
Immunotherapies: The Next Wave of Treatments for Acute Lymphoblastic Leukemia

What is Acute Lymphoblastic Leukemia (ALL)?

Acute Lymphoblastic Leukemia, known as ALL, is an acute blood cancer that arises from

the bone marrow (Figure 1). The cancer itself is the overproduction of anomalous, immature

lymphocytes, which are within the sub-category of lymphoblasts (early form of lymphocytes).

These immature lymphocytes are unable to fulfill their role, thus, weakening the immune system

and its ability to fight antigens (foreign substances). Like many cancers, ALL begins as a

miniscule error in the DNA called a genetic mutation (change). When protein synthesis is

performed based on the genetic code, these defective proteins are produced and they may no

longer function, function abnormally, or are simply different (19). When the signals to restrict a

cell from replicating are unable to function properly, the cell will begin to multiply

uncontrollably and is then considered malignant. Once a cell is cancerous, it will continue to

proliferate rapidly and potentially metastasize to other parts of the body. Unlike other cancers

where groups of these cancerous cells form solid masses called tumors, the ALL-affected cells

spread to other regions of bone marrow and body by utilizing the bloodstream. Given that ALL

cells have the capability of migrating into the bloodstream, metastasis is made notably easier for

ALL cells moving throughout the body because the bone marrow is highly vascularized. Thus, it

is easier for ALL cells to affect key organs and tissue around the body (11).

Figure 1

Bone marrow diagram
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What role does the immune system play?

The multi-faceted immune system is a complex network of cells, tissues, and organs, that

hold the responsibility of protecting and defending your body against foreign agents that can

cause diseases. Some of the most pertinent organs of the vast immune system include the

lymphatic system, the spleen, the thymus, and the bone marrow. All of these parts collectively

work together to protect the body against infection and recognize harmful germs (23). The bone

marrow is an influential part of the immune system in the regard that it produces white blood

cells. Bone marrow is a spongy tissue that is an environment located at the core of a bone (11). In

the bone marrow, there are hematopoietic (bone marrow specific) stem cells that hold the power

of developing into three types of blood cells including erythrocytes (red blood cells), leukocytes

(white blood cells), and platelets (33). These hematopoietic stem cells first begin by

differentiating into common myeloid progenitor (CMP) cells or common lymphoid progenitor

(CLP) cells. Within the group of CLP cells, there are white blood cells that specialize even

further into B, T, and NK (natural killer) lymphocytes (Figure 2). In a functioning body, the stem

cells will regenerate where needed to compensate for deficits. In the case of patients with ALL,

there is an overproduction of immature lymphocytes which consequently causes a deficiency in

other blood cell types. This low proportion of other blood cell types due to an excess of white

blood cells may result in anemia (red blood cell deficit), thrombocytopenia (platelet deficit), or

becoming immunocompromised (2). In the instance of ALL, the immune system is further

suppressed by the fact that the blood is lacking healthy, white blood cells. The immune system

typically plays a critical role in identifying foreign antigens including cancer cells. However, as

cancer evolves, it gains the ability of staying undetectable, thus making it harder to treat.

Figure 2

Hematopoietic stem cell differentiation
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What is the epidemiology of ALL?

The prevalence of ALL is rare, accounting for not even half of 1% of all cancers in the

U.S. and the average person’s chance of developing ALL being only 0.10%. However, it is still

one of the most common types of leukemia. Not only is ALL the most common type of leukemia

amongst children, it is also the most common childhood cancer in general. ALL accounts for

75-80% of children with leukemia and 60% of all ALL cases are children. Despite ALL being

more common amongst children, the survival rate for children is much higher than it is for adults

because children with ALL are often healthier and have fewer medical complications than adults,

so their bodies are capable of handling the strenuous treatments. According to the American

Cancer Society (ACS), it has also been shown that ALL is slightly more common in males than

females. Out of a total of 6,660 new ALL cases in the U.S. in 2022, women accounted for 43%

of cases while men accounted for closer to 56% (5). In terms of racial demographics, data shows

that those who are of White and Latino background are at an increased risk for developing ALL

compared to those who are Black or Asian. When combining cases of all age groups and genders

from the year 2000 to 2016 in the U.S., out of 23,829 patients with ALL, 34.8% were Hispanic

and 49.2% were White. The connection between ALL affecting specific ethnicities is still

relatively unknown (37).
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What are the risks for acquiring ALL?

The three known ways of contracting ALL are either by environment, by inheriting it

genetically, or the random chance of acquiring an oncogenic mutation. Exposure to toxins,

radiation, chemicals, or carcinogens are all examples of environmental risk factors. The clearest

distinction between them is that environmental factors are slightly more controllable while

genetics are established before birth and are determined by the genetic makeup of the parents.

Many of the risks for acquiring ALL have been discovered, yet there are still a few to be

uncovered (8). At the moment, there is no known way to prevent developing ALL.

How is ALL diagnosed?

Patients may be prompted to see a doctor when they present with symptoms such as

fatigue, pale skin and weakness due to anemia, frequent infections due to low white blood cells,

bleeding from the gums or nosebleeds due to low platelets, or swollen lymph nodes. From there,

the doctor will assess if it is necessary to pursue a complete blood count (CBC) to analyze the

blood cell numbers for any imbalances that could be a sign of active ALL. Diagnosing ALL

consists of conducting a bone marrow biopsy which involves extracting a sample of tissue to be

further examined. The first step of this procedure is having the patient go through imaging to

identify the general area of the cancer (e.g. CT, MRI, or PET scan). Physicians use imaging

techniques to identify the general location of the ALL. Once the location of the cancer is

identified, a hole is created by drilling through the external layers of the bone then inserting a

small needle into the bone marrow to extract the tissue (Figure 3). After the bone marrow

sample is collected, it will be examined by a hematologist-oncologist or pathologist who will

determine if it is malignant (cancerous). In some cases, supplementary specialized blood tests

may also need to be performed with the purpose of confirming the diagnosis as well as

determining the subtype of ALL (1).

Figure 3

Bone marrow biopsy
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What are the traditional chemotherapy regimens being used to treat ALL?

For decades, cancer has been traditionally treated using chemotherapy, radiation, or

surgery. Like many treatments, chemotherapy comes with its advantages and disadvantages.

Despite this, it is continuing to be used because of its high efficacy and unmatched success rates.

Many people tend to focus on the detrimental side effects, when in reality, chemotherapy has

saved innumerable lives and prolonged the life of many, giving them a chance at a better future.

Thus, chemotherapy is a go-to choice when it comes to treating ALL. The most consequential

part of chemotherapy is that it affects cells that are highly mitotic (actively replicating), hence

this is why many patients going through chemotherapy experience hair loss or skin and nail

irritation. Other common side effects include fatigue and becoming immunocompromised (9).

The remission rate when treating ALL with chemotherapy, the proportion of patients who

experience a decrease or disappearance of symptoms, is 80-90%. The chance of relapsing when

treating ALL with chemotherapy, the return of signs of the disease after a period of reduction or

improvement, is 50%. Given that half of these patients relapse, the overall cure rate is around

40% (10). Chemotherapy has established itself as a fundamental treatment in the oncological

world, so for now, it remains the primary treatment for patients with ALL.

Imatinib is a renowned drug that falls into the category of oral-chemotherapy and is used

to treat individuals with the BCR-ABL1 mutation. This mutation has been traced back to the
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source of multiple types of leukemia including CML, ALL, myeloid leukemia, and occasionally

T-lymphoblastic leukemia. BCR-ABL1 is a classic example of an insertion mutation and occurs

when the BCR and ABL1 proteins come together to form a faulty protein. This drug’s function is

to block the signal from the abnormal proteins telling the cells to divide (38). The success rate

for imatinib is about 83.3% after 10 years making it one of the most extensively used drugs for

patients with ALL (21).

What is radiation therapy and how does it pertain to ALL?

Radiation has proven itself in the cancer field with a general success rate of around 90%

or higher. Although it shows promising success, radiation is not commonly used to treat ALL

because it is a localized treatment, and the side effects are typically worse. Radiation is a

treatment that functions by using high energy rays or particles to destroy leukemic cells.

Similarly to chemotherapy it also causes damage to the surrounding cells and tissue. The most

frequent side effects are damaged skin and hair loss in the areas treated, fatigue, and becoming

immunocompromised due to low blood cell counts (7). Prior to immunotherapies, unsuccessful

attempts with chemotherapy and radiation would leave the patient with no other options.

What are immunotherapies and how are they applied to treating ALL?

Immunotherapy is the use of the body’s immune system to attack cancer cells. The idea

of using immunotherapies to treat cancer was originally proposed in the late 19th century,

however, it was not widely accepted until the mid 1900’s. The earliest immunotherapies were

interferon-alpha 2 (IFN-a2) and interleukin-2 (Il-2), both of which were categorized as antitumor

cytokine drugs (20). Cytokines are particles released by immune cells that help signal, regulate,

and stimulate the body’s immune response. Immunotherapies are a significant advancement in

the medical field because they target specific regions of the body and utilize the body’s own

immune system. Although the concept of immunotherapies has been around for a while, none

have been as efficient and effective as some of the newest findings. Some of these newer

immunotherapies come in forms such as CAR-T therapy, monoclonal antibodies, stem cell

transplantation, and checkpoint inhibitor drugs. The remission rate for immunotherapies in

general used to treat ALL sits at a staggering 93% (25).

What is chimeric antigen receptor T cell (CAR-T) therapy?

T-lymphocytes are a type of immune cell that originates in the bone marrow and are

produced when the blood stem cells mature further. Their main function is to activate the



immune system when necessary, and roam the body looking for target antigens and irregular

cells to be attacked (31, 15). CAR-T uses the body’s own CD8 T cells to attack and kill

cancerous cells. This is done by genetically altering the DNA in T cells so that they can

recognize and bind to specific proteins on the surface of leukemic cells such as CD19 or BCMA

(16). Following this, the T cells will kill the target cell by releasing cytotoxic mediators that

provoke the target cell to undergo apoptosis which leads the cell to its death (36). The first step

of this treatment involves removing some of the patient's T cells through a process called

leukapheresis (26). Blood is removed from a vein, and with the use of an apheresis machine, T

cells are separated from the rest of the blood (18). After isolation, they are sent to the lab where

they are modified to express chimeric antigen receptors (4). The altered T cells are then

reintroduced to the body, now trained to recognize and attack the proteins on the surface of the

cancerous cells (12, 17)(Figure 4). With a lasting remission rate of 30-40% with no additional

treatment, CAR-T therapy is on its way to becoming a top choice for ALL patients (12).

Figure 4

Steps of CAR-T cell therapy
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What are monoclonal antibodies(MABs)?

Antibodies, also known as immunoglobulin, are produced by plasma cells as an immune

response to antigens or an infection (27). Their function is a critical element in an immune
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response because they identify, bind to, and flag pathogens. Monoclonal antibodies are fabricated

(man-made) antibodies that can target proteins on the surface of both B cells and T cells. They

are synthetically produced in a lab by B cells that are designed to secrete these antibodies. Once

they have been produced in the lab, they are then infused back into the body through an

intravenous infusion (IV). These bispecific antibodies are capable of attacking and binding to

two proteins at once (4). With this capability, the antibodies will bind to both the proteins on the

surface of T cells and the target cells, forcing them together (6)(Figure 5). Prior to this, the

cancerous cells may go undetected by the T cells, but with these antibodies in place, the T cells

are now able to successfully attack the harmful cells. The remission rate of 80-90% is

remarkably high and the overall cure rate of 40-50% is also very promising (24).

Figure 5

Bispecific “Y” shaped monoclonal antibody binding to T cell and cancer cell
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What is allogeneic hematopoietic stem cell transplantation?

Allogeneic transplantation is the process in which the leukemic cells and some of the

surrounding cells are destroyed, then replaced by healthy stem cells that compensate for the loss.

Stem cells are the origin of all cells and because they are undifferentiated, they hold the potential

of developing into various types of cells (28). This method of treatment was not specifically

designed for ALL, but rather many types of cancer. The first step involves finding and receiving

a stem cell match. A stem cell match is determined by DNA markers (HLA) which are molecules

found in all cells (35). Without a stem cell match, the patient risks rejection, also known as graft

versus host disease (GVHD) which occurs when the immune system attacks the donor stem cells.

https://www.cancer.gov/about-cancer/treatment/types/immunotherapy/monoclonal-antibodies


The two primary types of stem cell transplantations are autologous and allogeneic. Allogeneic

transplantations involve a donation of stem cells from a close relative or an unrelated donor,

while autologous transplantations use the patient’s own stem cells. In the case of ALL, the

transplantation is typically done using the allogeneic method because the risk for relapse is

lower. This low relapse rate can be credited to an immune mediated response known as graft

versus leukemia(GvL) which refers to the ability of the donor cells to eradicate the leukemic

cells (Figure 6). Instead of injecting these new stem cells on top of the leukemic cells, the patient

first receives a heavy dose of chemotherapy (occasionally alongside radiation) (34). Therefore,

resulting in the destruction of leukemic cells along with a deficit in normal bone marrow cells.

This is when the stem cells are infused back into the patient's blood so they can repopulate the

amount of healthy bone marrow cells (28). Compared to other immunotherapies, stem cell

transplantation has a significantly higher success rate with 69.9% at 5 years then an increase to

80% if there is no recurrence after 2 years.

Figure 6

Immune system reconstruction using donor stem cells
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What are checkpoint inhibitor drugs (CID)?

One of the most influential parts of the immune system is its ability to control the amount

of T cells being utilized throughout the body. Generally this is controlled by the checkpoints.
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However, the cancer cells are capable of manipulating the T cells by telling them to send signals

to turn the production of effector T cells off. This is problematic because in reality, the T cells are

still desperately needed. When this happens, this allows the cancer to progress further while

staying undetected. A key to overcoming this problem is by using a checkpoint inhibitor drug.

Checkpoint inhibitor drugs work by finding T cells that are functional, then activating them to

proliferate and attack the cancer cells (29, 14)(Figure 7). One of the notable drugs known for

having a higher success rate than its competitors is the drug PD-1. This drug has been

extensively studied and clinically proven to have promising results. Some of the drugs that

function similarly to PD-1 include PD-L1 and CTLA-4 (13). Not only are these drugs used for

ALL, but also for numerous types of cancers and patients. Depending on the type of drug used,

the success rates will fluctuate, but in general the cure rate is 43% after one year (39).

Figure 7

Images show the interactions without(left) and with(right) CID.

Figure 7A Figure 7B
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What scenarios are each of the immunotherapies used in?

A common, valid question that one might ask is what scenario each immunotherapy is

used in. The therapy itself is only effective if it is used to treat the right patients. For CAR-T

therapy, this is often for patients with fairly advanced ALL that have been resistant to prior

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor


treatments (17). Monoclonal antibodies are commonly used when an attackable antigen is

present (6). Allogeneic transplantation is frequently applied when the bone marrow is damaged

and no longer producing healthy blood cells, whether this be caused by the cancer or the result of

an intense treatment such as chemotherapy (32). Furthermore, because allogeneic transplantation

is a high-risk procedure, this method may only be pursued when the patient has failed to respond

with other treatments and if an appropriate donor is readily available (35). Finally, checkpoint

inhibitor drugs are usually prescribed when handling an advanced case or severe stage of ALL

and depending on the checkpoint protein being targeted, the type of drug being used will vary

(14).

What are the typical side effects of immunotherapies?

In general, some of the most prevalent side effects associated with immunotherapies

include fatigue, becoming immunocompromised, and flu-like symptoms. However, the possible

side effects extend far beyond just these. In addition, it is worth noting that depending on how

the immune system responds to the treatment, the duration and extremity of the side effects may

fluctuate (35, 30, 3). Scientists are continuing to discover new side effects that are correlated

with ALL, while still maintaining a primary focus on ways to minimize and potentially eliminate

them altogether.

Key Takeaways

For numerous years now, ALL has been one of the most prevalent leukemias that doctors

and scientists have been tackling. With immunotherapies heading in a positive trajectory, they

may also be leading scientists to an answer for the question ‘Can we cure every patient with

ALL?’. Treatments for ALL are now being redefined with the application of the immune system.

Especially with the growth of personalized medicine, immunotherapies are well on their way to

becoming a complementary line of treatment to chemotherapy and a new standard treatment for

some applicable cancers. Immunotherapies have already gained a respectable reputation in the

medical field because of their unparalleled levels of potential. Ultimately, families are getting to

spend more time with their loved ones and countless lives have been saved. By bringing the

future to life, they are also bringing new hope for patients that was once lost. CAR-T therapy,

monoclonal antibodies, allogeneic transplantation, and checkpoint inhibitor drugs are the birth of

a new wave of treatments that promises a great future ahead and for more to come in following

years.
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