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                                                            Over recent decades, global life expectancy has increased remarkably, and further increases are anticipated.1 Current estimates suggest that the most important changes in world population over the next 40 years will occur within the oldest age groups; the number of people aged 65 years and over worldwide is expected to double by 2050.2 Since almost half the cancers diagnosed in 2002 developed in people aged 65 years and over, an aging population will have a definite impact on the incidence and treatment of cancers, in particular hematologic malignancies (HMs).32
Hematologic malignancies are a diverse group of blood cancers with various etiology, incidence, prognosis and survival.54 In population studies, HMs are grouped into four broad categories including leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma and myeloma.3 In recent years, the World Health Organization (WHO) has developed a consensus-based classification in which HMs are basically categorized according to their lineage (myeloid and lymphoid) and cell maturity.6 This classification also utilizes morphology, immunophenotype, and genetic and clinical criteria to further subdivide each category.6
Several recent studies have used the WHO classification to evaluate population-based features of the entire spectrum of HMs in different countries worldwide.1075 In light of this, results from the HAEMCARE project, which collected the incidence of HMs in Europe during the period 2000–2002,5 demonstrate that, in general, the incidence of both myeloid (acute myeloid leukemia, myeloproliferative neoplasms, myelodysplastic syndrome, and unknown myeloid neoplasms) and lymphoid malignancies (Hodgkin lymphoma, mature B-cell neoplasms, mature T-cell and NK-cell neoplasms, and unknown lymphoid neoplasms) increases with age, peaking at 75–99 years.5 In contrast, the incidence of lymphocytic leukemia/acute lymphoblastic leukemia (LL/ALL) peaks at 0–14 years, while Hodgkin lymphoma and Burkitt lymphoma/leukemia cases mainly occur at 15–44 years.5 Another network-based study from the UK found that the majority of myeloid and lymphoid malignancies are diagnosed in patients approximately 70 years old.9 Again, the precursor B-cell and T-cell lymphoblastic leukemias tend to occur at a median age of 12.7 and 18.5 years, respectively.9
Results from a recent study on the incidence of acute leukemia (WHO classification) in the US also reveal that in adulthood, most acute myeloid malignancy subtypes increase with advanced age (>70 years), whereas B-cell and T-cell lymphocytic leukemia/lymphoma occur predominantly in childhood/youth (age 1–14 years).7 A previous report on the lymphoma incidence patterns in the US according to WHO subtype also demonstrates that the total number of lymphoid neoplasms increases unilaterally with age in all ethnic and sex subgroups. Furthermore, steep increases in incidence with age are observed for most subtypes, with some exceptions.11 For instance, Burkitt lymphoma/leukemia and mixed cellularity/lymphocyte-depleted Hodgkin lymphoma rates increase more gradually with age. As shown in other studies,97 B-cell and T-cell lymphoblastic lymphoma/leukemia are diagnosed predominantly in children.11 Moreover, nodular lymphocyte predominant Hodgkin lymphomas were diagnosed predominantly in persons aged 15–34 and 15–64 years, respectively.11
In Asia, the majority of mature lymphoid neoplasms are found in adults aged 43–54 years.108 Furthermore, Asian patients with mature T/NK-cell and mature B-cell neoplasms are significantly younger than patients in the West (age 43.7–46.5 and 54.4–54.8, respectively),108 while B-cell and T-cell lymphoblastic lymphoma/leukemia affect slightly older individuals than those in the West (19.7–22.7 and 22–25.1, respectively).108 In all studies, it has been shown that males are more prone to develop HMs than females.115
Treatment strategy
Acute lymphatic leukemia
Few trial data to guide personalized therapy for acute lymphatic leukemia (ALL) in the elderly are available. ALL differs biologically from other malignancies in that it has a reduced male/female ratio, more B-cell-related disease, and more co-expression of myeloid antigens. The number of patients expressing Philadelphia positivity may also rise with age. Due to chemotherapy treatment, acute confusion, infection, and sometimes metabolic disturbances are observed. In elderly ALL patients, little improvement in survival has been achieved during the last 20 years; 30–70% of patients achieve remission, but survival is brief and the early death rate is as high as these percentages. Generally, vincristine, steroids, and L-asparaginase cause more toxicity in elderly patients, and anthracyclines may be hard to administer in those with impaired cardiac function. Liposomal vincristine and anthracycline are being tested in randomized trials on elderly ALL patients. Nearly all older patients with Philadelphia chromosome disease should be treated with a tyrosine kinase inhibitor, vincristine, steroid, and reduced dose anthracycline. If they achieve complete remission (CR), subsequent therapy should be individually tailored depending on toxicity, comorbidities, and possibly minimal residual disease (MRD) status. B-cell antibodies also deserve to be tested formally in this age group; rituximab is well tolerated.12
B-cell lymphoma
Peyrade et al. reported that reduced-miniCHOP consisting of rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone offers a good compromise between efficacy and safety in diffuse large B-cell lymphoma patients aged over 80 years with (OS) survival of approximately 60% for two years, and stated that R-miniCHOP should be considered as the new standard treatment in this patient subgroup.13
Acute myeloid leukemia
The prognosis of acute myeloid leukemia (AML) worsens every decade starting at 30–40 years of age. Traditionally, poor outcome is the result of less intensive therapy in elderly patients, due to comorbidities, higher possibility of other hematopoietic disorders, and biologically poor risk prognosis. Anthracycline and cytarabine, with or without other agents, is considered the standard induction therapy for patients under 60 years of age, followed by consolidation therapy (high-dose cytarabine). As noted previously, the use of the standard regimen in elderly patients does not yield results similar to those seen in younger patients.14 Recent studies of gemtuzumab, as well as studies of interleukin-2 as post remission therapy, did not show any benefit for these patients. Although high-dose cytarabine is beneficial as post remission therapy in younger patients, it was shown to be far too toxic in the elderly. The overall view in the majority of the studies is that results of intensive therapy in elderly patients remain poor. Although CR rates of 40–80% can be achieved in highly selected populations, long-term survival is poor. With the introduction of reduced-intensity conditioning (RIC) regimens, allogeneic stem cell transplantation (SCT) has become a valid option. Recent reports suggest that age, at least up to 70 years, does not impact outcome of reduced-intensity SCT; thus, it may be a better option than chemotherapy in patients aged 60–70 years. A recent study of patients over 50 years of age at MD Anderson who underwent SCT with RIC-conditioning showed a superior relapse free survival (RFS) and OS when compared with those who received post remission chemotherapy.
Chronic myeloid leukemia
Although age is still considered an important prognostic factor in chronic myeloid leukemia (CML), few data are available about the long-term outcome of older patients treated with imatinib (IM) frontline. A recent study showed that response to IM is not affected by age and that the mortality rate linked to CML is similar in patients over 60 years and patients under 60 years.15 Furthermore, IFN treatment of elderly patients in chronic phase showed the same survival rate as in younger patients at lower dosage.16 RIC conditioning followed by SCT emphasized the benefit of early transplantation resulting in stable engraftment, low relapse rates and encouraging OS in this high-risk CML patient group.17
Multiple myeloma
Conventional treatment for patients over 65 years of age suffering from multiple myeloma (MM) has been a combination of oral melphalan and prednisone (MP). Improvement in progression-free survival was reported in patients receiving melphalan as part of the induction treatment (dexamethasone or prednisone), but not in those receiving high-dose dexamethasone only. These findings suggest the need to incorporate an alkylating agent in combination regimens including new drugs. Recent studies showed that thalidomide/dexamethasone resulted in a higher proportion of partial response compared to MP in 72-year old patients. MP plus thalidomide or bortezomib can be regarded as standard care for elderly MM patients. The combination of conventional chemotherapy or low-dose dexamethasone with new drugs has substantially changed the treatment paradigm of MM patients.18 Several studies have shown that elderly patients who are not eligible for transplantation benefit from regimens with proteasome inhibitors, immunomodulatory drugs (IMiDs), corticosteroids or alkylating agents in different combinations. In elderly unfit patients, a mild approach using a 2-drug regimen and lower doses should be adopted to avoid toxicity. The new proteasome inhibitor carfilzomib and the 3rd-generation IMiD pomalidomide showed great efficacy in patients who had relapsed or who were refractory to induction treatments.18 Patients over 65 years of age are generally not considered candidates for transplantation. However, since biological age can differ from chronological age, biological age should determine whether transplantation is a treatment option. For patients aged 65–75 years, full-dose conventional therapy is recommended, while milder treatment should be used for patients over 75 years or those who have significant comorbidities.
Myelodysplastic syndrome
The International Prognostic Scoring System is used to assess the risk of transformation from myelodysplastic syndrome (MDS) to leukemia and to guide treatment decisions. Induction chemotherapy used to treat AML may be used to treat patients with higher-risk MDS with excess blasts. The main MDS treatment goal in the elderly is prolonging OS and the time to progression to AML in order to improve quality of life. For this reason, supportive care is essential. IMiDs such as lenalidomide and DNA methyltransferase inhibitors, can reduce transfusion requirements and reverse cytological and cytogenetic abnormalities in MDS patients with chromosome 5q deletion. Elderly patients with high-risk MDS can benefit from 5-azacitidine (5-AZA), with efficacy and safety profiles comparable with those found in patients under 75 years of age.19 SCT using RIC has had an impact on the use of transplantation as an alternative treatment for elderly patients. A recent study showed that 4-year OS in patients aged over 50 years who underwent SCT using RIC was similar to those transplanted using myeloablative conditioning.20
Conclusion
Despite treatment difficulties in the elderly, therapy for these patients could be improved to enhance their quality of life and functional performance. Elderly patients generally have multiple medical issues and are treated with multiple pharmaceutical agents. These circumstances contribute to an increased risk of drug interactions and the consequent management of toxicities. Manifestations of common toxicities or severe side-effects may increase both morbidity and mortality in the elderly due to age-associated functional deficits in multiple organ systems. One important factor in the elderly patient is the age-related decline in immunity, including the diminished capacity of response to stimulus such as infection or myelosuppressive treatments.
Individualized treatment based on evaluation of functional and physical status, biological age, capability of tolerating treatments, comorbidities, disease stage, general overall health, and the expected toxicity profile of different regimens is the strategy necessary to achieve maximum treatment efficacy and minimum toxicity in the elderly.
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