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Abstract 

The term Richter Syndrome (RS) indicates the transformation of chronic lymphocytic 

leukemia (CLL) into an aggressive lymphoma. RS is a rare complication with an 

aggressive clinical course, bearing an unfavorable prognosis.  

In the majority of cases CLL transforms into RS as diffuse large B cell lymphoma (DLBCL), 

and a clonal relation between the two processes can be found. However, clonally 

unrelated RS can occur and transformations to other histologies beside DLBCL have been 

described. 

Recent data have shed some light on genetic characteristics that can influence and drive 

the transformation from CLL to RS. This molecular information has not been translated yet 

into significant treatment advances, and currently the therapy regimens for RS continue to 

rely on intensive chemotherapy combinations followed by stem cell transplant in suitable 

candidates.  

Based on the rapid pace of discoveries in the field of hematological malignancies and on 

the recent revolution in the therapeutic landscape for CLL and B cell lymphomas, new 

therapeutic options for RS might be available in the upcoming years. 
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Introduction 

In chronic lymphocytic leukemia (CLL), Richter syndrome (RS) is a rare complication. 

However, it has relevant clinical implications due to its aggressive clinical course and poor 

prognosis.  

The specific pathologic features of RS were initially described in 1928 by Maurice Richter 

[1], and approximately 40 years later the term RS was first used referring to a series of 

patients with CLL who developed diffuse large B cell lymphoma (DLBCL) [2]. Currently, 

according to the 2008 World Health Classification of lymphoid neoplasms, RS is defined 

as the transformation of CLL into an aggressive lymphoma [3]. The vast majority of RS 

cases are “classical” transformation to DLBCL and, based on the immunoistochemical 

Has-Choi algorithm [4], they can mainly be categorized as the more aggressive activated 

B-cell subtype (ABC) [5,6]. However, a much less common evolution to Hodgkin 

lymphoma (Hodgkin variant of RS, HVRS) has been described [7]. 

A reliable appraisal of the incidence of RS is difficult to obtain due to the heterogeneity of 

the population studied in the published retrospective analysis, and to the lack of a uniform 

diagnostic approach among centers. It is conceivable that the proportion of patients 

developing RS is generally underestimated because many patients with aggressive clinical 

features will not undergo biopsy. Large retrospective studies including more than 500 

patients with CLL describe a prevalence of RS ranging from 2 to 9% [8-11], with an 

approximate incidence rate of 0.5% per year [11]. In these same studies, the reported 

median time to development of RS is approximately 2 years [10,11], not supporting the 

common notion that RS tend to occur late in the natural history of CLL. A longer interval 

between the diagnosis of CLL and the transformation to RS (median 4.3 years) has been 

reported in a retrospective analysis of patients with HVRS [12]. 

 

Molecular features of RS 
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One of the key molecular characteristic of RS is that this disease includes two distinct 

categories based on its cell of origin: in 80-90% of cases RS is related to the original CLL 

clone (clonally related RS), whereas in a small percentage of RS cases the aggressive 

malignant clone is independent from the original CLL clone (clonally unrelated RS) [6]. 

While the absence of clonal relationship is easily recognized at the time of 

immunophenotypic studies in patients with different immunoglobulin light chain restriction 

between the CLL and DLBCL tissue samples, in cases where the light chain restriction is 

the same additional molecular approaches should be performed to better characterize the 

process. The most widely used method consists in the study of the immunoglobulin heavy 

chain variable region (IGHV) rearrangement through polymerase chain reaction (PCR) and 

sequencing [13]. An identical nucleotide sequence in the IGHV rearrangement between 

CLL and RS samples supports the clonal relationship. However, it needs to be highlighted 

that this analysis is not feasible in all laboratories. Moreover, the study cannot be 

performed in certain patients because of the unavailability of baseline IGHV sequencing of 

the CLL B cells, or because of the presence of a mixed population of CLL and aggressive 

lymphoma in the RS histological sample.  

The distinction between clonally related and unrelated RS has clinical implications. In fact, 

the former, which can be considered a true transformation, has a poor outcome, whereas 

the latter has a significant better prognosis and behaves more like de novo DLBCL [5]. In 

HVRS, the malignant cells morphologically and immunophenotypically resemble classical 

Hodgkin lymphoma Reed–Sternberg cells in the majority of cases. The clonal relation of 

the Reed–Sternberg cell with the original CLL clone has been shown only in some cases, 

but no definitive molecular data on the pathogenesis are available, possibly due to the 

rarity of this variant [12]. 

Recently published molecular data contributed to the understanding of the pathways and 

mechanisms involved in RS transformation. Rossi and colleagues analyzed samples from 
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86 cases of classic RS and found TP53 disruption in 47% and c-MYC abnormalities in 

26%, whereas other genetic alterations that are common in de novo DLBCL were virtually 

absent [5].  

The genetic dissimilarity of RS as compared to DLBCL had already been postulated by 

Fabbri et al., who compared the frequency of the most prevalent genetic lesions in 27 RS 

cases and in 71 newly diagnosed and previously untreated DLBCL cases (ABC n=40; 

Germinal center B-cell, GCB n=31). In their work these authors showed that the genetic 

lesions found in RS significantly differ from that of both de novo ABC DLBCL and GCB 

DLBCL [14]. Chigrinova and colleagues performed a genome-wide DNA profiling analysis 

in CLL (n=315), CLL samples of patients that subsequently developed RS (n=28), de novo 

DLBCL (n=127), and RS (n=59), and compared the specific copy number changes in 

different groups, concluding that the genomic complexity of RS can be considered 

intermediate between CLL and DLBCL [15]. Interestingly, significant differences between 

RS and de novo DLBCL were also detected in terms of methylation profile, underscoring 

that these two entities with similar histopathology are in fact distinct, not only genetically, 

but also epigenetically [16]. 

Chigrinova et al. also described two different pathways of molecular transformation from 

CLL to RS, which are mutually exclusive. In approximately one half of the cases, TP53 and 

CDKN2A aberrations were detected and considered responsible for the RS transformation, 

whereas in one third of patients the presence of trisomy 12, associated with NOTCH1 

mutations, was considered to be implicated in the histologic shift [15]. 

The sequence of molecular progression from indolent to aggressive disease was explored 

by Fabbri and colleagues, who analyzed samples from 9 CLL-RS pairs and from an 

extended panel of 43 RS cases by combining whole-exome sequencing and copy-number 

analysis. The authors showed that usually RS derives from the acquisition by the original 

CLL clone, in a linear fashion, of approximately 20 new genetic lesions, which are 
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nevertheless very heterogeneous [14]. It has also been suggested that in clonally related 

RS - as it happens in progressive CLL- small subclones mutated for TP53 or with other 

detrimental genetic aberrations can be already present in the original CLL clone and later 

expand and become the predominant clone due to the selective pressure of treatment [17].  

The genetic instability driven by the loss of tumor suppressors (TP53 and CDKN2A) and 

by the lack of control of the cell cycle (c-MYC aberrations) may explain the accumulation of 

genetic lesions and the transformation from CLL to RS.  

It has also been proposed that a contributor to the clonal evolution from CLL to RS – in 

particular to HVRS - may be an infection from Epstein-Barr virus (EBV) in patients 

characterized by an extremely dysregulated immune system [7,18].    

 

Clinical risk factors 

The risk of transformation to RS has been associated with few clinical risk factors, such as 

the volume of lymph nodes and advanced Rai or Binet stage at diagnosis [11,13].  

The relationship between treatment and development of RS is controversial. A role of CLL-

directed treatment and in particular the use of specific drugs, in the development of RS 

has been hypothesized. However, patients with CLL receive different type of therapy 

regimens in a sequential manner, and therefore the specific contribution of a single class 

of drugs is difficult to determine. In the recent cohort study conducted at Mayo Clinic, RS 

was diagnosed in 37/1,641 patients, and in approximately half of the patients the diagnosis 

occurred prior to any specific CLL treatment. Among the treated patients, the exposure to 

a combination of purine analogues and alkylating agents was associated with a higher risk 

of RS as compared to both agents administered alone (OR 3.26) [11]. This is in contrast 

with the results of two other studies, which showed no difference in RS incidence in 

patients treated with purine analogues, alkylating agents, or a combination of the two 

[19,20]. 
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With the current availability of novel non-chemoterapic drugs, such as Bruton tyrosine 

kinase (BTK) inhibitors, phosphatidylinositol-3-kinases (PI3K) inhibitor, and BCL-2 

antagonists for the treatment of CLL, a new clinical landscape emerges. Two independent 

studies showed an incidence of RS of 5-6% in patients undergoing ibrutinib therapy, and 

the majority of these patients transformed within the first 12 months of therapy [21,22]. 

More data are needed to exclude that the transformation to RS was driven by the 

treatment itself (i.e. contributing to the clonal evolution), even if the short time between the 

treatment initiation and the development of RS could suggests the presence of an 

unrecognized RS at the initiation of ibrutinib. Furthermore, future studies evaluating the 

development of RS in patients treated with other targeted treatments will be helpful to 

answer this open question. 

 

Biological and molecular risk factors 

Substantial efforts have been directed to the identification of biological characteristics of 

the CLL cells that could predict the transformation to RS. Several characteristics of the 

CLL cells with a recognized prognostic impact have been shown to also influence the 

transformation to an aggressive disease. Patients carrying unmutated IGHV or high-risk 

genetic abnormalities (i.e. del11q and del17p) detected by fluorescence in situ 

hybridization, as well as patients with high expression of CD38, ZAP70 and CD49d in CLL 

cells have a higher risk of developing RS [11,13].  

The usage of stereotyped B cell receptor (BCR) characterizes approximately one third of 

CLL cases, and it was found to be associated with a higher risk of transformation to RS 

(14% vs 4% 5-year risk) [10]. These data were later confirmed in an independent cohort of 

patients (5% vs 1%) [11]. Moreover, the association between the preferential use of IGHV 

4-39 and the development of RS was initially described, but later not confirmed, possibly 
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due to the association of this molecular characteristic with other unfavourable genetic 

features such as NOTCH1 mutations and trisomy 12 [10,11,23].  

One of the most important molecular features recently reported is NOTCH1 mutation 

which characterizes patients with CLL at increased risk of transformation to RS [24,25]. 

Short telomeres, an indicator of genetic instability, have been shown to serve not only as a 

negative prognostic biomarker in CLL, but also as a predictor of RS transformation [26]. 

However, not all negative prognosticators in CLL maintain a role in the development of RS. 

For example, SF3B1 mutations have no impact on the risk of transformation to an 

aggressive disease as shown in a cohort of 605 patients with CLL [25]. This is an 

important finding, highlighting how the biologic and molecular pathways leading to RS 

differ, at least in part, from the ones involved in CLL aggressiveness. 

In the quest for other possible risk factors for the development of RS, single nucleotide 

polymorphisms (SNPs) have also been studied. In a group of 248 patients with CLL, a 

SNP in the CD38 gene (rs6449182) was shown to have a higher frequency in patients 

carrying other markers of unfavorable prognosis and in patients who developed RS [27]. In 

another cohort of 331 patients with CLL, a significant association with the risk of 

transformation to RS was found for a SNP on the LRP4 gene (rs2306029) that codes for a 

protein with a role in the Wnt/β-catenin signaling pathway, which is known to be 

deregulated in CLL [28]. 

Of note, the majority of the reported data derive from retrospective cohort analysis, and 

prospective studies are therefore needed to validate these observations. 

 

Diagnostic approach 

The suspicion for RS is generally clinical. The clinical presentation is similar for patients 

with classical RS and HVRS. Patients typically present with systemic symptoms, such as 

persistent fever without a detectable infectious source or weight loss, high levels of lactate 
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dehydrogenase (LDH), hypercalcemia, and rapidly progressive lymphoadenopathies. 

Since these signs and symptoms are not specific for RS, but they may also accompany a 

progression of CLL without transformation, a histological diagnosis is mandatory. RS does 

not usually equally involve all lymph nodes, therefore a PET scan is recommended not 

only to evaluate the proliferative activity of the disease, but also to better direct the 

histological sampling to the most suitable area. 

The first study exploring the diagnostic performance of PET scan in detecting RS was 

published in 2006, and showed that using as a SUVmax cut-off of 5 the sensitivity and 

negative predictive value were high (91% and 97%, respectively) [29]. Similar percentages 

(sensitivity 88%, negative predictive value 92-94%) were confirmed in two later studies 

analyzing 95 and 17 patients with RS, respectively [30,31]. However, it has been recently 

shown in a cohort of 24 patients with RS that a SUVmax threshold of >10 may be more 

accurate in correctly classifying the patients [32]. PET scan does not discriminate between 

RS, non-hematological malignancies, infections, and CLL with high FDG avidity, and the 

low positive predictive value of this test (38-53%) strongly advocates for a histological 

confirmation in all cases of SUVmax ≥5 [30,31]. A lymph node biopsy, directed to a site of 

highly FDG-avid disease, should be preferred because fine needle aspirates are usually 

not sufficient to obtain a definitive diagnosis and have been shown to be inadequate in 

more than half of the RS cases [30]. From an histopathological point of view, the 

differential diagnosis includes “accelerated CLL” (characterized by expanded proliferation 

centers without histologically proven DLBCL) [33], prolymphocytic transformation [34], 

composite lymphoma (concomitant finding of two different lymphoproliferative diseases at 

the same time in the same tissue) [35], as well as unrelated causes such as infections and 

other neoplastic diseases. 

Interestingly, it has recently been shown that patients with CLL whose histology is showing 

different grades of aggressiveness, but have similar SUVmax, have comparable clinical 
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outcomes. In this study, patients with CLL, high SUV and histological features of 

intermediate aggressiveness (increased large cells, large confluent proliferation centers, or 

high proliferation rate) showed a clinical behavior similar to that of patients with RS, and a 

survival intermediate between patients with indolent CLL and RS [30].  

Although rare, extranodal localization of RS has been reported and may in some cases be 

detected by the PET scan. In particular, there are anecdotal cases of ocular, central 

nervous system (CNS), gastrointestinal system, skin, testis, lung, and kidney localization 

(reviewed in [36]). Beside tissue biopsies, a bone marrow biopsy and aspirate should also 

be performed in all patients to complete the staging. 

Lastly, it should also be strongly emphasized that there is currently no clinical value of the 

PET scan for routine evaluation of CLL in the absence of a clinical suspicion of 

transformation [37]. 

 

Prognosis 

As previously discussed, one of the main determinant of survival in patients with RS is the 

clonal relationship between the original CLL and the transformed disease. In clonally 

unrelated cases the median survival is comparable with de novo DLBCL and is 

significantly longer compared to patients with clonally related RS [5]. In clonally related 

RS, median survival varies between series, mostly between 8-24 months. In a series of 50 

clonally related patients with RS an overall survival (OS) of 14.2 months (95% CI 7.7-20.6 

months) was reported [5]. Another group reported a median survival of 8 months (95% CI 

6-10 months) in a cohort of 148 patients with biopsy or FNA-proven RS [9]. In a cohort of 

37 patients studied at Mayo Clinic, the median OS after development of RS was 2.1 years 

[11], and Mauro et al. reported an OS probability at 40 months of 13% for patients with a 

histologically-confirmed RS [31]. The OS in a retrospective series of 86 cases of HVRS 

was 1.7 years from RS diagnosis [12]. 
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Several models based on clinical and laboratory features have been developed to help 

determining the prognosis of patients with RS, considering that the assays to analyze the 

clonal relationship between CLL and RS are cumbersome and not available in all centers. 

A score which was able to predict the risk of death in patients with RS, taking into account 

performance status, LDH level, platelet count, and number of prior lines of therapy was 

developed at The University of Texas MD Anderson Cancer Center [9]. The validity of this 

score was later proven by an independent group on a different cohort of patients [11]. 

Another algorithm based on TP53 disruption, response to RS treatment, and performance 

status has been shown to predict RS prognosis, with survival durations ranging from less 

than one year for high risk patients to a 5-year survival of 70% for low risk patients [5]. 

Moreover, it has also been shown that a higher SUVmax at PET scan correlates with 

inferior survival in patients with RS, and that PET response – being an indicator of 

chemosensitivity – correlates with prognosis. In fact, in chemoresistant patients the 

median OS is significantly shorter compared to chemosensitive patients (15.3 months vs 

not reached at a median follow-up of 35.9 months) [30]. 

 

Therapeutic approach 

Whereas it is overall accepted that clonally unrelated transformation to DLBCL should be 

managed and treated as a de novo DLBCL, more uncertainty exists for clonally related 

RS. Due to the low incidence of RS, all data on treatment response and tolerability derive 

from single-arm phase II studies or retrospective analysis, and there are no available 

evidences from randomized trials. The most relevant results from clinical trials exploring 

different therapeutic approaches in RS are shown in Table 1. 

Historically, anthracycline-based regimens (most commonly cyclophosphamide, 

doxorubicin, vincristine, and prednisone, CHOP) possibly in association with rituximab (R-

CHOP), derived from the standard treatment of B cell lymphomas, have been used to treat 
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patients with RS [38,39]. However, a systematic evaluation of the efficacy of R-CHOP 

regimen in patients with RS was recently published and outlined its modest activity. 

Langerbeins and colleagues reported the results on 15 patients with RS and showed an 

overall response rate (ORR) of 67%, a progression free survival (PFS) of 10 months and 

an OS of 21 months. Moreover, a high incidence of severe infections (28%), hematologic 

toxicities (92%), and a treatment related mortality of 5% were reported [40]. The addition of 

rituximab to chemotherapy is confirmed to improve the OS of patients with RS in a 

retrospective cohort of 81 patients (2-year OS 42% vs 19%, p= 0.001) [41]. A phase II 

study evaluating efficacy and tolerability of CHOP in combination with ofatumumab as 

induction and maintenance for patients with newly diagnosed RS is currently ongoing, but 

results have not been presented yet [42]. 

With the aim of improving the treatment efficacy, other anthracycline-based regimens have 

been evaluated in clinical trials. Twenty-nine patients were treated at The University of 

Texas MD Anderson Cancer Center with fractionated cyclophosphamide, vincristine, 

liposomal daunorubicin and dexamethasone, obtaining an ORR of 41%, with high rate of 

complete response (CR) (38%), but an OS of only 10 months [43]. A further development 

of this treatment schema, which alternated this regimen with  high-dose methotrexate and 

cytarabine every other cycle and incorporated rituximab and granulocyte-macrophage-

colony stimulating factor (GM-CSF), was used to treat 30 patients resulting in an ORR of 

41% and an OS of 8.5 months. The toxicity of this treatment was high with 18% of patients 

dying during the first cycle of therapy [44]. 

The combination of cisplatin, fludarabine, cyclophosphamide, and cytarabine was also 

evaluated in 15 patients with RS showing dismal results (5% ORR, 20% treatment-related 

mortality in the first month) [45]. The rationale for developing this regimen is based on 

preclinical data demonstrating synergistic cytotoxic activity of cisplatin and the nucleoside 

analogue fludarabine [46,47], and showing that the administration of fludarabine before 
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cytarabine increases the cellular concentration of the active metabolite, cytarabine 

triphosphate [48]. 

Another platinum-based regimen for patients with RS based on the above described 

pharmacological rationale was developed at our center combining oxaliplatin, fludarabine, 

cytarabine and rituximab (OFAR). The activity of this treatment combination was explored 

in two trials: a total of 55 patients were treated with different dosing schedules obtaining 

ORR of 43-50% and a median survival of 6-8 months. The most significant toxicities of this 

regimen were hematologic and infectious, with >80% rate of grade 3-4 neutropenia and 

12-15% rate of grade 3-4 neutropenic fever [49,50]. Similar results were shown in a 

retrospective analysis evaluating the efficacy of platinum and cytarabine-based regimens 

in 28 patients with RS, performed by Durot and colleagues, which showed an ORR of 43% 

with 25% CR, and a median OS of 8.3 months [51]. 

Based on its efficacy in treating patients with other B cell lymphomas, 90Y ibritumomab 

tiuxetan was also tested in 7 patients with RS, showing no responses and a median PFS 

of only 41 days [52]. 

Regarding the rare HVRS form, a retrospective systematic review of patients with CLL who 

developed HVRS between 1975 and 2011 identified 86 cases and confirmed that the 

combination of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) is the most 

commonly offered treatment strategy [12]. 

In the last few years, the therapeutic landscape for CLL and other B cell lymphomas has 

dramatically changed, with the introduction of small molecule inhibitors. Among these 

agents, ibrutinib has shown a remarkable efficacy in patients with CLL [53]. Ibrutinib has 

also demonstrated single-agent activity in patients with relapsed/refractory de novo 

DLBCL, and interestingly, the produced ORR was higher in patients with the more 

aggressive ABC DLBCL compared to GCB DLBCL (n=80, 37% vs 5%, p=0.0106) [54]. In 

de novo DLBCL, the combination of ibrutinib with R-CHOP has also been explored and all 



14 
 

18 patients who received the recommended phase II dose of ibrutinib (560 mg/die) 

obtained a response [55]. Based on these findings, the use of ibrutinib (with or without 

rituximab) in patients with RS has been proposed and anecdotic data were published [56-

58]. In most cases patients were heavily pretreated and some responses were observed, 

but results are inconsistent and further studies to explore the efficacy of BTK inhibitors in 

clinical trials, also in combination with other drugs, are needed. Moreover, the efficacy of 

other novel drugs such as BCL-2 antagonists, PI3K inhibitors and NOTCH1 inhibitors in 

patients with RS is being evaluated in recently designed studies. 

Stem cell transplant (SCT) plays a role in the treatment of patients with RS. Only a 

minority of patients (<15%) can undergo the procedure due to disease refractoriness and 

poor performance status. In the clinical database at The Univeristy of Texas MD Anderson 

Cancer Center, 148 patients with proven RS were identified between 1975 and 2005. 

Fourteen% of these patients underwent SCT (17 alloSCT and 3 autoSCT), and they had a 

better long-term outcome compared to patients who did not. Moreover, the estimated 

cumulative 3-year survival probability for patients who received the SCT while in CR or PR 

was 75%, compared with 21% for patients who did not achieve a response prior to SCT 

[9]. Patients with RS seen at Mayo Clinic between 1995 and 2013 were also studied 

(n=120). Only 11% received a SCT (8% autoSCT, 2% alloSCT and 1% autoSCT followed 

by alloSCT) and the median OS of these patients was superior compared to those who did 

not undergo SCT (5.2 years vs 0.7 years, p=0.005) [59]. In a multicenter restrospective 

analysis, 59 patients with RS were analyzed: 34 patients received autoSCT and 25 

received alloSCT, with 36% being refractory to chemotherapy at SCT. Reduced-intensity 

conditioning (RIC) was used in 72% of cases, and was found to be associated with longer 

relapse-free survival (RFS) after alloSCT in multivariate analysis. Three-year estimates of 

the probabilities of OS and RFS were 36% and 27% for alloSCT, and 59% and 45% for 

autoSCT [60]. In this latter study, also the disease status at the time of SCT was 
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associated with survival, highlighting the potential utility of this procedure in a selected 

group of patients with a good performance status and a disease that is sensitive to 

chemotherapy. 

 

Conclusions 

RS remains a rare clinical occurrence. The low incidence explains the paucity of definitive 

data on the pathogenesis and prognosis of this disease, and also the difficulty in 

conducting clinical trials to explore new treatments. 

The increasing understanding of the molecular mechanisms underlying RS transformation 

and of the relevant risk factors may help the clinicians to identify high-risk patients with 

CLL, who might need to be followed more strictly as compared to patients with indolent 

disease. 

RS is still an unmet clinical need and current data on treatment approaches mainly derives 

from small non-randomized trials. The available therapeutic strategies are not satisfactory: 

besides the low efficacy, they carry a high mortality and adverse event rate, possibly due 

also to the fact that patients are frequently heavily pretreated and with a poor performance 

status. The availability of new drugs with novel mechanisms of action (i.e. BCR inhibitors 

and BCL-2 antagonists), which are characterized by a better tolerability compared to 

standard intensive chemotherapy, offers promising new tools for this aggressive disease. 

Moreover, the growing understanding of the molecular basis of RS will hopefully help to 

identify novel therapeutic targets. 
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Table 1. Summary of key clinical trials for the treatment of RS 

Trial Regimen   Response Survival Toxicity 

Langerbeins et al.[40] 
Am J Hematol, 2014 
Phase II 
n=15 

R-CHOP 
(up to 8 cycles) 
 

- cyclophosphamide 750  mg/m2 D1 
- adriamycin 50 mg/m2 D1 
- vincristine 1,4 mg/m2 D1 
- prednisone 100 mg D1-D5 
- rituximab 375 mg/m2 D1 

ORR 67% 
CR 7% 
PR 60% 
 

PFS: 10 months 
OS: 21 months 
 

G3-4 anemia 75% 
G3-4 neutropenia 55% 
G3-4 thrombocytopenia 65% 
All grade infections 67% 
G3-4 infections 28% 

Dabaja et al. [43] 
Leuk Lymphoma, 2001 
Phase II 
n=29 
 

hyperCVXD 
(up to 6 cycles) 

- cyclophosphamide 300 mg/m2 twice daily D1-D3 
- vincristine 2 mg D4 and D11 
- daunoXome 40 mg/m2 D3-D5 
- dexamethasone 40 mg D1-4 and D11 
(+ G-CSF) 

ORR 41% 
CR 38% 

OS: 10 months G3-4 neutropenia 100% 
G3-4 infections 39% 
G3-4 thrombocytopenia 79% of the first 
cycles 
Pneumonia 15% of cycles 
Sepsis 8% of cycles 
Mortality rate 20% 

Tsimberidou et al. [44] 
Cancer, 2003 
Phase II 
n=30 

R-hyper-
CVXD/R-MTX-
Ara-C 
(alternating for 6 
cycles) 
 

CYCLES 1, 3, 5: 
- rituximab 375 mg/m2 D1 
- cyclophosphamide 300 mg/m2 twice daily D3-D5 in 
cycle 1, D1-3 cycle 3 and 5 
- vincristine 2 mg D6 and D13 in cycle 1, D4 and D11 
cycle 3 and 5 
- daunoXome 40 mg/m2 D5-D7 in cycle 1, D3-5 cycle 3 
and 5 
- dexamethasone 40 mg D3-D6 and D13-D16 in cycle 1, 
D1-4 and D11-D14 cycle 3 and 5 
CYCLES 2, 4, 6: 
- rituximab 375 mg/m2 D1 
- methotrexate 1 g/m2 D1 
- cytarabine 3 g/m2 twice daily D2-D3  
(+GM-CSF) 

ORR 41% 
CR 19% 
PR 22% 

OS: 8 months G4 neutropenia 100% 
G4 thrombocytopenia 40% of cycles 
G3-4 sepsis 39% of cycles  
Deaths during first cycle 18% 
Deaths during second cycle 4% 
 

Tsimberidou et al. [49] 
JCO, 2008 
Phase I/II 
n=20 

OFAR-1 
(up to 6 cycles) 

- oxaliplatin (17.5, 20, or 25 mg/m2 in phase I, 25 mg/m2 
in phase II) D1-D4 
- fludarabine 30 mg/m2 D2-D3 
- cytarabine 1 g/m2 D2-D3 
- rituximab 375mg/m2 cycle 1 D3, cycles 2-6 D1 
(+ pegfilgrastim) 

ORR 50% 
CR 20% 
 

6-month PFS: 54% 
6-month OS: 59% 

G4 neutropenia 84% 
G4 thrombocytopenia 94% 
G4 anemia 56% 
 

Tsimberidou et al. [50] 
Clin Lymp, Myel & Leuk, 2013 
Phase I/II 
n=35 

OFAR-2 
(up to 6 cycles) 

- oxaliplatin 30 mg/m2 D1-D4 
- fludarabine 30 mg/m2 D2-D3 or D2-D4 or D2-D5 
- cytarabine 0.5 g/m2 D2-D3 or D2-D4 or D2-D5 
- rituximab 375 mg/m2 cycle 1 D3, cycles 2-6 D1 
(+ pegfilgrastim) 

ORR 43% 
CR 9% 
 

OS: 6.6 months 
2-year OS: 19.7% 

G4 neutropenia 89% 
G4 thrombocytopenia 77% 
G4 anemia 50% 
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Figure 1. Decision points for diagnosis and management of RS 

 

 


