSC is complex. The underlying pathogenic mecha-
nisms for both of these associations remain unknown but
they may be related. Clinical and epidemiological studies
suggest that diminished immune function is a risk factor
for CLL. In CLL, there is profound T-cell dysfunction, sug-
gesting that these lymphocytes are unable to maintain
immune surveillance and cytotoxic functions,”® allowing
mutagenic events to persist and progress. This mecha-
nism is similar to immunosuppression-related skin cancer
in solid organ transplant recipients. Both UV radiation
and CLL are thought to cause immunosuppression, possi-
bly accounting for the increased incidence of NMSC in
patients with CLL.

The association of NMSC and immunosuppression is
well-documented.” Unfortunately, we were unable to
investigate immune status in our cohort since we did not
have laboratory or other clinical data. Human papilloma
virus infection has been reported to play a role in the
oncogenesis of SCC, especially in organ transplant recip-
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Figure 2. Kaplan-Meier plots showing 5-year cumulative survival
after diagnosis of chronic lymphocytic leukemia among patients
with and without non-melanoma skin cancer and squamous cell
carcinoma, respectively.
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ients.” It is also possible that the predisposition for CLL
and NMSC is due to shared genetic susceptibility. In con-
clusion, immunological factors, in combination with
viral, genetic and/or environmental factors may all con-
tribute to the association between NMSC and CLL as
well as the increased mortality in CLL patients with a
prior history of NMSC.

Strengths of this study include its large size. We used a
population-based cohort design, which minimized recall-
bias and allowed us to evaluate risk by age and gender.
We restricted the study to NMSC cases prior to CLL
diagnosis to avoid CLL treatment-related effects and to
eliminate survival bias. Limitations include lack of clini-
cal and therapeutic data, and centralized pathology
review. Reliance on central cancer data is a limitation
because it can lead to under-ascertainment of CLL.”
Furthermore, a fraction of the CLL patients in our study
coded without history of NMSC likely had a history of
NMSC; thus any bias should have been toward a null
association. In a Finnish® and a US study,” no excess
mortality was associated with a diagnosis of NMSC
compared to the general population. In Denmark superi-
or survival was associated with BCC, but inferior sur-
vival with SCC.” Therefore, it is possible that part of the
excess mortality in CLL patients with SCC may be
explained by an increased mortality observed in patients
with SCC compared to the general population. We could
not assess whether SCC itself contributed to excess mor-
tality in our study because we did not have access to data
regarding the general population. NMSC might be a sur-
rogate marker for an underlying systemic immunosup-
pressed state preceding CLL diagnosis as well as a novel
clinical marker of outcome in a group of CLL patients.

Our findings may have clinical impact in that CLL

patients with a prior history of NMSC might have more
aggressive disease. In addition, physicians should have a
high index of suspicion of CLL in patients with NMSC,
especially SCC who have new onset of symptoms such
as lymphadenopathy, fever, weight loss, and/or night
sweats. Improving our understanding of CLL and its
related precursor states will ultimately lead to early CLL
diagnosis and treatment, and identification of novel
molecular targets.”**”

Additional studies should evaluate individual risk fac-
tors for CLL prognosis by incorporating more clinical
data regarding treatment and immune parameters. The
possibility that subclinical CLL may be present at the
time of NMSC diagnosis should be addressed, as we
observed a trend for decreased survival with shorter
latency between NMSC diagnosis and CLL diagnosis.
Future epidemiological and molecular studies are needed
to explore the underlying mechanisms of our findings.
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