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Abstract

and11.82+5.53Gy to right and left parotid gland respectively.

mean dose to the parotid glands could be decreased.

Background and purpose of study: Whole brain radiation therapy (WBRT) has been the treatment of choice for the brain metastasis,
irrespective of primary site of malignancy. Many times, parotid glands are not delineated as organs at risk, hence the dose to the parotid glands
are not reported during planning of WBRT. Hence in this study we intent to see the dose received by the parotid glands during WBRT.

Materials and Methods: This is a prospective study. Totally 63 patients who had received whole brain radiation therapy from January 2018
to December 2019 at a quaternary Oncology centre were accrued. Patients planned for WBRT with brain metastases from solid organ malignancy
and for haematological malignancies were included. Patients planned for brain metastases and PCI received a dose of 30Gy and leukaemia
patients a dose of 18Gy in 10 fractions, to the whole brain. Prospectively bilateral parotid glands were delineated.

Results: 28 (44%) of the patients received palliative WBRT due to brain metastases due to malignancy arising from solid organs, 35 (56%) of
the patients received WBRT due to haematological malignancy. The means of mean doses to right and left parotid glands were 12.01+ 5.62Gy and
12.63+5.36Gy respectively in those with solid organ malignancies and similarly in those with haematological malignancies were11.63+4.64Gy

Conclusion: Even in patients planned for WBRT delineating the parotid glands is to be done irrespective of treatment intention, so that the

Introduction

Whole brain radiation therapy (WBRT) has been the treatment
of choice for the brain metastasis, irrespective of primary site of
malignancy. With the advent of newer chemotherapeutic agents to
control the systemic disease and early diagnosis of the metastatic
disease in brain has led to improvement in the overall survival
and longer median survival of 7-10 months of the patients with
brain metastases and also improved the quality of life [1,2].
Whole brain radiation therapy has been given in the patients with
leukaemia’s, lymphomas and prophylactically in small-cell lung
cancer [3]. WBRT delivers significant dose to the parotid glands
[4]. Many times, parotid glands are not delineated as organs at
risk and avoidance of the radiation therapy are not done. Hence
dose to the parotid glands are not reported during WBRT. It is well
established that minimizing the dose to the parotid glands during
radiation therapy in head and neck cancer patients decreased the
risk of xerostomia [5]. Hence in this study we intent to estimate
the dose received by the parotid glands during whole brain RT and
discuss the risk of these patients developing xerostomia.

Materials and Methods

This is a prospective study conducted among 63 patients who
had received whole brain radiation therapy from January 2018 to
December 2019 at a quaternary Oncology centre. Patients with
brain metastases from solid organ malignancy irrespective of the
primary site of origin, histology of the primary disease, number
of metastatic lesions in the brain and among patients receiving
therapeutic, prophylactic and palliative WBRT for haematological
malignancies like leukaemia and lymphoma were included for
the study. Patients who received WBRT as prophylactic cranial
irradiation (PCI) in small cell lung cancers were also included.
Patients who received WBRT for primary brain malignancy,
cranio-spinal irradiation and those who were treated with parallel
opposed open portal radiation therapy were excluded from
the study. In brain metastases the dose of 30Gy in 10fractions,
with 3Gy per fraction were given over a period of 2 weeks. In
leukaemia, the patients received a dose of 18Gy in 10 fractions,
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with 1.8Gy per fraction over period of 2 weeks to the whole brain.
The patients planned for PCI received a 30Gy in 10fractions, with
3Gy per fraction were given over a period of 2weeks. According to
institutional protocol, clinical treatment volume (CTV) of all the
patients consisted entire brain parenchyma along with meninges,
excluding optic nerves were included from vertex to C1 vertebra.
0.5 cm margin was given all around CTV to create planning target
volume (PTV). Once the patients who met with above mentioned
criteria were selected, prospectively bilateral parotid glands
were delineated by a single radiation oncologist to minimise the
subjective bias. The maximum dose (D max), minimum dose (D
min), mean dose (D mean) for each parotid gland was noted. Also,
volumetric parameters like percentage volume of the parotid
gland receiving 5Gy (V5), 10Gy (V10), 15Gy (V15), 20Gy (V20),
25Gy (V25) for each parotid gland were tabulated.

Statistical Analysis

All the data was entered in Microsoft 2010 excel sheet.
Continuous data viz., age, volume of parotid glands percentage

volume of parotid glands receiving the radiation dose, maximum
(Dmax), minimum (Dmin) and mean doses received by the
parotids were expressed in means and standard deviations. The
categorical data viz., gender and primary site of origin were
expressed in proportions and percentages.

Results

Out of 63 patients selected, 28 (44%) of the patients received
palliative WBRT due to brain metastases of malignancy arising
from solid organs, 35 (56%) of the patients received WBRT due to
haematological malignancy. The mean age of patients with brain
metastases due to solid organ malignancy was 47.43+12.55 years
and haematological malignancy was 9.08+6.51 years. Among
the solid organ malignancy, lung cancer 10 (35.7%), followed by
breast cancer patients 7 (25%) made most of the patients and rest
malignancy as described in the table 1. Majority i.e., 33 (52.4%)
received WBRT as prophylactic radiation therapy due to Acute
lymphoid leukaemia (ALL) (Table 1).

Table 1: Socio-demographic profile of the patients and distribution of primary site of origin.

Solid Organ Malignancies

Haematological Malignancies

Particulars Frequeny/ Particulars Frequeny/
Mean Mean
Age (Mean+SD) 47.43+12.55 Age (Mean+SD) 9.08+6.51
Gender n (%) Gender n (%)
Male 15 (53.57%) Male 21 (60%)
Female 13 (46.42%) Female 14 (40%)

Primary site of origin

Primary site of origin

Lung 10 (35.71%) Acute Lymphoid Leukemia (ALL) 33 (94.28%)
Breast 7 (25%)

Unknown origin 3(10.71%)
Ovary 2(7.14%)
Cervical 1(3.57%)

Endometrium 1(3.57%) Lymphoma 2 (5.71%)
Prostate 1 (3.57%)
Gastric 1(3.57%)
Melanoma 1(3.57%)
Rectal 1 (3.57%)

The mean volumes of right parotid gland was slightly more
(18.23 + 6.76 cc) compared to left parotid gland (17.90+ 5.44 cc)
in those with solid organ malignancies and it was same for both
in those with Haematological malignancies i.e., 8.54 * 3.40cc
(Table 2). The mean percentage volumes receiving the dose of
5, 10, 15, 20 and 25 in Gy showed progressive decrease in both
the parotid glands among solid organ and similarly the dose of 5,
10 and 15 Gy in haematological malignancies (Table 3). Among

those with solid organ malignancies, the means of maximum
doses to right and left parotid glands were 26.80+7.82Gy and
26.78+7.97Gy respectively and means of mean dose were 12.01+
5.62Gy and 12.63+5.36Gy respectively. Similarly, among those
with haematological malignancies means of maximum doses
and mean doses were 18.31+0.34Gy and 11.63+4.64Gy to right
parotid gland and 18.13+0.40Gy and 11.82+5.53Gy to left parotid
gland respectively (Table 4).
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Table 2: Mean volume of parotid glands.

Type of Malignancy Parotid Gland Volume in cc (Mean+SD)
Right 18.23 +6.76
Solid organ Left 17.90+ 5.44
Both Right and Left combined 36.13+12.02
Right 8.54 +3.40
Haematological Left 8.54 +3.40
Both Right and Left combined 16.99 + 14.61
Table 3: Mean percentage volume of parotid glands receiving the dose.
Site of Malignancy Parotid gland \ e Visey Ve Vs
Right 83.53+24.07 75.44+26.78 66.15+28.57 52.26+34.11 44.52+34.39
Solid organ
Left 79.65+28.23 71.98+30.07 65.14+31.09 52.47+33.79 45.50+32.84
Right 97.56+6.45 95.19+8.70 92.97+11.42 - -
Haematological
Left 99.07+6.85 94.69+8.54 92.21+11.39 - -
Table 4: Means of maximum, minimum and mean doses received by the parotid glands.
. . . Maximum dose Minimum dose Mean dose
Site of Malignancy Parotid gland (D._in Gy) (D, inGy) (D, inGy)
Right 26.80+7.82 2.01£3.11 12.01£5.63
Solid organ
Left 26.78+7.97 2.39+3.50 12.63+5.36
Right 18.31+0.34 5.23+5.74 11.63+4.64
Haematological
Left 18.13+0.40 4.53+4.65 11.82+5.53

Discussion

The incidence of brain metastasis is hypothesized to have
increased during the last 20 years partly due to increased usage
of MRI in detection of lesions and a global increase in incidence
and diagnosis of cancer [1]. According to Deasy JO et al. [6,7]
and Quantitative Analyses of Normal Tissue Effects in the Clinic
(QUANTEC) group the severe xerostomia can be avoided, if at
least one parotid gland receives a mean dose lesser than 20 Gy
or both parotid glands receives a mean dose less than 25 Gy.
Though the guidelines say so, in other literatures, significant loss
of salivary secretion has been noted at even low mean dose of
even 10 Gy [8]. Chao et al. [9] showed an exponential reduction of
approximately 4% in salivary flow for each Gray of mean parotid
dose impacting the quality of life of patients surviving for longer
duration post radiation therapy [9] Noh OK et al., predicted
rates of Normal tissue complication probabilities (NTCP) for the
parotid gland-xerostomia, ranged from 9%-19% vs. 6%-12%, for
the mean parotid dose of 15.3 Gy vs. 11.9 Gy [4]. Hence in our
study the mean dose of the parotid glands being 12Gy and 11Gy
in both solid organ and haematological malignancies, chances
of developing parotid gland dysfunction cannot be ruled out. In
paediatric patients ranging from 3-18 years in our study, the mean
doses received by right and left parotids were 11.90+4.37 Gy and

11.57+5.40 Gy respectively which is also more compared to above
mentioned literature.8 Moreover, the volume of right and left
parotid glands among the paediatric patients with haematological
malignancies between 3-18 yearswere 8.12+2.94 ccand 7.91+3.19
cc which are comparatively smaller compared to that of those
of higher age group with solid organ malignancies. The means
of percentage volume of the gland receiving dose V5Gy, V10Gy,
V15Gy were also more in paediatric patients with haematological
malignancies between 3-18 years were 97.31+6.56, 94.83+8.83
and 92.96+10.74 for right parotid and 96.83+6.99, 94.38+8.71
and 91.83+11.62 for left parotid respectively and are relatively
more compared to that of those of higher age group with solid
organ malignancies. Hence expecting higher survival of paediatric
patients with haematological malignancies, development of
xerostomia in latter part of life will be tragic [10]. Due to limited
availability of studies conducted in patients receiving WBRT of
paediatric age group, we were not able to quantify the damage
induced by the radiation therapy in those growing age group.

Conclusion

Compared to the existing literatures, we would conclude that
delineation of the parotid glands is to be done irrespective of the
intention of the treatment even in patients planned for WBRT
and decrease the mean dose of the parotid glands as much as
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possible. The dose delivered to the paediatric parotids is much
more compared to the adult parotids considering smaller parotid
volumes.
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