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I N TRODUC TION

Melanoma is a common potentially fatal malignancy and 
patients with chronic lymphocytic leukaemia (CLL) are 
at greater risk of developing melanoma and have worse 
melanoma- specific survival.1- 5 The impact of CLL on mel-
anoma recurrence in high- stage melanoma is currently 
unknown.6

The treatment of CLL with immunosuppressive agents 
including chemotherapy and rituximab have been hypoth-
esised to impact melanoma- specific survival (MSS) and 
recurrence- free survival (RFS) by impairing the anti- tumour 
response allowing other malignancies like melanoma to de-
velop more readily and aggressively.7- 10 While there is some 
evidence to suggest CLL chemotherapy treatment is associ-
ated with increased melanoma incidence, there are no studies 
examining the impact on MSS or RFS.7 Melanoma treatment 
can also be challenging in the CLL cohort, as patients with 
underlying lymphoproliferative disease are intrinsically 
more likely to develop autoimmune complications and it is 

currently unknown whether melanoma immunotherapy can 
exacerbate these adverse events.11,12

Recent advances in targeted therapies for patients with 
CLL have resulted in longer life expectancies and thus in-
creasing their risk of developing and dying from second 
malignancies including melanoma.13- 15 The understanding 
and management of melanoma in this vulnerable group is 
therefore more important than ever. We investigated the 
association of CLL and its treatment on MSS and RFS in a 
retrospective case- control cohort study and explored immu-
notherapy adverse events.

PATIE N TS A N D M ETHODS

Study design

We performed a retrospective case- control study and 
matched patients with melanoma with a past history of CLL 
to patients without CLL 1:1 for age at melanoma diagnosis 
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Summary
With new, effective treatments for chronic lymphocytic leukaemia (CLL) the impact 
of second malignancies is increasingly important. We performed a retrospective 
case- controlled study examining the effect of CLL and its treatment on melanoma- 
specific survival and recurrence. A total of 56 patients with melanoma with CLL 
were matched 1:1 to patients without CLL for age, date of diagnosis, gender and mela-
noma tumour, node, metastasis (TNM) stage. Multivariate analysis found CLL was 
associated with significantly worse melanoma- specific mortality (hazard ratio [HR] 
2.46, 95% confidence interval [CI] 1.27– 4.74, p = 0.007) and recurrence (HR 3.44, 
95% CI 1.79– 6.63, p < 0.001). Patients with CLL had poor immunotherapy tolerance 
and prior CLL treatment was not associated with melanoma outcomes.
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±5 years, date of melanoma diagnosis ±10 years, gender and 
melanoma TNM stage. This study was approved by the insti-
tutional review boards of the two participating centres.

Data Collection and Statistical Analysis

Medical records were examined for demographic, pathology, 
treatment and survival data. Survival time was calculated as 
time between the date of melanoma histopathological diag-
nosis and date of death. Patients were censored by the last 
follow- up date or death from other causes. Recurrence was 
calculated as time between the date of primary melanoma 
and first recurrence and censored by the last recurrence- free 
follow- up date. Demographics, melanoma characteristics 
and type of melanoma recurrence were tested for differences 
between CLL and no CLL groups using t- test, chi- squared 
test or Fisher’s exact test depending on whether the data 
were categorial, continuous or sparse. MSS and RFS were es-
timated by the Kaplan– Meier method and compared using 
log- rank (Mantel– Cox) test. The median follow- up time 
was calculated using the Schemper and Smith method.16 
Cumulative incidence functions were calculated using the 
Kalbfleisch and Prentice method17 and groups were statisti-
cally compared using the Grey test.18

The Cox proportional- hazards regression method was 
used to assess the association of melanoma- specific mor-
tality and recurrence. A parsimonious multivariate model 
was built using variables if they were both significant on 
univariate analysis and biologically plausible or known 
to be associated with melanoma survival/recurrence. 
Variables were tested for correlation using Spearman’s test 
and correlated variables were excluded from multivariate 
analysis.

R E SU LTS

We matched 56 patients with melanoma and a past history 
of CLL to patients without CLL. There were no statistically 
significant differences in demographics, melanoma charac-
teristics or melanoma treatment between groups (Table S1). 
The median difference in the date of melanoma diagnosis 
between the CLL and no CLL group was 24 days.

The median MSS was 50.2 months in the CLL group and 
not reached in the no CLL group due to insufficient events. 
The median RFS of the CLL group was 41.2 months and was 
not reached in the no CLL group. Five patients in both groups 
were excluded from RFS analysis as they had metastatic dis-
ease at initial presentation. Recurrence of melanoma oc-
curred in 53% (n = 27) of patients with CLL compared to 27% 
(n = 14) in patients without CLL. Both MSS and RFS survival 
curves were significantly worse in the CLL group compared 
to the no CLL group (p = 0.004 and p = 0.0002 respectively, 
Figure 1). The CLL group had more locoregional melanoma 
recurrence compared to distant recurrence; however, this 
was not statistically significant (p = 0.18) (Table S2).

Uni-  and multivariable analyses found melanoma stage 
was strongly associated with melanoma- specific mortality 
and recurrence (Table 1). An older date of melanoma diag-
nosis was associated with significantly poorer melanoma- 
specific mortality in univariate analysis (p  =  0.01) and 
significance was nearly reached in multivariate analysis 
(p  =  0.06). A past history of CLL was associated with sig-
nificantly worse melanoma- specific mortality (hazard ratio 
[HR] 2.46, 95% confidence interval [CI] 1.27– 4.74, p = 0.007) 
and recurrence (HR 3.44, 95% CI 1.79– 6.63, p  <  0.001) in 
both uni-  and multivariate analysis.

A past history of CLL and prior CLL treatment were 
strongly correlated (Spearman’s coefficient r = 0.49, p < 0.01) 
and hence only a past history of CLL was included in the 
multivariate model to avoid interactions. We found no sig-
nificant association between the prior treatment of CLL (ei-
ther with chemotherapy or chemotherapy and rituximab) 
and melanoma- specific mortality (p  =  0.74) or recurrence 
(p = 0.42). A total of 23 patients with CLL had treatment with 
either chemotherapy plus rituximab (10 patients), chemother-
apy (seven), Bruton tyrosine kinase inhibitor (four) or other 
treatments (six). All treated CLL patients received treatment 
prior to their melanoma diagnosis.

In all, 14 patients with CLL and 14 control patients received 
immunotherapy for the treatment of melanoma. Adverse events 
requiring cessation of immunotherapy occurred in 43% (six of 
14) of patients with CLL compared to 7% (one of 14) of patients 
without CLL. Adverse events in the CLL group consisted of coli-
tis/enteritis (n = 3), autoimmune haemolytic anaemia (n = 2) 
and pneumonitis (n = 1). One patient without CLL had recur-
rent bowel pseudo-obstructions secondary to immunotherapy.

DISCUSSION

We found that patients with melanoma and a past history 
of CLL had significantly worse melanoma- specific survival 
and recurrence compared to those without CLL. This is the 
first study to show worse melanoma recurrence in the CLL 
cohort and examine the association of CLL treatment with 
melanoma outcomes.

Cancer registry studies4,5 have previously demonstrated 
that CLL is associated with worse melanoma- specific sur-
vival; however, only a single retrospective cohort study5 has 
examined CLL and RFS. That study described 40 patients 
with CLL and found there was no association with CLL and 
RFS; however, the majority of patients had Stage 0 and 1 mel-
anoma compared to our study that had higher stage mela-
noma at presentation and could explain the difference. One 
hypothesis to explain this high rate of melanoma recurrence 
could be the CLL lymphocyte’s ability to alter the lymphatic 
microenvironment, which may decrease the anti- tumour re-
sponse and allow neoplastic cells to proliferate and metasta-
sise via lymphatics more readily.19,20

While the treatment of CLL has been associated with 
an increased risk of developing melanoma,7 case stud-
ies have hypothesised that CLL treatments could worsen 
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immunosuppression and lead to poor melanoma out-
comes.9,10 Our Cox regression analysis did not find a sig-
nificant association between the prior treatment of CLL 
and melanoma- specific mortality or recurrence. One hy-
pothesis to explain this lack of association is the length 
of time between CLL chemotherapy administration and 
melanoma diagnosis. It is foreseeable that any induced 
lymphocyte depletion from CLL chemotherapy or ritux-
imab and subsequent immunosuppressive affect would 
not impact melanoma diagnosed years later. In addition, 

CLL is immunosuppressive and therefore CLL treatment 
may improve the immune systems overall anti- tumour re-
sponse, although we did not find any evidence of a positive 
association in our study.

Poorer tolerance to immunotherapy could also impact 
MSS and RFS in the CLL cohort. Tolerance is highly de-
pendent on the immunotherapy medication with adverse 
events resulting in discontinuation occurring in approxi-
mately 9%– 42% of patients in the general melanoma popu-
lation.21 The safety of immunotherapy in CLL has not been 

F I G U R E  1  Kaplan– Meier survival curves of (A) melanoma- specific survival (MSS) and (B) recurrence- free survival (RFS) in patients with 
melanoma with CLL compared to no CLL. Log- rank comparison between CLL and no CLL groups for MSS and RFS were significantly worse in the CLL 
group (p = 0.004 and p = 0.0002 respectively). (C) Cumulative incidence plot of melanoma recurrence with death from non- melanoma related cause as 
competing risk in both CLL and no CLL groups. Grey’s test found a statistically significant difference in melanoma recurrence between the CLL and no 
CLL group (p = 0.0005), but not for death from other causes (p = 0.70) [Colour figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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T A B L E  1  Uni-  and multivariate melanoma- specific mortality and melanoma recurrence models

Variable

Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Melanoma- specific mortality

Age at melanoma diagnosis (years) 1.00 (0.97– 1.03) 0.79

Date of melanoma diagnosis

2000– 2010 Ref.

2011 onwards 0.43 (0.22– 0.82) 0.01 0.54 (0.28– 1.03) 0.06

Gender

Male Ref. 0.72

Female 1.17 (0.49– 2.80)

Melanoma stage 2.90 (2.00– 4.20) <0.001 2.91 (2.01– 4.20) <0.001

Past history of CLL

No Ref.

Yes 2.42 (1.26– 4.63) 0.008 2.46 (1.27– 4.74) 0.007

Melanoma location

Other Ref.

Scalp/neck 1.49 (0.53– 4.18) 0.45

Melanoma subtype

Superficial spreading Ref.

Nodular 1.63 (0.61– 4.32) 0.33

Lentigo maligna 1.27 (0.29– 5.67) 0.75

Other 2.28 (0.74– 7.00) 0.15

Prior CLL treatment

No Ref.

Yes 0.87 (0.37– 2.03) 0.74

Prior CLL chemotherapy

No Ref.

Yes 1.08 (0.44– 2.61) 0.87

Prior CLL chemotherapy and rituximab

No Ref.

Yes 0.65 (0.19– 2.23) 0.50

Melanoma recurrence

Age at melanoma diagnosis (years) 1.01 (0.98– 1.05) 0.38

Date of melanoma diagnosis

2000– 2010 Ref.

2011 onwards 0.66 (0.33– 1.29) 0.22

Gender

Male Ref.

Female 0.96 (0.42– 2.16) 0.92

Melanoma stage 2.72 (1.75– 4.23) <0.001 2.74 (1.79– 4.20) <0.001

Past history of CLL

No Ref.

Yes 3.20 (1.67– 6.13) <0.001 3.44 (1.79– 6.63) <0.001

Melanoma location

Other 1.49 (0.53– 4.18) 0.45

Scalp/Neck

(Continues)
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thoroughly examined because patients with lymphoprolif-
erative disease were excluded from immunotherapy clinical 
trials.21-26 A small case series12 found similarly high rates of 
melanoma immunotherapy intolerance in patients with CLL 
as our study (43%, six of 14). Given our small sample size, this 
potential association of CLL and poorer immunotherapy tol-
erance should be interpreted with caution. The mechanism 
is unclear; however, CLL lymphocytes overexpress immuno-
therapy targets including programmed death- ligand 1 (PD- 
1),27 which may result in a brisker immunotherapy response. 
Alternatively, the generalised dysregulation of host immu-
nity in patients with CLL may increase the risk of autoim-
mune disease.28

Our study design is limited by a small sample size, low 
event numbers as well as a long, heterogenous observation 
period. Melanoma survival times have significantly im-
proved over time29 due to advances in treatment and we 
have attempted to control for this by matching for date of 
diagnosis and incorporating melanoma date of diagnosis 
in our multivariate model. It is reassuring that melanoma 
treatment, specifically immunotherapy use, was similar be-
tween groups suggesting that disproportionate use of newer 
therapies did not confound survival results. Despite these 
limitations, the lack of current data in the literature means 
this study provides novel, valuable insights into the impact 
of CLL on melanoma outcomes.

With new and effective treatments, patients with CLL are 
living longer and the impact of second malignancies on their 
survival is becoming increasingly important. We found that 
the patients with CLL who developed melanoma had poorer 
MSS, RFS and potentially poorer immunotherapy intoler-
ance. Patients with CLL with newly diagnosed melanoma 
should be counselled about this recurrence risk and possi-
ble immunotherapy complications. Future studies should 

investigate the most appropriate management in this vul-
nerable population.
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Variable

Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Melanoma subtype Ref.

Superficial spreading 1.30 (0.57– 2.94) 0.53

Nodular 1.19 (0.35– 4.00) 0.78

Lentigo maligna 2.25 (0.85– 6.01) 0.11

Other

Prior CLL treatment

No Ref.

Yes 1.38 (0.64– 2.98) 0.42

Prior CLL chemotherapy

No Ref.

Yes 1.49 (0.67– 3.33) 0.33

Prior CLL chemotherapy and rituximab

No Ref.

Yes 0.48 (0.14– 1.59) 0.23

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukaemia; HR, hazard ratio.

T A B L E  1  (Continued)

https://orcid.org/0000-0002-5918-3484
https://orcid.org/0000-0002-5918-3484
https://orcid.org/0000-0002-9759-5017
https://orcid.org/0000-0002-9759-5017


   | 325JOBSON et al.

from the global burden of disease study 2015. Br J Dermatol. 
2017;177:134– 40.

 2. Mulcahy A, Mulligan SP, Shumack SP. Recommendations for skin 
cancer monitoring for patients with chronic lymphocytic leukemia. 
Leuk Lymphoma. 2018;59:578– 82.

 3. Travis LB, Curtis RE, Hankey BF, Fraumeni JF Jr. Second cancers 
in patients with chronic lymphocytic leukemia. J Natl Cancer Inst. 
1992;84:1422– 7.

 4. Brewer JD, Shanafelt TD, Otley CC, Roenigk RK, Cerhan JR, Kay 
NE, et al. Chronic lymphocytic leukemia is associated with decreased 
survival of patients with malignant melanoma and Merkel cell carci-
noma in a SEER population- based study. J Clin Oncol. 2012;30:843– 9.

 5. Whitman ED, Bustami R. Survival for melanoma patients with pre- 
existing chronic lymphocytic leukemia. J Clin Oncol. 2012;30(Suppl): 
e19057.

 6. Brewer JD, Christenson LJ, Weenig RH, Weaver AL. Effects of chronic 
lymphocytic leukemia on the development and progression of malig-
nant melanoma. Dermatol Surg. 2010;36:368– 76.

 7. Lam CJ, Curtis RE, Dores GM, Engels EA, Caporaso NE, Polliack A, 
et al. Risk factors for melanoma among survivors of non- Hodgkin 
lymphoma. J Clin Oncol. 2015;33:3096– 104.

 8. Robak T, Lech- Maranda E, Korycka A, Robak E. Purine nucleoside 
analogs as immunosuppressive and antineoplastic agents: mechanism 
of action and clinical activity. Curr Med Chem. 2006;13:3165– 89.

 9. Peuvrel L, Chiffoleau A, Quéreux G, Brocard A, Saint- Jean M, 
Batz A, et al. Melanoma and rituximab: an incidental association? 
Dermatology. 2013;226:274– 8.

 10. Velter C, Pagès C, Schneider P, Osio A, Brice P, Lebbé C. Four cases of 
rituximab- associated melanoma. Melanoma Res. 2014;24:401– 3.

 11. Smithy JW, Pianko MJ, Maher C, Postow MA, Shoushtari AN, 
Momtaz P, et al. Checkpoint blockade in melanoma patients with 
underlying chronic lymphocytic leukemia. J Immunother. 2021;44: 
9– 15.

 12. Zent CS, Kay NE. Autoimmune complications in chronic lym-
phocytic leukaemia (CLL). Best Pract Res Clin Haematol. 2010;23: 
47– 59.

 13. Parikh SA. Chronic lymphocytic leukemia treatment algorithm 2018. 
Blood Cancer J 2018;8:93:1– 10.

 14. Hallek M, Shanafelt TD, Eichhorst B. Chronic lymphocytic leukae-
mia. Lancet. 2018;391:1524– 37.

 15. Benjamini O, Jain P, Trinh L, Qiao W, Strom SS, Lerner S, et al. Second 
cancers in patients with chronic lymphocytic leukemia who received 
frontline fludarabine, cyclophosphamide and rituximab therapy: dis-
tribution and clinical outcomes. Leuk Lymphoma. 2015;56:1643– 50.

 16. Schemper M, Smith TL. A note on quantifying follow- up in studies of 
failure time. Control Clin Trials. 1996;17:343– 6.

 17. Prentice RL, Kalbfleisch JD, Peterson AV Jr, Flournoy N, Farewell VT, 
Breslow NE. The analysis of failure times in the presence of compet-
ing risks. Biometrics. 1978;34:541– 54.

 18. Gray RJ. A class of K- sample tests for comparing the cumulative inci-
dence of a competing risk. Ann Stat. 1988;16:1141– 54.

 19. Gilling CE, Mittal AK, Chaturvedi NK, Iqbal J, Aoun P, Bierman PJ, 
et al. Lymph node- induced immune tolerance in chronic lymphocytic 
leukaemia: a role for caveolin- 1. Br J Haematol 2012;158:216– 31.

 20. Koczula K, Ludwig C, Hayden R, Cronin L, Pratt G, Parry H, 
et al. Metabolic plasticity in CLL: adaptation to the hypoxic niche. 
Leukemia. 2016;30:65– 73.

 21. Weber J, Mandala M, Del Vecchio M, Gogas HJ, Arance AM, Cowey 
CL, et al. Adjuvant nivolumab versus ipilimumab in resected stage III 
or IV melanoma. N Engl J Med. 2017;377:1824– 35.

 22. Tarhini AA, Lee SJ, Hodi FS, Rao UN, Cohen GI, Koon HB, et al.  
A phase III randomized study of adjuvant ipilimumab (3 or 10 mg/kg) 
versus high- dose interferon alfa- 2b for resected high- risk melanoma 
(US intergroup E1609): preliminary safety and efficacy of the ipilim-
umab arms. J Clin Oncol. 2017;35:9500.

 23. Eggermont AM, Chiarion- Sileni V, Grob JJ, Dummer R, Wolchok 
JD, Schmidt H, et al. Adjuvant ipilimumab versus placebo after com-
plete resection of high- risk stage III melanoma (EORTC 18071): a  
randomised, double- blind, phase 3 trial. Lancet Oncol. 2015;16: 
522– 30.

 24. Schadendorf D, Hodi FS, Robert C, Weber JS, Margolin K, Hamid O, 
et al. Pooled analysis of long- term survival data from phase II and 
phase III trials of ipilimumab in unresectable or metastatic mela-
noma. J Clin Oncol. 2015;33:1889– 94.

 25. Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, 
Lesokhin AM, et al. Nivolumab plus ipilimumab in advanced mela-
noma. N Engl J Med. 2013;369:122– 33.

 26. Schachter J, Ribas A, Long GV, Arance A, Grob JJ, Mortier L, 
et al. Pembrolizumab versus ipilimumab for advanced mela-
noma: final melanoma- specific survival results of a multicentre, 
randomised, open- label phase 3 study (KEYNOTE- 006). Lancet. 
2017;390:1853– 62.

 27. Ramsay AG, Clear AJ, Fatah R, Gribben JG. Multiple inhibitory li-
gands induce impaired T- cell immunologic synapse function in 
chronic lymphocytic leukemia that can be blocked with lenalido-
mide: establishing a reversible immune evasion mechanism in human 
cancer. Blood. 2012;120:1412– 21.

 28. Barcellini W, Giannotta JA, Fattizzo B. Autoimmune complications 
in hematologic neoplasms. Cancers (Basel). 2021;13:1532.

 29. Che G, Huang B, Xie Z, Zhao J, Yan Y, Wu J, et al. Trends in incidence 
and survival in patients with melanoma, 1974- 2013. Am J Cancer Res. 
2019;9:1396– 414.

SU PP ORT I NG I N FOR M AT ION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Jobson D, McCormack CJ, 
Mar V, Tam C, Henderson MA. Impact of chronic 
lymphocytic leukaemia on melanoma outcomes: 
A retrospective case- control study. Br J Haematol. 
2022;197:320– 325. https://doi.org/10.1111/bjh.18090

https://doi.org/10.1111/bjh.18090

	Impact of chronic lymphocytic leukaemia on melanoma outcomes: A retrospective case-­control study
	Summary
	INTRODUCTION
	PATIENTS AND METHODS
	Study design
	Data Collection and Statistical Analysis

	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES


