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ABSTRACT:
AIM: The aim is to study the changes that occur in lymphocyte count in cancer patients‘undergoing radiation.

OBJECTIVE: The study is to now the numerical changes of lymphocytes analysed through automated analyser in cancer patients
undergoing radiation.

BACKGROUND: In cancer patients undergoing radiation, the beneficial effects of radiation may extend beyond direct cytotoxicity
to oncogenic cells. Delivery of these radiations in localised areas often leads to.Systemic responses in distinct areas; these
mechanisms are diverse and.include trafficking of lymphaocytes inte the tumour microenvironment, enhanced tumour recognition
and Killing via up-regulation of tumour antigens and antigen presenting machinery and, induction<f positive immunomodulatory
pathways.

REASON: The prevalence of cancer is increasing day by day.and so to understand the effect and impact of radiation.
KEYWORDS: radiation, lymphocytespcancers

INTRODUCTION:

A carcinoma is a result of the mutations of the DNA.that activate or deactivate the tumour suppressor genes. These may occur
suddenly or as a result of being exposed to radiation or carcinogenic substances that are influenced by the genetic factor [1]. Any
carcinoma or cancer is treated by the following radiotherapy;.chemotherapy or surgical procedures. Radiation exposure can be acute
or chronic, and the severity of symptoms depends on many factors,such as total dose, dose rate, distribution of dose, susceptibility
of the person to radiation, and the type of organs (more radiosensitive tissues) [2,3].The effect of radiation on healthy individuals
depends on the total dose and dose rate of the exposure to radiation. High dose of ionising radiation is generally considered to be
harmful, causing DNA damage, apoptosis and transformation of normal cells to tumour cells.[4] An increased susceptibility of
infection is associated with the whole body exposure to moderate amount of ionising radiation[5]. Lymphocytes are the main type
of WBCs which is a part of immune system. They are fund from the lymph and hence prompted the name lymphocyte. They are of
two types B cells and T cells. Radiation induced alterations in the function and number of peripheral blood lymphocytes have been
described recently in patients treated with radiation therapy for carcinoma of the bladder, breast, lungs and uterine cervix [6].
Lymphocytes, which belong to a population of radiation sensitive cells, account for approximately 30% of the normal human white
blood cell population and play an important role in antitumour immunity [7]. In a study by Nagai and colleagues, peritransplant
lymphopenia was found to predict HCC recurrence after liver transplantation [8]. A low absolute lymphocyte count (ALC) was also
used as an indicator of malnutrition and poor immune response in patients with chronic liver disease [9]. In addition, increasing
evidence has shown that radiation-related lymphopenia is correlated with tumour progression and prognosis in several types of
advanced cancers [10,11]. From these studies, we can hypothesize that peripheral ALCs will decline during RT, and the degree of
decline may exhibit some clinical significance. However, the relationship between the minimum absolute lymphocyte count (Min
ALC) during RT and clinical outcomes in patients with HCC has not been characterized.

Total body irradiation or TBI (where a person’s entire body is treated with radiation) is the only type of radiation likely to cause
very low white blood cell counts. This type of radiation may be used during the bone marrow or stem cell transplant process. The
patients were grouped according to total dose received and clinical status after radiotherapy. Twenty-eight patients were treated at
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the Department of Radiology, Group | was treated with 6500 to 6800 rads and remained tumor free for 5 years; Group Il also
received 6500 to 6800 rads but developed recurrent tumors after treatment; Group 1l (6 cases) was treated at Radiumhemmet
KamohinskaHospital, Stockholm, Sweden. A total dose of 8300 to 8500 rads was given as described elsewhere (3); all patients in
this group had a residual tumor after therapy.

Radiation is most often given to just one part of the body, so the whole immune system isn’t damaged by radiation exposure. Still,
depending on the dose and the part of the body being treated with radiation exposure, the skin or mucous membranes may be
impaired, so you’re less able to keep microrganisms out. Previous reports of the effects of intensive chemotherapeutic regimens on
PB lymphocyte (PBL) populations are scarce. Strender et all7 reported decreased PBLs in women undergoing adjuvant therapy for
breast cancer with chlorambucil, methotrexate, and 5-fluorouracil; however, T-cell subset analyses and T-cell phenotyping were
not performed in this report. Although the prevalence of significant lymphopenia in similarly treated patients was not reported,
Brunvand et all8 reported decreased CD4+ counts and concurrent pneumocystis pneumonia in two women treated with multiagent
chemotherapy and radiation therapy for breast cancer. Because we have noted an increase in opportunistic infections in patients
treated for cancer with dose-intensive regimens at our center in the past several years, we have systematically studied changes in
PBL populations associated with intensive chemotherapy. Ten children and young adults treated with three separate dose-intensive
protocols during the years 1990-1993 were evaluated by flow cytometric analyses of PBL populations obtained serially upon
maximal hematologic recovery from successive cycles of chemotherapy. We report that although the time between cycles was
adequate for granulocytic, monocytic, and platelet recovery, lymphocyte populations did not recover before the administration of
successive cycles of therapy leading to severe B-cell and T-cellddepletion in these patients.

Today, radiation treatments are most often given over many sessions rather than in one large dose. This helps minimise the amount
of skin and tissue impairment, immune suppression, and the risk-of infections. Radiation induced alterations in the number and
function of peripheral blood lymphocytes have recently beenidescribed in“patients treated with radiotherapy for carcinoma of the
breast (1-6), lung (7-9), bladder (7- 10), uterine cervix (2,6, 11). testicular seminoma and carcinoma (12. 13). Hodgkin's disease,
(14-19) and in children receiving prophylactic.craniospinal irradiation for acute lymphoblastic leukemia (13, 20). Most studies have
demonstrated an acute lymphocytopenia and suppression of immune function, shortly after the initiation of treatment. Several
investigators have shown that a partial réecovery may occur within the first 18 'months-after the completion of treatment (6. 8, 10-
14). There are, however, few data available on the long term effects.of radiation therapy on.the number and immune function of
peripheral blood lymphocytes in patients in continuous remission many-years after treatment.

In the present study, we assessed the variationsofsdymphocyte count during the full‘course.of radiation in patients affected with
different types of tumours:

MATERIALS AND METHODS:

The lymphocyte values ofipatients.undergoing palliative radiotherapy with 5 fractions are given below. Complete Blood Count
reports were collected from a.local cancer clinic with the ‘consent of patients and the counts were‘collected for 5 fractions. The
technique of radiation used was 3DCRT technique forallithe patients:

RESULT:

Throughout the radiotherapy the lymphocyte counts can vary.from 16.33-21.53%. After the first, second, third, fourth and fifth
fraction of radiotherapy the average range of lymphocytes are from 21.84-27.04, 16.16-24.36, 15.99-21.19, 16.08-21.28 and 11.59-
16.79 respectively

Table 1 Results of platelet count changes in patients

Sl.no age sex Fractionl Fraction2 Fraction3 Fraction4 Fraction5

1 49 F 27.8 14 25 32 19

2 62 M 24 20 17 40 12

3 60 M 12 12 12 10 10

4 40 F 21 25 31 22 10

5 34 F 37 37 31 27 15

6 63 M 10 8 4 4 20

7 62 M 10 25 22.5 20 13

8 30 M 22.8 4.2 12.7 10 14

9 50 F 33.8 25 25 20 10

10 60 F 37 13 10 10 15

11 45 F 25.1 21.6 3.4 21.1 4

12 53 M 31 31 25 20 22.1

13 37 F 20 15 15 10 20

14 75 F 26 24 13 15 10

15 60 F 30 3 34 19 20

16 45 F 23.6 22.5 16.9 18.8 13
DISCUSSION:

A decline in the ALC after treatment has been identified as a prognostic biomarker for several malignancies. Saroha and colleagues
suggested that a low ALC is associated with aggressive features and inferior survival in patients with clear cell renal cell carcinoma
[Saroha et al. 2013]. Balmanoukian and colleagues reported that lymphopenia was an independent predictor for survival in patients
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with resected pancreatic adenocarcinoma [Balmanoukian et al. 2012]. A decline in peripheral lymphocyte counts after RT was first
described in the 1970s [Stratton et al. 1975], but the clinical significance has not been well studied. This retrospective analysis of
HCC patients who received RT demonstrated that lymphocyte counts declined after RT, and this observation has also been found
in other cancer types [Santin et al. 2000; Pinkawa et al. 2014].

Several large studies of patients with carcinoma of the cervix who were treated by radiotherapy have demonstrated that anemia at
presentation is a poor prognostic factor predicting for decreased local control of disease and overall patient survival.1-8 The
association between anemia and poor patient outcome has been assumed to be causal: anemia leading to an increase in the tumor
hypoxic fraction with subsequent relative radioresistance resulting from impaired tumor oxygenation.2, 9 The assumption of a
causal relation had become the rationale for administering blood transfusions to anemic patients prior to and/or during radiotherapy;
it also stimulated investigation into hypoxic cell sensitizers as well as methods that attempt to improve the oxygen carrying capacity
of the blood through the use of hyperbaric oxygen, carbogen, perfluorochemicals, blood flow modifiers, and, more recently,
recombinant human erythropoietin.3, 10-16

Data from experimental animal studies, however, suggest that tumors can adapt to chronic anemial7, 18 and that an increase in the
tumor hypoxic fraction resulting from anemia is transient. Moreover, many clinicians now believe that anemia at presentation may
not be a treatment-related factor but may be solely or partially a tumor-related manifestation of more aggressive cervical
carcinoma.19 Hence, the mechanisms underlying the clinical association between anemia and poor patient outcome may be more
complex than originally believed or even may be unrelated to anemia-induced tumor hypoxia. Whether blood transfusion can
improve the outcome for anemic patients who receive radical radiotherapy for carcinoma of the cervix remains unclear.

Although animal studies demonstrate that tumor radiosensitivity increases after blood transfusion,18 there are only two clinical
studies of patients with carcinoma of the cervix that have suggesteda benefitfor blood transfusion.2, 4 Of these, the only randomized
and widely quoted study concluded that maintainingpatient hemoglobin levels> 125 g/L significantly improves pelvic control rates
compared with the rates in patients with lower hemoglobin levels.2 However, that study's conclusion of benefit is undermined by
the small patient numbers and the lack of a.multivariate analysis to‘evaluate thesimpact of other prognostic factors on patient
outcome.

Concerns regarding the well-defined.risks associated with blood transfusion have escalated over the past decade. Blood transfusion
exposes recipients to infectious diseases, such as human immunodeficieney virus and hepatitis Cpand may increase the risk of tumor
recurrence by blood transfusionsinduced immunosuppression.20-26

The primary objective of this multiinstitutional Canadian survey of anemia and blood transfusion.practice'in patients with carcinoma
of the cervix was to examine the impactof anemia and blood transfusion on the outcome'of patients who were treated with definitive
radiotherapy. Patient hemoglobin levels at presentation andiduring.radiotherapy were profiled to establish the prevalence and time
course of anemia. The range ofspractice of blood transfusion’ifi patients with carcinoma of the cervix as well as the change in
practice after clinicians and patients became'more concerned about the'risks associated with blood transfusion also were examined.
First, some studies have suggested that lymphopenia during RT might be caused by the apoptosis of lymphocytes that are caught in
the radiation field [Yovino and Grossman, 2012]. Second, the correlation between the increasing infiltration of CD4+ T lymphocytes
at tumour margins and a better prognosis of HCC patients:has been demonstrated [Ma et al. 2016]. Third, in vivo studies have
shown that tumour cells that are dead or dying due to RT with or without chemotherapy can present as tumour-associated antigens
to host immune cells and thereby activate antitumour immune responses [Apetoh etal. 2007]. Some clinical data have revealed the
presence of radiation-induced antitumour immunity. in humans [Schaue et al. 2008]. Lymphocytes exert an antitumour effect in the
tumour microenvironment and affect cancer development and progression [Fu et al. 2013]. HCC patients with severe lymphopenia
have worse immune system function and antitumour immunity. This association has also been verified in other types of cancer [Cho
etal. 2016a, 2016b]. Consequently, a lower serum Min ALC during RT; as a reflection of the host immunity network, may be used
to predict the result of cancer treatment. However, we cannotiignore.the effect of various factors such as host nutrition and chronic
infection on the peripheral lymphocyte counts. HBV activation and other infections were not detected in any patients in our study
during the course of RT; therefore, we could state that this value'reflects the overall condition of the host to fight the tumour. The
Min ALC may be a good marker of the host immune reaction to the tumour. Most of the reported studies on the effects of ionizing
radiation on immune functions in mammals have dealt with single. whole body radiation exposures (38. 39). There have been only
a few studies on the effects of localized or regional fractionated irradiation, such as employed in clinical radiotherapy. on immune
functions in man.

The finding that uncorrected anemia before or during radiotherapy in patients with carcinoma of the cervix compromises pelvic
control and survival rates has led to several hypotheses regarding the causal mechanisms underlying the association. Many believe
that anemia impairs the tumor's response to radiotherapy by increasing the tumor hypoxic fraction and resulting in relative
radioresistance. However, others have questioned this point of view, suggesting that anemia is primarily a tumor-related poor
prognostic factor that cannot be overcome by administering blood transfusion. This latter hypothesis is supported by data from
several studies suggesting that anemic patients with carcinoma of the cervix who are treated with surgery also appear to have a poor
prognosis.8 These studies have shown that anemia at presentation is associated with other tumor-related poor prognostic factors,
such as advancing stage of disease2, 8, 9 and large tumor size.8 Also, animal studies have demonstrated that tumors exposed to low
levels of oxygen for prolonged periods of time, as seen in the chronic anemia of malignancy, do not necessarily remain hypoxic but
are able to adapt to their microenvironment. Although the exact mechanisms by which tumor adaptation occurs are unknown,
evidence suggests that tumors are capable of reducing the greatest dimension of tumor cords and changing the level of red blood
cell 2,3-diphosphoglycerate concentration in response to anemia, thereby restoring tumor oxygenation.18 However, although the
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latter observations have been seen in the animal model, it is unknown whether these mechanisms operate in human cancer.
Furthermore, the anemia of carcinoma of the cervix often is acute superimposed on chronic, and animal experiments suggest that
acute anemia consistently causes radioresistance,17, 18, 32 which may be overcome by blood transfusion.32, 33

Interpreting the results from reports of other clinical data gathered from examining the correlation between anemia and poor
outcome is difficult not only because of the uncertainties discussed above but also because varying definitions of anemia are used,
e.g., levels as low as 100 g/L and as high as 125 g/L. Also, single measurements of hemoglobin or hematocrit levels taken before
treatment often are used to reflect the hemoglobin level throughout the course of treatment. As observed in this study, levels may
change due to hemorrhage, chronic decline/depletion of iron stores, and/or blood transfusion. Blood transfusions are given at
varying levels of hemoglobin that may or may not be influenced by local policy and by patient and/or doctor concern regarding the
transmission of infectious diseases or the declining availability of blood. Hence, from the currently available information it is not
possible to distinguish the degree to which anemia is a treatment or a tumor-related poor prognostic factor; in fact, it may be both.
Most of the reported studies on the effects of ionising radiation on immune functions in mammals have dealt with single, whole
body radiation exposures " 8. There have been only a few studies on the effects of localised or regional fractionated irradiation,
such as employed in clinical radiotherapy, on immune functions in man. In this study we have described the changes in the
lymphocyte number in cancer patients undergoing radiation.

CONCLUSION:

Radiation exposure in cancer patients and its impact on lymphocyte count have been investigated for 16 patients. There is a drastic
decrease in the lymphocyte count, therefore it is most affected: The pathological complete response is yet to be analysed by obtaining
more than 50 patients.
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