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Abstract

We have found little available information in the medical literature on the prevention and treatment of tertiary leukemia or patients’ prognosis. 
We thus conducted a comprehensive literature review using the most recently updated American Society of Hematology guidelines, searching 
the MEDLINE and PubMed electronic databases by using the key term “progression-free survival (PFS) leukemia” and restricting results to the 
English language within the last decade. From the initially identified 1,083 papers, we extracted relevant data and treatment recommendations 
for leukemia patients. Standard treatments like Daunorubicin, Doxorubicin, and Asparaginase for children, adolescents, and young adults 
(18 to 24 years) have high relapse and complication rates within 5 years of treatment. Blinatumomab and Ibrutinib-Rituximab have higher 
success rates in PFS and a greater overall survival rate than other chemotherapy options have. Two-year disease-free survival was 39.0% with 
intensive chemotherapy, whereas it rose to 54.4% with anticancer drugs. Additionally, patients who underwent radiotherapy after relapse 
exhibited better long-term prevention of another relapse and a higher overall survival rate of 77.7% compared with 11.3% in patients not 
treated with radiotherapy. In the realm of pediatric leukemias, allogeneic stem cell treatments stand out as the most effective, boasting a 
superior remission rate. Notably, Tisagenlecleucel, a chimeric antigen receptor (CAR) T-cell therapy, is approved for managing relapses of 
pediatric leukemias after initial or tertiary remission, with a promising 50% survival rate over 5 or 10 years. Further study on immunotherapies 
is warranted across diverse age groups from a tertiary prevention perspective.
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Introduction

Leukemia is an umbrella term for several different cancers of 
the blood and the blood-forming tissues such as bone marrow. 
It causes large numbers of abnormal blood cells to be produced 
and enter the bloodstream. Acute leukemia arises owing to a 
succession of genetic alterations within a precursor cell in the 
hematopoietic lineage, leading to the formation of leukemia-
initiating cells. These genetic modifications disrupt the typical 
growth and differentiation processes of hematopoietic cells, 
leading to excessive accumulation of abnormal immature cells 
and blasts in both the bone marrow and circulating blood. 
Most general practitioners have encountered cases of chronic 
lymphocytic, acute lymphoblastic, chronic myelogenous, 
and acute myelogenous leukemias in both sexes and various 

age groups in their clinical experience [1]. Common risk 
factors for these diseases include genetic predisposition and 
environmental factors such as exposure to ionizing radiation 
[1]. The risk of leukemia varies among populations of different 
ages, sexes, and geographical locations [2]. The observed 
discrepancies may stem from variations in the frequency of 
distinct environmental and genetic risk factors associated with 
leukemia. Some congenital disorders, such as Down syndrome 
and Fanconi anemia are associated with an increased risk of 
leukemia. Also, prior exposure to certain chemicals such as 
benzene, smoking, and air pollution, as well as exposure to 
radiation and chemotherapy, increases the risk of leukemia 
development. A two-hit hypothesis for the development of 
B lymphoblastic leukemia/lymphoma includes predisposing 
genetic mutation and infections [3]. 
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From the perspective of prevention, there are four levels of 
disease onset and progression: primary, secondary, tertiary, 
and quaternary [4]. Primary prevention aims to prevent the 
initiation of illness or injury; examples include immunization 
to prevent infections associated with the development of 
leukemia and avoiding exposure to known risk factors, such 
as certain chemicals or ionizing radiation [4-6]. Secondary 
prevention emphasizes the timely identification and treatment 
of a disease or injury in its early, more treatable stages to mitigate 
the risk of more serious complications arising; examples are 
regular screening including blood testing for cancer markers, 
physical exams, scans, or any other testing deemed necessary 
by the physician [4,7], and monitoring individuals with a family 
history of leukemia for early signs and symptoms [7]. Tertiary 
prevention focuses on reducing the effects of the disease 
once it has been established, rehabilitation after significant 
illness, and prevention of comorbidity. Some diseases in 
which tertiary prevention measures are most commonly used 
are diabetes, with the use of insulin; cardiovascular disease, 
with the institution of lifestyle changes; and substance abuse, 
with participation in rehabilitation programs [4,8]. Tertiary 
prevention of leukemia includes the use of chemotherapy 
and other treatments aiming for its control or remission, as 
well as supportive care measures to minimize the side effects 
of treatment and improve the patient’s overall well-being [8]. 
Quaternary prevention is a more recent practice that focuses 
on identifying excessive use of medication and protecting 
patients from continued unnecessary treatment; one example 
would be when a physician refrains from potentially harmful 
invasive testing or excessive treatment of a patient with 
some unexplained symptoms [4,9]. Quaternary prevention of 
leukemia would include implementing treatment plans that 
prioritize the patient’s quality of life and minimize unnecessary 
interventions and avoiding aggressive treatments with limited 
benefit to prevent potential harm [9].

Given the nature of leukemia, it is difficult to follow the 
standards of each level of prevention perfectly. However, 
the primary and tertiary levels have been substantially 
addressed. Prevalent lifestyle and metabolic risk factors linked 
to the incidence (primary prevention) and mortality (tertiary 
prevention) of leukemia that can be modified or avoided 
are smoking, physical inactivity, overweight, obesity, and 
hypercholesterolemia. In general, the mortality rate associated 
with leukemia has declined consistently over the last 10 years, 
possibly attributed to the emergence of new therapeutic 
approaches and targeted medications. However, in Ecuador, 
Belarus, Thailand, and the Philippines, the mortality rate 
has increased, and the incidence of leukemia has also been 
increasing in Germany, Korea, Japan, Canada, and the United 
Kingdom [10]. It is recommended that high doses of radiation, 
exposure to benzene, smoking or other tobacco use, and 
obesity/obesity-related lifestyles be avoided to decrease one’s 
chances of developing leukemia [11]. Once the diagnosis has 
been made, however, treatment must be promptly started 
with routine blood checks and scanning for cancer markers 

by flow cytometry, cytogenetics, and fluorescence in situ 
hybridization. In 2020, the American Society of Hematology 
(ASH) published new evidence-based guidelines to support 
patients with acute myeloid leukemia (AML) and their health 
care providers in making treatment decisions [12]. To create 
these new guidelines and ensure their completeness, ASH had 
formed a multidisciplinary panel that included both patients 
and specialists in myeloid leukemia, geriatric oncology, 
patient-reported outcomes and decision-making, frailty, 
epidemiology, and methodology.

During an initial review, we found a relative lack of literature 
pertaining to the tertiary prevention of leukemia, particularly 
on methods or treatments for reducing the risk of its relapse. 
Relapse, or recurrence, is when the cancer returns after a 
period during which it was undetectable or when its signs 
and symptoms disappeared following treatment [13]. Relapse 
signifies the survival of cancer cells after initial treatment or 
the emergence of new cancer cells, which may occur either at 
the primary site or in a different area of the body [13]. We were 
particularly interested in researching the period of remission, 
that time during which the signs and symptoms of cancer 
are reduced or eliminated [14], and its duration. Remission 
does not necessarily mean that the cancer cells have entirely 
been eradicated, but only that the disease is not actively 
progressing. There are two types of remission, complete and 
partial [14]. Complete remission, the ideal situation, is when no 
evidence of cancer can be found and all signs and symptoms 
have disappeared, whereas in partial remission, only some 
signs and symptoms have improved or disappeared [14]. 

In our review on the tertiary prevention of relapse of 
leukemia after its remission, we wanted to focus on three age 
groups of patients: children from birth to 12, adolescents from 
12 to 18, and young adults from 18 to 24 years old. Among 
those age groups, acute lymphocytic leukemia and chronic 
lymphocytic leukemia are the most common forms of the 
disease. Unfortunately, the data we were able to extract in our 
review were not age specific, but we are continuing to explore 
this issue in hopes of getting clarity for future research.

To conduct our extensive systematic review of the literature 
focusing on the tertiary prevention of leukemia, we searched 
PubMed and MEDLINE using the key words “progression-
free survival leukemia” and narrowed our search by filtering 
for English language articles published over the last decade. 
We initially found a total of 1,083 published papers. We then 
further narrowed our search with filters for clinical trials, 
meta-analyses, randomized controlled trials, reviews, and 
systematic reviews. For consistency and to avoid selection 
bias while still obtaining a complete dataset, we excluded 
some articles from our analysis for the following reasons: 152 
because they did not discuss tertiary prevention, 236 because 
they did not fit our filters for the type of paper, 184 because 
they did not discuss the age groups we were studying, and 20 
because the results were not promising for patients. Thus, our 
final review of the literature included 491 papers, from which 
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we extracted recommendations. In summary, although we 
had a wealth of information on the topic of leukemia, finding 
information about tertiary prevention of leukemia proved to 
be challenging. This review provides an overview of acute and 
chronic leukocytic leukemia, encompassing its pathogenesis, 
risk factors, existing treatments, and the assessment of 
treatment efficacy and failure. Enhanced comprehension of 
leukemia’s underlying mechanisms could pave the way for 
innovative targeted therapies, ultimately diminishing the 
prevalence and risk of relapse of leukemia [15].

Results and Discussion

Our review of the literature revealed that the primary 
treatment for leukemia usually involves systematic therapies 
aimed at eradicating leukemia cells throughout the body. 
These treatments include chemotherapy, targeted therapy, 
immunotherapy, and stem cell transplantation [16]. The 
choice of treatment depends on the type of leukemia, its 
subtype, the patient’s overall health, and other factors. The 
evolution of leukemia treatment from chemotherapy and 
immunotherapy to targeted and individualized therapy 
has significantly improved patients’ survival rate. The ASH 
guidelines on leukemia were published in 2020 and are 
intended to help patients and their healthcare providers make 
critical care decisions including if and how to proceed with 
cancer treatment and the need for bone marrow transplant. 
The CAP (College of American Pathologists)–ASH guideline 
on the initial diagnostic work-up of amyloidosis (AL) was 
reviewed for development rigor by methodologists. Then, 
an American Society of Clinical Oncology Endorsement 
Expert Panel updated the literature search and reviewed the 
content and recommendations. Key critical outcomes for 
decision-making were considered for mortality and survival 
and functional-status impairment. Other outcomes included 
quality-of-life impairment, severe toxicity, morphologic 
complete response, burdens on caregivers, hospitalization, 
major bleeding, recurrence, duration of response, and type 
of treatment necessary. In 2023, ASH formed a guideline 
panel to update the 2020 guidelines. The methodology team 
conducted systematic reviews of new evidence, and the panel 
will revise previous recommendations. 

Standard chemotherapy drugs used for leukemias are 
normally administered orally or injected. They work by 
harming the genetic material within the cellular nuclei; some 
damage the cells during the process of division, and others 
inflict damage as the cells replicate their genetic material 
prior to division [17]. In general, standard treatments for 
leukemias in children, adolescents, and young adults include 
daunorubicin, doxorubicin, and asparaginase. Daunorubicin 
is an anthracycline antibiotic that is mainly used to treat 
acute and chronic leukemias [18]. It inhibits DNA synthesis 
by binding to nucleic acids and preventing them from 
assembling into the DNA double helix structure, effectively 
slowing the growth of cancer cells [18]. Doxorubicin, also an 
anthracycline, is primarily used in the treatment of soft tissue 

and bone sarcomas, as well as breast, ovarian, bladder, and 
thyroid cancers [19]. It functions by inserting itself between 
DNA strands, interfering with the repair process mediated by 
topoisomerase-II and initiating the production of free radicals, 
effectively harming the cellular membranes, DNA, and proteins 
[19]. Asparaginase is most commonly used to treat lymphoma 
and acute lymphocytic leukemia [20]. This drug is an enzyme 
that hydrolyzes asparagine to form nonfunctional aspartic 
acid and ammonia, thus depriving tumor cells of a required 
acid and blocking tumor cell proliferation by interrupting 
asparagine-dependent protein synthesis [20]. In general, 
these chemotherapies have been linked to significant rates of 
recurrence and other side effects within 5 years after the start 
of the treatment [21].

Other anticancer drugs also act against malignant 
disease; these include alkylating agents, antimetabolites, 
natural products, and hormonal therapies. For example, 
blinatumomab is a type of targeted cancer drug called a 
bispecific monoclonal antibody [22]. This drug works by 
linking a CD3 site for T cells and a CD19 site for the target B 
cells, activating the T cells to exert cytotoxic activity on the 
target cells [22]. Another treatment, ibrutinib–rituximab, is 
an orally administered covalent inhibitor of Bruton’s tyrosine 
kinase (Btk) that is an active second-line treatment option 
for patients with chronic lymphocytic leukemia [23,24]. This 
agent works by forming a covalent bond with CYS-481 at the 
active site of Btk. It stops the full activation of Btk by inhibiting 
its autophosphorylation at Tyr-223, leading to the inhibition 
of Btk enzymatic activity [23]. These two anticancer drugs, 
Blinatumomab and Ibrutinib-Rituximab, have yielded high 
success rates of progression-free survival and overall survival 
[23,25-27]. In detail, 2-year disease-free survival was found to 
be 39.0% for patients given intensive chemotherapy with each 
drug, whereas it was 54.4% for patients given the standard 
drug treatments [25]. In addition, 2-year overall survival was 
relatively worse (58.4%) in patients treated with standard 
chemotherapy treatments compared to those with these two 
drugs (71.3%) [24,25,28].

Radiotherapy has also been used for retreatment of leukemia 
in patients who have experienced relapse after remission 
and has been found to be more effective in the long term in 
preventing further relapses and increasing overall survival 
rates [29]. Radiotherapy uses high doses of ionizing radiation 
to target and kill or damage cancer cells while minimizing 
damage to surrounding healthy tissues [30]. The high-energy 
particles from the ionizing radiation penetrate the body and 
collide with atoms and molecules, creating charged particles 
and free radicals that can damage the cellular DNA [30]. Cancer 
cells are more susceptible than healthy cells to the lethal 
effects of radiation owing to their uncontrolled growth and 
reduced ability to repair DNA damage that disrupts their ability 
to divide and grow. Radiotherapy, when used in conjunction 
with other cancer treatments, such as chemotherapy or 
immunotherapy, yields better patient outcomes [29]. For 
example, patients treated with cranial radiation followed by 
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maintenance chemotherapy experienced a 78% response 
rate to the treatment and had a 4-year survival rate of 77.7%, 
compared with the survival rate of 11.3% of patients who were 
treated with chemotherapy alone [29].

For most pediatric leukemias, the most effective form of 
treatment is allogenic stem cell therapy, which yields a higher 
remission rate than chemotherapies, radiotherapy, and other 
treatments [31,32]. Allogenic stem cell therapy involves the 
transplantation of stem cells from a genetically different, 
healthy donor to a recipient who has a medical condition, 
such as a hematologic disorder like leukemia [33,34]. It offers 
the advantage of providing a new source of healthy stem cells 
to replace damaged or diseased cells, and it can significantly 
improve the recipient’s condition [21,33,35]. However, shortly 

after this treatment, a significant portion of the patients 
experienced relapse or rejection, ultimately leading to death 
[31-33].

Of note, during the last 10 years, some immunotherapies 
have been discovered that have been of special interest, 
being reportedly more effective than most traditional 
chemotherapies, radiotherapy, and stem cell treatments 
[21,36-39]. Immunotherapies treat cancer by either 
activating or suppressing the immune system. One such 
agent, tisagenlecleucel, a chimeric antigen receptor (CAR) 
T-cell therapy, has been approved to treat relapsed pediatric 
leukemia (Figure 1) [39,40]. This highly specialized CAR T-cell 
therapy involves genetically modifying a patient’s own T cells 
to recognize and attack the antigen found on the surface of 

 

 

 
Figure 1: An overview of the CAR T cell creation and treatment process. 
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specific cancer cells. In manufacturing the CAR T cells, a protein 
is added to the T cells’ surface to help them achieve this focus. 
The CAR protein is composed of three distinct proteins: one 
for recognition of the antigen on the cancer cell and two for 
T-cell activation when the first protein binds to the cancer cell 
antigen [41]. These activated T cells then circulate, looking for 
cells that carry the antigen programmed into the CAR protein. 
When they come into contact with the cancer cells’ antigen, 
they multiply and activate other immune cells to fight off the 
malignant cells. These signaling proteins, or cytokines, along 
with activated T cells, induce notable inflammation, ultimately 
resulting in the death of the cancer cells [41]. If all the cancer 
cells die, the cancer is in remission. CAR T-cell treatment has 
achieved survival rates of more than 50% for both initial and 
tertiary remission 5–10 years after treatment among children 
and teens [37,42]. A drawback to CAR-T therapy, however, is its 
frequent association with various end-organ toxicities, such as 
profound neurotoxicity and cytokine release syndrome, which 
potentially restrict its effectiveness, particularly in patients 
with diminished performance status or comorbidities.

Other, more recently developed novel therapeutic modalities, 
including bispecific T-cell engagers (BiTEs) and bispecific 
antibodies (BiAbs), have now surfaced as valuable approaches 
in addressing advanced hematologic malignancies [43]. BiTEs 
and BiAbs redirect T cells to attack tumors and facilitate T cell–
mediated cell death [43]. Blinatumomab, mentioned earlier, 
is a CD19/CD3 BiAb that was the pioneering BiTE molecule. 
It demonstrated remarkable proof of concept and has been 
approved by the U.S. Food and Drug Administration for the 
treatment of relapsed or refractory B-cell precursor acute 
lymphoblastic leukemia [43,44]. BiAbs and BiTEs provide T 
cell–redirecting capabilities akin to those of CAR-T cell therapy, 
but in the form of a ready-to-use therapy, circumventing the 
logistical and time-related challenges inherent in the creation 
and delivery of CAR T cells [44,45]. Additionally, BiAbs and 
BiTEs seem to exhibit a more favorable safety profile than 
CAR T-cell therapy, with lower incidences of cytokine release 
syndrome and neurotoxicity [44-46].

Overall, the effectiveness of these treatments to prevent 
tertiary leukemia hinges on a multidrug protocol comprising 
three stages (induction, consolidation, and maintenance), 
wherein therapy or prophylaxis targeting the central nervous 
system is administered across several sessions. Among overall 
treatments we examined in this review, CAR T-cell therapy is 
considered a promising treatment, having high success rates 
after patient relapse. 

Although we found limited information in our literature 
search specific to tertiary prevention of leukemia and its 
relapse, we understand the potential bias of the search 
strategy we used in terms of the possibility of missing relevant 
articles with the limited data sources we searched. However, 
continuing research into more innovative treatments is needed 
to prolong the lifespan for all patients with leukemia. Further, 
we call for more research on immunotherapies to explore 

their effectiveness in tertiary and quaternary prevention of 
leukemias in populations of even more diverse age groups, 
including the elderly.
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