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A B S T R A C T
Background Hairy cell leukaemia (HCL) is an uncommon neoplasm representing approximately 2% 
leukaemias and < 1% lymphoid neoplasms. Although HCL remains an incurable disease, first-line treatment 
with intravenous (IV) or subcutaneous (SC) cladribine (2-CdA) often leads to long-term remissions. Although 
long-term data are available for IV administration, similar comparable data for SC administration are lacking.
Material and Methods Demographic data, laboratory and clinical parameters of 20 patients with HCL, and 
IV and SC administrations of cladribine in primary treatment were analyzed.
Results All patients were administered 2-CdA as the first-line therapy. 2-CdA was administered intravenously 
to 11 patients and subcutaneously to 9 patients. The hospitalization times were shorter in the SC route, and 
the incidence of febrile neutropenia was less; therefore, statistical significance could not be determined. 
There was no difference between the route of administration and the treatment response. A correlation was 
recorded between the level of anaemia before treatment and the time to treatment response. In addition, a 
correlation was recorded between the level of anaemia before treatment and minimal residual disease status 
after treatment. The median overall survival (OS) was 43.5 months (confidence interval 95%: 1.5-79 months), 
and 2- and 5-year OS was 95%. There was no increase in the incidence of second primary cancer.
Conclusions The outcomes of HCL patients treated with SC 2-CdA are quite good, and, in most patients, one 
cycle of SC 2-CdA was adequate for long-term disease control. SC 2-CdA is an easily applicable option for 
outpatients, and their side effects are often easily manageable. 
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INTRODUCTION

Hairy cell leukaemia (HCL) is an uncommon ma-
lignancy, representing approximately 2% of leukaemias 
and < 1% of lymphoid neoplasms.1 The median age of 
onset is 50-55 years. The male-female ratio is approx-
imately 4:1.2,3 Most patients present with symptoms of 
splenomegaly or cytopenia, fatigue, infection, and hem-
orrhagic signs.4,5 These signs are usually not accompa-
nied by symptom B. Palpable splenomegaly is a classic 
feature of HCL. Pancytopenia is present in 60-80% of 
patients with HCL.3-5 Circulating tumour cells specific to 
HCL are usually observed in the peripheral blood. Cy-
toplasmic slender protrusions give the cell a “hairy” ap-
pearance. Tartrate-resistant acid phosphate activity can 
be demonstrated in any patient, although the proportions 
of positive cells vary across patients. However, it is not 
a specific finding for HCL. Hairy cells strongly express 
pan-B cell antigens and typically express CD11c, CD25, 
CD103, CD123 (bright), and cyclin D1 (usually weak). 
Annexin A1 and BRAF V600E mutations are detect-
ed in approximately 75% of all HCL cases. Therefore, 
it should be remembered that HCL, as in other indolent 
lymphomas, cannot be cured. Asymptomatic patients are 
not treated. If patients present with signs of disease or a 
decrease in their haematological parameters, they should 
be treated. In general, the haematological parameters 
that indicate the need for treatment include at least one of 
the following: haemoglobin (Hgb) 11 g/dL, thrombocyte 
count 100,000/mL, or absolute neutrophil count 1000/
mL.6,7 Symptomatic splenomegaly may be an indication 
for treatment. Nucleoside analogues, such as pentostatin 
and cladribine, have been introduced recently and have 
emerged as effective therapeutic options with promising 
results.8,9 The first choice, in this case, is 2-chlorodeoxy-
adenosine (cladribine, 2-CdA). 2-CdA is administered 
continuously through intravenous (IV) in most clinical 
trials, and it is still used in several centres as the first-line 
therapy for patients with HCL. However, although the 
plasma half-life is short, 2-CdA accumulates in leukemic 
cells and has a longer intracellular half-life, which makes 
it feasible to adopt subcutaneous (SC) applications.10,11 

Although a cure is not achieved through this ap-
proach, complete remission (CR) is achieved with Hgb > 
11 g/dL (without transfusion), thrombocyte >100x109/L, 
neutrophil > 1.5x109/L, morphologically undetectable 
HCL cells in the peripheral blood and bone marrow, ab-
sence of organomegaly in physical examination, and the 
absence of symptoms.12 Piro et al.13 reported 11 CR and 
one partial response (PR) for 12 patients with HCL who 

were treated with a single 7-day course of 2-CdA. Other 
studies have reported similar outcomes.14-16 In 20-50% of 
the HCL patients who achieved CR with 2-CdA treat-
ment, minimal residual disease (MRD) was subsequent-
ly demonstrated by immunohistochemical methods.17,18 
Disease recurrence has been associated with MRD in 
HCL.19 If the response is inadequate or relapse occurs 
before 12 months, alternative purine analogues may be 
administered alone or in combination with rituximab, 
rituximab alone, interferon administration, or via refer-
ral to clinical trials.20 Recently, vemurafenib, a BRAF 
inhibitor, was applied in treating resistant and relapsing 
HCL with significant outcomes.21 The development of 
recombinant immunotoxins targeting CD25 or CD22 is 
ongoing.22,23 In this study, we retrospectively analyzed 
the demographic data, treatments, length of hospital stay, 
treatment responses, complications, and survival rates of 
20 patients with HCL who were diagnosed during 2015-
2021.

MATERIAL AND METHODS
Twenty patients diagnosed with HCL and followed 

up at the Bursa Uludag University Hematology De-
partment Clinic between 2015 and 2021 were includ-
ed in the study. The inclusion criteria were patholog-
ical, flow cytometric, and morphologically confirmed 
HCL diagnosis, treatment for HCL diagnosis, and age 
> 18 years. Data on the clinical features of the pa-
tients, signs and symptoms at the time of presentation, 
laboratory values at the time of diagnosis, imaging 
and pathology reports, treatments applied, treatment 
modalities (IV and SC), treatment responses, the 
length of hospital stay, and the short- and long-term 
complications were retrospectively reviewed.   

The standard protocol at our centre was IV admin-
istration. However, we used SC when there was no IV 
form. Then, we compared the outcomes with IV and 
SC applications. No difference was recorded between 
the groups regarding age, gender, spleen size, and lab-
oratory results. Accordingly, we did not change the 
diagnosis, supportive treatment, or follow-up.

The treatment protocols in the studies included 
0.14 mg/kg SC 2-CdA for five days or 0.1 mg/kg IV 
2-CdA for seven days. In the study, the response eval-
uation was performed clinically and through the lab-
oratory, every two weeks, and a bone marrow biopsy 
was performed approximately six months after the 
treatment. Response measures were made as suggest-
ed by Grever’s consensus guidelines in 2017.12 

Patients were classified as those with morpholog-
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ical evidence of disease, those with MRD+, or those 
without any evidence of the disease. The morpholog-
ical illness was defined as lymphoid infiltrates that 
could be identified on sections stained with hematoxy-
lin and eosin. MRD required the absence of lymphoid 
infiltrates on the hematoxylin- and eosin-stained sec-
tions but the presence of HCL-specific B cells on flow 
cytometry or an HCL-specific lymphoid infiltrate on 
immunohistochemical staining alone. The samples 
were considered to have no residual HCL evidence if 
no lymphoid infiltrates were detected in the hematox-
ylin- and eosin-stained sections, < 5% CD20+ B lym-
phocytes, and no flow cytometric evidence of mono-
clonal B cells.

Statistical Analysis 
Data were analyzed with IBM SPSS V23. Ka-

plan-Meier method was used for survival analysis. The 
conformity to the normal distribution was evaluated 
using the Shapiro-Wilk test. Categorical variables ac-
cording to groups Chi-square and Fisher’s Exact tests 
were used for comparison. An independent two-sam-
ple t-test was applied to compare normally distributed 
data according to paired groups. The Mann-Whitney 
U test was performed to compare non-normally dis-
tributed data. The data were presented as the mean ± 
SD for quantitative data. Categorical data as deviation 
and median (minimum: maximum) were presented as 
frequency (percentage). The significance level was set 
to p < 0.05.

Table 1. Demographic and clinical characteristics of twenty patients. 
Gender (Female/Male)  4/16 
Age (years) 44.5 (30:78) 
Clinical Presentation  
   Leukocytosis  
   Pancytopenia  
   Anemia, thrombocytopenia, bicytopenia  

 
3 (15) 
14 (70) 
3 (15) 

Blood values  
   Haemoglobin (g/dL)  
   Platelets (×109/L)  
   Leukocytes (×109/L) 
   Neutrophil (×109/L)  

 
10.4 (5.6-15) 

61,000 (11,000-154,000) 
2,550 (1,200-97,000) 

755 (210-9,880) 
Splenomegaly  14 (70) 
Bone marrow reticulin fibrosis degree 
   4+/4  
   3+/4  
   Not evaluated 

 
10 (50) 
7 (35) 
3 (15) 

Bone marrow cellularity  
   Hypercellular  
   Hypocellular  
   Heterogeneous 

 
10 (50) 
1 (5) 

9 ( 45) 
Treatment  
   IV cladribine  
   SC cladribine 

 
11 (55) 
9 (45) 

Control bone marrow  
   Normocellular  
   MRD cannot be excluded  
   Not done  

 
6 (30) 
7 (35)  
7 (35) 

Response status  
   Complete response  
   Partial response 
   Could not be evaluated 

 
18 (90) 
1 (5) 
1 (5) 

Overall survival (months) 43.5 (1.5:79) 
Final status  
   Alive  
   Dead 

 
19 (95) 
1 (5) 

Data were expressed n (%) or median (min:max). IV: intravenous, SC: subcutaneous, MRD: minimal residual disease. 
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RESULTS

The study population comprised 20 patients (4 
women and 16 men). The most common complaint 
was fatigue. At the time of admission, 14 of the pa-
tients had pancytopenia. Fourteen of the patients had 
splenomegaly, and three of them were massive. The 
peripheral blood values included moderate anaemia 
(median Hgb 10.4 g/dL), thrombocytopenia (median 
61×109/L), leukopenia (median 2.5×109/L), and neu-
tropenia (median 0.755×109/L). In bone marrow ex-
amination, cellularity was hypercellular in 10 patients 
and reticulin fibrosis 4+/4 was detected. The demo-
graphic and clinical characteristics of the patients are 
summarized in Table 1. All patients were purine an-
alogue naive at the time of inclusion. At study onset, 
all patients showed indications for treatment due to 
symptoms, peripheral cytopenia, and/or organomeg-
aly. 2-CdA monotherapy was administered to all pa-
tients as the first-line therapy. Granulocyte-colony 
stimulating factor (G-CSF) was applied in the neutro-
penic period. 2-CdA was administered at the dose of 
0.09 mg/kg in 11 patients via continuous infusion for 
seven days and, in 9 patients, at the dose of 0.14 mg/
kg for five days via the SC route. A statistically sig-
nificant difference was recorded between the median 
length of stay according to the cladribine groups (p = 

0.003). While the median of the IV group was 22.0, 
the median of the SC group was 0.0. In SC applica-
tion, the incidence of febrile neutropenia (FEN) was 
lower (22.2% vs 54.5%), albeit not statistically signif-
icant. FEN developed in 8 patients during cladribine 
treatment. While 6 of 8 patients who developed FEN 
received cladribine by the IV route, two received 
cladribine by the SC route. Culture positivity could be 
detected in 5 of 8 patients, and infection-related ear-
ly mortality was observed in one patient. Reproduc-
tive characteristics of patients complicated with FEN 
were given in Table 2. In addition, no correlation was 
recorded between the level of neutropenia and FEN 
and between neutropenia and the length of stay. There 
was no difference between the route of administration 
and the treatment response. Time to response was lon-
ger in patients with Hgb levels < 11 g/dL relative to 
those with higher Hgb levels (median 30 vs 45 days) p 
= 0.014). There was no correlation among the spleen 
size, leukocyte, neutrophil, thrombocyte levels, and 
response time. 

In the statistical analysis performed on 13 patients 
after excluding seven patients without a control bone 
marrow biopsy, a significant correlation was found 
between the Hgb level of < 11 g/dL and the group 
in which MRD could not be excluded pathologically 
(71% vs 28%) (p = 0.048). There was no correlation 

 
Table 2. Culture characteristics of patients complicated with febrile neutropenia. 
No  Route Culture 

positivity 
Culture 

site 
Isolated pathogens Antibiotherapy Duration 

(days) 
Early 

mortality 
1  IV Absent - - Piperacillin 

tazobactam+metronidazole 
10 Absent 

2  IV Present Blood Salmonella 
enteritidis 

Cefepime+ciprofloxacin 14 Absent 

3  IV Absent - - Piperacillin 
tazobactam+ciprofloxacin 

Meropenem 

3 
7 

Absent 

4  IV Present Blood Klebsiella 
pneumoniae 

Meropenem 
Vancomycin 

36 
48 

Absent 

5  IV Present Wound Staphylococcus 
aureus, 

Enterococcus 
faecalis 

Piperacillin tazobactam 
Teicoplanin 

Meropenem+daptomycin 
Colistin 

15 
20 
7 
16 

Present 

6  IV Absent - - Piperacillin tazobactam 10 Absent 
7  SC Present Brain 

abscess 
Aspergillus 
fumigatus 

Liposomal Amphotericin B 30 Absent 

8  SC Present Sputum Acinetobacter 
ursingii, 

Acinetobacter junii 

Piperacillin tazobactam 
Meropenem 
Teicoplanin 

3 
20 
12 

Absent 

IV: intravenous, SC: subcutan. 
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among the spleen size, leukocyte, neutrophil, throm-
bocyte levels, and MRD. The CR rate to treatment 
was 90%, and the overall response rate (ORR) was 
95%. PR was detected in one patient who was admin-
istered IV 2-CdA. In one patient, response evaluation 
could not be performed due to early mortality after re-
ceiving IV 2-CdA; the patient died due to septic shock 
on the 30th day of treatment. Details about the appli-
cation were given in Table 3. A statistically signifi-
cant difference was found between the median over-
all survival (OS) of the cladribine groups (p = 0.023). 
While the median of the IV group was 51.9 months, 
the median of the SC group was 29.7 months. The me-
dian follow-up period in all patients was 44 months. 
While the median follow-up period of cladribine was 
56.9 months in the IV group, it was 29.7 months in 
the SC group. The median OS was not reached (95% 
confidence interval [CI]: 1.5-79 months) (Figure 1). 
The median 2-year and 5-year OS was calculated as 
95%. No secondary malignancy was detected during 
the follow-up period.

DISCUSSION

HCL is a rare indolent lymphoma. The results of 
cladribine treatment are quite successful for HCL. Es-
pecially the easy applicability of the SC form makes 
it preferable to patients and doctors. However, data on 
the SC form are scarce. In this study, we retrospec-
tively evaluated the clinical features, treatments, treat-
ment results, length of hospitalization, FEN frequen-
cy, presence of secondary malignancy, and survival of 
20 patients diagnosed with HCL and being followed 
up between 2015 and 2021. Our study’s male/female 
ratio was 4:1, similar to that in the literature, and the 
median age was 44.5 years. The median age of the 
patients was lower than in several studies.24-27 At ad-
mission, 70% of the patients had pancytopenia and 
splenomegaly. The introduction of pentostatin and 
subsequent 2-CdA in the 1980s and 1990s complete-

ly changed the course of HCl with a CR of 80-90% 
and a long-term response rate of approximately 90% 
achieved long-term survival.13,28,29 All the patients in 
our study were administered 2-CdA as the first-line 
therapy. 2-CdA was administered at the dose of 0.09 
mg/kg in 11 patients via continuous infusion for seven 
days and, in 9 patients, at the dose of 0.14 mg/kg for 
five days via the SC route. G-CSF was administered 
to all patients during the neutropenic period. 

Infections seen during cladribine treatment are 
among the common complications of treatment. A 
review by Maevis et al.30 reported the frequency of 
fever in patients treated with cladribine between 40-
69%. Not all fevers may be associated with infection. 
In Klorshid et al.’s study31, the fever frequency (relat-
ed or not associated with infection) was 35%. In our 
study, the frequency of fever was 40%, which was 
compatible with the literature. Hospitalization times 
were significantly shorter, and the incidence of febrile 
neutropenia was lower with SC application than with 
IV application. 

In Inbar et al.’s study27, SC was administered to 
32% of 203 HCL patients, and IV 2-CdA was admin-
istered to 68%. PFS and OS were not significantly 

 
Table 3. Comparative results of intravenous and subcutaneous administration. 
 IV cladribine SC cladribine P value 
Length of hospital stay (days) 22 (11-35) 0 (0-40) 0.003* 
Febrile neutropenia 54.5% 22.2% 0.197** 
Overall response rate 90.9% 100%  
Time to response (days) 45 (23-120) 30 (30-60) 1.000* 
Data were expressed n (%) or median (min:max). IV: intravenous, SC: subcutaneous.  
*Mann-Whitney U test, **Fisher’s Exact test. 

 
  

 

 

 Figure 1. Survival of patients.
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different in patients.27 In our study, there was no dif-
ference between the administration route and treat-
ment response. The complete response rate to treat-
ment was 90%, and ORR was 95%. PR was detected 
in one patient who was administered IV 2-CdA. Re-
sponse assessment could not be performed on a pa-
tient due to early mortality (died due to septic shock 
on the 30th day of treatment). The hospital stay was 
significantly longer in those treated with IV 2-CdA. 
We evaluated the treatment response by performing 
bone marrow control at six months. The median OS 
was 43.5 months (95% CI, range: 1.5-79 months), and 
the 2-year and 5-year OS was 95%, with a median 
44-month follow-up. 

Past studies have revealed a correlation between 
anaemia, thrombocytopenia, and disease-free surviv-
al (DFS).28 A recent study also reported a correlation 
among anaemia, age, ECOG status, and survival, con-
sistent with previous findings that link anaemia and 
thrombocytopenia with lower DFS. Anaemia appears 
to affect long-term survival and not early mortality.29 
Our study detected no significant correlation among 
age, spleen size, anaemia, leukocytosis, thrombocy-
topenia, LDH levels, bone marrow fibrosis degree, 
and OS. However, a statistically significant correla-
tion was recorded among the Hgb level, treatment re-
sponse, and MRD. In patients with Hgb > 11 g/dL, the 
response time to treatment was shorter than that in the 
group with a value < 11 g/dL. Moreover, while MRD 
was negative in the control bone marrow biopsies of 
patients with Hgb > 11 g/dL, MRD could not be ex-
cluded in the control bone marrow biopsies of patients 
with Hgb < 11 g/dL. 

Other late complications, such as relapse and sec-
ond neoplasms, have been described because of better 
control of the disease and more prolonged survival.32 
In a Swedish study, 18% of the patients had second-
ary primary cancer; the most significant associations 
were non-Hodgkin lymphoma and melanoma.33 A 
survey that reported skin cancer incidence among 
267 patients at the Memorial Sloan Kettering Cancer 
Center found a corresponding incidence of 11.3%.34 
Although it remains a controversial issue, purine ana-
logues are believed to not contribute to the emergence 
of secondary malignancies.35-38 In our study, no sec-
ondary malignancy was detected during the follow-up 
period. However, this result may be attributable to the 
small number of patients and the short follow-up peri-
od. The patients should be followed closely regarding 
the development of secondary malignancy in the long 

term. 
In one of our patients, recurrence was detected in 

the first year of the control bone marrow biopsy, but it 
was followed for approximately 2.5 years without any 
treatment indication. The response was then obtained 
with the second course of cladribine. Unlike in other 
cases, MRD positivity was evident in this patient’s 
6-month control bone marrow biopsy. Recurrence 
may not have been observed due to our cases’ rela-
tively short follow-up period. 

We did not observe any increase in the incidence 
of the second neoplasm in the patients in our study 
during the follow-up period. We believe this might be 
related to the small number of patients and the short 
follow-up period.

 
CONCLUSIONS

In summary, this study confirmed the efficacy of 
2-CdA treatment in HCL, similar to that in the litera-
ture. In general, ease of application, good tolerance, 
and long-term safety data are the primary reasons for 
choosing 2-CdA. Moreover, we showed that the SC 
application is more practical than the IV application; 
hospitalization and febrile rates are significantly low-
er, and the response rates are at least as good as in 
the IV form. In most patients, a single course of SC 
2-CdA is sufficient for long-term disease control. Al-
though the frequency of infection is less in the SC 
form, severe infections may also occur in the SC form. 
Therefore the patients should be followed closely. We 
have demonstrated that the Hgb level can affect re-
sponse time and MRD status; this finding deserves 
confirmation by further studies and more extensive 
series. Our response and survival data agree with the 
current literature, reaffirming purine analogues’ role 
in HCL management.
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