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Abstract

:

Simple Summary


The prevalence of second neoplasms among patients with hairy cell leukemia (HCL) treated with cladribine is not negligible. Immunosuppression, high rate of cure, and aging may have a role in the pathogenesis of second cancers after HCL. We aimed to compare the risk of cancer between patients with HCL treated with cladribine and the general population.




Abstract


Concern has emerged about the prevalence of second cancers among patients with hairy cell leukemia (HCL) treated with purine analogs. We investigated 513 patients with HCL treated with cladribine over the last 30 years at 18 Italian centers and calculated their standardized incidence ratios (SIRs). We identified 24 patients with a second cancer diagnosed at a median time from treatment with cladribine of 59.9 months (range: 9.2–169.7 months). All patients with solid neoplasms presented with a limited-stage disease, except four cases of locally advanced cancer; multiple myeloma patients had a smoldering disease, while lymphoma patients had stage Ie and stage IV diseases. Response to therapy was complete in 19 cases; 1 patient is still receiving treatment for a relapsing bladder disease, while 2 patients progressed during treatment and died. These two patients died from unrelated causes: one from infection and one due to surgery complications. The median OS from HCL was 98.5 months (range: 38.4–409.2 months), while the median OS from second cancer was 27.6 months (range: 1–117.8 months). The SIR was 0.86 (95% CI: 0.54–1.30) for males and 1.13 (95% CI: 0.36–2.73) for females: no statistically significant differences were highlighted. We were not able to demonstrate an excess of second cancer or a significant association with the specific studied neoplasm.
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1. Introduction


Hairy cell leukemia (HCL) is a rare lymphoproliferative neoplasm that accounts for less than 2% of all leukemias. Since its first identification in 1923, specific disease characteristics have been established and are currently used for diagnosis and prognostic evaluation. The typical immunophenotype characterized by cell surface positivity for CD19, CD20, CD22, CD11c, CD25, CD103, and CD123 and the presence of the BRAF-V600E mutation are hallmarks of classic HCL [1,2]. The introduction of purine analogs has completely changed the prognosis of HCL patients: a considerably high rate of complete remission (CR) has been reported after a single course of purine analogs (i.e., cladribine and pentostatin). Ever since the first paper on this topic was published in 1990, reporting durable remission after cladribine treatment in previously treated patients with HCL [3], several papers have investigated response rates and long-term remission with cladribine treatment, and the use of different treatment schedules. The CR rates ranged from 60% to more than 90% over the last two decades [4], with a median duration of response of approximately 10 years [5]. Moreover, no differences were reported between continuous infusion, 2 h infusion, and subcutaneous injection in terms of the depth of response or adverse events [5,6,7].



Considering the excellent prognosis of HCL, safety concerns are highly addressed in this population. In recent years, outcomes have improved mostly because of improvements in supportive therapy and infection control, although the infection rate is almost stable [5,6,7,8]. On the other hand, most papers have reported a variable prevalence of second neoplasms among patients treated with cladribine. According to some studies, patients with HCL might be at greater risk of developing a second cancer than the general population, particularly after treatment with purine analogs. It is not clear whether there is an excess of second cancers in this population and whether this may depend on the disease itself, the type of drug used, or its long-term immunosuppressive effect.



In this report, we investigated the prevalence of second neoplasms among HCL patients treated with cladribine over the last 30 years and compared the findings with the prevalence of cancer in the Italian general population.




2. Materials and Methods


We gathered demographic, clinical, and laboratory data from 513 evaluable patients from 18 Italian centers. The patients were diagnosed with HCL from March 1991 to May 2019, and all patients were treated with first-line cladribine. The response rate and long-term remission data for this population were published elsewhere [5]. In this report, we focused on the prevalence of second neoplasms after first-line treatment with cladribine. Information about the type and stage of neoplasm, the treatment administration and response, and the outcome was recorded. Subsequently, we calculated the standardized incidence ratios (SIRs) and 95% confidence intervals (95% CIs) for second neoplasms by comparing the observed number of cases to those expected based on the incidence rates recorded among the Italian population in 2020 and based on Italian cancer registries [9]; the Eurostat 2013 population was used for standardization.



This study was approved by the local Ethics Committee, and all patients provided their consent to participate. The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2008.



The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.




3. Results


We identified 24/513 patients with a second neoplasm diagnosed during a follow-up assessment for their HCL (Table 1). None of these patients had a previous diagnosis of a solid or hematological neoplasm. The median age at HCL diagnosis was 63 years (range: 43–77 years) for these 24 patients, with a strong preponderance of male patients (20/24). The response to HCL treatment was CR in 18 patients, partial (PR) in 4 patients, and hematological improvement (HI) in 2 patients, respectively; these response criteria were used as per recent consensus guidelines [10]. Two patients were re-treated for relapse 26.7 and 51 months before diagnosis of the second neoplasm, respectively, and 65.5 and 11.3 months after achieving CR.



The median time from the end of treatment with cladribine to the time of diagnosis of a second neoplasm was 59.9 months (range: 9.2–169.7 months). During the follow-up for HCL, six patients were diagnosed within 3 years after being treated with cladribine, seven patients and six patients were diagnosed within 3 to 5 years and 5 to 8 years after cladribine treatment, and five patients were diagnosed more than 8 years after cladribine treatment. The median age at diagnosis of a second neoplasm was 72 years (range: 44–84 years). The histologies, stages, and treatments of the second neoplasms are reported in Table 1. All 15 patients responded to therapy after surgery alone, 3 patients responded after combination therapy, and 1 patient responded after chemotherapy. One patient is still receiving treatment for a relapsing bladder disease, while two patients progressed during treatment and eventually died from a second neoplasm.



The median OS from HCL diagnosis was 98.5 months (range: 38.4–409.2 months), while the median OS from the diagnosis of a second neoplasm was 27.6 months (range: 1–117.8 months). Overall, six patients died (25%)—one from infection after multiple relapses of HCL, two from the progression of their second neoplasm (lung cancer and lymphoma), one from an abdominal surgery complication, one from a cardiovascular event, and one from a natural event. Considering the whole population of 513 patients, the median OS was not reached and more than 80% of patients were estimated to be alive after 15 years.



We calculated the standardized incidence of second cancer among the HCL population according to sex: 543.3 × 100,000 (95% CI: 283.6–803.1) for males and 492.6 × 100,000 (95% CI: 0.0–1099.0) for females. The SIRs were 0.86 (95% CI: 0.54–1.30) for the males and 1.13 (95% CI: 0.36–2.73) for the females. Moreover, we compared our results with the standardized rates of neoplasms among the Italian general population according to the 2020 AIRTUM database: 704.4 × 100,000 for males and 484.7 × 100,000 for females. No statistically significant differences were highlighted.




4. Discussion


Early after the introduction of the extensive use of cladribine, some reports concerning the prevalence of second neoplasms among patients with HCL were published (Table 2). In a registry-based study published in 1997, Kurzrock reported 26 diagnoses of second neoplasms among 350 patients with HCL treated with IFN, pentostatin, and cladribine [11]. Although a significant excess of plasma cell neoplasms and lymphoma was reported (O/E, 13.04; p < 0.001 and O/E, 8.7; p = 0.03, respectively), an excess of second neoplasms specifically related to a single drug was not detected (IFN, p = 0.27; cladribine, p = 0.37; pentostatin, p = 0.7).



Since then, the debate about the risk of second cancer after treatment with cladribine has been periodically updated. Au and colleagues reported 117 patients diagnosed with HCL between 1976 and 1996 who were treated according to four clinical trials with various combinations of splenectomy, interferon alpha (IFN), and cladribine, and followed up prospectively [13]. In this population, 28 second cancers were diagnosed in 25 patients (21.3%) at a median of 40 months after their HCL diagnosis. In 2002, a multicenter Italian study specifically designed to assess the incidence of second cancers reported 54 cases of second neoplasms among 1022 patients with HCL [14]. The cumulative risk of second cancer was 5%, 10%, and 14% at 5, 10, and 15 years, respectively. Similarly, a more recent paper reported the results of a retrospective survey on 279 French patients, with a cumulative incidence of second cancer of 15% (95% CI: 11; 19) at 10 years (solid cancer: 11% [95% CI: 7.2; 15] and hematological malignancy (HM): 5% [95% CI: 2.8; 8.2]) [20].



When comparing the risk of second cancer in HCL patients with the incidence of cancer in the general population, the results varied according to different studies. In the paper by Au et al. [13], the overall relative risk was 2.6: in particular, a marked increase in the relative risk was reported for prostate and colon cancers. In another report [14], the overall incidence was not significantly greater than expected (SIR 1.01, p = 1.0, 95% CI 0.74 to 1.33), but the standardized incidence ratio (SIR) was up to 5.3% for non-Hodgkin’s lymphoma (95% CI: 1.9 to 11.5). No significant differences were recorded according to previous therapies (no IFN, first-line IFN, or second-line IFN). A large population-based study reported 358 diagnoses of second cancer among 3104 patients with HCL observed from 1973 to 2002 with a median follow-up of 6.5 years, for which the SIR was 1.24 (95% CI: 1.11–1.37) [16]. Importantly, the risk of second cancer was comparable among both the 1509 patients treated with chemotherapy (SIR 1.35, 95% CI 1.13–1.60) and the 1595 patients who did not receive chemotherapy (SIR 1.18, 95% CI 1.03–1.35). The authors reported that the risk was more pronounced for Hodgkin’s and non-Hodgkin’s lymphomas (SIR 6.61, 95% CI 2.13–15.42 and SIR 5.03, 95% CI 3.77–6.58, respectively) and for thyroid neoplasms (SIR 3.56, 95% CI 1.30–7.74). In another population-based study [15], 12 second cancers were diagnosed among 181 patients with HCL mostly treated with cladribine between 1991 and 2001 (6.6%). The SIR was 1.3 (95% CI: 0.68–2.28) overall, with a marked increase in genito-urinary neoplasms (SIR 3.23, 95% CI 1.39–6.36, p = 0.008).



In a registry-based study on second primary cancers after acute and chronic lymphoproliferative neoplasms, Zheng et al. reported 150 second cancers among 823 patients with HCL (18.2%) diagnosed from 1986 to 2015 after a median follow-up of 8 years [19]. Overall, the relative risk of second cancer was 1.65; the most significant associations were reported with squamous cell skin carcinoma, kidney carcinoma, and non-Hodgkin’s lymphoma. Moreover, HCL was diagnosed as a second primary cancer in 97 patients with a previous neoplasm; the relative risk of HCL was 1.62, which was particularly significant after prostate cancer and non-Hodgkin’s lymphoma. Even though information about HCL treatment and overall outcome was not reported, the authors postulated a role for immunosuppression in the pathogenesis of the associated cancers. The same authors compared the prognoses of 718 HCL patients with (119, 16.6%) and without (599, 83.4%) a diagnosis of a second cancer during a median follow-up of 7 years [21]. Among the 234 patients who died, 57 (24.4%) had a diagnosis of a second cancer. Even if their second cancer had a good prognosis per se, the patients with HCL and second cancers had significantly worse OS than the patients with HCL and no other neoplasms, although the cause of death was not reported.



In 2014, a multicenter retrospective French survey investigated 487 patients who were variably treated with purine analogs, splenectomy, IFN, and rituximab; among these patients, a second neoplasm was diagnosed in 48 (10%) patients during a median follow-up of 60 months [17]. In particular, 34 (7%) patients developed a solid neoplasm (prostate, lung, skin, or colon), 10 (2%) patients developed an HM (lymphoproliferative neoplasm, myeloma, myelodysplastic syndrome, chronic myelomonocytic leukemia, or acute myeloid leukemia), and 4 (1%) patients had both a solid neoplasm and an HM. The authors reported an excess of second cancer diagnoses (SIR 1.86, 95% CI 1.34–2.51), especially regarding second HMs (SIR 5.32, 95% CI 2.90–8.92).



A single-center investigation of 88 patients aged less than 40 years reported 11 diagnoses of second neoplasms among 8 (9%) patients after a median time from diagnosis of HCL of 301 months (178–395 months) [18]. The authors reported an excess frequency of second malignancies of 1.60 (95% CI 0.80–2.89), although this difference was not statistically significant.



Another single-center study compared 63 patients aged less than 40 years to 286 older patients mostly treated with purine analogs between June 1983 and December 2013 [12]. The authors reported the diagnosis of a second cancer in 14/63 (22%) younger patients and 56/268 (21%) older patients after a median time from HCL diagnosis of 19 years and 4 years, respectively. Skin cancers and visceral cancers accounted for 33% and 21% of all second neoplasms in the younger group, and for 36% and 39% in the older group, respectively. Two therapy-related myeloid neoplasms (t-MNs) were diagnosed in the younger group, while one t-MN and seven lymphoproliferative disorders were found in the older group.



In our population, second neoplasms were diagnosed after a median of 59.9 months (range: 9.2–169.7 months). No patients developed a second cancer when aged less than 40 years, and only 1/209 aged less than 50 years developed a second cancer. We did not observe an excess of second cancers or an increase in the relative risk for a specific cancer. The SIR was 0.86 (95% CI: 0.54–1.30) for males and 1.13 (95% CI: 0.36–2.73) for females, with no statistically significant differences compared to the general population. The overall mortality was 8.8% (43/489) in the whole non-cancer population and 25% (6/24) among the patients with second cancers: as expected, the median OS was markedly worse among these 24 patients.



Although no t-MNs were diagnosed in our population, different reports of acute and chronic leukemia have been published, including a patient who underwent successful allogeneic stem cell transplantation [20,22,23,24,25,26,27,28,29,30].



The different risk factors for the pathogenesis of HCL-related second cancers might be difficult to distinguish. First, a major level of immunosuppression is reported in the first years following treatment, which is probably caused both by alterations in the immune system linked to HCL itself and by the aftermath of therapy. Second, aging is a risk factor for cancer per se, and this might explain the stable risk of developing second neoplasms during the follow-up period. The combination of aging and intrinsic and acquired alterations of the immune system may result in a marked increase in immunosuppression and favor the development of second neoplasms. Third, patients with HCL have a high rate of cure, and the possibility of a longer follow-up period may increase the prevalence of second cancers when compared with that of other HMs. In more recent years, an increased number of diagnoses of second cancer has also emerged among patients with lymphoproliferative neoplasms due to the improved outcome of these diseases.



Although several types of solid tumors and HMs have been reported, it is possible that HCL is more strongly associated with lymphoproliferative neoplasms, as HCL is also diagnosed as a second cancer after lymphoma. Moreover, t-MNs are not frequently diagnosed after treatment for HCL, probably reflecting a low leukemogenic effect of the therapy used for curing these patients.



The major strength of this study is the single-agent treatment for HCL before developing second cancers. In fact, different anticancer drugs may have different consequences on both the deregulation of the immune system and specific tissue impairment. Although the relatively limited period of observation favored a less variable management of the patients, some diagnoses may have been lost, especially among younger patients. As for most of the analyzed studies, retrospective data collection is the most relevant limitation of this study. Some early-stage cancers may have been missed, and some patients may have been lost during follow-up, irrespective of age. Moreover, the lack of an HCL-specific registry may have reduced the possibility of detecting second neoplasms in patients who moved to another center for their treatment. All of these reasons may have also impacted the variable prevalence of hematologic neoplasms and solid cancers.




5. Conclusions


Considering the emerging role of targeted therapies in curing HCL, it would be interesting to evaluate whether the risk of developing a second cancer could be modified with the introduction of disease-specific drugs as a therapeutic approach for HCL. A large, international, prospective registry may be useful to definitively answer the questions surrounding the increased prevalence of second cancers during the follow-up period for HCL and the possible role of different treatments (purine analogs and targeted therapies) in the pathogenesis of second cancers.
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Table 1. Characteristics of the studied patients.






Table 1. Characteristics of the studied patients.



















	
	Sex
	Age at HCL Diagnosis
	Response to HCL Therapy
	Age at Second Cancer Diagnosis
	Time from HCL to Second Cancer Diagnosis (Months)
	Type of Second Cancer
	Therapy for Second Cancer
	Status
	Cause of Death
	OS from HCL

(Months)
	OS from Second Cancer

(Months)





	#1
	F
	72
	CR
	76
	51.02
	Smoldering MM
	None
	Alive
	
	105.02
	54.00



	#2
	M
	49
	CR
	53
	40.52
	Dysplastic nevus
	Surgery
	Alive
	
	60.59
	20.07



	#3
	F
	59
	PR
	65
	69.02
	Breast carcinoma
	Surgery, radiotherapy, hormonal therapy
	Dead
	Infection during HCL
	98.49
	29.48



	#4
	M
	34
	PR
	61
	324.33
	Villou