
Goud et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com      │      Vol 8, Issue 12, 2021.       │       ISO 9001:2015 Certified Journal            │ 

 

391 

 

 

 

IMMUNOTHERAPY IN DIFFERENT CANCERS 
 
 

*Mallam Meghana Goud and Dr. Hajeera Fathima 

 

Pharm D. 4
th

 Year Joginpally B. R. Pharmacy College Moinabad.  

 
 

 
 

Article Received on 17/10/2021                                      Article Revised on 07/11/2021                               Article Accepted on 27/11/2021 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

In the treatment of cancer patients, the field of immuno-

oncology has proven revolutionary. In the late 1800s, 

William B. Coley, now widely regarded as the father of 

immunotherapy, attempted to harness the immune 

system's capacity to cure cancer for the first time. As an 

orthopaedic surgeon who operated on patients with bone 

sarcomas, he found that certain patients who had major 

postoperative wound infections—a common occurrence 

when aseptic technique wasn't yet perfected—would 

have their unresected tumours spontaneously shrink. 

Coley began injecting live and inactivated germs such as 

Streptococcus pyogenes and Serratia marcescens into 

over a thousand patients in 1891.
[1] 

 

marcescens in the hopes of causing sepsis and eliciting 

powerful immunological and antitumor responses. His 

bacterium combination became known as "Coley's toxin" 

and is the world's first reported active cancer 

immunotherapy intervention. Coley obtained long-term 

full remissions in sarcoma, lymphoma, and testicular 

carcinoma, among other cancers. However, early in the 

twentieth century, oncologists adopted surgery and 

radiotherapy as alternative conventional therapies due to 

the lack of a recognised mechanism of action for Coley's 

toxin and the risks of purposefully infecting cancer 

patients with dangerous germs.
[1] 

 

Cancer immunotherapy (CI) is fast progressing, and it is 

currently regarded as the "fifth pillar" of cancer 

treatment, alongside surgery, cytotoxic chemotherapy, 

radiation, and targeted therapy. Antibodies targeting 

inhibitory immune checkpoint molecules are the CI that 

has aroused the greatest research. Despite the fact that 

they have only shown dramatic effects in a small fraction 

of malignancies so far, it's tough not to get thrilled about 

their potential. In a recent meta-analysis of ipilimumab, a 

monoclonal antibody that targets CTLA-4, a type of 

immune checkpoint receptor or negative regulator of T-

cell immune function, more than 20% of patients Patients 

with metastatic melanoma who had a single round of 

treatment survived for ten years with no signs of 

disease. The 10-year survival rate before this treatment 

was less than 10%. Combination therapy with another 

immunotherapeutic agent has even more promise, as 

seen by a 50% response rate in metastatic melanoma 

when another checkpoint inhibitor antibody, nivolumab, 

a monoclonal antibody (mAb) that targets the PD-1 

receptor on T-cells, was added. CI has also been found to 

be helpful in other types of cancers, and its use in 
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combination with other therapeutic modalities (immuno-

oncology) has demonstrated to be quite beneficial.
[2] 

 

Immunotherapy has been a significant aspect of the 

treatment of several cancers in recent decades. 

Immunotherapy has proven to be an effective treatment 

for cancer patients alone or in combination with other 

treatments such as surgery, chemotherapy, and radiation 

therapy by either strengthening the host immune 

responses against tumours, supplying modified immune 

system components, or counteracting signals produced 

by cancer cells that suppress immune responses. As our 

knowledge of the immune system grows, more small 

compounds, peptides, recombinant antibodies, vaccines, 

and cellular therapy modalities are being used to control 

the immune response for cancer treatment.
[3] 

 

IMMUNE CHECKPOINTS  

Several signaling pathways negative regulators of T cell 

activation act as 'checkpoint molecules,' allowing the 

immune response to be fine-tuned and hyperactivation to 

be controlled. The most effective T cell immunological 

checkpoint molecules are cytotoxic T lymphocyte 

antigen 4 (CTLA4) and programmed cell death 1 (PD1). 

They have biological effects in different parts of the 

body and at different times during the T cell's lifespan8. 

As a result, they functionally complement each other, 

ensuring that T cell responses maintain self-tolerance 

while efficiently safeguarding the body against infections 

and neoplasia. Several pioneering research groups have 

successfully targeted CTLA4 and PD1 as therapies for a 

variety of diseases.
[4] 

 

IMMUNE CHECKPOINT INHIBHITORS 

T-cell activity is suppressed by immune checkpoint 

proteins such as PD-1 and CTLA-4, which begin 

signalling pathways. CTLA-4 is found on the surface of 

CD4- and CD8-positive lymphocytes and competes with 

the T-cell–costimulatory receptor CD28 for binding to T-

cell–costimulatory factors, which are found on the 

surface of antigen-presenting cells in the early stages of 

the immune response. CTLA-4 binding inhibits the 

generation of IL-2 and T-cell proliferation. PD-1 is a 

cell-surface receptor that binds to the ligands PD-L1 and 

PD-L2 and is found on a variety of immune cell types, 

including T cells, B cells, and NK cells. PD-L1 is found 

in a variety of tissues, including tumour cells.
[5] 

 

PD-L2 is predominantly expressed on hematopoietic 

cells. IFN- generated by activated T and NK cells 

stimulates PD-L1 expression. In peripheral tissues, PD-1 

signalling suppresses previously activated T 

lymphocytes. To allow self-tolerance, CTLA-4 and PD-1 

signalling are closely regulated; nevertheless, tumour 

cells can exploit these pathways, including checkpoint 

protein signalling, to evade the immune response and 

produce a microenvironment that allows tumour growth. 

T-cell exhaustion is characterised by diminished T-cell 

effector function and proliferation, and is caused by 

tumour cells upregulating the PD-1 pathway.
[5] 

 

 
Figure 1. 

 
The biological function of PD1/PDL1 

PD1 was first discovered in 1992 as a potential apoptotic 

mediator, but further data revealed it may also play a role 

in immune system hyperactivation, similar to CTLA4
[6]

 

PD1 shares 20% and 15% amino acid similarity with 

CTLA4 and CD28, respectively, as a type 1 

transmembrane glycoprotein in the immunoglobulin 

superfamily.
[6,7]  

 

Human PD1 is produced on T cells in response to TCR 

stimulation and binds to the B7 homologues PDL1 (also 

known as B7-H1) and PDL2 (also known as B7-DC), 
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which are prevalent in non-haematopoietic tissues and 

can be activated by pro-inflammatory cytokines.
[8,9,10] 

 

When the mouse PD1 orthologue, Pdcd1, was shown to 

produce autoimmunity in vivo, the main involvement of 

the PD1 axis in the negative control of T cell activation 

became obvious in 1999. Splenomegaly developed in 

C57BL/6 mice missing a functioning PD1 protein.
[11] 

These mice developed moderate T cell-mediated lupus-

like glomerulonephritis and arthritis as they aged, which 

was aggravated by Fas gene lpr mutations.
[12] 

Additional 

mouse strains were studied, and it was shown that 

Pdcd1–/– animals of the BALB/c strain had cardiac 

inflammation that led to dilated cardiomyopathy.
[13] 

In 

comparison to their Pdcd1-sufficient counterparts, non-

obese diabeticPdcd1–/– mice developed accelerated type 

1 diabetes mellitus.
[13] 

 

Blocking PD1/PDL1 in cancer 
Following the finding that the PD1 axis is involved in T 

cell negative regulation, preclinical research looked into 

whether inhibitors of this system may be employed for 

cancer treatment and biomarker development. First, it 

was discovered that overexpression of PDL1 or PDL2 in 

cancer cell lines inhibited the CD8+ T cell cytotoxic 

antitumor response, whereas tumours were rejected in 

mice lacking functional PD1.Second, blocking PD1 

inhibited the development of myeloma cells implanted 

into syngeneic animals.
[13]

 In syngeneic mice, however, 

transplanted cells overexpressing PDL1 or PDL2 

resulted in enhanced tumour colonisation, burden, and 

invasiveness.
[13]

 Using mAbs, or secreted PD1 

extracellular domains to block the PD1 axis restored 

these effects and increased T cell cytotoxicity against 

tumour cells.
[14,15] 

 

In animal models, PD1 inhibition enhances antitumour 

immunity while simultaneously limiting haematogenous 

seeding of B16 melanoma and CT26 colon cancer 

metastases.
[16]

 As a result, PD1/PDL1 suppression can 

improve tumour cytolysis while also limiting metastasis. 

Apart from the involvement of PD1 and its ligands in 

cancer treatment, several studies have found a negative 

association between the expression of proteins involved 

in the PD1 axis in human tumours and prognosis, 

implying that these proteins could be used as 

biomarkers.
[17,18,19]

 

 

ADAPTIVE T CELL TRANSFER THERAPY 

T-cell adoption is a type of T-cell therapy that involves 

the transfer of T cells from Adoptive T cell (ATC) 

treatment, which involves injecting autologous or 

allogenic T cells into cancer patients, has shown a lot of 

promise in recent years. Southam et al. proved the 

viability of this sort of therapy in 1966, when half of the 

patients with advanced cancer showed tumour regression 

after co-transplantation with patient-derived leukocytes 

and autologous tumour cells.
[20]

 Clinical benefit was 

found to be mediated by a T cell graft versus tumour 

response
[21]

 in allogenic haematopoietic stem cell 

transplantation for leukaemia, which were the first 

effective adoptive transfer technique utilised clinically. 

 

 
Figure 2. 

 
The National Cancer Institute pioneered ATC therapy 

using tumor-infiltrating lymphocytes (TILs) for the 

treatment of metastatic melanoma in the late 1980s.
[22]

 

Lymphocytes obtained from a cancer biopsy were 

considerably enlarged with IL-2 before being reinfused 

intravenously with a big bolus of IL-2 into the same 

patient. The objective response rate was 34%, however 

the median response time was just 4 months, and only a 

few patients had a complete response.
[23] 

 

Later investigations in 93 patients with metastatic 

melanoma that included lymphodepletion before ATC 

therapy were more successful, with total tumour 

regression in 20 (22 percent) patients, 19 of whom were 

still in complete remission 3 years following 

treatment.
[24]

 High-throughput technology enabled the 

screening and enrichment for neoantigen-specific TILs, 

which showed promise in a patient with metastatic breast 

cancer.
[25]

 Furthermore, knocking down the gene 

encoding cytokine-inducible SH2-containing protein 
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(Cish), a negative regulator of TCR signalling, was 

shown in mice models to improve the antitumour 

response to ATC therapy.
[26]

 

 

TIL-based ATC therapy, on the other hand, requires the 

presence of effector T cells with antitumour activity in 

the tumour, which is not the case for many cancer types. 

Other novel techniques of tinkering with T cell activity 

and proliferation may open the door to a wider range of 

treatments.
[27]

 

 

ATCs' limitations and negative impacts 

Toxicities from CAR T cell therapy can impact a variety 

of organ systems and have varying degrees of 

severity.
[28]

 Cytokine release syndrome (CRS) and 

neurotoxicity are the most common side effects in 

patients.
[29]

 CRS is caused by CAR T cells' high 

activation and proliferation in vivo, and it usually 

manifests soon after cell transplantation. Hypotension, 

high temperature, capillary leakage, coagulopathy, and 

multisystem organ failure are common symptoms, but 

they can also be severe and life-threatening. 

 

Serious neurological events, such as CAR T cell-related 

encephalopathy syndrome, might occur. This illness is 

marked by disorientation and delirium, but can also 

include seizures and cerebral oedema.
[29]

 For milder 

types of CRS and CAR T cell-related encephalopathy 

syndrome, glucocorticoids are the first-line treatment. 

Tocilizumab, a humanised anti-IL-6 antibody, is a 

promising second-line treatment for CRS induced by 

CAR T cell therapy.
[30]

 

 

The processes causing these adverse effects are 

unknown, but more research could lead to solutions to 

avoid or reduce toxicity. CRS is not driven by CAR T 

cell-derived IL-6, but rather by recipient macrophages 

that release IL-6, IL-1, and nitric oxide, according to a 

new mouse model developed recently. As a result, IL-1 

blockage could be a promising new weapon in the 

arsenal against CRS.
[31]

 Furthermore, a clinical trial 

employing CD19-specific CAR T cells with limited 

affinity showed lower toxicity and improved efficacy.
[32]

 

Engineering CAR T cells with multiple receptor 

specificities
[33]

 and reducing the half-life of cellular 

toxicity by using mRNA-based methods that allow for 

transient receptor expression
[34]

 or including suicide 

cassettes that can be activated by exogenous agents to 

clonally delete the infused cells are two additional efforts 

to reduce toxicity.
[34]

  

 

The ATC technique involves a patient-specific therapy 

design, can be prohibitively expensive, has restricted 

patient access, and is difficult to manufacture. The CAR 

T cell treatments cost US$475,000 and US$373,000 per 

patient, respectively, in the United States.
[35]

 These 

figures do not include the additional expenditures of 

treating the severe side effects that are frequent with 

CAR T cell therapy, which are expected to boost drug-

related costs by US$30,000 or more.
[35]

 Checkpoint 

blocking is more expensive than CAR T cell treatment, 

costing over $12,500 each month.
[36]

 

 

Patient access to CAR T cell therapies is also a serious 

issue, as only a few laboratories have been certified to 

create CAR T cells, and only a few specialised tertiary 

care centres have been approved to give this therapy.
[37]

 

Finally, variations in CAR T cell manufacture and a lack 

of consistent processes can lead to a wide range of 

results.
[37]

 

 

IMMUNOTHERAPY IN METASTATIC 

COLORECTAL CANCER 

 
Figure 3. 

 

Colorectal cancer (CRC) remains the second biggest 

cause of cancer death, accounting for 8.3% of all cancer-

related deaths each year and around 140,250 new cases 

identified in 2018.
[
 
38]

 Although overall CRC mortality is 

decreasing, advanced disease survival is still low.
[39,40]

 

For the past two decades, chemotherapy has been the 

primary therapeutic option, and with the introduction of 

tailored monoclonal antibodies, survival rates have 

begun to rise even more.
[41] 

 

Immunotherapy, on the other hand, has been the most 

intriguing paradigm shift in cancer treatment in recent 

years.
[42,43]

 It has become the standard of care for a 

variety of different cancers since it was first approved for 

the treatment of melanoma.
[44]

 Immunotherapy has also 

shown promise in gastrointestinal (GI) cancers such as 

gastro-esophageal cancer and hepatocellular carcinoma, 

with acceptable tolerability.
[44]

 Pembrolizumab is a 

programmed death 1 monoclonal antibody (PD-1). It was 

approved for use in individuals who had previously been 

treated for advanced esophageal cancer and exhibited a 

median duration of response of 15 months in PD L1-

positive gastroesophageal junction tumours.
[45] 

Based on 

the results of the Check-Mate 040 trial, Nivolumab, 

another PD 1 inhibitor, received fast approval for 

patients with hepatocellular carcinoma. Patients with 

advanced hepatocellular carcinoma (HCC) who were 

intolerant to or unresponsive to sorafenib were given 

nivolumab and had a median survival of 15 months with 

a 15% response rate.
[45] 

 

In the Checkmate 459 clinical study, nivolumab is being 

tested as a first-line therapy for advanced HCC in 
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comparison to standard care with sorafenib 

(ClinicalTrials.gov identifier: NCT02576509). 

Pembrolizumab has also been approved as a second-line 

treatment for HCC patients who have failed to respond to 

or tolerate sorafenib. This approval was based on the 

KEYNOTE-224 trial, which was a single-arm, open-

label study. There was a 17 percent overall response rate 

(ORR) [95 percent confidence interval (CI) 11–26], with 

a 1% complete response rate and a 16 percent partial 

response rate.
[45]

 Immunotherapy, which is now being 

tested in a number of clinical trials across a variety of 

tumour types, has the potential to improve care for 

patients with GI-related diseases. 

 

Immunotherapy's Future 

Immune checkpoint inhibitors have demonstrated 

excellent tolerance, long-term effects, and even cure in 

some situations. The science of immunotherapy is 

rapidly expanding, with encouraging preliminary results. 

Immunotherapy has been studied not just as a 

monotherapy or in combination with various immune 

targeted treatments, but also in conjunction with 

radiation and conventional chemotherapy, as well as 

commencing immunotherapy at an earlier stage of 

malignancy in numerous current studies. Immune 

checkpoint drugs are being studied in MSS and MMR-p 

CRC in both adjuvant and metastatic situations in a 

number of active clinical trials.
[46] 

 

Vaccines for anti-tumor immunity 

Another sort of immunotherapy is vaccine therapy. 

Vaccines are hypothesised to aid the anti-tumor response 

by inducing the immune system to target tumor-

associated antigens. Autologous, peptide, and dendritic 

cell vaccines are among the vaccines tested in mCRC. 

When compared to normal therapy or placebo, cancer 

vaccinations have shown no effect in terms of 

survival.
[47,48,49]

 Is there, however, a role for vaccinations 

in reawakening the immune system and transforming the 

tumour from immunological indolent to immune 

sensitive?Perhaps combining vaccinations with 

checkpoint inhibitors can provide a more immunogenic 

environment for the treatment of metastatic CRC? The 

results of the IMPALA phase III clinical study, which 

compared the TLR9 agonist Lefitolimod to standard of 

care as maintenance therapy in patients with mCRC, 

were disappointing. As a single-agent maintenance 

therapy, lefitolimod was not found to be superior.
[49]

 

Even though the results were unfavourable, they did not 

deter continued research into combination vaccine 

therapy. 

 

Biomarkers of Immune Response 

Microsatellite instability (MSI) has been identified as a 

biomarker for predicting the responsiveness to ICIs in 

solid malignancies. The KEYNOTE-016 study 

demonstrated MSI-H:efficacy dMMR's as a predictive 

biomarker for antiPD-1 therapy (pembrolizumab) in 

mCRC patients. In mCRC patients with MSI-H treated 

with PD-1 inhibitors, high DCR and favourable PFS 

were seen; however, less than half of the patients 

exhibited clinical response, implying that patients needed 

additional prognostic biomarkers. MSI-H tumours have a 

high tumour mutational burden (TMB), and studies have 

shown that TMB is typically elevated in MSI-H mCRC, 

although the reason for this is yet unknown.
[50] 

 

MSS has the best overall survival in mCRC patients 

treated with durvalumab and tremelimumab. Patients 

having a plasma TMB of 28 or more variations per 

megabase (HR, 0.34; 90 percent CI, 0.18-0.63; P =.004) 

had a lower risk of death.
[51]

 TMB was strongly 

associated with objective response (OR; P0.001) and 

PFS by univariate (P0.001) and multivariate analysis 

(P0.01) in 22 patients treated with PD-1/L1 inhibitors, 

according to Schrock et al. TMB was strongly associated 

with objective response (OR; P0.001) and PFS by 

univariate (P0.001) and multivariate analysis (P0.01). 

Patients with high TMB did not reach the median PFS 

after an average follow-up of 18 months, but patients 

with low TMB had a median PFS of only 2 months. 

MSI-H mCRC is a modified version of the MSI-H 

mCRC. 

 

Vaccine Therapy 

Colorectal cancer overexpressed a number of tumor-

associated antigens that could be used as a vaccine target 

in immunotherapy. Autologous, peptide, and dendritic 

cell vaccines are among the vaccines tested in mCRC In 

10 mCRC patients, a phase I/II trial of the p53 synthetic 

long peptide (p53-SLP) vaccination was conducted. 67 

percent of patients (six of nine) had p53-specific T-cell 

reactivity at six months, however polarised p53-specific 

CD4 + T cells accounted for only a minor proportion. 

 

Future experiments should focus on how to increase the 

polarisation of the p53-SLP vaccine-induced T-cell 

response
[52]

 In a phase 1/2 clinical trial using advanced-

generation Ad5 [E1-, E2b-]-CEA(6D) vaccine in mCRC 

patients, Balint reported a decreased Treg to Teff cell 

ratio in samples from three of five patients and higher 

cytolytic T cell responses following immunizations. 

After a long period of observation, 20% of the patients 

were still alive, with a median survival time of 11 

months.
[53]

 In a phase I/II investigation, Morse et al. 

found that utilising VRP as vectors resulted in less 

neutralising antibodies and more CEA-specific T cell 

responses. Another study found that the 5-year RFS was 

75%. No one died in people with stage III cancer (95 

percent CI 40 to 91 percent). After immunisation, 

CD8+TEM rose and FOXP3 + Tregs decreased in 83 

percent of patients (10/12). The findings suggested that 

VRP-CEA could help patients with stage III CRC live 

longer.
[54, 55] 
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CHRONIC MYELOID LEUKEMIA 

 
Figure 4. 

 

Chronic myeloid leukaemia (CML) is a haematological 

malignancy marked by the presence of the BCR-ABL1 

oncokinase, which is caused by a reciprocal translocation 

t(9;22) in the bone marrow's myeloid progenitor cells 

(BM). Tyrosine kinase inhibitors (TKIs), such as 

imatinib, nilotinib, dasatinib, and bosutinib, are currently 

the most commonly used therapy for CML.
[56] 

 

TKIs have dramatically improved the prognosis of 

chronic-phase CML patients, with treatment aimed at 

achieving a deep molecular response (DMR; MR4; BCR-

ABL1mRNA 0.01%) and preventing disease 

progression. TKI withdrawal is possible in about half of 

patients who achieve DMR.
[57]

 Leukemic stem cells 

(LSCs) that are dormant and self-renewing have been 

linked to refractoriness and disease development. These 

LSCs can persist even when there is no detectable 

residual disease, and can exit quiescence and cause 

relapse in response to changes in the BM 

microenvironment, posing a barrier to cure. 

 

Immunologic surveillance of residual leukemic cells has 

recently been identified as a key role in maintaining 

treatment-free remission (TFR).
[58,59,60,61]

 When the 

majority of CML cells have been eliminated below a 

particular threshold, immune cells are expected to be 

able to inhibit the proliferation of residual leukemic cells, 

resulting in long-term TFR. As a result, immunological 

characterisation and understanding of immune cell 

interactions with CML cells in the BM may aid in the 

development of novel immunotherapies that precisely 

target residual leukemic cells following TKI withdrawal 

to increase TFR rates. 

 

Response to CML by the immune system 

Prior to starting TKI medication, patients with CML 

have a period of immunological dysfunction. By 

preventing the host from developing antileukemia 

immunological responses, this aids tumour proliferation 

and self-preservation. In CML patients, innate immune 

responses such as dendritic cells (DCs)
[62]

, plasmacytoid 

dendritic cells (pDCs), and natural killer (NK) cells (NK) 

cells
[63]

 have been found to be dysfunctional, with losses 

in cell count, cytotoxicity, and antigen-presenting 

function. 

 

Adaptive immunological responses, such as defective 

CD8+ cytotoxic T-cells (CTLs) and expressed/over-

expressed leukemia-associated antigens (LAAs) such as 

proteinase-1 (PR1) and Wilm's tumor-1 (WT1), are 

dysfunctional in CML patients upon diagnosis.
[64,65,66] 

CD8+ CTLs in CML-bearing mice similarly had low 

cytotoxic activity and did not produce interferon (IFN) or 

tumour necrosis factor (TNF).
[66]

 Furthermore, CML 

CTLs contained high levels of programmed death 1 

(PD1), which interacts with PD1 ligand (PDL1) 

produced on CML cells, causing cell killing to be 

suppressed and disease progression.
[66] 

Immune 

suppressor cells, such as myeloid-derived suppressor 

cells (MDSCs) and regulatory T-cells (Tregs), play a role 

in T-cell dysfunction and disease progression in CML, 

with MDSCs and Tregs growing at diagnosis and 

decreasing after TKI therapy.
[67,68,69]

 

 

After treatment with TKIs, the immune system responds 

in a positive way. 

 

TKIs have a dual mode of action, inhibiting BCR-ABL1 

tyrosine kinase directly while also having immune-

modulatory or suppressive effects. The outcomes of in 

vitro and in vivo research have been shown to be 

contradictory. Imatinib and dasatinib have been shown to 

decrease immunological responses in several in vitro 

experiments. In vitro, both imatinib and dasatinib 

reversibly reduce T-cell proliferation, although dasatinib 

has a stronger effect.
[70,71]

 Imatinib and dasatinib also 

block CD8+ CTLs that are selectively directed towards 

LAA in vitro.
[72,73]

 and dasatinib also reduces NK cell 

activity.
[73]

 In contrast to the in vitro findings, clinical 

data demonstrated that imatinib or dasatinib-treated 
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patients had an increase in CD8+ CTLs or NK cells, 

which is linked to a better therapeutic response.
[74,75,76]

 

Dasatinib may also cause reversible aberrant 

immunological reactivity, resulting in large granular 

lymphocytic lymphocytosis, which is linked to a 

beneficial clinical response. The inability to recapitulate 

all parts of the immune system and microenvironment is 

likely to be the cause of these disparities. 

 

Imatinib-treated chronic-phase patients had a 20% 

chance of obtaining DMR in the first 2–3 years of 

therapy, with the second-generation TKIs dasatinib and 

nilotinib potentially allowing a faster DMR.
[77,78]

 

Immune-mediated management of residual illness is 

believed to govern the persistence of detectable leukemic 

cells when on or off treatment in DMR. In the peripheral 

blood of CML patients, DMR is linked to a rise in NK 

and CD8+ T-cell counts as well as a decrease in MDSCs. 

TFR success has also been linked to increased NK/CD8 

T-cells, decreased Tregs/MDSCs, and low mature 

(CD86+) pDC frequency
[79,80] 

Furthermore, combining 

IFN- with imatinib has been shown to improve 

results.
[80,81]

 with multiple clinical studies demonstrating 

that IFN- in conjunction with TKI generates a long-

lasting DMR, allowing TKI discontinuation.
[84,85,86] 

 

TKI in Combination Therapy for Chronic Phase 

CML 

When interferon-alpha, daunorubicin, etoposide, and 

cytarabine (cytosine arabinoside, Ara-C) are combined 

with imatinib in vitro, preclinical studies suggest that 

they have an additive impact.
[87,88]

 Interferon + TKI In 

patients with CML, interferon-alpha is successful as a 

monotherapy, and it was the treatment of choice prior to 

the introduction of imatinib.
[89,90]

 Interferon-antileukemic 

alpha's effect is mediated by a direct anti-proliferative 

effect on CML progenitor cells,
[91,92]

 but there may be 

another immunomodulatory mechanism at work.
[93]

 The 

randomised IRIS study, which revealed considerable 

advantage of imatinib over interferon in combination 

with low-dose cytarabine, was the clinical trial that led to 

imatinib's registration
.[94] 

Interferon monotherapy 

retained a limited role in clinical practise throughout the 

TKI era that followed, such as for patients who were TKI 

intolerant or couldn't take a TKI while 

pregnant.However, due to their distinct mechanisms of 

action, the possibility of combining TKI therapy with 

interferon therapy was quickly investigated. Early 

observations revealed dose-dependent toxicity, limiting 

the use of larger interferon cotreatment dosages.
[95]

 

Multiple studies found that combining interferon with 

imatinib at low doses was more practicable and resulted 

in higher rates of cytogenetic and molecular 

remission.Patients previously treated with interferon 

were shown to preserve their molecular remission 

numerically more commonly after imatinib termination 

in the STIM and A-STIM French TKI discontinuation 

studies, however without reaching statistical 

significance.
[96,97]

 Patients who took interferon for a long 

time during their previous therapy (>1.5 years) had a 

higher likelihood of lasting TKI cessation, which was 

confirmed statistically significant in the big Euro-SKI 

trial that followed.
[98]

 However, because the number of 

patients in this category was small, there was a 

possibility of selection bias. 

 

Additional Routes 

Much has been learned about the biology of CML and 

CML stem cells over the years, leading to the 

identification of numerous pathways that could be 

targeted. See Massimino et alstudy .'s for a very 

thorough review.
[99]

 We'll go over a few of the most 

interesting investigations below. 

 

Modulation of Immunity 

Immune responses against CML-specific and CML-

associated antigens such as BCR-ABL1, proteinase-3, 

and WT-1 can be found in CML patients
[100]

, and donor 

lymphocyte infusions can cause long-lasting remissions 

in relapsed CML patients after treatment.
[101]

 Several 

minor studies have looked into the possibility of eliciting 

an anti-leukemic immune response in CML patients. The 

use of ex vivo produced autologous dendritic cells as a 

vaccine is one option. After injection of ex-vivo 

produced autologous dendritic cells, this was found to 

induce a CML-specific T-cell response with proliferative 

capability. Another method is to vaccinate individuals 

with antigens linked to leukaemia. Injection of BCR-

ABL derived peptides was found to be safe and effective, 

with the majority of patients experiencing a T-cell 

response. Some patients in these single-arm 

investigations demonstrated a decrease in cytogenetic 

and/or molecular depth.Treatment with immune 

checkpoint inhibitors could theoretically boost immune 

reactivity against leukemic cells in CML patients. 

Translational research indicates that activation of PD-L1 

is an immune escape route for CML cells.
[102]

 A phase 1 

experiment utilising the PD-L1 inhibitor nivolumab in 

combination with dasatinib was recently completed with 

findings awaiting (ClinicalTrials.gov Identifier: 

NCT02011945), while the PD-L1 inhibitor avelumab is 

being investigated for CML patients in the ACTIW trial 

(ClinicalTrials.gov Identifier: NCT02767063). 

 

Thiazolidinediones (PPAR-Agonists) are a type of 

thiazolidinedione. 

 

Thiazolidinediones are agonists of the peroxisome 

proliferator-activated receptor gamma (PPAR-) and are 

being studied as a synergistic co-treatment with TKI in 

CML. Thiazolidinediones, which serve as transcription 

factors to improve tissue sensitivity to insulin, are 

already utilised in clinical practise to treat diabetes. The 

PPAR-agonist pioglitazone encouraged CML cells to 

escape quiescence in vitro, making them more 

susceptible to imatinib's effects. STAT5 and its targets 

HIF2 and CITED2, which are overexpressed in CML 

stem cells, are downregulated by PPAR-agonists, which 

act as transcription factors .
[103] 
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Gliptins are a kind of gliptin (DPPIV Inhibitors) 

Gliptins, a medication class used to treat diabetes, are 

currently being studied for usage as a CML co-treatment. 

Dipeptidylpeptidase IV (DPPIV), also known as CD26, 

was shown to be overexpressed in Ph+CD34+ CML 

cells.
[104]

 DPPIV is a membrane-bound cleaving protease 

that inactivates SDF1, leading in hematopoietic niche 

dysregulation. DPPIV isn't detectable in CD34+ 

hematopoietic cells from individuals with other myeloid 

neoplasms or healthy people.
[104]

 DPPIV also inhibits the 

activity of other cytokines, such as incretins, which 

regulate insulin secretion after a meal. DPPIV inhibitors 

are used to treat diabetes because of this.The landscape 

of CML treatment has radically changed since the 

introduction of TKI therapy about 20 years ago, and the 

general prognosis of patients presenting in the chronic 

phase of the disease is excellent. TKI therapy, on the 

other hand, is not curative, and long-term use of TKIs is 

linked to chronic side effects, significant health risks, 

and a financial burden on health-care systems. 

Intolerance to TKIs is a common clinical issue. In 

addition, some patients acquire TKI resistance, which 

leads to progression to the advanced phase and, 

eventually, mortality from CML. Treatment-free 

remission is a new option for CML patients, although it 

is only possible for a limited percentage of them. 

Together,There are still a lot of unmet clinical needs, 

which emphasises the importance of continuing to look 

for new therapeutic options. Many options have been 

considered as our understanding of CML biology has 

grown. This could include using a new generation of 

targeted BCR-ABL1 inhibitors that target BCR-

myristoyl ABL's pocket, as well as combining treatments 

with non-TKI medications like interferon or other drugs 

with unique targets relevant to CML biology.
[104] 

 

CHRONIC LYMPHOCYTIC LEUKEMIA  

Chronic lymphocytic leukaemia (CLL) is a monoclonal 

disease defined by the buildup of functionally 

incompetent cells over time (see the histologic sample in 

the image below). Adults in Western countries are most 

commonly diagnosed with CLL, which is the most 

prevalent kind of leukaemia.
[105]

 Because to CLL 

problems, some people die quickly, within 2-3 years 

after diagnosis, although the majority of patients live for 

5-10 years. 

 

 
 

Symptoms and signs 

CLL patients experience a wide range of symptoms and 

indicators. CLL develops slowly, and it's not uncommon 

for it to be discovered by chance after a blood cell count 

is done for another reason; 25-50 percent of patients will 

be asymptomatic when they first appear. 

The following are some of the signs and symptoms: 

Lymphoma, liver, or spleen enlargement 

Infections that recur 

Appetite loss or early satiety 

Bruising that is unusual (late-stage sign) 

Fatigue 

Sweats at night 

Approach Points to Think About 

Patients with chronic lymphocytic leukaemia (chronic 

lymphoid leukaemia, CLL) do not require treatment until 

they become symptomatic or show signs of rapid disease 

development, which includes the following: 

Over the course of six months, I lost more than 10% of 

my body weight. 

Extreme exhaustion 

For more than two weeks, you've had a leukemia-related 

fever. 

For more than a month, you've been sweating at night. 

Marrow failure that gets worse with time (anemia or 

thrombocytopenia) 

Anemia or thrombocytopenia caused by autoimmunity 

that does not respond to glucocorticoids 

Splenomegaly can be progressive or symptomatic. 

Lymphadenopathy that is either massive or symptomatic 

Progressive lymphocytosis is defined as a 50% increase 

in 2 months or a doubling time of less than 6 months. 

Patients with low-risk CLL who are stable merely need 

to be monitored on a regular basis. Early beginning of 

chemotherapy has been shown to have no benefit in CLL 

in many studies and a meta-analysis; in fact, it may 

increase mortality.
[106,107]

 As a result, early therapy 

should only be explored as part of a clinical trial. 

Efforts are being made to combine significant clinical, 

chromosomal, and serum indicators into a single 

nomogram/model. However, these tactics have failed to 

gain popular support.
[108] 

In CLL, a range of therapy regimens are used. 

Chemotherapy Regimens and Chronic Lymphocytic 

Leukemia Treatment Protocols are listed below. 

Nucleoside analogues, alkylating drugs, and biologics 

are frequently used in these regimens. The only known 

curative therapy is allogeneic stem cell transplantation. 

The absence of lymphocytosis, lymphadenopathy, and 

organomegaly without substantial cytopenias is 

considered a complete response (CR). CLL patients are 

susceptible to both common and uncommon infections. 

Vaccines against pneumococcal and influenza are 

advised. Growth factors may be administered to shorten 

the time that neutropenia lasts after chemotherapy. 

It's worth noting that many CLL clinical trials involve a 

younger group that can handle strong treatment regimens 

and produce outstanding results. Various combination 

regimens have improved response rates but failed to 

show any survival benefit in multiple randomised trials. 
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The following are examples of common combination 

regimens: 

FCR (fludarabine, cyclophosphamide, and rituximab) is 

a combination of fludarabine, cyclophosphamide, and 

rituximab. 

Pentostatin, cyclophosphamide, and rituximab are three 

drugs used to treat cancer (PCR) 

Fludarabine, cyclophosphamide, and mitoxantrone are all 

chemotherapy drugs (FCM) 

Prednisone, vincristine, and cyclophosphamide (CVP) 

Prednisone, cyclophosphamide, doxorubicin, vincristine, 

and doxorubicin (CHOP) 

In previously untreated progressing CLL, Robak et 

colleagues found that cladribine or fludarabine in 

conjunction with cyclophosphamide is equally 

efficacious.
[109]

 The authors found that cladribine or 

fludarabine plus cyclophosphamide are safe first-line 

regimens for progressive CLL; however, both 

combinations are ineffective in patients with 17p13 

(TP53 gene) deletion. The combination of bendamustine 

and rituximab has reawakened attention. The total 

response rate was 59 percent in a German phase II study 

of 72 pretreated patients, and progression-free survival 

(PFS) was nearly 15 months.
[110] 

 

Targeted therapy in various combinations are the current 

emphasis in CLL. Chemoimmunotherapy has already 

been shown to be inferior to these. 

Chemoimmunotherapy is currently reserved for young, 

fit patients with good CLL characteristics, who make up 

less than 10% of all CLL cases. Even such patients may 

prefer targeted therapy due to the possibility of 

subsequent malignancies (e.g., myelodysplastic 

syndromes, acute myeloid leukaemia).
[111] 

 

Bendamustine 

A phase III trial comparing bendamustine to 

chlorambucil in treatment-naive patients who were not 

candidates for more aggressive regimens like FCR found 

no difference in overall survival, but complete response 

was higher (21 percent vs 10 percent) and PFS was 

longer with bendamustine than with c hlorambucil (21 

months vs 9 months). Bendamustine did not have any 

negative effects on quality of life.
[112] 

 

Alemtuzumab 

Alemtuzumab is a CD52-targeting monoclonal antibody 

that has been licenced for use in CLL as a first-line 

treatment and as a salvage treatment in patients with 

fludarabine-resistant illness. Alemtuzumab has been 

found to help those with CLL who had p53 mutations. 

This is in contrast to rituximab, which is ineffective in 

CLL patients with a p53 mutation. Alemtuzumab has 

showed only modest effectiveness in clearing bulky 

lymphadenopathy, despite being quite effective in 

clearing illness from the bone marrow. 

 

Alemtuzumab appears to play a role in the eradication of 

minimal residual disease after consolidation 

therapy.
[113,114]

 In one research, alemtuzumab 

consolidation after induction chemotherapy resulted in 

molecular disease remission in 38% of patients. Three 

patients in this study developed Epstein-Barr virus–

positive large B-cell lymphoma, two of which cleared 

spontaneously and the third of which responded to 

cidofovir and immunoglobulin. Two phase II studies 

looked at aggressive CFAR (FCR and alemtuzumab) 

treatment as a frontline
[115]

 and salvage treatment for 

high-risk CLL.
[116]

 In the frontline study, the median PFS 

was 38 months, however the median overall survival was 

not met. 

 

In selected patients with excellent performance status, 

the therapy may be of relevance as a regimen to achieve 

complete response in the 17p deletion CLL population 

before allogeneic stem cell transplantation. The addition 

of alemtuzumab to FCR did not increase PFS or overall 

survival in pretreated patients when administered as 

salvage when compared to FCR. In 74 percent of 

patients, serious infections developed during or after 

therapy.
[116]

 Due to significant infections in the 

alemtuzumab arm, the German CLL Study Group 

prematurely halted a phase III trial utilising alemtuzumab 

consolidation; however, this has not been encountered in 

other studies to date. 

 

For patients taking alemtuzumab during and for 2-4 

months following therapy, or until their CD4 count 

surpasses 250 109 cells, antiviral prophylaxis and 

prophylactic medications for Pneumocystis jiroveci are 

indicated. The polymerase chain reaction (PCR) for 

cytomegalovirus (CMV) is also advised for monitoring 

CMV reactivation. If CMV is found, alemtuzumab 

should be stopped and proper therapy started until the 

virus is no longer detectable. 

 

When alemtuzumab was compared to rituximab, a 2012 

Cochrane Database review of five randomised controlled 

trials (845 participants) found no increase in survival or 

PFS (2 trials). When alemtuzumab was compared to 

chlorambucil, PFS (but not overall survival) was 

enhanced, but at the cost of higher CMV infections in the 

alemtuzumab arm (1 trial). Alemtuzumab was superior to 

no therapy for overall survival in one of the two trials 

analysed, although one of the two trials had to be 

prematurely closed due to serious infections in the 

alemtuzumab group. As a result, we continue to 

prescribe alemtuzumab exclusively for patients who have 

a p53 mutation (p17) and who have failed to respond to a 

fludarabine-based treatment Because of its toxicity, it has 

failed as a first-line treatment.
[117] 

Monoclonal antibodies are antibodies that are produced 

in a single cell. 

The following is a list of resources. Monoclonal 

antibodies have been approved for use in the treatment of 

CLL. 

Ofatumumab 

Obinutuzumab \ Duvelisib 

hLL1, epratuzumab, and lumiliximab are three more 

monoclonal antibodies under development for CLL 
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research. Despite promising results in a phase I/II trial, a 

phase III trial comparing FCR with and without 

lumiliximab in patients with recurrent CLL was halted 

early after an interim analysis revealed that the 

combination of lumiliximab and FCR did not provide 

sufficient effectiveness.
[118] 

 

Ofatumumab 

The US Food and Drug Administration (FDA) approved 

ofatumumab (Arzerra), an anti-CD20 monoclonal 

antibody, in 2010 for CLL that is resistant to fludarabine 

and alemtuzumab.
[119]

 Ofatumumab is also licenced for 

use with chlorambucil in untreated patients with CLL 

who do not respond to fludarabine-based therapy.
[120]

 

The FDA granted approval based on the findings of a 

multicenter, randomised, open-label trial including 447 

patients who were not candidates for fludarabine-based 

therapy. The combined ofatumumab and chlorambucil 

treatment resulted in a median PFS of 22.4 months 

compared to 13.1 months with chlorambucil 

monotherapy (P 0.001).
[121]

 The indication for 

ofatumumab was increased in January 2016 to cover 

extended treatment as a single agent for patients with 

recurrent or progressive CLL who have achieved a 

complete or partial response after at least two lines of 

therapy.
[122]

 The indication for ofatumumab was 

expanded in August 2016 to include usage in relapsed 

CLL in combination with fludarabine and 

cyclophosphamide. The COMPLEMENT 2 international 

study (N = 365) in patients with relapsed CLL was used 

to gain approval. PFS was 28.9 months with ofatumumab 

plus fludarabine and cyclophosphamide (OFC) versus 

18.8 months with fludarabine and cyclophosphamide 

alone (FC) (P=0.0032). The addition of ofatumumab was 

well tolerated, according to reports. Overall survival in 

the OFC arm was 56.4 months compared to 45.8 months 

in the FC arm (P=0.1410).
[123] 

 

Obinutuzumab 

Another CD20-directed cytolytic monoclonal antibody is 

obinutuzumab (Gazyva). In 2013, the FDA authorised it 

in combination with chlorambucil for previously 

untreated CLL. Obinutuzumab is the first medicine to be 

approved by the FDA as a breakthrough therapy. 

Obintuzumab has been given this classification because 

it has the potential to provide a significant improvement 

over current therapy for patients with serious or life-

threatening disorders. The FDA approved obinutuzumab 

after a pivotal phase III trial in 356 previously untreated 

CLL patients (mean age, 73 years), which found that 

median PFS was significantly better in patients who 

received obinutuzumab in combination with 

chlorambucil than in patients who received chlorambucil 

alone (23 vs 11.1 mo; P 0.0001).
[124]

 The use of 

chlorambucil as a monotherapy was effectively 

discontinued as a result of these findings.
[125] 

 

Duvelisib 

Duvelisib (Copiktra) was approved in 2018 for 

individuals with relapsed or refractory CLL or small 

lymphocytic lymphoma (SLL) who had previously had at 

least two treatments. Duvelisib reduced the risk of 

disease progression or mortality by 48 percent compared 

to ofatumumab in the phase III DUO clinical trial 

(n=319), and more patients responded to duvelisib than 

to ofatumumab (73.8 percent vs 45.3 percent; P 0.0001 

for both CLL and SLL). Patients treated with duvelisib 

had a longer median PFS (13.3 vs 9.9 months; p 0.0001), 

including those with the del(17p) mutation (12.7 vs 9.0 

months; P = 0.0011). The two treatment cohorts (P = 

0.48).
[126] 

 

Monoclonal antibodies in combination therapy 

Monoclonal antibodies have been used with 

chemotherapeutic drugs in clinical trials. Rituximab has 

only had partial, short-term responses when administered 

alone, although it has been used frequently in 

combination with chemotherapeutic medicines (eg, 

fludarabine). Patients with trisomy 12q may have greater 

levels of CD20, making tumour cells more susceptible to 

CD20-targeting biologics.
[127] 

 

Fludarabine has been demonstrated to reduce the 

expression of CD55 and CD59, which are proteins 

implicated in complement resistance, and their absence 

improves the effectiveness of rituximab. In clinical trials, 

fludarabine with rituximab resulted in better clinical 

remission rates than fludarabine alone. The median 

overall survival was 85 months in a prospective, single-

arm study of individuals treated first with fludarabine 

and rituximab.
[128]

 Seventy-one percent of patients were 

alive after five years, and twenty-seven percent were 

disease-free. In salvage therapy for individuals with 

previously treated CLL, the combination of fludarabine 

and cyclophosphamide with rituximab (FCR) has 

demonstrated to yield superior clinical response rates 

than either fludarabine or fludarabine plus 

cyclophosphamide (FC). In a trial of 552 individuals 

with previously treated CLL, Robak et al observed that 

median PFS was 30.6 months with FCR versus 20.6 

months with FC following a median follow-up of 25 

months. Patients who had FCR also had a superior event-

free survival rate, response rate, complete response rate, 

duration of response, and time to new CLL treatment or 

death.
[129] 

 

PFS was 65 percent with FCR versus 45 percent with FC 

three years after randomization in treatment-naive 

individuals with CD20-positive CLL. Overall survival 

was 87 percent in one group and 83 percent in the other. 

Neutropenia and leukocytopenia of grade 3 and 4 were 

more common with FCR, although other side effects, 

such as severe infections, were not.
[130] 

 

Fludarabine plus alemtuzumab (n=168) resulted in a 

longer PFS than fludarabine alone (n=167; median 23.7 

months versus 16.5 months, P=00003) in patients with 

previously treated CLL, according to a phase III 

research. The combination also resulted in a higher 

overall survival rate.
[131]

 Cyclophosphamide, fludarabine, 
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alemtuzumab, and rituximab are used in conjunction to 

treat cancer. In a study of 781 treatment-naive CLL 

patients, the combination of obinutuzumab/chlorambucil 

was found to be superior than 

rituximab/chlorambucil.
[132]

 The 

obinutuzumab/chlorambucil group had a median PFS of 

27 months, compared to 15 months in the 

rituximab/chlorambucil group; the overall response rate 

was 78 percent versus 65 percent, respectively. 

Minimum residual disease (MRD) in bone marrow was 

19.5 percent in obinutuzumab/chlorambucil patients, 

compared 2.6 percent in rituximab/chlorambucil patients, 

while MRD in blood was 37.7% and 3.3 percent, 

respectively, at the conclusion of treatment.
[132] 

 

Combinations of targeted therapies 

The combination of venetoclax and obinutuzumab was 

authorised by the FDA in 2019 for use in individuals 

with previously untreated CLL.
[133]

 Standard regimens, 

on the other hand, must be continued for extended 

periods of time, or even permanently, whereas the 

combination must be taken for only one year. After 12 

cycles, 88 percent of patients in a phase II study of the 

combination of ibrutinib and venetoclax in 80 previously 

untreated high-risk and older patients with CLL had 

complete remission or complete remission with 

incomplete count recovery, and 61 percent of patients 

had remission with undetectable MRD.
[133] 

However, 

because this combination has not yet been approved for 

clinical use, it should be used with caution. Treatment 

with venetoclax plus rituximab resulted in an 84.9 

percent 2-year rate of progression-free survival in 389 

patients with relapsed or refractory CLL, compared to 

36.3 percent in patients treated with bendamustine plus 

rituximab (hazard ratio for progression or death, 0.17; 95 

percent confidence interval [CI], 0.11 to 0.25; P 0.001). 

All clinical and biologic categories, including patients 

with and without chromosome 17p deletion, saw a 

benefit from venetoclax-rituximab.
[134] 

PFS and overall 

survival remained higher with venetoclax-rituximab 

during a median follow-up of 36 months in a post-

therapy study, confirming the practicality of the 

treatment. 

 

Table. International Prognostic Score for Early-stage 

CLL 

Score 
Risk 

Category 

5-year cumulative risk 

for treatment start 

0 Low 8.4% 

1 Intermediate 28.4% 

2-3 High 61.2% 

 

CONCLUSION  

In conclusion, with the advent of cancer immunotherapy 

and recent advances in the field, cancer patients appear 

to have a real chance of being cured. Cancer treatment 

has been changed by the development of cancer 

vaccines, CAR-T cells, and checkpoint inhibitors. 

Combination therapy could be a promising cancer 

treatment technique in the future. The ability to recognise 

and control the side effects of cancer immunotherapy 

will also be critical to treatment effectiveness. The most 

promising cancer therapy tactics will be personalised 

combination treatments that use new techniques to target 

each patient's disease biology. 
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