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Introduction

Lymphoma is a type of cancer involving
cells of the immune system, called
lymphocytes. Just as cancer represents
many different diseases, lymphoma
represents many different cancers of
lymphocytes -- about 35 different
subtypes. Lymphoma is a group of cancers
that affect the cells that play a role in the
immune system and primarily represents
cells involved in the lymphatic system of
the body.

[Picture Credit: Lymphatic System]

The Lymphatic System

The lymphatic system is an extensive
drainage network that helps keep bodily
fluid levels in balance and defends the
body against infections. It is made up of a
network of lymphatic vessels that carry
lymph - a clear, watery fluid that contains
protein molecules, salts, glucose, urea,
and other substances - throughout the
body.
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Lymphomas fall into one of two major categories:
e Hodgkin's lymphoma (HL, previously called Hodgkin's disease)
e Non-Hodgkin’s Lymphoma (NHL, all other lymphomas)
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These two types occur in the same places, may be associated with the same symptoms, and often
have similar appearance on physical examination. However, they are readily distinguishable via
microscopic examination.

Many of the NHL subtypes look similar, but they are functionally quite different and respond to
different therapies with different probabilities of cure. HL subtypes are microscopically distinct, and
typing is based upon the microscopic differences as well as extent of disease.

Non-Hodgkin’s Lymphoma
Non-Hodgkin's lymphoma is cancer of the lymphoid tissue, which includes the lymph nodes, spleen,
and other organs of the immune system.

There are many different types of non-Hodgkin lymphoma (NHL), so classifying it can be quite
confusing (even for doctors). Several different systems have been used, but the most recent system is
the World Health Organization (WHO) classification. The WHO system groups lymphomas based on:
e The type of lymphocyte the lymphoma starts in

e How the lymphoma looks under a microscope

e The chromosome features of the lymphoma cells

e The presence of certain proteins on the surface of the cancer cells

Oertel, M. & Eich, H.T. 2025.

Background: Radiotherapy is an established treatment modality for malignant non-Hodgkin
lymphoma. However, the complexity of the treatment situations demands precise treatment
indication and execution. The following review presents modern radiooncological treatment
strategies.

Materials and methods: A selective literature search addressing radiotherapy of malignant non-
Hodgkin lymphoma was conducted, focusing on diffuse large B-cell lymphoma, marginal zone
lymphoma, and follicular lymphoma. Relevant studies as well as the German national S3 guidelines
were identified and discussed.

Results: Indolent lymphoma in early stages can be treated with radiotherapy in curative intent. In
carefully selected cases, dose de-escalation may be possible, although it is not recommended by the
German S3 guideline. In the case of aggressive non-Hodgkin lymphoma, consolidation radiotherapy is
conducted after systemic therapy, addressing regions with an increased risk of recurrence. Particularly
patients with positron-emission tomography (PET)-positive residuals should be irradiated. Innovations
like the application of radiotherapy before or after chimeric antigen receptor T-cell therapy and the
emerging implementation of online adaptive radiotherapy will enrich the therapeutic landscape in the
future.

Conflict of interest statement

M. Oertel und H.T. Eich geben an, dass kein Interessenkonflikt besteht. Flr diesen Beitrag wurden von
den Autor/-innen keine Studien an Menschen oder Tieren durchgefiihrt. Fiir die aufgefiihrten Studien
gelten die jeweils dort angegebenen ethischen Richtlinien.

Zhang, X., Xu, K., Gale, R.P. & Pan, B. 2025.

“Several CD19 CAR-T-cell drugs are approved for safety and efficacy in advanced B-cell cancers with
encouraging results. However, primary refractory and relapse are common. We critically analyze long-
term data on efficacy of CD19 CAR-T-cell therapies in B-cell non-Hodgkin lymphomas from clinical trials
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with those of so-called real world data. We identify co-variates associated with efficacy, discuss
mechanisms of relapse, summarize the data on the results of post-failure therapy including
allotransplants, monoclonal and bi-specific antibodies, antibody-drug conjugates, immune
checkpoint-inhibitors and repeat infusions of CAR-T-cells. We conclude, save for allotransplants, there
are few data strongly supporting any of these interventions. Most trial are with few heterogeneously-
treated subjects with diverse interventions and brief follow-up. Interventions need to be tailored to
the cause(s) of CAR-T-cell failure. Prestly, there is not a convincingly safe and effective therapy of
people failing initial CAR-T-cell therapy of B-cell non-Hodgkin lymphoma.”

Conflict of interest statement

Competing interests: RPG is a consultant to Antengene Biotech LLC; Medical Director, FFF Enterprises
Inc.; A speaker for Janssen Pharma and Hengrui Pharma; Board of Directors: Russian Foundation for
Cancer Research Support and Scientific Advisory Board, StemRad Ltd.

Causes, Incidence, and Risk Factors for Non-Hodgkin’s Lymphoma
White blood cells called lymphocytes are found in lymph tissues. They help prevent infections. Most
Non-Hodgkin’s Lymphomas (NHL) start in a type of white blood cells called B lymphocytes, or B cells.

Some of the Known Risk Factors for Non-Hodgkin’s Lymphoma include:

e Age - Non-Hodgkin's lymphoma can develop in people of all ages, including children, it is most
common in adults. The most common types of NHL usually appear in people in their 60s and 70s.

e Sex - In general, NHL is more common in men than in women.

e Race - Overall, the risk for NHL is slightly higher in Caucasians than in African Americans and Asian
Americans.

e Family History - People who have close family relatives who have developed NHL may be at
increased risk for this cancer. However, no definitive hereditary or genetic link has been
established.

e Infections - Viral or bacterial infections may play a role in some lymphomas. These include:

e Epstein-Barr virus (EBV), the cause of mononucleosis, is highly associated with Burkitt's
lymphoma and NHLs associated with immunodeficiency diseases. It is also a risk factor for
Hodgkin's disease.

e The human immodeficiency virus (HIV), which causes AIDS, increases the risk for Burkitt
lymphoma and diffuse large B-cell ymphoma

e The hepatitis C virus (HCV) may increase the risk for certain types of lymphomas.

e The Helicobacter pylori bacterium, which causes stomach ulcers, is associated with increased
risk for mucosa-associated lymphoid tissue lymphomas (MALT). (The use of antibiotics to get
rid of the bacteria may cause remission in some patients who have an early-stage form of
lymphoma in an early stage.)

e Immune System Deficiency Disorders - Patients with diseases or conditions that affect the immune
system may be at higher risk for lymphomas:
= HIV-positive patients and those with full-blown AIDS are at higher risk for NHL, and
the disease is more likely to be widespread in these patients than in those without the
immune disease. Most AlDS-related NHLs are high-grade lymphomas.
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= People who have organ transplants are at higher risk for NHL, probably due to multiple
factors, including the drugs used to suppress the immune system and the transplanted
organ itself.

= Patients who have had high-dose chemotherapy with stem-cell transplantation are at
higher risk.

e Other immunodeficiency syndromes that put people at risk for NHL include Chediak-Higashi
syndrome, ataxia-telangiectasia, B-cell lymphoproliferative syndrome, Bruton
agammaglobulinemia, common variable immunodeficiency, and Wiskott-Aldrich syndrome.

e Autoimmune Disorders - Patients with a history of autoimmune diseases, including rheumatoid
arthritis (RA), systemic lupus erythematosus, Hashimoto's thyroiditis, Crohn's disease, and Sjogren
syndrome, are at an increased risk for certain NHLs, such as marginal zone lymphomas.

e Chemical Exposure - Overexposure to a number of industrial and agricultural chemicals (such as
pesticides, herbicides, and petrochemicals) has been frequently linked to an increased risk for
lymphomas. The data, however, are not consistent.

e Lifestyle Factors - Lifestyle does not seem to be a major risk factor for NHL. Some studies have
suggested that obesity may increase risk, but this association is not definite. Other studies have
investigated the role of diet. Although some research has indicated an increased risk for diets high
in consumption of red meat and lower risk for diets high in vegetables, for the most part a strong
association remains speculative. There is no evidence that smoking increases the risk for NHL
itself, although it has been linked with high-grade and follicular NHLs in people with lymphoma.

The International Classification of Disease 10" Version (ICD-10)

The International Classification of Diseases (ICD) is designed to promote international comparability
in the collection, processing, classification, and presentation of mortality statistics. This includes
providing a format for reporting causes of death on the death certificate.

ICD serves a broad range of uses globally and provides critical knowledge on the extent, causes and
consequences of human disease and death worldwide via data that is reported and coded with the
ICD. Clinical terms coded with ICD are the main basis for health recording and statistics on disease in
primary, secondary and tertiary care, as well as on cause of death certificates. These data and statistics
support payment systems, service planning, administration of quality and safety, and health services
research. Diagnostic guidance linked to categories of ICD also standardizes data collection and enables
large scale research.

For more than a century, the International Classification of Diseases (ICD) has been the basis for
comparable statistics on causes of mortality and morbidity between places and over time. Originating
in the 19% century, the latest version of the ICD, ICD-11, was adopted by the 72" World Health
Assembly in 2019 and came into effect on 1%t January 2022.

The ICD-10 Code for Non-Hodgkin lymphoma, unspecified, unspecified site — C85.9.
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Incidence of Non-Hodgkin’s Lymphoma in South Africa
According to the latest edition of the National Cancer Registry (2023), the following number of Non-
Hodgkin’s Lymphoma cases was histologically diagnosed in South Africa during 2023:

Group - Males Actual Estimated Percentage of
2023 No of Cases Lifetime Risk All Cancers
All males 1231 1:208 2,95%
Asian males 30 1:316 2,67%
Black males 700 1:292 4,67%
Coloured males 135 1:179 2,69%
White males 366 1:99 1,71%
Group - Females Actual Estimated Percentage of
2023 No of Cases Lifetime Risk All Cancers
All females 1018 1:331 2,21%
Asian females 37 1:301 2,47%
Black females 556 1:481 2,54%
Coloured females 123 1:259 2,37%
White females 302 1:148 1,72%

The frequency of histologically diagnosed cases of Non-Hodgkin’s Lymphoma in South Africa for 2023
was as follows (National Cancer Registry, 2023):

Group - Males 0-19 20-29 30-39 40-49 50 -59 60 -69 70-79 80+
2023 Years Years Years Years Years Years Years Years
All males 39 64 163 275 273 211 150 58
Asian males 1 2 4 1 8 8 3 3
Black males 28 45 122 213 173 87 26 6
Coloured males 3 7 12 30 26 29 24 4
White males 5 10 25 31 66 87 97 45
Group - Females 0-19 20-29 30-39 40-49 50 -59 60 -69 70-79 80+
2023 Years Years Years Years Years Years Years Years
All females 35 56 144 204 195 167 124 93
Asian females 1 1 5 5 10 4 9 2
Black females 29 a4 117 155 108 55 29 19
Coloured females 2 6 10 18 24 35 17 11
White females 3 5 12 26 53 73 69 61

N.B. In the event that the totals in any of the above tables do not tally, this may be the result of uncertainties as to the age, race or sex of
the individual. The totals for ‘all males’ and ‘all females’, however, always reflect the correct totals.
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Symptoms of Non-Hodgkin’s Lymphoma

Symptoms depend on what area of the body is affected by the
cancer and how fast the cancer is growing. Symptoms may
include:

[Picture Credit: Non-Hodgkin’s Lymphomal

e Night sweats (soaking the bedsheets and pyjamas even
though the room temperature is not too hot)

e Fever and chills that come and go

e ltching

o Swollen lymph nodes in the neck, underarms, groin, or other
areas

o  Weight loss

e Coughing or shortness of breath may occur if the cancer affects the thymus gland or lymph nodes
in the chest, which may put pressure on the windpipe (trachea) or other airways.

e Some patients may have abdominal pain or swelling, which may lead to a loss of appetite,
constipation, nausea, and vomiting.

e |f the cancer affects cells in the brain, the person may have a headache, concentration problems,
personality changes, or seizures.

Signs and Tests for Non-Hodgkin’s Lymphoma
The doctor will perform a physical exam and check body areas with lymph nodes to feel if they are
swollen.

The disease may be diagnosed after:
e Biopsy of suspected tissue, usually a lymph node biopsy
e Bone marrow biopsy

Other tests that may be done include:

e Blood test to check protein levels, liver e CT scans of the chest, abdomen and pelvis
function, kidney function, and uric acid e Gallium scan
level e PET (positron emission tomography) scan

e Complete blood count (CBC)

Treatment of Non-Hodgkin’s Lymphoma
Treatment depends on:

e The type of lymphoma e Your age and overall health
e The stage of the cancer when you are e Symptoms, including weight loss,
first diagnosed fever, and night sweats

Common treatments may include:
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e Radiation therapy may be used for disease that is confined to one body area.

e Chemotherapy is the main type of treatment. Most often, multiple different drugs are used in
combination together.

e Another drug, called rituximab (Rituxan), is often used to treat B-cell non-Hodgkin's lymphoma.

e Radioimmunotherapy may be used in some cases. This involves linking a radioactive substance
to an antibody that targets the cancerous cells and injecting the substance into the body.

e People with lymphoma that returns after treatment or does not respond to treatment may
receive high-dose chemotherapy followed by a bone marrow transplant (using stem cells from
the patient).

Additional treatments depend on other symptoms. They may include:
e Transfusion of blood products, such as platelets or red blood cells
e Antibiotics to fight infection, especially if a fever occurs

Expectations (Prognosis) of Non-Hodgkin’s Lymphoma

Low-grade non-Hodgkin's lymphoma usually cannot be cured by chemotherapy alone. However, the
low-grade form of this cancer progresses slowly, and it may take many years before the disease gets
worse or even requires any treatment. Chemotherapy can often cure many types of high-grade
lymphoma. However, if the cancer does not respond to chemotherapy drugs, the disease can cause
rapid death.

Complications of Non-Hodgkin’s Lymphoma
Complications may include:

e Autoimmune haemolytic anaemia

e Infection

o Side effects of chemotherapy drugs

Relationship of Staging Systems — Hodgkin Lymphoma and Non-Hodgkin Lymphomas

Description of Extent Summary Ann Arbor AJCC Staging

(Based on Ann Arbor Staging Systems) Stage Staging* Stage**
Involvement of a single lymph node region Localised [ [
A single extralymphatic organ or site Localised le le
Involvement of more than one lymphatic region on only one Regional
side of the diaphragm NOS Il Il
Localised involvement of one extralymphatic organ or site and
its regional lymph nodes with or without other nodes on the Regional lle lle
same side of the diaphragm NOS
Involvement of more than one lymphatic region on only one
side of the diaphragm plus involvement of the spleen Distant Ils Ils
Involvement of lymph node regions on both sides of the
diaphragm Distant 1} 1}
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Involvement of lymph node regions on both sides of the
diaphragm plus localised involvement of an extralymphatic Distant llle llle
organ or site

Involvement of lymph node regions on both sides of the
diaphragm plus involvement of the spleen Distant Ills s
Diffuse or disseminated involvement of one or more
extralymphatic organs or tissues with or without associated
lymph node enlarge3ment. Organs considered distant include Distant v v
liver, bone, bone marrow, lung and/or pleura and kidney
Isolated extralymphatic organ involvement with distant (non-
regional) nodal involvement Distant v v

About Clinical Trials
Clinical trials are research studies that involve people. They are conducted under controlled
conditions. Only about 10% of all drugs started in human clinical trials become an approved drug.

Clinical trials include:

e Trials to test effectiveness of new treatments

e Trials to test new ways of using current treatments

e Tests new interventions that may lower the risk of developing certain types of cancers
Tests to find new ways of screening for cancer

The South African National Clinical Trials Register provides the public with updated information on
clinical trials on human participants being conducted in South Africa. The Register provides
information on the purpose of the clinical trial; who can participate, where the trial is located, and
contact details.

For additional information, please visit: https://pactr.samrc.ac.za/

Medical Disclaimer

This Fact Sheet is intended to provide general information only and, as such, should not be considered
as a substitute for advice, medically or otherwise, covering any specific situation. Users should seek
appropriate advice before taking or refraining from taking any action in reliance on any information
contained in this Fact Sheet. So far as permissible by law, the Cancer Association of South Africa
(CANSA) does not accept any liability to any person (or his/her dependants/ estate/heirs) relating to
the use of any information contained in this Fact Sheet.

Whilst the Cancer Association of South Africa (CANSA) has taken every precaution in compiling this
Fact Sheet, neither it, nor any contributor(s) to this Fact Sheet can be held responsible for any action
(or the lack thereof) taken by any person or organisation wherever they shall be based, as a result,
direct or otherwise, of information contained in, or accessed through, this Fact Sheet.

ST T —
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