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Second malignancies in B-cell chronic lymphocytic leukaemia:
possible association with human papilloma virus
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Summary

Second primary malignancies have long been associated with chronic lymphocytic leukaemia
(CLL). We assessed secondary tumour samples from CLL and control patients for the presence of
human papilloma virus (HPV). 132 CLL patients with 44 second malignancies were compared to a
matched randomly-identified control population of 264 non-CLL patients with 54 solid
malignancies. Polymerase chain reaction was performed with the highly conserved MY09/MY11
HPV primer. None of control samples were HPV-positive, while 53% of samples from the CLL
group were positive. This report describes preliminary evidence for the presence of HPV in
secondary malignancies, in patients with CLL.
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Chronic lymphocytic leukaemia (CLL) is the most common adult leukaemia in the United
States (Jemal et al, 2008). Many co-morbid conditions arise as a direct result of CLL, the
majority of which may be attributed to the underlying dysfunctional immune system. Second
primary malignancies (SPM) have long been recognized as a complication of CLL, with a
wide range of published rates (Santoro et al, 1980; Kyasa et al, 2004; Schollkopf et al,
2007) Of the solid tumours described to date, carcinomas of the lung, kidney, prostate, colon
and skin have all been shown to occur at a higher frequency in CLL than in age-matched
populations, and to exhibit more clinically aggressive behaviour. Unfortunately, the precise
contributing mechanism(s) for developing SPM has not been adequately investigated. The
commonly suggested aetiology relates to the immune deficiency of CLL, given the increased
incidence of secondary solid tumour formation in other immunocompromised populations
(Dasanu & Alexandrescu, 2007). However, these same mechanisms have not been
elucidated in CLL.

CLL patients exhibit an immune deficiency similar to solid organ transplant patients treated
with immunosuppressive agents. Additionally, these patients have a similar predisposition to
the development of SPM (Kasiske et al, 2004; Stratta et al, 2008). These tumour types that
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occur following solid organ transplantation mirror those described in increased numbers in
CLL patients. This is particularly true for squamous cell carcinoma of the skin, which has a
highly elevated frequency in both populations. More notably, human papilloma virus (HPV)
is more frequently associated with skin cancers in solid organ transplants than in otherwise
healthy patients diagnosed with squamous cell carcinoma of the skin. We hypothesized that
CLL patients might have similar involvement of HPV, and therefore sought to determine the
frequency of HPV in carcinomas from CLL patients as compared with a control population
without CLL. Our data suggest that HPV may be more commonly associated with SPM in
CLL patients, and in particular with squamous cell carcinoma of the skin.

Materials and methods

Patients

Our institutional database identified 132 consecutive patients with CLL, consisting of 100
males (81 white, 17 African-American, 2 Asian) and 32 females (27 white, 5 African-
American). Of these CLL patients, 44 were found to have developed second malignancies
since the diagnosis of CLL. Fifteen of these cases had paraffin-embedded tissue samples
available for analysis. An age-, gender- and ethnicity-matched population was randomly
identified as a control population. Data was obtained from 264 patients, of whom 200 were
male (162 white, 34 African-American, 4 Asian) and 64 were female (54 white, 10 African-
American). Fifty-four malignancies were identified in this control population, of which 16
had paraffin-embedded tissue available.

Tissue sample/polymerase chain reaction

Available archived tumours collected at diagnosis or during therapeutic intervention were
eligible for inclusion in this study. Study of these samples and matching to clinical data were
approved by the Walter Reed Army Medical Center Institutional Review Board. Archival
paraffin-embedded tissue from the CLL group included 8 skin, 3 prostate, 2 head and neck,
1 colon, and 1 breast cancer. The paraffin-embedded tissue from the control group included
13 skin and 3 colon cancers and were randomly chosen from an age-, gender- and race-
matched population. CLL and control group samples were extracted simultaneously, and the
operator was blinded to the tissue/group association. DNA was extracted using published
methods (Qu et al, 1997). Polymerase chain reaction (PCR) was performed using
commercially available consensus primers MY09/MY11 (3 GCCCAGGGAC
ATAACAATGG 5";5" CGTCCAAGGGGATACTGAT 3”). These primers recognize a
450 bp fragment of the L1 region that is highly conserved in HPV (Daniel et al, 2000).
Primers were utilized per manufacturer’s instructions to amplify HPV DNA. Commercially
available positive (HPV) and negative (beta-globin) controls were tested in parallel.
Products were typed utilizing a type-specific hybridization according to Qu et al (1997).

Results and discussion

A total of 132 patients with CLL were examined, of whom 44 (33%) had evidence of
secondary cancers. This is consistent with reported ranges of second malignancies in CLL,
which range from four to greater than 40% (Santoro et al, 1980; Kyasa et al, 2004;
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Schollkopf et al, 2007). The 264 patient control population had 54 primary cancers (20%).
The majority of secondary cancers in each group were localized squamous cell carcinomas
of the skin, which did not differ in frequency between the two groups. Specifically, 9 cases
(7%) of localized skin cancer were identified in the CLL patients whereas 14 (5%) were
identified in the control population, although one biopsy sample from each group was not
available for study. Of interest was that 5 of 8 (62-5%) skin biopsies from CLL patients had
evidence of HPV by PCR, whereas none of the 13 control patient skin biopsies demonstrated
evidence of HPV by PCR (Fig 1). The difference between CLL and normal control patients
for HPV association with squamous cell carcinoma of the skin was significant (P = 0-003).
Blocks from other tumour types were available in only a minority of patients, preventing
comparison of potential HPV association with additional secondary cancers in CLL.
Nonetheless, 1 colon cancer and 2 prostate cancer tumours from CLL patients were noted to
be positive for HPVV DNA by PCR.

There are well over 120 different types of HPV found in benign and malignant lesions in
humans and the propensity of HPV to promote benign or malignant lesions, such as
condyloma acuminatum, anogenital cancer, laryngeal papillomas, head and neck cancers,
warts and carcinoma of the uterine cervix, has been well described [International Agency for
Research on Cancer (IARC) 2007]. The oncogenic role of HPV is best described in skin
cancer, where a high prevalence of HPV DNA has been identified in skin biopsies from
immunosuppressed patients (Harwood et al, 2000). Using a comprehensive degenerate PCR
technique to compare the HPV status of 148 non-melanoma skin cancers from
immunosuppressed and immunocompetent individuals, Harwood et al (2000) detected HPV
DNA in 37/44 (84%) squamous cell carcinomas, 18/24 (75%) basal cell carcinomas and
15/17 (88%) premalignant skin lesions from the immunosuppressed population. In contrast,
in reviewing the association of HPV in renal allograft patients, Stark et al (1994)
demonstrated that up to 79% of viral warts, 42% of premalignant keratoses, and 43% of
invasive squamous cell carcinoma contained DNA from various HPV subtypes. This has
been confirmed by others (Tieben et al, 1994; Euvrard et al, 1995; Turek & Smith, 1996).

This study identified the presence of HPV DNA in secondary tumours from patients with
CLL. The predominant tumour type in archived samples was squamous carcinoma, in which
HPV association was significantly higher compared to non-CLL controls. A surprising
finding was also the presence of HPV DNA in prostate cancer samples of two of three CLL
patients. This study is limited by the small sample size and lack of immunological and
molecular characterization of the patient population or HPV subtypes, as a consequence of
the retrospective manner that these samples were collected. These observations need to be
confirmed in a larger cohort of patients with a clear delineation of variables that may clarify
the risk of secondary malignancy. These limitations can be mitigated by expanding the
number of tumours evaluated in future prospective studies of well-characterized patients. An
important question remains regarding the specific HPV subtypes present in our CLL SPM
population, and future hybridization of the PCR products will help to answer this. The
results of this study offer interesting prospects for the potential role that HPV may play in
carcinogenesis in CLL. With recent advances in the prevention of HPV infection with
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vaccines and the novel immunomodulating agents under clinical testing in CLL, we believe
this observation has potential to lead to new strategies to prevent secondary cancer in CLL.
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Fig 1.

E)?ample PCR. Comparison of DNA from paraffin-embedded CLL patient secondary tumour
samples versus tumour samples from non-CLL control patients (cntrl). PCR was performed
using consensus primers MY09/MY'11 to a highly conserved HPV fragment, producing a
450 bp-amplified product. Products were separated by agarose gel electrophoresis and
stained with ethidium bromide.
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