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ABSTRACT 
 
Radiation therapy (RT) remains the integral component of treatment for many 
patients of childhood cancer. It can be associated with different adverse effects 
and hence, must be used effectively and judiciously. The most challenging issue is 
to minimize this effect of radiotherapy especially among childhood cancer 
survivors. The aim of the present study was to identify the role of radiotherapy in 
the treatment of lymphoma with emphasis on the side effects of radiotherapy after 
treatment and decrease in the effective radiation dose and its complication. A 
retrospective study was done for duration of 5 years in the radiation oncology 
departments in multicenter of cancer. The file of one hundred and eighteen (118) 
patients diagnosed and treated as malignant lymphoma was revised. The current 
roles of radiotherapy in the management of childhood lymphoma as well as, the 
approaches that address the issue of early and late effects are discussed herein. 
Lymphomas are characterized by a high degree of radio-responsiveness and 
therefore RT is an important modality in controlling these malignancies. The 
response of therapy was 80.5% at the end of treatment and 78.8% after 2 years of 
follow up. Early and late effects of treatment manifesting as anemia and 
pancytopenia, normal tissue toxicity and especially thyroid dysfunction, 
pneumonitis, lung fibroses, cystitis, enterocolitis, hepatic dysfunction and 
secondary malignant neoplasm are continuing concerns following curative 
therapy. Attention to late morbidity while we devise treatments to improve the 
cure rate remains an important goal. Further studies must be done using 
appropriate radiation protection procedures to avoid late health risks and achieve 
a well-tolerated effective radiation dose. 
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INTRODUCTION 
 
Pediatric Hodgkin’s lymphoma (HL) is a clonal malignancy 
of the lymphatic system that arises from B-cells of germinal 
and postgerminal centres. It has an excellent clinical 
outcome, with overall survival of approximately 90% with 
current treatment protocols and in early stages of the 
disease (Witkowska et al., 2015; Totadri et al., 2018). 
Radiation therapy (RT) is the most effective treatment 
modality for HL. To maximize our success in treating these 
patients, the integration of RT in salvage regimens, or its 
independent use in selected patients must be understood. 
On the other hand, there is a complexity of treating 
relapsed or refractory HL derived from the spectrum of 
primary treatment approaches currently in use. This can 

create heterogeneity in both treatment exposure and the 
potential toxicities of salvage therapy. However, new 
biologics and immunotherapeutic approaches have 
broadened but also complicated salvage treatment 
approaches. Radiation therapy remains the integral 
component of treatment for many patients, during all types 
of therapy and must be used effectively and judiciously 
used (Constine et al., 2018). Previously, it was widely 
accepted that HL is extremely sensitive to RT. The involved 
field RT (IF-RT) with 20 Grey (Gy) in combination with 2 
cycles of chemotherapy composed of adriamycin, 
bleomycin, vinblastine   and   dacarbazine  (ABVD  regimen)  
is a gold standard of treatment with observed
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long-term disease control in early favorable disease (Engert 
et al., 2010), while recently a novel, directly targeted agents 
with an excellent safety profile was developed for HL 
treatment. The role of RT planning paradigm is mainly 
focused on the reduction of size of radiated fields. It was 
discovered that regional therapy is as effective as extended 
field RT (EF-RT), whereas less toxic (Witkowska et al., 
2015). 

In early-stage HL, the overall survival (OS) was similar for 
both EF-RT and IF-RT but, the progression free survival 
(PFS) was longer after EF-RT in randomized clinical trials 
evaluating both RT methods (Hoskin et al., 2005). 
Currently, the three-dimensional conformal radiation 
therapy (3D-CRT) that uses a linear accelerator (LINAC) is 
the gold standard for external beam RT. Here, the normal 
tissues and the tumor mass are delineated using accurately 
co-registered CT and MRI. Another RT technique is 
Intensity Modulated Radiation Therapy (IM-RT) which 
modulates the intensity of every radiation beam. The main 
benefit when compared with 3D-CRT is that, it can 
influence a highly precise dose of total radiation delivery. 
Additionally, it has heart and coronary protection and can 
lower the risk of pulmonary toxicity for approximately 14% 
(Girinsky et al., 2006). Unfortunately, there are no data that 
can demonstrate a clinical benefit for replacing 3D-CRT 
with IMRT in IF-RT. Lately, the reduced radiation volumes 
to healthy organs through the recently introduced 
radiotherapy planning and delivery techniques are 
intended to minimize dose-related effects (Koeck et al., 
2012). 

At the beginning of the 20th century, Radiotherapy (RT) 
was the first treatment modalities leading to long-lasting 
remission and even cure for several non-Hodgkin’s 
lymphoma (NHL) patients (Zimmermann et al., 2016). 
However, combination chemotherapy and immuno-
chemotherapy with the addition of rituximab has evolved 
more recently, with increasing efficacy and plays a major 
role in the management of B-cell NHLs (Illidge et al., 2014).  

RT is currently used as the primary treatment in early 
stage and indolent lymphomas with curative intent as a 
single modality. It can be delivered as a consolidation 
therapy after systemic chemotherapy for localized 
aggressive lymphomas in a multimodality treatment 
approach. The indications for the use of RT are less obvious 
for patients with advanced NHL (Specht, 2016). Over the 
last 15 years, a decreasing use of consolidative RT after 
multiagent chemotherapy was observed (Zimmermann et 
al., 2016).  

Additionally, RT remains the current standard of care for 
patients with low-grade (grades 1 to 2), early stage 
Follicular Lymphoma (FL) (non-bulky stage I-II), which 
represent 10 to 15% of all FL (Dreyling et al., 2014). In the 
case of diffuse large B-cell lymphoma (DLBCL), which is the 
most common type of aggressive B cell lymphoma 
(accounting for approximately 30% of NHLs diagnosed 
annually), RT is used as a consolidative treatment and when 

indicated, should be delivered up to a total dose of 30 to 36 
Gy, especially for patients achieving CR after chemotherapy 
plus rituximab. But, in the case of patients achieving only 
partial response (PR) after induction therapy, the dose of 
RT should be increased from 40 to 50 Gy according to NCCN 
recommendations (National Comprehensive Cancer 
Network, 2016; Tilly et al., 2015). In selected cases of 
advanced stage DLBCL, consolidation RT to bulky sites may 
be beneficial as recommended by GELA study (LNH 98-5), 
which was performed with elderly patients (60 to 80 years 
old) (Coiffier et al., 2010). On the other hand, the use of 
consolidation RT for Primary mediastinal large B-cell 
lymphoma (PMBCL) has been an historical standard of care 
based on the very poor outcomes for patients who develop 
recurrent disease which highlighted the need to maximize 
cures at first attempt (Dunleavy et al., 2013).  

Furthermore, some investigators decided to omit 
consolidation RT, considering the potential long-term 
toxicities of mediastinal RT (Dunleavy et al., 2013; Savage 
et al., 2012; Zimmermann et al., 2016). In Primary CNS 
lymphoma (PCNSL) the results of several studies suggest 
that the combination of high-dose methotrexate with RT is 
better than RT alone, in terms of increasing the proportion 
of long-term survivors (5-year survival 20 to 50%) (Weller, 
2014). However, to maximize response and improve 
outcome, chemotherapy will usually be followed by 
consolidation RT. According to NCCN guidelines, WBRT of 
24 to 36 Gy is recommended; without a boost, it is 
associated with high rates of neurotoxicity, especially in 
patients > 60 years of age and therefore often omitted 
(National Comprehensive Cancer Network, 2016; 
Zimmermann et al., 2016).  

On the other hand, the toxicity of RT can be divided into 
early and long-term side effects which depend on the exact 
site and the dose of radiation. The most common acute 
complications are skin changes, fatigue, dry mouth, change 
of taste and nausea, or diarrhea. Impairment of bone 
marrow function including anemia can be observed if RT is 
administered to several areas or briefly after chemotherapy 
decreased level of white blood cells and low platelets count 
in peripheral blood sample (Witkowska et al., 2015). Most 
children treated for lymphoma live into adulthood due to 
major advances in treatment. Hence, in recent years, their 
health has come more into focus as they get older. 
Childhood lymphoma survivors are at risk for several 
possible late effects of their cancer treatment. This risk 
depends on several factors, such as the type of lymphoma, 
the type and doses of treatments, and the child's age at the 
time of treatment. However, survivors of HL are also 
exposed to more severe long-term treatment-related 
morbidity (TRM) including the deterioration of 
cardiovascular, pulmonary and thyroid function, slow or 
limited growth and development, osteoporosis, changes in 
intellectual function with learning difficulties, development 
of second cancers and infertility later in life. The 
development of secondary malignant neoplasm is the most  
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serious delayed complication that leads to significant 
morbidity in the quality of life in long term survivors 
(Castellino et al., 2011; 
https://www.cancer.org/cancer/childhood-non-hodgkin-
lymphoma/after-treatment/long-term-effects.html).  

Historically, RT has been associated with significant risks 
of late toxicities and second malignancies in long-term 
survivors; relevant data are mostly derived from 
retrospective HL series (Schaapveld et al., 2015; van 
Nimwegen et al., 2016; Mulrooney et al., 2014). In 
childhood cancers, the cumulative incidence of breast 
cancer by age 50 years was 35% among HL survivors 
(Moskowitz et al., 2014). The average dose of radiation to 
the heart was linearly associated with the risk of cardiac 
mortality with the incidence increasing by 60% for every 
1Gy increase in mediastinal radiation dose (Tukenova et al., 
2010; Lipshultz et al., 2013). Different strategies have been 
implemented to reduce RT toxicities. For good control of 
the disease, some investigators recommend not more than 
30 Gy for aggressive NHL or 24 Gy for indolent lymphomas 
(Hoskin et al., 2013). 

Additionally, for aggressive NHL, optimal imaging evolve 
from Involved Field (IFRT) to Involved Site RT (ISRT) 
(Illidge et al., 2014). However, the reduced late toxicity with 
involved-site or involved-node RT (INRT) is yet unproven 
in the absence of recent long-term toxicity data. But, the 
dose –volume metrics of organs at risk will provide a 
surrogate measure of toxicity risk. On the other hand, the 
intensity modulated radiotherapy (IMRT) have a beam 
arrangement involving nine (9) fixed and equally 
distributed beams that produce a low-dose to the all 
surrounding critical organs (Voong et al., 2014; 
Zimmermann et al., 2016). 

The aim of the present study was to identify the role of 
radiotherapy in the treatment of lymphoma with emphasis 
on the side effects of radiotherapy after treatment and 
decrease of the effective radiation dose and its 
complication.   
 
 
PATIENTS AND METHODS 
 
The records of patients diagnosed from January, 2011 till 
the end of 2016, as malignant lymphoma and treated in the 
different Departments of Radiation Oncology, in 
multicenter of cancer during 5-year period was revised 
retrospectively, after permission from patients and Review 
Boards of all participating centers. Data collected include 
age of the patients at presentation, sex, primary site(s), 
staging and dose and duration of therapy. Clinical 
examinations were done with the results of routine 
laboratory investigations with emphasis on blood pressure, 
pulse, chest and heart examination, visceromegaly and 
presence of lymphadenopathy. Neck examination for the 
thyroid gland swellings was also performed. The results of 
plain X-ray, ultrasound, CT scans or MRI, isotopic bone scan 

and skeletal survey were also reviewed. Intravenous 
pyelography (IVP) and Lymphangiography was needed in 
some patients searching for the complication of therapy 
and to detect the involvement of abdominopelvic lymph 
nodes. 

One hundred and eighteen patients were recorded in this 
study (50 NHL and 68 HD). They include 83(70.3%) males 
and 35(29.7%) females with a male to female ratio of 2.4:1. 
Their ages ranged from 4 to 20 years with a mean age of 
12.9±4.9 years and a median of 7.5 years. Staging was 
performed according to Ann Arbor Stage/substage 
Classification for lymphoma (Carbone et al., 1971). Staging 
laparotomy was done in 54 patients (29 HD and 25 NHL). 
Complete information about the therapeutic regimens used 
including the dose and fractionation of radiotherapy was 
collected.  

The chemotherapeutic regimens used alone or in 
combination were MOPP [Mechlorethamine, Oncovin, 
Procarbazine and Prednisone], ABVD [Adriamycine, 
Bleomycin, Vinblastine and Dacarbazine], OPPA 
[Adriamycine, Vincristine, Procarbazine and Prednisone], 
COPP [cyclophosphamide, Vincristine, Procarbazine and 
Prednisone]. The dose of radiotherapy was given as 20-40 
Gy fractionated irradiation (1.8-2Gy/fraction) in HD and as 
20-50 Gy fractionated irradiation in NHL. It can be given 
alone or with chemotherapy. Another dose can be given as 
a palliative treatment in some cases. The schedule of 
radiotherapy is as follows: In Classical Hodgkin Lymphoma, 
a 20Gy/10 fraction was given over 2 weeks after 2 cycles 
CTH in favorable early stage but in unfavorable early stage 
RT can be given as 30Gy/15-17 fractions after 4 cycles of 
CTH. 35-40 Gy/20 fractions may be considered in certain 
instances. In early stage, sole therapy LPHD,30-35 Gy/15-
20 fractions (dependent on bulk and site) was 
administered. In high grade Non-Hodgkin Lymphoma, a 
dose of 30Gy /15-17 fractions was given, but NK/ T cell 
Lymphoma requires higher doses of at least 50Gy in 
2Gy/fraction. Primary CNS Lymphoma - Post chemotherapy 
needs 35-40Gy in 1.8-2Gy/fraction with boosting of 
residual volume to a total of 45-50Gy. However, in low 
grade Lymphoma (for example, Follicular Lymphoma) a 
dose of 24-30 Gy/12-15 fraction is enough. On the other 
hand, a Palliative radiotherapy was given as a dose of 20-30 
Gy/5-10 fractions, 12Gy/4 fractions, 8Gy/single fraction, or 
4Gy/2 fractions. 
 
 
Statistical analysis  
 
The statistical tools used to analyze the data are confirmed 
in chi-square test (x2-test), Risk (R), Risk Ratio (RR) and 
Odds Ratio (OR). The IBM SPSS for Windows (version 23.0) 
is used to fit cumulative survival using Kaplan-Meier 
method for estimating survival functions which is 
commonly used as a statistical method for analyzing the 
survival  data. Estimating  the  incidence  of  an  event  as   a  
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function of follow-up time provides important information 
on the absolute risk of an event. In the absence of 
competing risks, the Kaplan-Meier estimate of the survival 
function is frequently used for estimating the survival 
function. Kaplan-Meier survival curve is used in 
epidemiology to analyze time to event data and to compare 
two groups of subjects. The survival curve is used to 
determine a fraction of patients surviving a specified event, 
like death during a given period of time. This can be 
calculated for two groups of patients or subjects and their 
statistical difference in the survivals (Etikan et al., 2017).  

Overall survival rate is the percentage of people in a 
study or treatment group who are still alive for a certain 
period of time after they were diagnosed with or started 
treatment for a disease, such as cancer. 

Risk, also known as incidence, cumulative incidence, 
incidence proportion, or attack rate (although not really a 
rate at all) is a measure of frequency, where it is a measure 
of disease frequency during a period of time 
(https://en.wikipedia.org/wiki/Cumulative_incidence, 
2017). It is the proportion of individuals who experience 
the event in a defined time period (Martin, 2009) and this is 
given as: 

 
 

                             Number of new cases 
Risk = 
                Total number of individuals at risk 
 

 
 
Risk is generally measured in prospective studies as the 
population at risk that can be defined at the start of the 
study and followed for the development of the health 
outcome. However, risk cannot be measured directly in 
case-control studies as the total population at risk cannot 
be defined. Thus, in case-control studies, a group of 
individuals that have the health outcome and a group of 
individuals that do not have the health outcome are 
selected, and the odds of developing the health outcome are 
calculated as opposed to calculating risk (Alexander et al., 
2015) and this is given as: 

 

 
 
 
                    Number of individuals with the disease outcome 
Odds =  
                 Number of individuals without the disease outcome 
 
 

 
 
Risk Ratio (Relative Risk) (RR) is a measure of the risk of a 
certain event happening in one group compared to the risk 
of the same event happening in another group. In cancer 
research, risk ratios are used in prospective (forward 
looking) studies, such as cohort studies and clinical trials. A 
risk ratio of one means there is no difference between the 
two groups in terms of their risk of cancer based on 
whether or not they were exposed to a certain substance or 
factor or how they responded to two treatments being 
compared (Wikimedia Foundation, 2019) and this is given 
as: 

 
 
                P (Event exposed) 
RR = 
             P (Event unexposed) 
 
 

 
 
Odds Ratio (OR) is the “measure of association” for a case-
control study. It quantifies the relationship between an 
exposure and a disease or outcome in a case-control study 
(Triola, 2017), that is, to quantify how strongly the 
presence or absence of property A is associated with the 
presence or absence of property B in a given population 
(Triola, 2017). The odds ratio is calculated using the 
number of case-patients who did or did not have exposure 
to a factor and the number of controls who did or did not 
have the exposure. The odds ratio tells us how much higher 
the odds of exposure are among case-patients than among 
controls (Salmonella in the Caribbean, 2013). It is also one 
of several statistics that have become increasingly 
important in clinical research and decision-making. It is 
particularly useful as an effect-size statistic because it gives 
clear and direct information to clinicians about which 
treatment approach has the best odds of benefiting the 
patient. The odds ratio is a way of comparing whether the 
odds of a certain outcome is the same for two different 
groups (McHugh, 2009). The odds ratio (OR) is defined as 
(Szumilas, 2010): 
  
                     N (Exposed cases) /N (Unexposed cases) 
OR = 
             N (Exposed non-cases) /N (Unexposed non-cases) 
 
 
 
 
 
 

 
 
An odds ratio of: 
 
- 1.0 (or close to 1.0) indicates that the odds of exposure 
among case-patients are the same as, or similar to, the odds 
of exposure among controls. The exposure is not associated 
with the disease;  
- Greater than 1.0 indicates that the odds of exposure 
among case-patients are greater than the odds of exposure 
among controls. The exposure might be a risk factor for the 
disease; 
- Less than 1.0 indicates that the odds of exposure among 
case-patients are lower than the odds of exposure among 
controls. The exposure might be a protective factor against 
the disease. 
 
 
RESULTS 
 
Tables 1 to 4 and Figure 1 shows the results of the present 
work. Most of the patients were males (70.3%) and 
presented below the age of 10 years (67.8%). Stages I and 
III (67.8%) were the main presenting stage. However, 
40.7% of patients were presented with B symptoms and 
31.4% of them with tumor metastases. Additionally, the 
majority of patients (68.6%) were presented with bulky 
tumor mass (Table 1). On the other hand, 27(54%) of NHL  

https://en.wikipedia.org/wiki/Cumulative_incidence
https://en.wikipedia.org/wiki/Association_%28statistics%29
https://en.wikipedia.org/wiki/Statistical_population
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szumilas%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20842279
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Table 1: Patients characteristics. 
  

Items 
Non- Hodgkin’s Lymphoma 

(50 Patients) 

 

Hodgkin’s lymphoma 
(68 patients) 

 

Total 
(118 patients) 

Number Percentage (%) Number Percentage (%) Number Percentage (%) 

Age       

<10years 38 76 42 61.8 80 67.8 
>10 years 12 24 26 38.2 38 32.2 

   

Sex       

Male 35 70 48 70.6 83 70.3 
Female 15 30 20 29.4 35 29.7 

 
 

 

Stage     

I 17 34 24 35.3 41 34.7 
II 15 30 18 26.5 33 28 
III 16 32 23 33.8 39 33.1 
IV 2 4 3 4.4 5 4.2 

   

B Symptoms       

Absent 26 52 37 54.4 63 53.4 
Present 24 48 31 45.6 55 46.6 

   

Tumor size (Bulky disease)       

>10 cm (Positive) 32 64 49 72.1 81 68.6 
<10cm (Negative) 18 36 19 27.9 37 31.4 

   

ESR       

≥50 43 86 59 86.8 102 86.4 
<50 7 14 9 13.2 16 13.6 

       

Treatment modalities       

Chemotherapy 48 96 66 97.1 114 96.6 
Radiotherapy 37 74 50 73.5 87 73.7 
Radiotherapy alone 2 4 3 4.4 5 4.2 
CRT 35 70 47 69.1 82 69.5 
No radiotherapy 13 26 18 26.5 31 26.3 

   

Dose of radiotherapy       

  20-30 Gy 10 20 14 20.6 24 20.3 
  30-40 Gy 14 28 31 45.6 45 38.1 
  40-50 Gy 
Surgery 

13 
46 

26 
92 

5 
36 

7.4 
52.9 

18 
82 

15.3 
69.5 

   

Metastases       

Present 12 24 25 36.8 37 31.4 
Absent 38 76 43 63.2 81 68.6 

   

Response to therapy (at the end of 
treatment) 

 
 
 

 
 

 
 
 

 

Complete remission (CR) 36 72 59 86.8 95 80.5 
Progressive disease (PD) 8 16 5 7.4 13 11.0 
Death 6 12 4 5.9 10 8.5 

   

Follow up after therapy (after 2 years) 
 
 

 
 

 
 

 
 

 
 

 
 

Complete remission (CR) 35 70 58 85.3 93 78.8 
Progressive disease (PD) 6 12 4 5.9 10 8.5 
Death 9 18 6 8.8 15 12.7 
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Table 2: Hemogram findings of studded patients. 
 

Hemogram 

parameter 

At presentation 

 

After treatment 

 

P-value 
NHL 

(No.=50) 

 

HD 

(No.=68) 

 

Total 

(No.=118) 

NHL 

(No.=50) 

 

HD 

(No.=68) 

 

Total 

(No.=118) 

No. % No. % No. % No. % No. % No. % 

Hemoglobin       0.03 

 HB 42 84 56 82.4 98 83.1 41 82 43 63.2 84 71.2 
S 

 Normal* 8 16 12 17.6 20 16.9 9 18 25 36.8 34 28.8 

       

TLC        

 <4,000 14 28 7 10.3 21 17.8 26 52 36 52.9 62 52.5 <0.0001 

 >11,000 7 14 6 8.8 13 11.0 11 22 12 17.7 23 19.5 
HS 

 Normal** 29 58 55 80.9 84 71.2 13 26 20 29.4 33 28.0 

        

Platelet        

 <150,000 9 18 4 5.9 13 11.0 23 46 32 47.1 55 46.6 <0.0001 

 Normal*** 41 82 64 94.1 105 89.0 27 54  36 52.9  63 53.4 HS 
 

S = statistically significant, H.S = Highly statistically significant, HB = Hemoglobin, TLC = Total leucocytic count. *Normal hemoglobin: 3-12 
years: 11-14 gm/dl, Adult male: 13-16 gm/dl and Adult female: 12-14 gm/dl; ** Normal TLC: 4,000-11,000/cm, *** Normal platelet count: 
150,000-400,000/cm. 

 
 

Table 3: Acute and late toxicity of radiotherapy according to the type of Lymphoma. 
 

Toxicity 
NHL 

(No.=37) 

 

HD 
(No.=50) 

 

Total 
(No.=87) 

 

Risk 
Ratio 
(RR) 

OR 
% of 

Decrease 
RR No % No % No % 

Head and neck          

Mucositis 35 94.6 48 96 83 95.4 0.9854 0.7292 1.46 
Loss of taste 32 86.5 45 90 77 88.5 0.961 0.7111 3.9 
Dysphagia 25 67.6 35 70 60 69.0 0.9653 0.8929 3.47 
Dental cares 18 48.6 28 56 46 52.9 0.8687 0.7444 13.13 
Thyroid dysfunction 19 51.4 39 78 58 66.7 0.6584 0.2977 34.16 

          

Mediastinum          

Pneumonitis 23 62.2 44 88 67 77.0 0.7064 0.224 29.36 
Lung fibrosis 8 21.6 35 70 43 49.4 0.3089 0.1182 69.11 
Cardiomyopathy 5 13.5 9 18 14 16.1 0.7508 0.7118 24.92 

          

Skin          

Erythema 37 100 50 100 87 100 1 - 0 
Fibrosis and desquamation 21 56.8 37 74 58 66.7 0.767 0.4612 23.3 
Hair loss 37 100 50 100 87 100 1 - 0 

          

Abdomen and pelvis          

Nausea 33 89.2 47 94 80 92.0 0.94882 0.5266 5.118 
Chronic enterocolitis 19 51.4 36 72 55 63.2 0.71321 0.4105 28.679 
GIT strictures 5 13.5 7 14 12 13.8 0.96525 0.9598 3.475 
Hepatic dysfunction 11 29.7 23 46 34 39.1 0.6463 0.4967 35.37 
Cystitis 21 56.8 39 78 60 69.0 0.72765 0.3702 27.235 
Renal insufficiency 2 5.4 3 6 5 5.7 0.9009 0.8952 9.91 

 
 
patients were presented with high grade pathological type 
and 23(46%) of them with low grade/indolent type. Most of 
the HD patients 57(83.8%) were presented with classical 

HD [NS=16(23.5%), Mc=35(51.5%), LD=4(5.9%), 
LR=2(2.9%)] and only 11(16.2%) of them with lymphocyte 
predominant  HD (LPHD).  Bone  marrow  involvement  was  
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Table 4: Acute and late toxicity of radiotherapy according to the radiation dose. 
 

Toxicity 
20-40 Gy 
(No.=69) 

 

40-50 Gy 
(No.=18) 

 

Risk Ratio 
(RR) 

OR 
% of Decrease 

RR 
No % No % 

Head and neck         
Mucositis 65 94.2 18 100.0 0.942 - 5.80 
Loss of taste 60 87.0 17 94.4 0.921 0.392 7.93 
Dysphagia 44 63.8 16 88.9 0.717 0.220 28.26 
Dental cares 29 42.0 17 94.4 0.445 0.043 55.50 
Thyroid dysfunction 40 58.0 18 100.0 0.580 - 42.03 

   

Mediastinum         

Pneumonitis 52 75.4 15 83.3 0.904 0.612 9.57 
Lung fibrosis 29 42.0 14 77.8 0.540 0.207 45.96 
Cardiomyopathy 6 8.7 8 44.4 0.196 0.119 80.43 

   

Skin         

Erythema 69 100.0 18 100.0 1.000 - 0.00 
Fibrosis and desquamation 41 59.4 17 94.4 0.629 0.086 37.08 
Hair loss 69 100.0 18 100.0 1.000 - 0.00 

   

Abdomen and pelvis         

Nausea  64 92.8 16 88.9 1.043 1.600 4.35* 
Chronic enterocolitis 41 59.4 14 77.8 0.764 0.418 23.60 
GIT strictures 7 10.1 5 27.8 0.365 0.294 63.48 
Hepatic dysfunction 18 26.1 16 88.9 0.293 0.044 70.65 
Cystitis 47 68.1 13 72.2 0.943 0.822 5.69 
Renal insufficiency 3 4.3 2 11.1 0.391 0.364 60.87 

 

*Percentage of increased risk ratio. 

 
 

 

 

 

Survival functions 

C
um
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l 

Months  
 

Figure 1: Kaplan-Meier plots of survival rate of Lymphoma patients. 

 
 
seen in 4.2% (5/118) of patients with stage IV disease. The 
systolic and diastolic blood pressure mean-difference as 

compared from 90th percentile of corresponding group of 
age and sex was higher in 10.2% (12/118) of patients.  
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Complete remission was achieved in 95(80.5%) of patients 
at the end of the treatment and in 93(78.8%) of them after 
two years of follow-up as shown in Tables 1 and 2. The 
overall survival rate for all lymphoma patients after two 
years of follow-up was 79.2%. It is 83.3% for HD patients 
and 75.0% for NHL patients. The estimated mean time until 
death is 21 months for HD and 19 months for NHL. 
However, no significant evidence of a difference in survival 
time was observed between HD and NHL patients instead 
HD patients had an increased chance of survival (p-value = 
0.523) (Figure 1).  

There is a statistically significant indication that RT can 
induce anemia (P-value= 0.03) and highly statistically 
significant indication that it can induce leucopenia and 
thrombocytopenia in the studded patients (P-value= 
<0.0001, <0.0001 of TLC and PLC respectively) (Table 2). 
The acute and late effects of RT and its relation to the type 
of lymphoma and the radiation dose are shown in Tables 3 
and 4. However, Acute Myeloid Leukemia (AML) as a late 
effect second malignant neoplasm appeared only in 2 
(1.7%) NHL patients that received high dose RT (40-50 Gy).     

Regarding the toxicity of radiotherapy according to the 
type of lymphoma, the highest and lowest risks in head and 
neck are found in mucositis and dental cares respectively, 
for both type of lymphoma. However, the incidence of 
mucositis was found to be higher in HD (96%) than in NHL 
(94.6%) patients. The NHL patients had 1.46% reduction in 
risk compared to HD patients. The incidence of dental cares 
was found to be higher in HD (56%) than in NHL (48.6%) 
patients. The NHL patients have 0.87 times the risk as 
compared to those with HD. Additionally, dysphagia and 
thyroid dysfunction have 0.89 and 0.30 times less likely 
occurrence in NHL than those in HD patients, respectively. 

The highest and lowest risk in the mediastinal toxicity 
was found in pneumonitis and cardiomyopathy in HD and 
NHL patients with incidence of 88 and 18% in HD and 62.2 
and 13.5% in NHL, respectively. There was a risk reduction 
in pneumonitis and cardiomyopathy in NHL by 29.4 and 
24.9%, respectively. Furthermore, the occurrence of lung 
fibrosis in NHL patients was lowered as compared to HD 
(odd ratio= 0.12).  All patients have erythema and hair loss 
(the incidence was 100%), but the incidence of fibrosis and 
desquamation was higher in HD (74%) than NHL (56.8%). 
The NHL patients have 0.77 times the risk compared to HD 
patients (odds ratio=0.46).  

Nausea has the highest incidence of GIT symptoms (92%) 
followed by chronic enterocolitis (63.2%) and GIT 
strictures (13.8%) in both type of lymphoma. All symptoms 
were more common in HD than NHL patients. The NHL 
patients have a risk reduction compared to HD patients in 
nausea, chronic enterocolitis and GIT strictures by 5.1, 28.7 
and 3.5%, respectively (odds ratio was 0.53, 0.41 and 0.96, 
respectively). Also, the incidence of hepatic dysfunction 
was found to be higher in HD patients (46%) than NHL 
(29.7%). The NHL patients have 0.65 times the risk 
compared to HD patients (odds ratio= 0.50). Additionally, 

cystitis has the highest renal toxicity incidence (69%) 
especially in HD patients (78%) with the 27.2% of 
decreased risk in NHL patients (odds ratio= 0.37). 

Comparing the effect of radiotherapy by dose of 
radiation, mucositis and thyroid dysfunction was 
considered as the highest risk found in all patients 
receiving high dose of radiation (40-50 Gy) compared to 
patients receiving lower radiation dose (20-40 Gy). The 
percentage of risk reduction between both radiation doses 
were 5.8 and 42% in mucositis and thyroid dysfunction, 
respectively. This means that patients who received lower 
radiation dose have risk reduction of 5.8 and 42% in 
occurrence of mucositis and thyroid dysfunction, 
respectively compared to patients who received high 
radiation dose. Dysphagia (88.9%) was found to be the 
lowest risk in high radiation dose instead of dental cares 
(42%) in the lower radiation dose. The lower radiation 
dose has 0.72 and 0.45 times the risk compared to high 
dose in dysphagia and dental care, respectively. They have 
0.22 and 0.043 times less likely occurrence in lower 
radiation dose patients than those receiving high doses, 
respectively (odds ratio = 0.22 and 0.043). 

Pneumonitis and cardiomyopathy were the highest and 
lowest risks of mediastinal irradiation in both doses of 
radiation with incidence of 83.3 and 44.4% in high dose and 
75.4 and 8.7% in lower dose, respectively. There was a risk 
reduction in pneumonitis and cardiomyopathy between 
both doses by 9.57 and 80.43%, respectively (odds ratio= 
0.61 and 0.12, respectively). Additionally, the occurrence of 
lung fibrosis in high radiation doses patients (77.8%) was 
higher as compared to patients that received lower 
radiation dose (42%) (odds ratio = 0.21). The lower 
radiation dose has 0.54 times risk higher radiation dose 
with 46% risk reduction between radiation doses. The risk 
of occurrence of erythema and hair loss was found in all 
patients receiving both doses of radiation. However, the 
incidence of fibrosis and desquamation was higher (94.4%) 
in high radiation dose than in lower dose (59.4%). It has 
0.63 times risk occurrence in the high radiation dose 
patients and there is a risk reduction between both doses 
by 37.1%. It has 0.09 times less likely occurrence in lower 
radiation dose compared to high radiation dose (odd ratio 
=0.09).  

Contrary, the incidence of nausea was higher in the lower 
radiation dose (92.8%) than in the higher dose (88.9%). It 
has 1.04 times risk compared to high radiation dose and the 
risk increased by 4.35%. This means that patients exposed 
to lower radiation dose have more chances of contacting 
nausea than those exposed to high radiation dose. The 
exposure to lower radiation dose might be a risk factor for 
the occurrence of nausea (odd ratio=1.60).  

However, the incidence of the lowest risk of GIT 
disordered in both radiation doses was the GIT strictures. It 
was 27.8 and 10.1% in higher and lower radiation dose, 
respectively. There was a risk reduction between both 
doses  by 63.48%.  Individuals  who  received lower dose of  
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radiation were 0.29 times less likely to have GIT strictures 
compared to those that received high radiation doses (odds 
ratio = 0.29). Furthermore, the incidence of hepatic 
dysfunction with high radiation dose (88.9%) was similar 
to that of nausea in the same radiation dose, but it was 
26.1% with lower dose of radiation. It has 0.29 times the 
risk of occurrence in the lower radiation dose patients with 
risk reduction between both doses by 70.7% (odd ratio = 
0.04). The highest renal toxicity incidence was found in 
cystitis especially with high dose radiation (72.2%) with 
reduction risk between radiation doses by 5.7%. The lower 
radiation dose has 0.94 times the risk compared to the 
higher dose. It has 0.82 times less likely occurrence in 
lower radiation dose patients than those receiving high 
doses. However, renal insufficiency has a reduction risk 
between radiation doses by 60.9% and has 0.36 times less 
likely occurrence in lower radiation dose patients. 
 
 
DISCUSSION 
 
During the last four decades, the treatment of children  and 
adolescents affected by classic HL achieved continuous and 
dramatic improvements  in response and survival rates. 
With the use of RT and subsequently combination 
chemotherapy, the outlook for patients with this illness has 
transformed over the last 50 years from uniform fatality up 

to curability for 90% of patients (Johnson, 2016; Corazzelli, 
2013). On the other hand, the outcome of pediatric NHL 
continues to improve internationally (Choeyprasert et al., 
2019). However, RT is routinely used whether for cure or 
local control aiming to deliver an adequate dose of 
radiation to the target volume. The design for course of RT 
must consider the radiation tolerance of normal tissues and 
organs, the extent of disease, appropriate margins, routes of 
lymphatic and possible extra-nodal spread (Gospodarowicz, 
2008). The potential cure rate can reach more than 95% of 
the cases in early-stage HD and more than 90% in advanced 
stage disease (Johnson, 2016; Corazzelli, 2013). In NHL RT 
should remain the standard practice because omission of 
RT translates not only into a shorter progression-free 
survival (PFS), but also into a worse overall survival (OS) 
even within the context of modern systemic therapy 
(Zimmermann et al., 2016). In the current study, complete 
remission was achieved in 80.5% of patients at the end of 
the treatment and in 78.8% of them after two years of 
follow-up. The OS rate for all lymphoma patients after two 
years of follow-up was 79.2%. It is 83.3% for HD patients 
and 75.0% for NHL patients, but there is no significant 
evidence of a difference in survival times between HD and 
NHL patients instead HD patients has an increased chance 
of survival (p-value = 0.523). In accordance with this 
observation, Choeyprasert et al. (2019) reported Kaplan-
Meier 5-year OS rates was 74.8% ± 4.1% regardless of sub-
type. He found also that, the B symptoms (that is, systemic 
symptoms of fever, night sweats and weight loss that can be 
associated with both HD and NHL) and advanced disease 

had a significant negative impact on 5-year survival. 
However, Adhikari et al. (2018) reported 68.2% OS rates at 
1 year and 48.5% at 2 years after RT dose of 45 Gy/25 
fractions/5 weeks in primary CNS lymphoma in adults. 
Additionally, He et al. (2019) found the 3-year OS of Mantle 
Cell Lymphoma (MCL) were 84.4, 62.2 and 27.6% in low-
risk group of s-MIPI without B symptoms, patients in high-
risk group of s-MIPI and patients in low-risk group of s-
MIPI with B symptoms, respectively (P <0.001). Also, Dann 
et al. (2017) achieved 5-year OS was 95 to 100% for early-
HL and 91 to 98%, for advanced-HL, respectively. 
Furthermore, other previous investigators (Federico et al., 
2009; Viviani et al., 2011; Engert et al., 2012) reported the 
OS rates of 84 to 97%, depending on the disease stage using 
the same protocol.  

However, survivors continue to be at risk for therapy-
related adverse events. Radiotherapy (RT) increases this 
risk leading to late morbidity and mortality which 
contributed as cardiovascular disease, endocrinopathies 
and secondary malignancies etc. The burden of late effects 
is much higher in children, because they survivorship many 
more years as compared to adults (Totadri et al., 2018). The 
incidence of complications after antineoplastic therapy is 
increasing in relation to the incidence of cancer and 
prolonged survival rate. Radiation effects on normal tissues 
are divided into acute and late effects. It was found that, the 
tissues that divide rapidly (for example, mucous 
membranes) respond acutely to radiation and are 
responsible for much of the acute morbidity of the 
treatment (Schreiber et al., 2011). The installation of 
mucositis is observed two weeks after the start of RT 
(Abaza, 2013). In the present study, the incidence of 
mucositis, loss of taste and dysphagia was found to be high 
(95.4, 88.5 and 69%, respectively) in all lymphoma patients 
and more pronounced in HD (96, 90 and 70%, 
respectively). The NHL patients had reduction in risk 
occurrence compared to HD in the three symptoms by 1.46, 
3.9 and 3.5%, respectively. Additionally, patients who 
received lower radiation dose (20-40 Gy) have risk 
reduction of 5.8, 7.9 and 28.3% in occurrence of mucositis, 
loss of taste and dysphagia, respectively as compared to 
patients who received high radiation dose (40-50 Gy). 
However, mucositis causes significant pain, chewing and 
swallowing difficulties and is considered the most 
debilitating acute reaction during cancer treatment 
(Schmidt Santos et al., 2011; Rose-Ped et al., 2002). 
Radiation affects the volume and production of saliva, as 
well as its composition. Patients frequently describe 
thickened, tenacious and ropy saliva, which may make 
speech difficult besides affecting swallowing and taste 
(Abaza, 2013).  

Furthermore, the incidence of dental cares was 52.9% in 
all studded patients. It was found to be higher in HD (56%) 
than in NHL (48.6%) patients. The NHL patients have 0.87 
times the risk compared to those with HD. Dental cares 
(42%) was found to be the lowest risk of the lower 
radiation   dose.   The    lower    radiation    dose   has    0.45  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Choeyprasert%20W%5BAuthor%5D&cauthor=true&cauthor_uid=30734424
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times the risk compared to high radiation dose. However, 
without meticulous dental care during and after radiation, 
patients are prone to accelerated caries and decay. Oral and 
gingival tissue may undergo atrophy after irradiation, 
which results in a thin pale layer with evidence of 
telangiectatic vessels (Schreiber et al., 2011; Abaza, 2013). 
Hyperthyroidism including Graves’ disease, thyroiditis, 
hypothyroidism, thyroid nodules and thyroid cancers are 
the most commonly encountered thyroid gland disorders 
that are known to be related with RT (Demirkaya  et al.,  
2011; Meadows et al., 2009), whereas external-beam RT to 
the thyroid gland has emerged as the major risk factor for 
the development of a thyroid abnormality (Diller et al., 
2009). However, a course of treatment often affects the 
thyroid gland either directly or secondarily through the 
hypothalamic-pituitary axis (Schreiber et al., 2011). In the 
current study, thyroid dysfunction occurs in 66.7% of 
lymphoma patients. It has 0.30 times less likely occurrence 
in NHL than those in HD patients, respectively and the 
percentage of risk reduction between both radiation doses 
was 42%. Previous works have shown that the irradiation 
of the thyroid region is likely to induce 50% risk of 
developing hypothyroidism and a 20% risk of developing 
thyroid nodules. It can be detected by elevated level of 
Thyroid-Stimulating Hormone (TSH). In this case, thyroid 
supplementation is recommended even if no symptoms are 
detected in order to prevent hypothyroidism (De Sanctis et 
al., 2012; Sklar et al., 2000; Witkowska et al., 2015). 
However, the greatest risk for hypothyroidism occurs in the 
first 5 years, but late onset of hypothyroidism can occur 
beyond 20 years after exposure. Female sex, older age at 
the time of diagnosis, and higher radiation doses were all 
independently associated with an increased risk of 
hypothyroidism (Armstrong et al., 2010). 

The risk of cardiac toxicity associated with mediastinal 
RT is well known in adults and children. Late cardiotoxicity 
of radiation manifests itself as cardiomyopathy, pericardial 
effusions, pericarditis and Congestive Heart Failure (CHF). 
Multiple studies have addressed the prevalence of valvular 
disease, myocardial changes, coronary artery disease, and 
the resulting risk of myocardial infarction or death from 
cardiac disease after thoracic RT in particular, after mantle-
field IR in HD. The incidence of asymptomatic myocardial 
dysfunction has been described in literature to range from 
18 to 57% on long-term follow-up of children after 
oncological treatment, and about 5% of children develop 
heart failure (HF) (Bölling  et al., 2008; Kucharska et al., 
2012; Abaza, 2013). Cardiomyopathy was detected in 
16.1% of all lymphoma patients in the current study (18% 
in HD and 13.5% in NHL).  Its occurrence in NHL patients 
has risk reduction of 24.9% as compared to the HD patients. 
Also, the NHL patients have 0.75 times the risk compared to 
those with HD. The incidence of cardiomyopathy was 
44.4% in high radiation dose and 8.7% in lower dose. It has 
0.12 times less likely occurrence in lower radiation dose 
patients than those receiving high doses and a risk 

reduction between both doses by 80.43%. However, little 
or no cardiac toxicity was reported after normo-
fractionated RT with doses up to 25 Gy (single doses ≤ 2 Gy; 
median follow-up 1.3–14.3 years) (Bölling et al., 2008; 
Preston et al., 2012; Abaza, 2013). Previously, Adams et al. 
(2003) found that doses of > 25 Gy (single doses ≤ 2–3.3 
Gy), led to several cardiac dysfunctions and chronic cardiac 
toxicity can occur with radiation doses exceeding 40 Gy and 
can be present as pericardial effusions or constrictive 
pericarditis. Some previous investigators revealed that the 
threshold radiation doses leading to an estimated critical 
dose range was 30-40 Gy. Also, radiation to the 
mediastinum has been reported to cause coronary artery 
disease with a cumulative risk of 21% at 20 years after 
radiation (Adams et al., 2004; Landier and Bhatia, 2008; 
Schellong et al., 2010; Abaza, 2013).  

Additionally, the lung is one of the most radiation-
sensitive structures in the body.  Little is known about late 
pulmonary toxicity after RT to the thorax in children and 
adolescents. Therapy-related radiation damage to the lung 
depends on the volume of lung tissue irradiated, the total 
dose received and the fractionation schedule. Pulmonary 
radiation can lead to pulmonary fibrosis and pneumonitis. 
There are statistically significant associations for chest 
radiation and lung fibrosis, supplemental oxygen use, 
recurrent pneumonia, chronic cough and pleurisy in 
survivors of childhood and adolescent cancer (Bölling et al., 
2008; Abaza, 2011). The incidence of pneumonitis and lung 
fibrosis in all lymphoma patients was 77 and 49.4%, 
respectively. There was a risk reduction in both diseases in 
NHL by 29.4 and 69.1%, respectively. Furthermore, the 
occurrence of lung fibrosis in NHL patients was 0.12 times 
lowered as compared to HD. The incidence was 83.3 and 
77.8% in high and 75.4 and 42% in lower dose of radiation, 
respectively. There was a risk reduction between both 
doses by 9.6 and 46% in both diseases, respectively. 
However, pulmonary function impairment after mediastinal 
irradiation in childhood and adolescence arose in one third 
of all patients, even when treatment was performed normo-
fractionated with lower doses of 15-25 Gy. Clinically, 
apparent pneumonitis with cough, fever, or dyspnea occurs 
in 5 to 15% patients that received more than 30 Gy in 
standard fractions to more than 50% of the lungs. 
Obstructive changes have also been reported after 
conventional RT (Landier and Bhatia, 2008; Bölling et al., 
2008; Abaza, 2011). Furthermore, pulmonary function tests 
and chest x-ray are recommended as a baseline upon entry 
into long term follow-up for patients at risk which can be 
repeated as clinically indicated in symptomatic patients and 
in those with subclinical abnormalities on screening 
evaluation (Landier and Bhatia, 2008).  

Additionally, skin reactions, in the form of skin tanning, 
dry desquamation and increased melanin production with 
telangiectasis were considered as dose-limiting for RT.   

Alopecia,   muscles   fibrosis  and   self-limited  transverse 
myelitis  can  also  be  caused  by radiation (Schreiber et al., 
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2011; Abaza, 2013). In the current study, erythema and hair 
loss were found in all patients receiving both doses of 
radiation. However, the incidence of fibrosis and 
desquamation was higher (94.4%) in high radiation dose 
and in HD (74%) patients than in lower dose (59.4%) and 
NHL (56.8%) patients. It has 0.63 times the risk of 
occurrence in the high radiation dose patients and there is a 
risk reduction between both doses by 37.1%. The NHL 
patients have 0.77 times the risk compared to HD patients. 
It has 0.09 times less likely occurrence in lower radiation 
dose compared to high radiation dose. Radiation-induced 
skin injuries occurred in patients due to the use of 
inappropriate equipments and, more often, poor 
operational techniques. Acute radiation doses may cause 
erythema at 2 Gy, and delayed skin necrosis at 12 Gy. 
Furthermore, skin reactions, which were considered as a 
dose-limiting, are rarely a problem when high-energy 
radiographs are used. Erythema is common after several 
weeks of radiation, but severe skin reactions, such as those 
observed in the orthovoltage era are uncommon (Schreiber 
et al., 2011; Abaza, 2013).  

Gastro-intestinal complications of RT have been 
recognized especially, late onset, but not extensively 
studied in children. Manifestations of gastrointestinal 
toxicity include dysphagia, nausea, vomiting, abdominal 
pain, diarrhea, bleeding and anorexia. Moreover, 
intolerance to fat, milk, gluten and fiber-containing food 
may be observed in abdominally irradiated children and 
cause growth and weight deficits. Severe gut toxicity with 
bowel obstructions leading to death was reported in 
several patients (Carrie et al., 2009; Bölling et al., 2010). In 
the present work, nausea has the highest incidence of GIT 
symptoms (92%) followed by chronic enterocolitis (63.2%) 
and GIT strictures (13.8%) in both type of lymphoma. All 
symptoms are more common in HD than NHL. The NHL 
patients have a risk reduction as compared to HD patients 
in the three diseases by 5.1, 28.7 and 3.5%, respectively. On 
the contrary, the incidence of nausea was higher in the 
lower radiation dose (92.8%) than in the higher dose 
(88.9%). The exposure to lower radiation dose might be a 
risk factor for the occurrence of nausea. However, GIT 
stricture was the lowest risk incidence of the GIT 
disordered in both radiation dose. It was 27.8 and 10.1% in 
higher and lower radiation dose, respectively. There was a 
risk reduction between both doses by 63.48%. Also, 
individuals who received lower dose of radiation are 0.29 
times less likely to have GIT strictures compared to those 
that received high radiation doses.  

Furthermore, Bölling et al. (2010) reported that patients 
who had been irradiated with doses exceeding 50 Gy to 
large bowel volumes will develop fatal toxicities. Contrarily, 
Bölling et al. (2009) found no severe bowel toxicity in 24 
patients who had been irradiated with a maximum dose to 
the bowel of 45 Gy (24-58 Gy) after high dose 
chemotherapy of busulfan/melphalan and a median follow-
up of 21 months. However, irradiation of organs at risk can 

be avoided using new technical RT approaches such as 
proton therapy (PT) or IMRT. On the other hand, there are 
no detailed data regarding the rate of late gastrointestinal 
complications after abdominal RT in children. Several 
reports describe small bowel obstruction as a sequel of 
surgery, but RT seems to be less important (Bölling et al., 
2010).  

Although antineoplastic therapy is commonly associated 
with acute and often reversible hepatotoxicity, and liver 
complications are common during and soon after treatment 
for childhood cancer, there is little follow-up on long term 
liver health in survivors of cancer and the risk of hepatic 
late adverse effects is largely unknown (Mulder et al., 
2011). Additionally, liver injury related to treatment for 
childhood cancer can be indolent and develop without a 
history of prior acute toxicity (Abaza and EL-Khouly,  
2013). Radiation-induced liver disease (RILD) in adults is a 
well-known phenomenon. The “classic” RILD occurs 
typically within 4 months following hepatic RT. The patient 
is present with fatigue, weight gain, increased abdominal 
girth, hepatomegaly, anicteric ascites, and an isolated 
elevation in alkaline phosphatase out of proportion to other 
liver enzymes. The characteristic initial finding is relatively 
normal liver function tests and normal bilirubin and 
ammonia levels (Guha and Kavanagh, 2011). In contrast, 
the patients with “non-classic RILD” possess liver function 
abnormalities including jaundice and/or markedly elevated 
serum transaminases (> 5 times the upper limit of normal) 
within 3 months of completion of hepatic RT (Abaza and 
EL-Khouly,  2013). It can also, resemble Veno-Occlusive 
Disease / Sinusoidal Obstruction Syndrome (VOD/SOS) 
resulting from endothelial cell injury, which is typically 
present in the first 12 weeks after completion of radiation. 
Moreover, late sequelae are characterized by painless 
hepatomegaly, esophageal or gastric varices, or 
splenomegaly with thrombocytopenia and sometimes 
decompensated cirrhosis develops (Castellino et al., 2010). 
In the current study, the incidence of hepatic dysfunction 
was found to be higher in HD patients (46%) than NHL 
(29.7%) patients. The NHL patients have 0.65 times the risk 
compared to HD patients.  

Furthermore, 88.9% of patients receiving high radiation 
dose developed hepatic dysfunction. It has 0.29 times the 
risk occurrence in the lower radiation dose patients with 
risk reduction between both doses by 70.7%. However, 
pediatric hepatic radiation dose limits have not been 
characterized, but in adults, where the whole liver has 
tolerance up to 30-35 Gy with conventional fractionation, 
the prevalence of radiation liver disease varies from 6 to 
66% based on the volume of liver involved and on hepatic 
reserve (Abaza and EL-Khouly,  2013).  Radiation with 
doses <20 Gy to major parts of the liver or higher doses to 
smaller parts (for example, the left lobe of the liver) seems 
to be safe   in   children  and   adolescents.  Detailed  dose-
volume tolerance information is needed but not yet 
available (Bölling et al., 2010). Smaller volumes of liver
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may be safely irradiated to higher doses, while accounting 
for the radio-sensitizing effects of CTH (Castellino et al, 
2010). On the other hand, no RILD was observed when the 
mean liver dose was <31 Gy. The corrected mean liver dose 
in 1.5 Gy fractions associated with a 5% risk of RILD was 
higher for patients treated for liver metastases (37 Gy) than 
for hepatobiliary cancer (32 Gy), consistent with numerous 
reports demonstrating a higher risk of toxicity among 
patients with worse baseline liver dysfunction (Abaza and 
EL-Khouly,  2013). Irradiation of the kidney can occur when 
the primary tumor is located in or near the kidney (Abaza 
and EL-Khouly, 2012). Although well described in 10 to 
50% of children receiving RT to a field including both 
kidneys, the true extent of chronic RT-induced 
nephrotoxicity in children is unclear and may be under-
recognized due to its late onset and the presence of other 
potential causes of renal damage in most patients. Acute 
and subacute nephrotoxicity is often asymptomatic but may 
be revealed by biochemical manifestations of glomerular 
impairment (for example, raised serum creatinine). Chronic 
renal damage may be present with hematuria, proteinuria, 
hypertension, edema and anemia, often progressing to CRF 
(Dawson et al., 2010).  

In susceptible patients, radiation nephritis or radiation 
nephropathy arises after a latent period of 3 to 12 months. 
Doses less than 18 Gy to the entire kidney appear to rarely 
cause severe or long-lasting renal injury while doses 
greater than 20 Gy result in significant nephropathy 
(Stefanowicz et al., 2007). However, kidney function 
impairment due to radiation is rare in children (Bölling et 
al., 2010). In the present study, cystitis and renal 
insufficiency were detected in 69 and 5.7% of lymphoma 
patients, respectively which are more in HD and have 27.2 
and 9.9% decreased risk in NHL patients, respectively. 
Furthermore, the incidence of both diseases is higher with 
high radiation dose with 0.94- and 0.39-time risk compared 
to the lower radiation dose.  

In general, previous studies have shown that the risk for 
renal insufficiency and hypertension are higher among 
children receiving higher doses of radiation (Wright et al 
2009; Abaza and EL-Khouly 2012). Meanwhile, Knijnenburg 
et al. (2012) found that, almost 30% of survivors had renal 
adverse effects or high BP.  High BP and albuminuria were 
most prevalent at 14.8 and 14.5%, respectively. In the 
current study, the systolic and diastolic blood pressure 
mean-difference as compared from 90th percentile of 
corresponding group of age and sex was higher in 10.2% 
(12/118) of patients. Diastolic hypertension has been 
reported, although the incidence is variable: from 0 to 7% 
(Colaco et al., 2007; Levitt, 2012). In a large analysis of 
1,171 children treated for Wilms Tumor whose blood 
pressure was measured 5 years after diagnosis, 83 (7%) 
had a diastolic blood pressure >95th percentile for age 
(Levitt, 2012). However, radiation to the kidney in doses 
exceeding 23 Gy given over 4 to 5 weeks is a well-defined 
cause of chronic nephritis. Moreover, Ko et al. (2009) 

reported that subclinical impairment (tested by renal 
clearance with 99mTc MAG3) was observed in patients who 
had received 20 Gy to both kidneys in combination with a 
dose above 30 Gy in the upper half of one kidney. 
Furthermore, the renal complication rate was moderate 
and other factors including surgery, extent and nature of 
chemotherapy, and recurrent tumour also have to be 
considered (Bölling et al., 2010). 

Anaemia is a frequent complication of lymphoid 
neoplasms as a result of the disease and myelotoxic 
chemotherapy, and has a significant impact on treatment 
outcome, survival and quality of life (Zupanić-Krmek et al., 
2011). Anaemia may result from impaired mobilization of 
iron stores or may indicate the presence of advanced 
disease (bone marrow infiltration and/or failure) (Nogová 
et al., 2008).  

In the current study, there is a statistically significant 
indication that RT can induce anemia (P-value= 0.03) and 
highly statistically significant indication that it can induce 
leucopenia and thrombocytopenia in the studied patients 
(P-value= <0.0001, <0.0001 of TLC and PLC, respectively). 
Moreover, after 40 Gy of irradiation, the maximum 
depression of marrow activity occur 6-months post-
irradiation; however, the hemopoietic activity within the 
irradiated area may be depressed for years. The recovery of 
the hematopoietic activity is dependent on volume of 
irradiated marrow, the age of the patient at the time of 
irradiation and the dose of irradiation (Fliedner and 
Graessle,  2008; Abaza and EL-Khouly, 2013). Furthermore, 
survivors  of  paediatric  and  adolescent  clearly  represent  
a  sub-group  of  patients  at  high-to very high risk of 
secondary malignancies (SM), which remains a serious late 
effect of treatment, especially in HD patients. This is  
particularly  true  for  children  treated  many  decades  ago  
with  predominantly  radiation-based therapies; they show 
an approximately ten-fold increased risk of developing a 
second cancer (Abaza, 2013). Acute Myeloid Leukemia 
(AML) was detected in 2 (1.7%) NHL patients who received 
high dose RT (40-50 Gy) in the current study However, 
radiation is a well-known risk factor for the development of 
SMNs, with some of the most compelling evidence in 
survivors of HL following mantle radiation. Ionizing 
radiation is associated with several types of cancer, with 
the risk being highest when the exposure occurs at a 
younger age. The risk increases with the total dose of 
radiation and with increasing follow-up after radiation 
(Abaza, 2013). 
 
 
CONCLUSION 
 

Lymphomas are characterized by a high degree of radio-
responsiveness and therefore, RT is an important modality 
in controlling these malignancies, hence, optimal  systemic 
therapy is paramount. Recent progress in biology and 
histopathology   as  well    as,   cytogenetic   techniques   has 
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allowed us to study homogeneous patient populations and 
have given an opportunity to reassess the role of RT in their 
management. As cure can be achieved in a large majority of 
patients, LT-effects and quality of life of the survivors are 
presently the principal challenges to pediatric oncologists. 
Late effects of treatment manifesting as normal tissue 
toxicity and especially second cancers are continuing 
concerns following curative therapy. Attention to late 
morbidity while we devise treatments to improve the cure 
rate remains an important goal. Attention also needs to 
focus on the development of intervention strategies, such as 
behavior modification, educational interventions, screening 
for early detection of late effects, and chemoprevention. 
The trade-off between cure and late toxicity necessitates 
the identification of patients who require intensification of 
chemotherapy and/or RT and those who can be treated 
without RT. This requires a treatment approach based on 
the risk stratification (upfront burden of disease) as well as, 
early response adaptation (favorable response to 
chemotherapy). Different strategies have been 
implemented to reduce the toxicities of RT. Since normal 
tissue complication rate is a function of dose and volume, 
the therapeutic ratio of RT should improve both with lower 
treatment doses and smaller target volumes. On the other 
hand, some measures have been added without apparent 
loss of disease control, for example, reduction of 
radiotherapy fields from extended field to Involved Field 
Radiotherapy (IFRT) and Involved Node Radiotherapy 
(INRT) techniques. This has lowered the exposure of 
normal tissues to radiation without an increase in the rates 
of recurrence. Moreover, it was possible to omit 
consolidation radiotherapy altogether, as in patients with 
advanced-stage disease in whom a complete response was 
seen at the end of chemotherapy. However, not all trials 
have shown equivalent efficacy for less intensive treatment.  
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