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                                                                                                                        Abstract

                                                            Almost one-third of all patients with chronic lymphocytic leukemia (CLL) express stereotyped B cell receptor immunoglobulins (BcR IG) and can be assigned to distinct subsets, each with a particular BcR IG. The largest stereotyped subsets are #1, #2, #4 and #8, associated with specific clinicobiological characteristics and outcomes in retrospective studies. We assessed the associations and prognostic value of these BcR IG in prospective multicenter clinical trials reflective of two different clinical situations: i) early-stage patients (watch-and-wait arm of the CLL1 trial) (n=592); ii) patients in need of treatment, enrolled in 3 phase III trials (CLL8, CLL10, CLL11), treated with different chemo-immunotherapies (n=1861). Subset #1 was associated with del(11q), higher CLL international prognostic index (CLL-IPI) scores and similar clinical course to CLL with unmutated immunoglobulin heavy variable (IGHV) genes (U-CLL) in both early and advanced stage groups. IGHV-mutated (M-CLL) subset #2 cases had shorter time-to-first-treatment (TTFT) versus other M-CLL cases in the early-stage cohort (HR: 4.2, CI: 2-8.6, p<0.001), and shorter time-to-next-treatment (TTNT) in the advanced-stage cohort (HR: 2, CI: 1.2-3.3, p=0.005). M-CLL subset #4 was associated with lower CLL-IPI scores and younger age at diagnosis; in both cohorts, these patients showed a trend towards better outcomes versus other M-CLL. U-CLL subset #8 was associated with trisomy 12. Overall, this study shows that major stereotyped subsets have distinctive characteristics. For the first time in prospective multicenter clinical trials, subset # 2 appeared as an independent prognostic factor for earlier TTFT and TTNT and should be proposed for risk stratification of patients.

                                                            
                                                            Introduction
Chronic lymphocytic leukemia (CLL) is a clinically and biologically heterogeneous disease.1 Important prognostic markers include clinical stage (Rai and Binet), presence of deletions in the long arm of chromosome 11 (del(11q)) and in the short arm of chromosome 17(del(17p)), TP53 gene mutations, complex karyotype (CK) as defined by ≥3 chromosomal abnormalities by conventional cytogenetics, markers of tumor load (e.g., thymidine kinase [TK], and 2-microglobulin [β2MG], and genetic parameters such as immunoglobulin heavy variable (IGHV) gene somatic hypermutation (SHM) status, genomic aberrations, and gene mutations such as SF3B1 and NOTCH1 detected by next-generation sequencing (NGS).1-4 Based on IGHV gene mutational status, CLL can be divided into mutated (MCLL) and unmutated (U-CLL) with indolent and aggressive disease courses, respectively.5,6
The combinatorial and junctional diversity of the IGHVIGHD- IGHJ recombination along with the SHM mechanism can lead to the potential synthesis of almost 1012 different IG. At odds with this diversity, the B-cell receptor (BcR) IG of about one-third of CLL display highly homologous variable heavy complementarity-determining region 3 (VH CDR3), which led to their being grouped into different subsets carrying (almost) identical alias stereotyped BcR IG.7-12 Subset #1 represents approximately 5% of U-CLL and is characterized by the combination of a heavy chain IGHV1-5-7/IGHD6-19/IGHJ4 gene rearrangement with a light chain IGKV1-39/IGKJ1-2 gene rearrangement.10 The IGHV gene bears little or no SHM and the VH CDR3 length is 13 amino acids (aa) long. Subset #1 is associated with a poor outcome in terms of patient survival and short time-to-first-treatment (TTFT) in comparison to U-CLL using the same IGHV genes.13-15 Subset #2 represents 3% of all CLL and is defined by the IGHV3-21/IGLV3-21 combination with a short VH CDR3 of 9 aa.10 Of note, subset #2 comprises both U-CLL and MCLL cases and has been associated with an aggressive clinical course, irrespective of SHM status.16-18 Subset #4 is the largest subset of M-CLL, carrying a BcR IG that consists of a heavy chain IGHV4-34/IGHD5-18/IGHJ6 gene rearrangement (20 aa long VH CDR3) and a light chain IGKV2-30/IGKJ1-2 rearrangement.10 In previous studies, subset #4 was associated with indolent disease, enriched in young patients, and a long TTFT.11,15,19 Finally, subset #8 is composed of cases with unmutated IGHV4-39/IGHD6-13/IGHJ5 gene rearrangements. Furthermore, in a case control study, a strong association with Richter syndrome and poor outcome was reported.8,20
Using the data of four prospective multicenter clinical trials of the German CLL study group (GCLLSG), the primary objective of the current study was to search for associations between the most common and best characterized CLL stereotyped subsets (#1, 2, 4 and 8) and disease characteristics as well as outcome, and also compare these findings against non-subset U-CLL and M-CLL. The secondary objective was to study the prognostic value of subset #2 irrespective of its IGHV mutational status.
Methods
Study population
To assess the prognostic value of the most prevalent CLL subsets, we evaluated patients recruited in four randomized phase III trials conducted by the GCLLSG. None of the patients had received any prior treatment and all had a diagnosis of CLL according to the International Workshop on Chronic Lymphocytic Leukemia criteria.1 All trials were approved by the leading ethics committee. Written informed consent was obtained from all patients according to the Declaration of Helsinki. To provide data about the clinical course of newly diagnosed patients not requiring treatment, we evaluated an “early-stage CLL cohort” of 710 asymptomatic Binet stage A patients from the CLL1-trial (clinical trials.gov identifier: NCT00262782). The study compared a ‘watch and wait’ strategy to upfront fludarabine (F) monotherapy.21 In total, 639 (90.0%) patients were followed with the ‘watch and wait’ approach. Patients treated with F (71, 10.0%) were excluded from our analyses.
To evaluate the clinical course of patients needing treatment, we evaluated an “advanced-stage cohort” from three phase III trials enrolling patients with CLL requiring front-line treatment. The CLL8-trial (clinical trials.gov identifier: NCT00281918) included 817 fit patients and compared fludarabine and cyclophosphamide (FC) to FC plus rituximab (FCR).22,23 The CLL10-study (clinical trials.gov identifiers: NCT00262782 and NCT2000769522) included 561 fit patients and compared FCR to bendamustine and rituximab.24 Finally, the CLL11-study (clinical trials.gov identifier: NCT01010061) enrolled 781 unfit patients and compared chlorambucil with or without rituximab or obinutuzumab.25
To evaluate the first objective, we classified patients into six groups: subsets #1, #2, #4, #8, non-subset M-CLL, and U-CLL. To evaluate the second objective, we classified patients into three categories: (i) subset #2; (ii) IGHV3-21 rearrangement not meeting the subset #2 criteria (“IGHV3-21”); and (iii) all other cases (“IGHV”). Each group was sub-divided into mutated (“m”) and unmutated (“u”) cases, resulting in six subgroups.
Biological markers and clinical characteristics
Baseline clinical and laboratory characteristics evaluated for associations and potential prognostic relevance are listed in Tables 1 and 2. Detailed descriptions of the diagnostic methods have been published previously.3,8,26-30
Statistical analysis
Time-to-first-treatment was defined as the time between diagnosis and date of first treatment. For the advanced stage CLL cohort, time-to-next-treatment (TTNT), progression-free survival (PFS) and overall survival (OS) were calculated from randomization to the initiation of subsequent treatment, disease progression or death, and death, respectively. For the early stage cohort, PFS and OS were calculated from diagnosis. Subjects without an event were censored at the time of last assessment. Survival rates were estimated using the Kaplan-Meier method and compared using non-stratified log-rank tests. Hazard ratios and 95% confidence intervals were calculated using Cox proportional hazards regression model.31 All variables that showed significant association with TTFT, TTNT, PFS or OS in univariate Cox regression analyses were included in multivariable analyses applying forward and backward stepwise selection procedures. Adjustments for multiple testing were not applied and all reported P-values have an exploratory character. We performed two analyses in both cohorts. In the first one, we compared subsets #1, 2, 4 and 8 individually to non-subset U-CLL and M-CLL, and in the second one, we evaluated the prognostic value of subset #2 in terms of mutational status and IGHV3-21 usage.
Results
Subset assignment and distribution overview
Of 639 patients from the CLL1 'watch and wait' cohort, immunogenetic data were available for 592 (92.6%); 402 (67.9%) patients carried mutated IGHV genes and 190 (32.1%) patients expressed unmutated IGHV genes. Eight cases (1.35%) were assigned to subset #1, 16 cases (2.7%) to subset #2, 8 cases (1.35%) to subset #4, and 2 cases (0.34%) to subset #8. With regard to the rest of the cases, 174 (29.4%) belonged to non-subset U-CLL and 384 (64.9%) to M-CLL. For the second analysis differentiating the impact of subset #2, we found 29 cases (4.9%) expressing the IGHV3-21 gene. Among those, 16 cases (2.7%) belonged to subset #2, of which 6 cases (1%) were u-subset #2 and 10 cases (1.7%) were m-subset #2. The remaining 13 cases (2.2%) carried heterogeneous (nonsubset) BcR IG (IGHV3-21). Of these, 3 (0.5%) were u- IGHV3-21 and 10 (1.7%) were m-IGHV3-21 (Online Supplementary Table S1).
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Table 1.Baseline characteristics early stage chronic lymphocytic leukemia (CLL) according to subset assignment.
For patients requiring front-line treatment from the CLL8, CLL10 and CLL11 trials or advanced stage cohort, immunogenetic data were available in 1,861 cases (86.2%), of which 39 (2.1%) were assigned to subset #1, 61 (3.3%) to subset #2, 11 (0.6%) to subset #4, and 16 (0.9%) to subset #8. The remaining 1,734 cases did not belong to these subsets; 1,088 (58.4%) were U-CLL and 646 (34.7%) cases were M-CLL. For the second analysis, we identified 126 cases (6.8%) expressing IGHV3-21 BcR IG. Of these, 61 (3.3%) were assigned to subset #2, 18 (1.0%) were u-subset #2, and 43 (2.3 %) m-subset #2, while 65 (3.5%) cases belonged to the group expressing heterogeneous IGHV3-21. Of these, 35 (1.9%) were u-IGHV3-21 and 30 (1.6%) were m-IGHV3-21 (Online Supplementary Table S2).
Association of subsets with clinical and biological characteristics
Clinical and biological characteristics in the early stage CLL cohort according to subset assignment and IGHV mutational status are listed in Table 1. Despite the size of the overall cohort, small case numbers in patient subgroups precluded valid statistical assessment, but a pattern similar to that observed in the advanced stage cohort (see below) was seen. Subset #1 showed a high frequency of del(11q) and NOTCH1 mutations, subset #2 had a lower rate of male patients and a high frequency of SF3B1 mutations, and subset #4 were younger at study entry. Both cases of subset #8 had trisomy 12 and intermediate risk according to CLL-IPI, and neither of them displayed a Richter transformation. In the second analysis, when we compared m-subset #2 with m-IGHV3-21 and m-IGHV, we found an imbalance of SF3B1 mutations (P<0.001) and a higher presence of del(11q) (P=0.014).
The clinical and biological characteristics of the advanced stage cohort according to BcR IG stereotype and IGHV SHM status are listed in Table 2. Subset #1 together with subset #8 showed higher frequencies of NOTCH1 mutations and del(11q). Subset #2 demonstrated an enrichment for SF3B1 mutations. As in the early stage cohort, subset #4 were younger at diagnosis. Finally, subset #8 showed a higher frequency of Richter transformation. In the second analysis, we observed a higher prevalence of del(13q) in u-subset #2 (88.9%) compared to the u-IGHV3-21 (46.9%) and u-IGHV patients (45.1%, P=0.001). A higher frequency of SF3B1 mutations was also seen in subset #2 patients independently of the IGHV SHM status (u-subset #2, 41.7 % and m-subset #2, 46.7%, respectively). M-subset #2 showed a higher prevalence of del(11q) compared to m-IGHV3-21 and m-IGHV (32.5% vs. 13.3% vs. 5.5%, respectively).
Association between stereotyped subsets and clinical outcomes
After a median observation time of 97.8 (range, 2.5-166.9) months (ms) of the early stage cohort, there were 246, 362 and 106 events for TTFT, PFS, and OS, respectively. TTFT was significantly longer in M-CLL as compared to U-CLL (P<0.001). Subset #4 had a longer TTFT compared to subsets #1, #2 and #8 (P=0.002), but similar to M-CLL (P=0.338) (Figure 1A). Therapy was needed only for 1 of 8 patients assigned to subset #4. Statistically, there was no difference in TTFT between subsets #1, 2 and 8, and U-CLL (P=0.204) (Figure 1A). Regarding PFS, a significant difference was observed between M-CLL and U-CLL (P<0.001). Subset #4 had a longer PFS than subsets #1, 2 and 8 (P=0.014) that was similar to M-CLL cases (P=0.249), with only two patients progressing. Subsets #1, 2, 8 and U-CLL had a similar PFS (P=0.198) (Figure 1B). Regarding OS, M-CLL had a significantly longer time to event compared to U-CLL (P<0.001). Subsets #1, 2, 4, and 8 showed no statistically significant differences in terms of OS; however, the OS curves followed a similar pattern to that observed for PFS and TTFT with subsets #1, 2, and 8, showing more events as compared to subset #4 where no incidents of death were observed (Figure 1C).
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Table 2.Baseline characteristics of the advanced stage chronic lymphocytic leukemia (CLL) cases according to subset classification.
During a median observation time of 55.1 ms of the advanced stage cohort, there were 1,847, 1,258, 739 and 512 events for TTFT, PFS, TTNT, and OS, respectively. TTFT was longer for M-CLL as compared to U-CLL (P<0.001). Subset #4 had a similar TTFT to that of M-CLL that was longer as compared to subsets #1, 2 and 8 (P=0.009). Subsets #1, 2 and 8 had a similar TTFT as UCLL (Figure 2A). Regarding PFS, M-CLL had a longer time to event compared to U-CLL (P<0.001). Subset #4 patients had a longer PFS compared to subsets #1, 2, and 8; however; this difference was not statistically significant. Subset #8 had a shorter PFS compared to subsets #1, 2 and U-CLL (P=0.042) (Figure 2C). Regarding TTNT, M-CLL had a longer time to event compared to U-CLL (P<0.001). No subset #4 patient needed subsequent therapy during the observation time and TTNT was longer as compared to subsets #1, 2, and 8 (P=0.027). Subset #4 also had a longer TTNT compared to M-CLL without reaching statistical significance (P=0.058) (Figure 2B). Regarding OS, we observed a significant difference between M-CLL and U-CLL (P<0.001). None of the subset #4 patients died before time of analysis; subset #4 patients had a longer OS than subsets #1, 2 and 8 (P=0.011) (Figure 2D).
Cases expressing IGHV3-21: subset #2 and others
In the cohort of early stage CLL patients, m-subset #2 had a significantly shorter TTFT compared to m-IGHV3-21 and m-IGHV patients (P<0.001). While m-subset #2 had an outcome similar to that of the u-IGHV group (P=0.794), m-IGHV3-21 was comparable to m-IGHV (Figure 3A). Similarly, PFS was shorter in m-subset #2 compared to m-IGHV3-21 and m-IGHV cases, but did not reach statistical significance (P=0.161). However, the u-subset #2 cases had a shorter time to event compared to u-IGHV3-21 and u-IGHV (P=0.006) (Figure 3B). Regarding OS, there was no significant difference between m-subset #2, m-IGHV3-21 and m-IGHV (P=0.221) (Figure 3C); however, small event numbers precluded robust comparisons despite the long observation time.
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Figure 1.Outcomes of early stage chronic lymphocytic leukemia (CLL) cases according to subset classification. (A) Median time-to-first-treatment (TTFT) subset #1: 33.7 months, subset #2: 65.0 months, subset #4: not reached, subset #8: 26.3 months, U-CLL: 52.2 months, M-CLL: not reached. (B) Median progression-free survival (PFS) from diagnosis subset #1: 15.9 months, subset #2: 22.8 months, subset #4: not reached, subset #8: 25.7 months, U-CLL: 28.8 months, M-CLL: 92.6 months. (C) Median overall survival (OS) from diagnosis subset #1: 112.5 months, subset #2: not reached, subset #4: not reached, subset #8: 49.0 months, U-CLL: not reached, M-CLL: not reached; Cum: cumulative.
In the advanced stage cohort, m-subset #2 cases had a shorter TTFT compared to m-IGHV3-21 and m-IGHV (P=0.056), and showed similar behavior to that of the u- IGHV group (P=0.215). u-IGHV3-21 patients showed a shorter TTFT compared to u-subset #2 and u-IGHV cases (P=0.050) (Figure 4A). Similarly, m-subset #2 cases showed a shorter TTNT than m-IGHV3-21 and m-IGHV patients (P=0.001). Furthermore, m-subset #2 had a similar clinical course to u-IGHV cases in terms of TTFT (P=0.401) (Figure 4B). No difference was observed between u-IGHV3-21, u-subset #2 and u-IGHV (P=0.536). In the PFS analysis, m-subset #2 showed a significantly shorter PFS compared to m-IGHV3-21 and m-IGHV (P=0.020) (Figure 4C). No difference was observed between m-subset #2 and u-IGHV (P=0.065) (Figure 4C). Regarding OS, we observed no significant difference in terms of survival rate at 5 years between m-subset #2, m- IGHV3-21 and m-IGHV or u-subset #2, u-IGHV3-21 and u-IGHV (P=0.717, P=0.752, respectively) (Figure 4D).
Multivariate analyses
Due to the resemblance in all clinical outcomes, the similarities between subsets (Figures 1 and 2) and the small size of the subset population, we grouped subsets #1, 2 and 8 together to be able to analyze their relevance as a group in the clinical outcomes of interest. Subset #4 was analyzed as part of M-CLL for the same reasons. We compared this group of subsets to M-CLL and U-CLL. In a supplementary analysis, we also compared subset #2 to subsets #1 and 8 as well as to M-CLL and U-CLL.
A Cox multivariate regression analysis was chosen to adjust for the variables that were significant in the univariate analysis.
For the early stage cohort, the variables included in the final model for TTFT are listed in Table 3. M-CLL and subset #4 had a longer TTFT compared to subsets #1, 2 and 8 (P<0.01). In the supplementary analysis, subset #2 alone showed the same differences (Online Supplementary Table S3). M-CLL and subset #4 had also a longer PFS and OS compared to the group of subsets (hazard ratio [HR]:0.44, confidence interval [CI]: 0.272-0.712, P=0.001 and HR:0.431, CI: 0.19-0.978, P<0.044, respectively). In a second multivariate analysis, we tested for the independent value of the m-subset #2 subgroup, including the variables listed in Table 4. This identified m-subset #2 as an independent adverse prognostic marker for shorter TTFT as compared to m-IGHV (P<0.001) (Table 4). For the PFS multivariate analysis, we observed no differences between m-subset #2 and m-IGHV or m-IGHV3-21 and m-IGHV (P=0.556).
In the advanced stage cohort, the TTNT final model found a significant difference between M-CLL and subsets #1, 2 and 8 (HR: 0.53, CI: 0.38-0.74, P<0.001). This same pattern was also seen when M-CLL was compared to subset #2 alone; however, this difference was not statistically significant (P=0.052) (Online Supplementary Table S4). UCLL had a significantly shorter PFS compared to subsets #1, 2 and 8 (P=0.028) as opposed to M-CLL that showed a significantly longer PFS (P=0.002) (Online Supplementary Table S5). In the supplementary analysis, U-CLL also had a shorter PFS compared to subset #2 (P<0.05) (Online Supplementary Table S6). In the OS final model, we observed a significant difference between M-CLL and subsets #1, 2 and 8 (P=0.002). In the second analysis, we found a statistically significant difference between TTNT in m-subset #2 and m-IGHV (P=0.005) (Online Supplementary Table S7). With regards to PFS, no differences were found between m-subset #2 and m-IGHV (P=0.122).
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Figure 2.Outcomes of advanced stage chronic lymphocytic leukemia (CLL) cases according to subset classification. (A) Median time-to-first-treatment (TTFT) for the subset #1: 20.6 months, subset #2: 28.5 months, subset #4: 42.8 months, subset #8: 5.5 months, U-CLL: 17.8 months, M-CLL: 36.1 months. (B) Median timeto- next-treatment (TTNT) for the subset #1: 60.2 months, subset #2: 57.3 months, subset #4: not reached, subset #8: 43.7 months, U-CLL: 47.4 months, M-CLL: not reached. (C) Median progression-free survival (PFS) for subset #1: 41.7 months, subset #2: 33.3 months, subset #4: not reached, subset #8: 26.3 months, U-CLL: 26.5 months, M-CLL: 54.7 months. (D) Median overall survival (OS) for subset #1: 67.5 months, subset #2: not reached, subset #4: not reached, subset #8: 43.3 months, U-CLL: 78.9 months, M-CLL: not reached; Cum: cumulative.
Discussion
Our study evaluated the impact of BcR IG stereotype on four relevant clinical outcomes (TTFT, TTNT, PFS, and OS) with a sufficient follow-up period in four major CLL stereotyped subsets, i.e., subsets #1, 2, 4 and 8. Two different clinical scenarios were considered in the present analysis: early stage patients with CLL included in the 'watch and wait' arm of the CLL1 study, and advanced stage, treatment-naïve patients with CLL treated within three clinical trials of the GCLLSG. The analysis was performed in patients within prospective clinical trials, where the information regarding the most relevant clinical and genetic characteristics of subsets #1, 2, 4 and 8 could be analyzed in a controlled setting with mature follow-up.
Subset #1 had a similar prognosis to U-CLL in both early stage and advanced stage CLL patients. These findings were consistent with previous publications, where this subset has been associated with a poor prognosis in terms of survival and TTFT even when compared to CLL with the same IGHV genes but a heterogenous BcR IG.14
Subset #2 patients are known to have a shorter TTFT as well as OS regardless of IGHV mutational status.15,33,34 In our study, we observed this same behavior in both early and advanced stage CLL. Furthermore, consistent with previous publications, we found that subset #2 cases had a higher rate of SF3B1 mutations in both the IGHV mutated and unmutated state, which, however, does not seem to explain the unfavorable clinical prognosis.29,32,33
It has been reported that subset #2 has a higher progression rate to disease requiring treatment and also a shorter OS.15,33,34 In our analysis, in both early and advanced stage CLL, m-subset #2 showed higher presence of del(11q) and unfavorable prognosis compared to other IGHV-mutated CLL cases. This difference was also observed in a multivariate analysis, where m-subset #2 patients had a worse outcome compared to m-IGHV with regards to TTFT in early stage CLL, and TTNT in advanced stage CLL patients. Our data showed for the first time in clinical studies that subset #2 is an independent prognostic factor for earlier TTFT in early stage CLL. There was a significant difference in TTFT between mutated subsets #2 and m-IGHV in both the univariate and multivariate analysis. This finding was also based on multiple validation analyses that corroborated our results. Therefore, it is safe to say that the conclusion is valid despite the small sample. No significant differences were observed between m-subset #2, m-IGHV3-21 and m-IGHV in early or advanced stage CLL in terms of PFS or OS. This implies that patients belonging to subset #2 should have closer clinical followup, and, in particular, that patients of m-subset #2 should be considered as high risk despite their formal assignment to the M-CLL group. Correspondingly, this indicates that the BcR IG structure determined by subset assignment may be more important in determining disease biology and clinical behavior than IGHV mutational status alone, at least in certain cases.
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Figure 3.Outcomes of early stage chronic lymphocytic leukemia (CLL) cases according to subset #2 classification and IGHV mutation. (A) Median time-to-first-treatment (TTFT) for u-subset #2: 26.8 months, msubset #2: 65.0 months, u-HV3-21: 45.7 months, m-HV3-21: not reached, u-IGHV: 51.4 months, m-IGHV: not reached. (B) Median progression- free survival (PFS) from diagnosis for u-subset #2: 11.2 months, m-subset #2: 35.7 months, u-HV3-21: 29.8 months, m-HV3-21: not reached, u-IGHV: 28.1 months, m-IGHV: 92.6 months. (C) Median overall survival (OS) from diagnosis for u-subset #2: not reached, m-subset #2: not reached, u-HV3-21: not reached, m-HV3-21: not reached, u-IGHV: not reached, m-IGHV: not reached; Cum: cumulative.
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Table 3.Time-to-first-treatment (TTFT) Cox regression in early stage chronic lymphocytic leukemia (CLL) subsets # 1, 2 and 8.
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Table 4.Time-to-first-treatment (TTFT) Cox regression in early stage chronic lymphocytic leukemia (CLL) subset #2.
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Figure 4.Outcomes of advanced stage chronic lymphocytic leukemia (CLL) cases according to subset #2 classification and IGHV mutation. (A) Median time-to-firsttreatment (TTFT) u-subset #2: 32.9 months, m-subset #2: 16.5 months, u-HV3-21: 14.2 months, m-HV3-21: 26.8 months, u-IGHV: 18.1 months, m-IGHV: 36.3 months. (B) Median time-to-next-treatment (TTNT) u-subset #2: 49.2 months, m-subset # 2: 58.7 months, u-HV3-21: 50.6 months, m-HV3-21: not reached, u-IGHV: 47.8 months, m-IGHV: not reached. (C) Median progression-free (PFS) survival u-subset #2: 21.4 months, m-subset #2: 35.5 months, u-HV3-21: 31.4 months, m- HV3-21: 57.6 months, u-IGHV: 26.7 months, m-IGHV: 54.7 months. (D) Median overall survival (OS) from diagnosis u-subset #2: not reached, m-subset #2: not reached, u-HV3-21: not reached, m-HV3-21: not reached, u-IGHV: 77.4 months, m-IGHV: not reached; Cum: cumulative.
Subset #4 is known to have an indolent clinical course and is most frequent among younger patients.15,19 According to our findings, subset #4 had the most favorable prognosis regarding PFS and TTFT compared to the remaining subsets in the early stage CLL population. Furthermore, in the advanced stage CLL analysis, subset #4 showed a longer TTNT compared to mutated CLL and a longer PFS compared to all other subsets. It is striking that for all time-dependent endpoints in the early stage as well as the advanced stage cohort, the outcome of subset #4 patients appeared to be even better than M-CLL. This again points to the hypothesis that subset and therefore BcR IG structure may be more relevant in pathogenesis and prognosis than IGHV mutational status.
Subset #8 has been associated with increased risk of Richter transformation and trisomy 12.35,36 In the advanced stage CLL, we observed a higher rate of trisomy 12 and a higher incidence of Richter transformation compared to the other subsets. Subset #8 showed a shorter PFS compared to subsets #1 and 2 in advanced stage CLL cases. However, due to the small size of this subgroup population, this could not be tested in a multivariable analysis.
The strength of the current study is also one of its weaknesses, as due to the long follow-up time there was no inclusion of novel agents such as ibrutinib, idelalisib and venetoclax in the treatment schedules. Data of patients treated within clinical studies of novel agents including long follow-up with relevant event numbers and categorized according to the subset classification are not yet available. First analyses indicate that the prognostic power of IGHV mutational status is lost with these agents,37 and it would be interesting to see if the subset assignment remains a prognostic factor with these treatments. Furthermore, chemo-immunotherapy remains a possible standard of care for patients without high-risk markers and mutated IGHV.38 According to our data, subset assignment by BCR stereotype is relevant for therapy assessment. Therefore, the patients mentioned above should be treated taking into consideration the subset assignment. Future studies will evaluate the relevance of the subset classification regarding the response to novel therapies.
Taken together, we confirmed for the first time in prospective clinical trials that subset #2 is an independent prognostic marker for shorter TTFT, TTNT and PFS in CLL, regardless of the IGHV mutational status. Therefore, patients with CLL subset #2 should be closely monitored. Given this, CLL clinical guidelines should include subset #2 also when mutated as an independent marker for high risk in patients receiving chemo-immunotherapy. Furthermore, our study showed that assignment to stereotyped subsets may have a different impact depending on clinical stage in chemo-immunotherapy settings. Subsets #1, 2 and 8 had similar prognosis in most clinical outcomes to U-CLL. However, advanced stage CLL subsets #1, 2 and 8 had a longer PFS than U-CLL. Subset #4 was found to have a better clinical course compared to other subsets in both early and advanced stage CLL and was similar to M-CLL.
For the first time in prospective multicenter clinical trials, subset # 2 appeared as an independent prognostic factor and subsets #1, 8 and 4 were found to have a distinctive clinical course and should be proposed for risk stratification of patients.
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