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Abstract

Background: Immune checkpoint inhibitors (ICIs) have revolutionized the management of 

advanced melanoma (AM). However, data on ICI effectiveness have largely been restricted to 

clinical trials, thereby excluding patients with coexisting malignancies. Chronic lymphocytic 

leukemia (CLL) is the most prevalent adult leukemia and is associated with increased risk of 

melanoma. CLL alters systemic immunity and can induce T-cell exhaustion, which may limit the 

efficacy of ICIs in patients with CLL. We, therefore, sought to examine the efficacy of ICI in 

patients with these co-occurring diagnoses.

Patients and methods: In this international multicenter study, a retrospective review of clinical 

databases identified patients with concomitant diagnoses of CLL and AM treated with ICI (US-

MD Anderson Cancer Center, N = 24; US-Mayo Clinic, N = 15; AUS, N = 19). Objective 

response rates (ORRs), assessed by RECIST v1.1, and survival outcomes [overall survival (OS) 

and progression-free survival (PFS)] among patients with CLL and AM were assessed. Clinical 

factors associated with improved ORR and survival were explored. Additionally, ORR and 

survival outcomes were compared between the Australian CLL/AM cohort and a control cohort of 

148 Australian patients with AM alone.

Results: Between 1997 and 2020, 58 patients with concomitant CLL and AM were treated with 

ICI. ORRs were comparable between AUS-CLL/AM and AM control cohorts (53% versus 48%, P 
= 0.81). PFS and OS from ICI initiation were also comparable between cohorts. Among CLL/AM 

patients, a majority were untreated for their CLL (64%) at the time of ICI. Patients with prior 

history of chemoimmunotherapy treatment for CLL (19%) had significantly reduced ORRs, PFS, 

and OS.

Conclusions: Our case series of patients with concomitant CLL and melanoma demonstrate 

frequent, durable clinical responses to ICI. However, those with prior chemoimmunotherapy 

treatment for CLL had significantly worse outcomes. We found that CLL disease course is largely 

unchanged by treatment with ICI.

Keywords
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) represents the most prevalent adult leukemia in the 

Western world.1 Defined by monoclonal proliferations of mature B cells in the peripheral 
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blood, CLL is a low-grade lymphoproliferative disease with a heterogeneous clinical 

course.2 In CLL, malignant B-cell expansion has been shown to impede T-lymphocyte 

function, leading to impairment of cellular and humoral-mediated immune responses. CLL-

associated immunosuppression has been hypothesized to impair tumor recognition which 

ultimately could lead to immune evasion. Thus, patients with CLL are at increased risk 

of secondary malignancies, and multiple primary cancer types have been shown to be 

more aggressive in the context of concomitant CLL.3 Compared to the general population, 

patients with CLL have a 3.8-fold increased incidence of melanoma.4 Previous reports 

on concomitant CLL and melanoma have described worse melanoma-related outcomes, 

including increased risk of recurrence and metastasis, and overall worse prognosis.5–7

In recent years, significant advances have been made in advanced melanoma (AM) 

management with the advent of immune checkpoint inhibitors (ICIs). However, given 

the exclusionary nature of clinical trials, results of ICI use among patients with CLL 

and AM have not been reported. Numerous CLL-related T-cell abnormalities have been 

described that may diminish ICI efficacy including impaired CD4 signaling, reversed 

CD4 : CD8 T-cell ratio, and higher cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 

and programmed death-ligand 1 (PD-L1) expression leading to T-cell proliferation and 

exhaustion.8,9 Lack of clinical data, in combination with these immunologic concerns, has 

led to clinical uncertainty surrounding the use of ICI and their efficacy for AM and the 

potential impact on the course of CLL.

In this multi-institutional and international study, retrospective clinical databases of patients 

with concomitant CLL and AM treated with ICI were utilized to assess ICI response 

rates and survival outcomes. CLL factors associated with improved AM-related outcomes 

following ICI treatment were assessed. Furthermore, immune-related adverse events after 

ICI and the impact of ICI on CLL status were explored.

METHODS

Study design and patients

Electronic medical records at the University of Texas MD Anderson Cancer Center (MDA) 

and Mayo Clinic were queried for patients diagnosed with concomitant CLL and AM 

between July 1997 and April 2020 who were treated with ICI for AM. ICI treatments 

included anti-programmed cell death protein 1 (PD-1), anti-CTLA-4, or a combination 

of these agents. Audit of prospectively maintained clinical databases from seven tertiary 

Australian centers resulted in the identification of an Australian cohort (AUS-CLL) of 

patients with concomitant CLL and AM treated with ICI. Lastly, a control cohort (AUS-

CTRL) of patients with AM alone treated with ICI (N = 148) was identified by a 

retrospective review of records from these Australian centers.

Clinical and pathological data were extracted from medical records and summarized, 

including: demographic characteristics; clinicopathological features of CLL and melanoma; 

and treatments received and their outcomes (response, relapse, and progression). Objective 

radiographic response to ICI was described by an independent dual-physician review using 

RECIST version 1.1 guidelines.10 Modification of RECIST evaluation was required given 

Cass et al. Page 3

Ann Oncol. Author manuscript; available in PMC 2024 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



concurrent lymphadenopathy from CLL; pathologic lymph nodes were excluded as target 

or nontarget lesions unless involved by melanoma by biopsy confirmation. Progression-free 

survival (PFS) was defined as the interval between ICI initiation and date of melanoma 

progression, or if progression or relapse did not occur, date of death or last follow-up. 

Overall survival (OS) was defined as the interval between ICI initiation and date of death 

from any cause or last follow-up.

Data analysis

To assess response to ICI and survival after ICI in patients with CLL and AM compared 

with AM alone, we compared objective response rate [ORR, defined as complete response 

(CR) or partial response (PR) by RECIST], as well as OS and PFS between the AUS-CLL 

and AUS-CTRL cohorts. Next, among patients with concomitant CLL and AM (MDA, 

Mayo, and AUS-CLL), clinicopathological characteristics, treatment response, and survival 

outcomes were summarized.

To assess whether prior treatment for CLL had an impact on ICI response and survival, 

patients with CLL and AM were stratified into two clinical cohorts: prior/concurrent CLL 

treatment and CLL observation. ORR, OS, and PFS were compared between these clinical 

cohorts. Sub-analysis by type of CLL treatment (treatment with chemoimmunotherapy 

versus targeted therapy) was carried out.

Statistical analysis

Patient characteristics were summarized using frequency (percentage) for categorical 

variables and median [with interquartile range (IQR)] for continuous variables. Chi-square 

and Fisher’s exact tests were used to assess differences in categorical variables. Wilcoxon 

rank-sum tests were carried out to assess differences in continuous variables. Univariate 

analyses were carried out to examine differences in clinicopathological variables and ORR. 

OS and PFS were estimated using the Kaplan–Meier method. Log-rank tests were used to 

compare OS and PFS among subgroups. The Kaplan–Meier method was used to generate 

survival curves by clinical characteristics.

RESULTS

In total, 58 patients with concomitant CLL and AM treated with ICI were identified (US-

MDA, N = 24; US-Mayo, N = 15; AUS-CLL, N = 19), while 148 patients with melanoma 

alone treated with ICI were identified (AUS-CTRL) (Figure 1A). Of the 58 patients with 

concomitant CLL and AM, 15 patients received additional ICI therapies after first-line ICI 

following disease progression or relapse, amounting to 79 total ICI therapies. A primary 

analysis of this study focused on first-line therapies, though ORR and survival outcomes 

were described for all treatments.

Melanoma ICI outcomes in the absence or presence of CLL

To compare response and survival following ICI in patients with AM in the absence or 

presence of concomitant CLL, we first examined outcomes within the Australian population 

with concomitant CLL and AM (N = 19) and AM alone (N = 148). AUS-CTRL patients 
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were older compared to the AUS-CLL patients (78% versus 47% were ≥ 65 years, P = 

0.009) (Supplementary Table S1, available at https://doi.org/10.1016/j.annonc.2023.06.007). 

A review of the staging in the eighth edition of the American Joint Committee on Cancer at 

ICI initiation revealed more visceral involvement among AUS-CTRL patients compared to 

AUS-CLL patients (80% versus 42%, P = 0.001). All treatments in the Australian population 

were first-line ICI, though type of ICI received varied between cohorts (Supplementary 

Table S1, available at https://doi.org/10.1016/j.annonc.2023.06.007, P< 0.001). Both cohorts 

had similar rates of prior non-ICI melanoma treatments (AUS-CLL: 11% versus AUS-

CTRL: 29%, P = 0.10). Lactate dehydrogenase (LDH) levels at ICI onset were similar 

between cohorts [AUS-CLL: 277 U/l (IQR 222–363 U/l) versus AUS-CTRL: 243 U/l (IQR 

201–285 U/l), P = 0.15].

ORR to ICI was similar between the AUS-CLL and AUS-CTRL cohorts (Figure 1B: 53% 

versus 48%, P = 0.81). Among AUS-CLL patients who achieved an objective response 

(N = 10/19), median duration of response (DOR) was 13 months. Data on DOR were 

unavailable for the AUS-CTRL cohort. OS and PFS were similar between the AUS-CLL 

and AUS-CTRL cohorts (Figure 1C: OS, 31 versus 46 months, P = 0.46; Figure 1D: PFS, 8 

versus 13 months, P = 0.32).

Characteristics of patients with concomitant CLL and melanoma

Among all US and Australian patients with concomitant CLL and AM (N = 58), 58 first-

line and 21 subsequent ICI therapies were administered. First-line therapies included 34 

anti-PD-1, 18 anti-CTLA-4, and 6 combination therapies.

Clinicopathologic features of CLL and AM are summarized in Table 1 and Supplementary 

Table S2, available at https://doi.org/10.1016/j.annonc.2023.06.007, respectively. Overall, a 

majority of patients with available Rai staging11 data had low-risk CLL (56%, N = 25/45) 

and 64% (N = 37/58) were on observation at ICI onset, with no previous CLL treatment.

Response to ICI in patients with concomitant CLL and melanoma

All ICI treatments, including first-line and subsequent therapies, were evaluated for 

response and survival outcomes. Four patients received ICI in the adjuvant setting, two 

as first-line and two as subsequent therapies and were excluded from RECIST evaluation. 

Among all evaluable first-line therapies (N = 56), ORR was 41% (N = 23/56) and 

median DOR was 18 months (Supplementary Figure S1, available at https://doi.org/10.1016/

j.annonc.2023.06.007). ORR by ICI subtype was 39% for anti-PD-1 (N = 13/33), 39% 

for anti-CTLA-4 (N = 7/18), and 60% for combination ICI (N = 3/5). Subsequent ICI 

therapies were associated with a lower ORR of 21% (N = 4/19) (anti-PD-1: 17%, N = 

2/12; anti-CTLA-4: 33%, N = 1/3; combination: 25%, N = 1/4). Percentage change in the 

size of metastatic melanoma (sum of longest diameters by RECIST) in response to ICI was 

available for the US-cohort patients (MDA and Mayo); response to first-line ICI therapies 

for US patients, categorized by ICI subtype, is illustrated in Figure 2B.
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Effect of CLL treatment on ICI response in patients with concomitant CLL and melanoma

Because of the potential long-lasting immunosuppression and myelosuppression associated 

with certain CLL therapies, response to ICI was compared among patients who 

received prior or concurrent treatment and patients on observation for their CLL 

(Figure 2C and Supplementary Figures S1 and S2, available at https://doi.org/10.1016/

j.annonc.2023.06.007). Prior or concurrent treatment for CLL was utilized before 30 of the 

79 total ICI therapies and 21 of the 58 first-line ICI therapies, respectively. CLL treatments 

were categorized as targeted therapy (TT), which included non-T-lymphodepleting agents, 

or chemoimmunotherapy (CIT), which included T-lymphodepleting agents, fludarabine, 

bendamustine, and alemtuzumab. Demographic, clinicopathological, and treatment variables 

between CLL-treated and observation patients are described in Table 1 and Supplementary 

Tables S2 and S3, available at https://doi.org/10.1016/j.annonc.2023.06.007. Neither LDH 

level nor CNS involvement, two factors thought to impact anti-PD-1 response, were 

different between cohorts at the start of ICI treatment. Among patients with available 

immunoglobulin heavy chain variable region gene (IGHV) mutation testing (N = 22), 

patients with prior CLL treatment were more likely to have unmutated IGHV compared 

to observed patients (90%, N = 9/10 versus 25%, N = 3/12, P = 0.002). At ICI initiation, 

laboratory parameters were similar between CLL-treated and observed groups, except for 

absolute lymphocyte count which was lower for CLL-treated patients [2.8 (1.2–5.4) versus 

7.8 (2.7–26.5), P = 0.012].

ORR to first-line ICI treatments was significantly lower for patients with prior/concurrent 

treatment for CLL compared to observation patients (21%, N = 4/19 versus 51%, 

N = 19/37, P = 0.044) (Supplementary Figure S1, available at https://doi.org/10.1016/

j.annonc.2023.06.007). Among all ICI therapies, ORR was also lower for previously treated 

patients (19%, N = 5/26 versus 45%, N = 22/49, P = 0.042) (Supplementary Figure 

S2, available at https://doi.org/10.1016/j.annonc.2023.06.007). Among the patients treated 

for CLL before first-line ICI, there was a non-significant trend toward lower ORR from 

assessable CIT-treated compared to TT-treated patients (11%, N = 1/9 versus 33% N = 3/9, 

P=0.26).

Median DOR was longer for patients on observation compared to CLL-treated patients, 

although this did not reach statistical significance for all ICI treatments, nor for first-line ICI 

(all ICI: 19 versus 6 months, P = 0.13; first-line: 18 versus 6 months, P = 0.37).

Survival outcomes in patients with concomitant CLL and AM

Among the 58 patients, 29 were dead at the time of last follow-up (25 melanoma-related 

deaths). No deaths were related to CLL. Median OS from ICI initiation was 26 months 

and median PFS for all 79 ICI treatments was 5 months. Median OS was 26 months and 

PFS was 7 months for first-line ICI treatments. Survival outcomes did not significantly 

vary by ICI subtype (median OS, PD-1: 26, CTLA-4: 31, Combo: 23 months, P = 0.91; 

median PFS, PD-1: 7, CTLA-4: 5, Combo: 10 months, P = 0.76). Next, we assessed 

whether prior/concurrent treatment for CLL impacted survival outcomes. Of the first-line 

ICI treatments, median OS was 7 months for CLL-treated patients (N = 21) and 52 months 

for patients on observation (N = 37) (P = 0.002). Median OS among observation patients 
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was longer than CIT-treated patients (52 versus 7 months, P = 0.002) and TT-treated patients 

(52 versus 18 months, P = 0.009), (Figure 2D). Median OS was shorter in patients treated 

with CIT compared to TT (7 versus 18 months, P = 0.43); however, the difference did not 

reach statistical significance. Median PFS was longer for patients on observation than for 

treated patients (15 versus 4 months, P = 0.005) and CIT-treated patients specifically (15 

versus 3 months, P = 0.003) (Figure 2E). A similar trend was seen between observation 

and TT-treated patients, though this did not reach statistical significance (PFS 15 versus 4 

months, P = 0.089).

Effects of ICI on CLL status

CLL status was assessed with the International Workshop on Chronic Lymphocytic 

Leukaemia criteria (iwCLL) and was carried out before ICI and 3 months following ICI 

initiation.12 At the 3-month assessment, patients were classified as having disease stability 

or progression. Data were available for 49 ICI treatments overall. Stable CLL was noted 

in 94% (N = 46/49) of patients after ICI and no difference was seen between groups with 

prior/concurrent history of CLL treatment or observation (94%, N = 29/31 versus 94%, N 
= 17/18, P = 0.90). Three patients developed CLL progression while on anti-PD-1 therapy, 

though in two of these patients, the AM had an objective, durable response (CR or PR) to 

ICI.

Immune-related adverse events

Overall, immune-related adverse events (irAEs) occurred following 39% of ICI 

(Supplementary Table S4, available at https://doi.org/10.1016/j.annonc.2023.06.007). No 

difference was identified between irAE rates following first-line or subsequent ICI 

treatments (38% versus 45%, P = 0.61), but a non-significant trend toward lower irAEs 

for single-agent compared to combination ICI was identified (36% versus 64%, P = 0.10). 

Rates of irAE were similar by CLL treatment status (33% versus 44%, P = 0.48). Despite the 

presence of concomitant CLL, few hematologic AEs occurred overall. Among all cohorts, 

thrombocytopenia occurred in 9% and thrombosis occurred in 9% of patients. Of note, in the 

AUS-CLL cohort, one patient on anti-PD-1 ICI developed autoimmune hemolytic anemia 

and another patient on anti-PD-1 therapy developed hemophagocytic lymphohistiocytosis, a 

severe inflammatory syndrome previously described in ICI literature and known to occur in 

patients with lymphoproliferative disorders.

DISCUSSION

The optimal management of patients with concomitant CLL and AM has posed significant 

challenges for oncologists. Because patients with CLL have been excluded from ICI trials 

for melanoma, formal guidelines are lacking for the treatment of this dual diagnosis. Due to 

the limited literature on the topic, there is clinical uncertainty about the efficacy of ICI, risk 

of irAEs, and the impact of ICI on CLL dynamics. To our knowledge, this study reports on 

the largest cohort of patients managed with ICI with these co-occurring diagnoses and is the 

first to compare outcomes against patients with melanoma alone.
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In the Australian retrospective cohorts, we observed an ORR to ICI of 53% among patients 

with CLL and AM with encouraging OS and PFS, which were not significantly different 

from the studied cohort without CLL. We were not able to find similar reports comparing 

ICI-dependent melanoma outcomes among patients with and without concomitant CLL, 

likely because few centers have treated homogenous populations with these diagnoses with 

similar standards.

We recognize that the small sample size of patients with CLL and AM (N = 19), as well 

as the absence of matched cohorts, limits a definitive, formal statement on the efficacy 

of ICI in the absence or presence of CLL. We also acknowledge that differences in age, 

stage, and ICI treatments were observed between these two Australian cohorts. However, the 

comparable results observed in the CLL and AM cohort spurred further interest in evaluating 

ICI outcomes in a larger cohort and identifying factors that predict favorable outcomes.

Further analysis demonstrated that treatment of AM with ICI in the context of concomitant 

CLL could result in durable and frequent clinical responses. This finding is consistent with 

a recent small case series from a tertiary cancer center, in which anti-CTLA-4 treatment 

resulted in objective responses in 30% of patients (N = 3/10) with concomitant CLL and 

AM.13 Furthermore, in a national tumor registry study, patients with CLL and AM treated 

during the era of ICI use (2011 onward) demonstrated a survival benefit compared with 

prior time periods, supporting a beneficial effect of immunotherapies in patients with these 

co-occurring diagnosis.14 In our review, AM ORR for first-line ICI among all three cohorts 

was 41% (CTLA-4: 39%, N = 7/18; PD-1: 39%, N = 13/33; combination: 60%, N = 3/5). 

Incomparison, historicalresponse rates in melanoma have been reported at 10%–15%15,16 

for anti-CTLA-4 therapy, 37%–40% for anti-PD-1,17,18 and 56%–61% for combination 

anti-PD-1/CTLA-4 therapy.17,19,20 Survival outcomes, OS and PFS, were also similar to 

historic values, further supporting that patients with CLL can clinically benefit from ICI 

despite their underlying immune dysfunction.

We aimed to identify clinicopathological factors associated with improved ICI-related 

outcomes in this population. Previous studies have reported that advanced CLL Rai stage 

correlates with inferior outcomes for non-basal-cell skin cancers, including melanoma.21 

In our analysis, advanced Rai stage and the presence of del(17p)/TP53 aberrations were 

associated with inferior clinical outcomes, though this did not reach statistical significance 

on multivariate analysis. Importantly, TP53 aberrations, including those associated with 

del(17p), are known to be associated with poor prognosis in CLL. Interestingly, TP53 
mutation identified in melanoma is also associated with worse outcomes and poor 

response to anti-CTLA-4 therapy in metastatic melanoma.22 Prior treatment for CLL 

was the only factor independently associated with worse OS and PFS; ORR was 

significantly lower among patients who received prior treatment for CLL (21% versus 51%). 

Furthermore, OS and PFS following ICI treatment were significantly longer for patients 

without prior CLL treatment. Given the profound and persistent immunosuppression and 

prolonged lymphopenia associated with certain treatments (fludarabine, bendamustine, and 

alemtuzumab), a sub-analysis of survival by CLL treatment type demonstrated that patients 

receiving these therapies had very poor outcomes following ICI treatment. In Figure 3, we 

highlight two clinical vignettes of patients with concomitant CLL/AM, one with low-risk 
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CLL on observation who achieved a durable melanoma response following anti-CTLA-4 

treatment, and another case in which a patient with high-risk CLL, with a history of 

fludarabine treatment, rapidly progressed on anti-PD-1 ICI.

In previous studies, prior CLL treatment with fludarabine was associated with increased risk 

of developing melanoma and other malignancies.23 However, to our knowledge, no study 

to date has reported melanoma survival and outcomes following treatment with fludarabine 

or other immunosuppressant agents. A recent single-institution retrospective study reported 

that prior treatment of CLL was not associated with melanoma-related mortality among 

56 patients with the dual diagnosis.24 That series included any-stage melanoma and 

only 25% of that population received immunotherapy, potentially contributing to the 

differences in outcomes seen in our ICI-focused study. Furthermore, authors of this review 

contend that immunosuppression from prior CLL treatment is unlikely to affect melanoma 

treatment if given years later. However, CLL treatment with chemoimmunotherapies can 

have long-term T-lymphocyte depletion, and in our analysis, were particularly associated 

with poor outcomes following ICI. The immunosuppressive mechanisms by which 

lymphodepleting agents interfere with ICI response are not completely understood. The 

landscape of treatment of CLL has changed recently and, particularly in the United States, 

chemoimmunotherapy has been replaced by targeted agents. Future studies are needed to 

investigate how patients with prior CLL treatment with targeted therapies respond to both 

ICI and other melanoma therapies.

Importantly, our experience did not identify an increased risk of CLL progression following 

ICI, regardless of CLL treatment history. In one case report of a patient with TP53-mutated 

CLL, a discordant clinical course was noted in which melanoma responded to anti-PD-1 ICI 

but developed rapidly progressive CLL.25 Conversely, other small series have not reported 

accelerated CLL disease progression in patients treated for AM with ICI. Additionally, in 

our experience, any-grade irAE occurred following 39% (N = 31/79) of all ICI treatments 

and 26% (N = 20/79) required ICI discontinuation. In contrast, two previously referenced 

reviews reported grade 3 or 4 toxicity in 40% of patients (N = 6/15)13 and AEs requiring 

cessation in 43% (N = 6/14).24 While AE rates vary significantly across studies, rates of 

grade 3 or 4 toxicity in the general melanoma population have been reported as high as 42% 

for ICI monotherapy and 59% for combination ICI.26,27 Overall, this review supports the 

relative safety of ICI in patients with CLL and AM, though selection of therapies should 

always be done cautiously with appropriate patient counseling.

The biological effects of ICI on CLL physiology need further evaluation. In patients with 

CLL, T cells have up-regulated PD-1 expression, and in preclinical models, PD-1 inhibition 

resulted in correction of leukemia-induced CD8 dysfunction and protected mice from CLL 

development.28 The PD-1/PD-L1 axis has been shown to be functionally intact in patients 

with CLL and, further, is hypothesized to contribute to T-cell function restoration in CLL. 

Due to these observations, trials have investigated PD-1 blockade for CLL and Richter’s 

transformations and observed ORRs of up to 44% for Richter’s transformation component 

whereas no changes were observed in the CLL component.29,30 T-cell CTLA-4 expression 

has also been shown to be significantly elevated in CLL and is associated with T-cell 

anergy.9 Whether CTLA-4 inhibition can revitalize immune responses among leukemic cells 
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is in question, and clinical trials evaluating management of hematological malignancies with 

anti-CTLA-4 therapy are underway.

In addition to the limitations of the retrospective review, clinicopathological characteristics 

of patients, including treatment history, varied among our study populations. Prospective 

studies focused on ICI response, survival, and irAE rates in patients with CLL and AM 

would be needed to confirm our findings and to further explore CLL-related factors that 

either support or inhibit ICI response.

Conclusion

Treatment with ICI resulted in frequent durable clinical responses of AM without 

exacerbation of CLL or clearly increased irAEs, and thus should be considered a valuable 

therapeutic option in patients with concomitant CLL and melanoma. Our results also suggest 

that prior treatment for CLL may impact ICI efficacy and AM outcomes, and should 

be considered in patient management. Given the increasing use of ICI for many solid 

organ malignancies, confirmation of ICI effectiveness for treating other cancer types with 

concurrent CLL is necessary.
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Figure 1. AM response rates and survival following ICI, in the absence or presence of 
concomitant CLL.
(A) CONSORT diagram describing the comparison of ICI-dependent outcomes between 

Australian patients with concomitant CLL and AM (N = 19) versus AM alone (N = 148). 

(B) Pie charts describing radiographic response by RECIST v1.1 assessment in Australian 

cohorts of patients treated with ICI for AM in the presence of concomitant CLL (top, AUS-

CLL, N = 19) or absence of concomitant CLL (bottom, AUS-CTRL, N = 147, *response 

data available for 147 patients). Objective responses (CR or PR) resulted in 53% of patients 

with CLL and AM versus 48% in patients with AM alone (P = 0.81). (C) Kaplan–Meier 

plot comparing OS between patients with concomitant CLL and AM (AUS-CLL, P = 19) 

and AM alone (AUS-CTRL) (P = 167, P = 0.46 by log-rank test). (D) Kaplan–Meier plot 

comparing PFS between patients with concomitant CLL and AM (AUS-CLL, N = 19) and 

AM alone (AUS-CTRL) (N = 167, P = 0.32 by log-rank test).

AM, advanced melanoma; CLL, chronic lymphocytic leukemia; CR, complete response; 

CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ICI, immune checkpoint inhibitor; 

OS, overall survival; PD, progressive disease; PD-1, programmed cell death protein 1; PFS, 

progression-free survival; PR, partial response; SD, stable disease.
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Figure 2. Sub-analysis of ICI-dependent outcomes (ORR, OS, and PFS) among patients with 
concomitant CLL and AM by ICI subtype and patient history of prior CLL therapy.
(A) CONSORT diagram describing the comparison of ICI-dependent outcomes among all 

patients with concomitant CLL and AM, stratified by whether patients had prior treatment 

for their CLL. (B) Waterfall plot describing response to first-line ICI as percentage change 

in SLD of metastatic melanoma by RECIST v1.1, stratified by type of ICI subtype. These 

plots display evaluable radiographic responses (N = 34) from ICI treatments from the US 

cohorts (N = 39). Pie charts, below, further describe radiographic response in this cohort. (C) 

Waterfall plots describing radiographic response to first-line ICI as percentage change SLD 

of metastatic melanoma, stratified by whether patients had received prior CLL treatment. 

These plots include evaluable radiographic responses (N = 34) from ICI treatments from 
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the US cohorts (N = 39). Pie charts, below, further describe response in this cohort. 

Kaplan–Meier plots comparing OS (D) and PFS (E) between patients with no prior CLL 

treatment (CLL observation), prior treatment with targeted therapies, or prior treatment with 

chemoimmunotherapy.

AM, advanced melanoma; CLL, chronic lymphocytic leukemia; CR, complete response; 

CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ICI, immune checkpoint inhibitor; 

OS, overall survival; PD, progressive disease; PD-1, programmed cell death protein 1; PFS, 

progression-free survival; PR, partial response; SD, stable disease; SLD, sum of longest 

diameter.
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Figure 3. Clinical vignettes of patients treated with ICI for AM in the context of concomitant 
CLL.
Clinical vignette #1 describes a 76-year-old male who was diagnosed with low-risk CLL 

and was managed on observation. A year later, he developed a cutaneous melanoma with 

clinically palpable nodal disease and was managed with wide local excision, lymph node 

dissection, and adjuvant taxane therapy. Months later, new metastatic disease was identified 

on surveillance imaging in bilateral adrenal glands. Following treatment with anti-CTLA-4 

monotherapy, 3-month post-ICI imaging revealed a near-complete radiographic response. 

His response has been durable, with no relapse up to the date of this publication. Clinical 

vignette #2 describes a 67-year-old male who was diagnosed with Rai stage IV CLL with 

a high-risk 17p deletion by FISH, who was treated, first with combination fludarabine, 

cyclophosphamide, rituximab, then after CLL progression, with ibrutinib and rituximab. A 

year later, he developed a cutaneous melanoma treated with wide excision, sentinel lymph 
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node biopsy, and subsequent lymph node dissection due to occult nodal disease. A year 

later, he developed a large hepatic metastasis and was treated with anti-PD-1 monotherapy. 

Unfortunately, follow-up imaging demonstrated rapid disease progression.

AM, advanced melanoma; CLL, chronic lymphocytic leukemia; CTLA-4, cytotoxic 

T-lymphocyte-associated protein 4; ICI, immune checkpoint inhibitor; LDH, lactate 

dehydrogenase; PD-1, programmed cell death protein 1.
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