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Chemoimmunotherapy (CIT) with fludarabine, cyclophosphamide and rituximab (FCR) has 

been the mainstay treatment of previously untreated chronic lymphocytic leukaemia (CLL) for 

many years1. A minority of FCR-treated patients are identified as a favourable risk group by 

the presence of mutated immunoglobulin heavy chain variable genes (M-IGHV), weak CD49d 

expression, long telomeres and post-therapy assessment of minimal residual disease (MRD) 

2–4. Most patients treated with FCR relapse, and this has driven the development of efficacious 

therapies targeting the B-cell receptor (BCRi) but exposes patients to risks such as 

hypertension and other cardiovascular toxicities5. Therefore, there may remain a case for CIT 

in untreated patients with CLL with favourable features. 

We report the outcomes of previously untreated patients with CLL after prolonged follow-up 

following fludarabine and cyclophosphamide-based CIT in two phase II randomised controlled 

trials, ADMIRE and ARCTIC. ADMIRE compared FCR with fludarabine, cyclophosphamide, 

mitoxantrone and rituximab (FCMR) whilst ARCTIC compared FCR with fludarabine, 

cyclophosphamide mitoxantrone and reduced dose rituximab (FCM-minR). In addition to 

reporting long-term-year outcomes we assessed a range of factors reported to be prognostic 

to identify robust markers associated with favourable outcomes. Treatment-related toxicities 

and premature discontinuation of therapy may be associated with inferior outcomes, so we 

assessed how these events impact patient outcomes. Methods including trial design and 

assessment of prognostic factors are presented as supplementary information. 

ADMIRE/ARCTIC provided outcome data on 415 previously untreated patients with CLL 

recruited between July 2009-September 2012 (supplementary Tables 1 and 2). Median follow-

up is 84 months (interquartile range (IQR): 72-94 months), median PFS is 66 months (95% 

confidence interval (CI) 56-72 months), and median OS is 108 months (95% CI 101 months-

not reached) (Supplementary Figure 1A and B). There is no difference in PFS or OS between 

FCR and FCM-R (PFS adjusted hazard ratio (aHR) 1.09, 95% CI 0.80-1.49; OS aHR 0.95, 

95% CI 0.62-1.47). For FCR and FCM-miniR, a small difference was observed for PFS but 

not OS (PFS aHR 1.35, 95% CI 1.00-1.84; OS aHR 1.01, 95% CI 0.65-1.57) (Supplementary 

Figures 2A and 2B). 

Five years post-randomisation, 68.9% (95% CI 60.6-75.9%) of patients with M-IGHV CLL were 

progression-free and 83.0% were alive (95% CI 75.8-88.3%). Unadjusted Cox regression 

analysis found unmutated IGHV (UM-IGHV) is associated with shortened PFS and OS (PFS 

HR 2.62, 95% CI 1.92-3.57; OS HR 1.65, 95% CI 1.09-2.48) (Supplementary Figure 3A and 

3B). Three months post-treatment 169 patients (40.7%) were bone marrow (BM) MRD 

positive, 84.0% had a PFS event and 40.2% had an OS event during follow-up, compared to 

36.6% and 21.0% who were MRD negative (n=186). Unadjusted Cox regression analysis of 



MRD found that MRD positivity is associated with shortened PFS and OS (PFS HR 4.49, 95% 

CI 3.33-6.04; OS HR 2.35, 95% CI 1.59-3.47) (Supplementary Figure 4A and 4B). The 

combination of MRD positivity and UM-IGHV resulted in highly shortened PFS and OS 

compared to M-IGHV and MRD negativity (PFS HR 11.1, 95% CI 6.76-18.22; OS HR 3.45, 

95% CI 1.94-6.13) (Supplementary Figure 5A and 5B). 

Univariable Cox regression analysis of PFS revealed UM-IGHV, 17p/11q deletion, TP53 

mutations (mutTP53) and increasing international prognostic index for CLL (CLL-IPI) are 

associated with shortened PFS (Supplementary Table 3A). Increasing CD38 (% positive 

cells), CD49d (% positive cells), and decreasing CD20 (MFI), CCR6 (MFI and % positive cells) 

and LAIR1 (MFI) are also associated with shortened PFS (Supplementary Table 3B). 

Multivariable penalised Cox regression found IGHV, MRD, standardised CD49d (% positive 

cells) and deletion 17p (d17p) &/or mutTP53 are, in combination, most prognostic of PFS 

(Supplementary Table 3C). 

Univariable Cox regression analysis of OS found age greater than 65 years, positive DCT, 

UM-IGHV, d17p, mutTP53 and increasing CLL-IPI are associated with shortened OS 

(Supplementary Table 4A). Increasing CD49d (% positive cells), decreasing CCR6 (MFI) and 

LAIR1 (MFI) are associated with shortened OS (Supplementary Table 4B). Mutations in ATM, 

BIRC3, NOTCH1 and SF3B1 are not independently associated with PFS or OS. Multivariable 

penalised Cox regression found MRD, age, CD49d (% positive cells), DCT and d17p and/or 

mutTP53 are, in combination, most prognostic of OS (Table 1). 

The proportion of PFS and OS events is higher in those who experienced any grade 3 or 4 

adverse event (AE), a haematological-related grade 3 or 4 AE, or an infection-related grade 3 

or 4 AE (Supplementary Table 5), but the presence of any grade 3 or 4 AE or haematological-

related grade 3 or 4 AEs are not associated with shortened PFS, or OS (Supplementary Table 

6A and B). However, the presence of infection-related grade 3 or 4 AEs are associated with 

both shortened PFS and OS (PFS aHR 1.52, 95% CI 1.07-2.27: OS HR 1.64, 95% CI 1.02-

2.63) (Supplementary Figure 6A and B). Baseline IgA and IgG levels are not associated with 

grade 3 or 4 AEs, a haematological or an infection grade 3 or 4 AE (Supplementary Table 7A-

C).  

122 second cancers were diagnosed in 102 of the 415 patients and comprised Richter’s 

transformations 12 (2.9%), acute myeloid leukaemia/myelodysplasia (AML/MDS) 19 (4.6%), 

skin (non-melanoma) 37 (8.9%), skin (melanoma) 9 (2.2%) and solid tumours 35 (8.4%). In 

those diagnosed with a second cancer, the median time to diagnosis from randomisation was 

34.5 months (IQR: 22, 60 months). For patients developing Richter’s there was no 

preponderance of poor prognostic features (Supplementary Table 8). In patients who 



developed AML/MDS, this was not associated with trial therapy and occurred at a median of 

34.9 months (IQR 23, 46 months) post-therapy. Of patients who developed AML/MDS three 

had received more than one line of therapy (Supplementary Table 9).  

Patients who receive three or less treatment cycles tend to be older, more likely to have d17p 

and more likely to be MRD positive (Supplementary Table 10). Receiving three or less 

treatment cycles is associated with shorter PFS, and OS (PFS aHR 2.66, 95% CI 1.73-4.07; 

OS aHR 2.62, 95% CI 1.65-4.17) (Supplementary Figure 7A and B). For PFS, only patients 

who prematurely discontinued therapy due to toxicity, without progression, were included in 

the analysis. 

Of 192 patients who experienced disease progression, 79 (41.1%) received further treatment 

with 70 (88.6%) receiving 1 line, 8 (10.1%) receiving 2 lines and 1 (1.3%) receiving 3 lines of 

subsequent treatment. Of these, 46.3% received CIT, 37.5% received BCRi, 5% received 

BCRi with a BCL2 inhibitor, 13.8% received a monoclonal antibody and 3.8% received 

steroids. The proportion of patients treated with novel agents at relapse increased over the 

duration of follow-up with a corresponding decrease in CIT (supplementary figure 8). 

We report excellent long-term outcomes in patients with CLL treated with FC-based CIT in two 

UK clinical trials. With a median follow-up of 84 months the PFS and OS are 65 and 108 

months. Patients with favourable factors such as M-IGHV and non-disrupted TP53 have 

prolonged survival outcomes following FC-based CIT and the incorporation of BM-MRD 

following therapy further refines the identification of a cohort with prolonged survival. 

We assessed all available parameters previously described as prognostic in similar patient 

populations and identified multiple factors predictive of PFS and OS in univariable analysis. 

However, the parameters most predictive of PFS on multivariable analysis were CD49d, d17p 

and mutTP53 combined with post-treatment BM-MRD. Likewise multivariable analysis 

revealed age, DCT and d17P/mutTP53 combined with post-treatment BM-MRD were most 

predictive for OS. Thus, a relatively simple combination of prognostic factors and MRD can 

identify a cohort with prolonged survival. Our results complement those of others who 

demonstrate that IGHV, d17p, mutTP53 and post-treatment MRD are prognostic following CIT 

and facilitate the identification of patients with prolonged survival.2,4 

In addition to assessing the prognostic power of established biomarkers we sought to assess 

the role of patient specific factors in responses to FC-based CIT. Our finding that infection-

related AEs were associated with shortened survival could reflect the impact of infectious 

events in an immunosuppressed patient population or could be a surrogate for other 

comorbidities not captured within our data collection. It is likely that a combination of reduced 

dose intensity due to premature discontinuation of therapy with associated suboptimal disease 



control and the consequences of grade 3/4 infections could contribute to inferior outcomes for 

a subset of patients. 

CLL is associated with an increased risk of second malignancies, a risk exacerbated by 

treatment with regimens such as FC. After prolonged follow-up of around 10 years 25% of 

patients were diagnosed with at least one new malignancy. Our results confirm that second 

malignancies remain a significant concern in FC-treated patients and support the role of health 

promotion interventions known to reduce cancer. 

In conclusion we find that treatment of CLL with FC-based CIT is associated with excellent 

long-term outcomes. We show that the main markers for long-term progression-free and 

overall survival are MRD, age, IGHV, CD49d, DCT, d17p and mutTP53. The results presented 

in this paper further aid in the consideration of which patients with CLL may benefit from initial 

treatment with FCR as opposed to targeted therapy and who may need less intensive follow-

up following completion of therapy. 
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Tables 

Table Legends 

Table 1. Multivariable penalised Cox regression analysis of OS. Variables frequently 

selected from the imputed datasets by the penalised Cox model are more predictive of the 

outcome than those not selected or selected infrequently. Each variable selected contributes 

to predicting the outcome in combination with the other selected variables, even if it is not 

significantly associated with the outcome itself. BM, bone marrow; MRD, minimal residual 

disease. 

 

  



 

 

Table 1  

 

 
Parameter 

Estimate 

Standard 

Error 

Hazard ratio (HR) 

and 95% CI 

Number of times 

variable selected out 

of the 42 imputed 

datasets^ 

3-month post-treatment BM MRD status 

Positive vs. Negative 
0.39 0.18 1.48 (1.04 to 2.1) 42 

Age at randomisation 

>65 years vs. ≤65 years 
0.129 0.15 1.14 (0.847 to 1.53) 42 

Standardised CD49d (% of positive cells) 0.0737 0.0686 1.08 (0.941 to 1.23) 36 

Direct Coombs Test 

Positive vs. Negative 
0.0496 0.147 1.05 (0.788 to 1.4) 24 

Deletion 17p &/or mutated TP53 

Yes vs. No 
0.098 0.146 1.1 (0.828 to 1.47) 24 

Standardised LAIR1 -0.000638 0.0407 
0.999 (0.923 to 

1.08) 
5 

Mutated BIRC3 

Yes vs. No 
0.00785 0.0725 1.01 (0.874 to 1.16) 3 

Mutated ATM 

Yes vs. No 
0.00426 0.0316 1 (0.944 to 1.07) 1 

Mutated NOTCH1 

Yes vs. No 
0.000673 0.0477 1 (0.911 to 1.1) 1 
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