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Objective: Brain radiotherapy often results in impairment of hypothalamic—
pituitary (HT-P) function, which in turn causes secretory dysfunction of related
hormones. In this paper, the frequency of metastasis in the HT-P area and its
high-risk factors in patients with brain metastasis were retrospectively analyzed,
and thus provide experimental evidence for protecting HT-P area during whole
brain radiotherapy (WBRT).

Methods: A retrospective analysis was performed on the data of patients with
brain metastasis diagnosed by cranial magnetic resonance imaging (MRI) at the
First Hospital of Lanzhou University from 2017 to 2020. The anatomical positions
of the hypothalamus and pituitary were delineated, followed by their expansion
by 5mm outwards, respectively, in the three-dimensional direction, and the
hypothalamus +5mm and pituitary +5mm were obtained as the avoidance
area, in which the frequency of brain metastasis was evaluated. Univariate and
multivariate logistic regression models were used to analyze the high risk factors
of brain metastasis in HT-P area.

Results: A total of 3,375 brain metastatic lesions from 411 patients were included
in the analysis. The rates of brain metastasis in the hypothalamus +5mm and
pituitary +5mm in the whole group of cases were 2.9% (12/411) and 1.5% (6/411)
respectively; the frequency of lesions was 0.4% (13/3375) and 0.2% (6/3375)
respectively. Univariate and multivariate analyses showed that the number
of brain metastases (OR=14.946; 95% Cl=4.071-54.880; p<0.001), and the
occurrence of brain metastasis in the pituitary (OR=13.331; 95% Cl=1511-
117.620; p = 0.020) were related to brain metastasis in the hypothalamus, and that
the only relevant factor for brain metastasis in the pituitary was the occurrence
of that in the hypothalamus (OR = 0.069; 95% Cl = 0.010-0.461; p = 0.006). There
was no correlation between tumor pathological types, the maximum diameter,
the total volume of brain metastatic lesions and the risk of brain metastasis in
hypothalamus and pituitary.

Conclusion: The frequency of brain metastasis in the HT-P area is extremely
low. The risk of brain metastases in the hypothalamus is correlated with their
number. The larger the number of metastatic lesions, the higher the frequency
of brain metastasis. Protection of the HT-P area during WBRT may be unlikely to
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compromise the tumor recurrence rate for patients with a relatively small number

of brain metastases.
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Introduction

It has been reported in studies that up to 40% of tumor patients
will develop brain metastasis (1). Radiotherapy is an important
therapy for brain metastasis, and whole brain radiotherapy (WBRT)
is a commonly used treatment modality, especially for patients with a
large number of brain metastases (2, 3). Prophylactic WBRT is an
important component in the treatment of small-cell lung cancer (4).
With the advancement of medical treatment and radiotherapy
technology, the survival time of patients with brain metastasis has
been greatly prolonged, and people have began to pay more attention
to the toxicities and side effects as well as quality of life which are
related with treatment. WBRT can cause neurocognitive dysfunction,
which is related to hippocampal injury caused by radiotherapy (5, 6).
Several studies have shown that hippocampal protection during
WBRT can reduce the risk of cognitive impairment (7, 8). WBRT
technologies for hippocampal protection have been widely applied in
clinic. However, in addition to neurocognitive dysfunction caused by
hippocampal damage, radiotherapy-induced hypothalamic-pituitary
(HT-P) dysfunction is also a concern that is not uncommonly seen in
clinic (9-11). In the past, more attention was paid to HT-P dysfunction
caused by radiotherapy for head and neck or brain tumors in clinic
(12-14). WBRT-induced HT-P dysfunction is often overlooked due
to its low dose irradiation. However, more and more studies have
suggested that receiving low-dose irradiation of 18-40Gy in the HT-P
area can also cause secretory dysfunction of related hormones (9, 10,
15, 16). Therefore, it needs to be considered whether or not to protect
this area during WBRT, which, however, depends on the frequency of
brain metastasis in it. Unfortunately, there was few research reports
on the frequency of brain metastasis in the HT-P area in the past, and
there was also a lack of scientific evidence in this regard. Therefore, it
is necessary to investigate the frequency of brain metastasis in the
HT-P area and associated risk factors. In this study, we retrospectively
analyse the data of patients with brain metastasis, and thus provide
experimental evidence for protecting HT-P area during WBRT.

Methods
Patient selection

The data on 411 patients with brain metastasis admitted to the
First Hospital of Lanzhou University from 2017 to 2020 were
retrospectively collected. The screening criteria for them were as

Abbreviations: HT-P, Hypothalamic—pituitary; WBRT, Whole brain radiotherapy;
AUROC, Area under the receiver operating characteristic; QUANTEC, Quantitative

analysis of normal tissue effects in the clinic.
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follows: eligibility criteria (malignant tumors diagnosed by
pathology and brain metastasis diagnosed by T1/ T2-weighted
plain scan sequences of cranial magnetic resonance imaging
(MRI), T1-weighted enhanced sequences, etc.) and exclusion
criteria (a medical history of more than 2 types of malignant
tumors, combined with other craniocerebral diseases, or

incomplete data).

Localization of brain metastasis and
methods for delineating the hypothalamus
and pituitary

The cranial MRI images of patients at initial diagnosis were
accessed and viewed through the hospital PACS system. The
number and distribution of brain metastases were observed on
T1, T2 weighted plain scanned and T1 weighted enhanced
images. The MRI T1-weighted enhanced sequence images were
imported into Varian eclipse planning system for target
delineation to delineate the anatomical boundaries of all brain
metastasis, hypothalamus and pituitary, which were expanded by
5mm outwards in the three-dimensional direction to obtain the
boundary contours of hypothalamus +5 mm and pituitary +5 mm,
respectively. The boundary distance of brain metastatic lesions
and the shortest distance between the boundaries of the two areas
was measured. The schematic diagram of the location of brain
metastatic lesions, hypothalamus and pituitary is shown in
Figure. 1.

Research content

The frequency of brain metastasis was calculated in the
hypothalamus +5 mm and pituitary +5 mm. The relationship between
brain metastasis in the hypothalamus and pituitary and various
clinical features was analyzed by statistical methods, and the high-risk
factors for brain metastasis in this area were explored.

Statistical methods

Logistic regression method was adopted to analyze the correlation
between brain metastasis in HT-P area and clinical factors such as age,
sex, pathological type, as well as the number, the maximum diameter
and the total volume of brain metastatic lesions by SPSS 21 software.
The optimal cut-off value for the number of brain metastases was
obtained by calculating the area under the receiver operating
characteristic (AUROC) curve. The difference was statistically
significant (p <0.05).
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FIGURE 1

(A) The red line range is the location of the hypothalamus, the
blue line range is the location of the pituitary, and the green line
range is the hypothalamic—pituitary (+5mm). area. (B) Example
for hypothalamic metastasis. The red circles are metastases.

(C) Example for pituitary metastasis. The arrow points to the
metastasis.
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Results

A total of 425 patients with brain metastasis were screened at our
institution from 2017 to 2020. Among them: 3 patients had more than
two tumor diseases at the same time, 11 patients did not have complete
medical records. Specifically, we do not have a detailed record of how
they were diagnosed and treated. Finally, a total of 3,375 brain
metastatic lesions from 411 patients were included in the analysis.
There were 249 males and 162 females. The age of the patients in the
whole group ranged from 18 to 86 years, with a median age of 62 years.
The median of brain metastatic lesions was 3 in patients of the whole
group, and the cases with >10 and > 20 lesions accounted for 22.9%
(94/411) and about 10.0% (41/411), respectively. There were 341 cases
(83.0%) of lung cancer, 30 cases (7.3%) of breast cancer, and 40 cases
(9.7%) of other tumors (Table 1). Per patient, the rate of brain
metastasis occuring in the hypothalamus+5mm was 2.9% (12/411);
per brain metastasis, the rate of hypothalamus lesions was 0.4%
(13/3375). Per patient, the rate of brain metastasis occuring in the
pituitary +5mm was 1.5% (6/411); per brain metastasis, the rate of
pituitary lesions was 0.2% (6/3375). Univariate and multivariate
analyses showed that the number of brain metastases (OR = 14.946;
95% CI=4.071-54.880; p<0.001) and the occurrence of brain
metastasis in the pituitary (OR=13.331; 95% CI=1.511-117.620;
p=0.020) were correlated with the risk of brain metastasis in the
hypothalamus (Table 2). The results of univariate and multivariate
analyses of brain metastasis in the pituitary indicated that brain
metastasis in the hypothalamus is the only risk factor for that in the
pituitary (OR=0.069; 95% CI=0.010-0.461; p=0.006) (Table 3).
There was no correlation between sex, age, tumor pathological types,
the maximum diameter, the total volume of brain metastatic lesions
and the risk of brain metastasis occurring in hypothalamus
and pituitary.

Discussion

It has been reported in many studies that the probability of
functional impairment of endocrine organs such as hypothalamus and
pituitary after radiotherapy can be as high as 20-90% (10, 11, 17, 18).
The side effects caused by impaired function of these organs usually
include decreased secretion of these hormones such growth and
adrenocorticotropic hormone (19, 20), fatigue and sexual dysfunction,
etc. (21, 22). However, in the past, more attention was paid to
dysfunction in the HT-P area caused by radiotherapy for head and
neck or brain tumors, with no importance attached to the damage to
this area after WBRT in patients with brain metastasis. The author of
this paper believed that there are two main reasons for this. First,
dose-fractionation patterns of WBRT are usually 37.5Gy/15f,
30Gy/10f, 40Gy/20f, etc. (23, 24), with relatively low radiation dose,
which is lower than the conventional limiting dose for pituitary in
clinic (Dmax<50Gy) (25). In fact, for some radiotherapy units, there
is even a higher limiting dose to pituitary, such as Dmax<60Gy (16).
However, for the hypothalamus, no radiation dose limitation is often
imposed on it. In the report on quantitative analysis of normal tissue
effects in the clinic (QUANTEC) published in 2010, there was also no
recommendation for the radiation dose limitation to organs such as
hypothalamus and pituitary (26). Radiologists believe that relatively
low radiation dose can not cause functional damage to such organs as
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TABLE 1 Clinical characteristics of 411 patients diagnosed with BMs.

Parameters Numbers of patients Percentage (%)
Sex

Male 249 60.6

Female 162 39.4

Age in years

<65 247 60.1
>65 164 39.9
Median 62
Range 18-86

Primary tumours

Lung cancer 341 83.0
Non-small cell lung cancer 236 57.4
Small cell lung cancer 105 25.5
Breast cancer 30 7.3
Others 40 9.7

Number of BMs Mean: 8.2, median: 3 (range: 1-126)

Maximum diameter of BMs (mm) Mean: 16.6, median: 13 (range: 2 to 58)

Aggregate volume of BMs(mm®) Mean: 11368.2, median: 2610 (range: 24 to 148,005)

TABLE 2 Logistic regression analysis for frequency of metastases within 5 mm of the hypothalamus.

Univariate regression analysis Multivariate logistic regression analysis
OR 95%ClI value of p OR 95%ClI value of p

Sex, n (%)

Male 249 (60.6%) 1

Female 162 (39.4%) 1.247 0.374-4.159 0.719

Age, n (%)

<65 years 247 (60.1%) 1

>65years164 (39.9%) 0.884 0.254-3.071 0.846

Pathology, n (%)

1 NSCLC 236 (57.4%) 1

2 SCLC 105 (25.5%) 0.973 0.246-3.844 0.969
3 Breast 30 (7.3%) 1.074 0.128-9.044 0.948
4 Others 40 (9.7%) 0 — 0.998

Number of BM, n (%)

<25,380 (92.5%) 1

>2531 (7.5%) 17.136 4.889-60.061 0.000* 14.946 4.071-54.880 0.000*

Maximal diameter of BM (mm), 1 (%)

<13,202 (49.1%) 1

>13,209 (50.9%) 0.869 0.261-2.896 0.819

Volume of BM (mm?), n (%)

<2,610 204 (49.6%) 1

>2,610 207 (50.4%) 1.844 0.531-6.403 0.335

BM in pituitary, 7 (%)

No 405 (98.5%) 1

Yes 6 (1.5%) 21 3.397-129.812 0.001* 13.331 1.511-117.620 0.020%*
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TABLE 3 Logistic regression analysis for frequency of metastases within 5 mm of the pituitary gland.

Univariate regression analysis

Multivariate logistic regression analysis

OR 95%ClI value of p (O] 95%ClI value of p
Sex, 1 (%)
Male 249 (60.6%) 1
Female 162 (39.4%) 0.802 0.240-2.673 0.719
Age, n (%)
<65years 247 (60.1%) 1
>65years 164 (39.9%) 0.773 0.140-4.272 0.768
Pathology, n (%)
1 NSCLC 236 (57.4%) 1
2 SCLC 105 (25.5%) 3.484 0.573-21.187 0.175
3 Breast 30 (7.3%) 3.845 0.338-43.736 0.278
4 Others 40 (9.7%) 0 — 0.998
Number of BM, n (%)
<8,290(70.6%) 1
>8,121(29.4%) 4911 0.887-27.193 0.068 0.283 0.047-1.688 0.166
Maximal diameter of BM (mm), 1 (%)
<13,202 (49.1%) 1
>13,209 (50.9%) 1.048 0.209-5.255 0.955
Volume of BM (mm?®), 1 (%)
<2,610 204 (49.6%) 1
>2,610 207 (50.4%) 5293 0.613-45.721 0.13
BM in hypothalamus, # (%)
No 399 (97.1%) 1
Yes 12 (2.9%) 21 3.397-129.812 0.001%* 0.069 0.010-0.461 0.006*

hypothalamus and pituitary. Therefore, in delineating the target area
of WBRT, the HT-P area is generally not deliberately protected, and
also the radiation dose to these two organs is not routinely evaluated.
Second, in the past, the survival time of patients with brain metastasis
was short, usually only a few months. The mid- and long-term toxic
and side effects on these patients were not taken serious after
cranjocerebral radiotherapy. However, thanks to the progress in
medical drugs and radiotherapy technology, the median survival time
of patients with brain metastasis from lung cancer with EGFR
mutation has reached 25 months (27). It has also been found in studies
that HT-P dysfunction caused by brain radiotherapy may occur as
early as 3-6 months after treatment (10, 11). Today, when patients
with brain metastasis generally achieve long-term survival, the
damage to HT-P function caused by WBRT deserves more and
more attention.

Similar to the problem of hippocampal protection, if the frequency
of brain metastasis in HT-P area is extremely low, the possibility of
tumor recurrence in this area will be relatively low. Therefore, this area
can be protected during WBRT. In other words, when the location of
brain metastatic lesions in patients is relatively far from the HT-P area,
the avoidance of these two areas can be considered in delineating the
target area for WBRT, or stricter dose restrictions can be imposed on
these two organs in evaluating the radiotherapy plan, thus making
them receiving as low a radiation dose as possible. Therefore, there is
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a need to understand the frequency of brain metastasis in the HT-P
area. However, there were few reports on the frequency of brain
metastasis in HT-P area in the past, with the scarcity of relevant data.
Therefore, the data on patients with brain metastasis at our unit were
retrospectively analyzed.

In 2010, Marsh analyzed a total of 935 brain metastasis in 155
patients in a study, and found only one case of brain metastasis in the
pituitary (28). A larger sample was reported from a retrospective study
by Janssen (29). In this study, a total of 4,280 brain metastatic lesions
in 865 patients were included in the analysis. The results showed that
the hypothalamic area was involved in only 26 patients (3%, 26/865),
and the pituitary area was involved in 9 ones (1%, 9/865). It has also
been reported in literature that the rate of pituitary metastasis in
autopsy of cancer patients is only 1.9% (30). These results all indicated
that the rate of brain metastasis in HT-P area is extremely low. The
results of this study showed that the brain metastasis rates in the
hypothalamus +5mm and pituitary +5mm were 2.9% (12/411) and
1.5% (6/411) respectively, and that the frequency of lesions was 0.4%
(13/3375) and 0.2% (6/3375) respectively, indicating that the brain
metastasis rate in HT-P area is extremely low, which is similar to the
results reported in previous studies (29). Univariate and multivariate
analyses showed that the number of brain metastases was correlated
with the risk of brain metastasis in the hypothalamus. When the
number of brain metastases >25, the risk of brain metastasis in the
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hypothalamus increased nearly 15 times. In other words, the larger the
number of brain metastases, the higher the risk of brain metastasis in
the hypothalamus.

However, similar to Janssen’s findings in 2019 (29), our study also
showed no correlation between the probability of brain metastasis in
the pituitary and the number of brain metastases. Additionally, the
results of our study showed that tumor pathological types, the
maximum diameter and the total volume of brain metastatic lesions
were not correlated with the risk of brain metastasis in the
hypothalamus and pituitary. In this study, the frequencies of
metastases occurring in the hypothalmus and pituitary appear to
be interrelated. Univariate and multivariate analyses suggest that the
risk of pituitary metastasis increased in patients with brain metastases
in the hypothalamus, and similarly that risk of hypothalamic
metastases was greater in patients with pituitary metastases. This
result was not observed in previous studies. However, we acknowledge
the small numbers of positive cases of brain metastasis in the
hypothalamus and pituitary in our study which may limit
interpretation of these results. Among 411 patients with brain
metastasis in our study, there were only 6 cases of pituitary metastasis
and 12 cases of hypothalamic metastasis. However, it was found that
there were 2 patients with brain metastasis in both hypothalamus and
pituitary, which may affect the statistical results. It still needs to
be further verified by the studies with more and larger samples
whether the risk of brain metastasis in the hypothalamus is correlated
with that in the pituitary area.

In the retrieval of the literature, it was found that there were
almost no reports on the frequency of brain metastasis in the HT-P
area in Chinese population. As a data analysis of a large sample of
patients with brain metastasis, this study provides a scientific basis for
investigating the risk of brain metastasis in the HT-P area in Chinese
population, with a certain reference value. Also, it has been pointed
out in studies that it is feasible to protect the HT-P area during WBRT
with the help of current advanced radiotherapy technology (31, 32).
If this is taken into account, this study will appear to be more
meaningful. However, as a retrospective analysis, the study had certain
limitations. First, there was inevitable selection bias in case collection.
Second, cranial MRI images of all patients were from a single point in
time, and does not evaluate the risk of cerebral metastases arising in
the HP-axis over time. Third, there were as many as 10 histological
types in the whole group of patients in this study. Except lung cancer,
the number of cases of other pathological types was small, which may
fail to better reflect the risk of brain metastasis in the HT-P area in non
lung cancer patients.

Conclusion

In conclusion, the frequency of brain metastasis in the HT-P area
is extremely low. There is a correlation between the number of brain
metastases and the risk of brain metastasis in the hypothalamus. In
other words, the larger the number of metastatic lesions, the higher
the frequency of brain metastasis in the hypothalamus. It needs to
be further verified by more studies whether there is a correlation
between the risk of brain metastasis in the hypothalamus and that in
the pituitary. Therefore, for patients with a relatively small number of
brain metastases, this data suggests that protection of the HT-P area
during WBRT may be unlikely to compromise the tumor recurrence
rate; clinical applications should be explored.
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