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Abstract

Background The need for reirradiation in the metastatic
disease appears when other modalities of treatment lose
their efficacy. The aim of reirradiation in the metastatic
disease is mainly palliative to control a particular symp-
tom. However, this theoretical benefit must be confronted
against the risk of an undesirable toxicity.

Materials and Methods Experience with reirradiation
for symptomatic bone, brain or visceral metastases are
reviewed. Twenty-two patients were found to have a sec-
ond palliative radiotherapy on the same location. Location
of metastases were visceral in 5 (23 %) patients, brain in
4 (18 %) patients, spine in 1 (4.5 %) patient and bone
metastasis other than spine in 12 (54.5 %) patients. Median
dose delivered in the first treatment was 30 Gy (range
20-30 Gy) and 20 Gy for the second treatment (range
6-32.4 Gy).

Results A good symptomatic response after first irradia-
tion (complete response or disappearance of >50 % of
symptoms) was reached in 21 (95.5 %) of the 22 patients
analyzed. After second irradiation, 82 % (18 patients)
achieved a good response, 3 (14 %) patients had a mod-
erate response (relief of symptoms <50 %) whereas no
response was observed in 1 (4 %) patient. Acute toxicity
was limited to grade 1-2 proctitis in 2 and 3 patients after
the first and second irradiation, respectively. No cases of
late toxicity after the first or second irradiation were
recorded.
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Conclusion A second treatment with palliative radio-
therapy is feasible and well tolerated and offers the pos-
sibility of symptomatic relief in a high percentage of
patients with symptomatic metastases.
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reirradiation - Response rates - Toxicity profile

Introduction

Retreatment by radiotherapy comprises both first treatment
to the primary cancer site followed by treatment to a
metastasis at any other site at any time and the so-called
reirradiation, defined as two treatments of the same primary
or metastatic tumor location separated in time. The need for
reirradiation appears when other modalities such as surgery,
chemotherapy or supportive care are considered ineffective.
The ultimate goal of reirradiation can be either curative in
the case of a persistent tumor or local tumor recurrence
suitable of a curative approach, or merely palliative to
control a particular symptom [1]. Reirradiation, particularly
after radical radiotherapy, has been traditionally faced
against the reluctance of most radiation oncologists because
of the risk of inducing severe iatrogenic complications.
However, in the last years, a wide body of clinical data is
refuting this particular dogma evidencing that many normal
tissues do really show recovery after radiation damage.
These evidences support, in part, the use of reirradiation for
palliative purposes in daily clinical practice. Feasibility and
clinical benefit of reirradiation have been highlighted by
different groups, leading to consider it a valid treatment
option in the palliative setting [2-5].

The aim of the current paper is to describe patterns
of palliative reirradiation, clinical results and potential
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complications after a second radiotherapy course on the
same site as primary observed at our institution.

Materials and methods

We examined an existing radiotherapy database at the
Universitary Hospital Ramon y Cajal (Madrid, Spain)
containing demographic data, clinical diagnoses, sites and
doses of radiotherapy. We retrospectively reviewed the
records of 9,966 patients treated between 2001 and 2010
identifying 129 patients who received palliative radio-
therapy in two or more occasions. Of these, in 22 patients,
the second palliative radiotherapy was performed on the
same location as the first, being the subject for this anal-
ysis. We deliberately excluded those patients in whom
either treatment was performed with radical intent. Treat-
ment sites were recorded according to the metastasis
location into a limited number of sites: vertebral metasta-
sis, bone metastasis other than vertebral, brain and visceral
metastases. Treatment procedure is well established. As a
general rule in our department, a three-dimensional CT-
based planning was performed for every treatment.
Radiotherapy was delivered by megavoltage units, either
Co-60 unit or linear accelerator. All patients had signed an
informed consent before each treatment. Complete char-
acteristics of analyzed patients are detailed in Table 1.
The response to treatment is difficult to assess in the
context of palliative irradiation and reirradiation. Response
Evaluation Criteria in Solid Tumors (RECIST), commonly
used to determine the degree of tumor response to the
treatment administered, lack the same utility in a palliative
situation [6]. The aim of palliative treatment is not just to
achieve a complete or partial disappearance of the tumor by
imaging tests but to obtain a significant symptomatic relief
in the patient. Therefore, its applicability in assessing the
response to both the first irradiation and the subsequent
palliative reirradiation is doubtful. Instead, groups that have
examined the efficacy of retreatment for symptomatic con-
trol chose simple measuring scales, considering a complete
response when the patient is totally asymptomatic after
treatment. In our particular case, we decided to use a valu-
ation scale similar to that used by the group of Mithal et al. to
analyze the effectiveness of treatment. These authors
defined a complete response as “complete freedom from
pain with no analgesic requirements.” They defined a partial
response as “improved pain but analgesic medicine still
required [7].” We considered a “good response” if the
symptoms disappeared completely or more than 50 %,
“moderate response” if the disappearance of symptoms is
less than 50 % and “no response” if there is no improvement
in the disappearance of symptoms after treatment. Response
to treatment was recorded 4 weeks after radiotherapy, with a
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Table 1 Patients and treatments’ characteristics
n (%)
Age (years; median) 57 (range 34-85)
Gender
Female 13 (59)
Male 941
Primitive tumor location
Lung 7 (31)
Breast 6 (26)
Prostate 3 (13)
Colorectal 2 (10)
Stomach 1(5)
Bladder 1(5)
Skin melanoma 105
Neuroendocrine Merkel cell 1(5)
carcinoma
Metastatic disease location
Bone metastases 13 (59)
Visceral metastases 5(23)
Brain metastases 4 (18)
Radiotherapy schedules n (%) BED,4-,
First palliative treatment
10 x 300 cGy 12 (54) 75 Gy,
5 x 400 cGy 8 (36) 60 Gy,
6 x 500 cGy 1(5) 105 Gy,
10 x 250 cGy 1(5) 56.3 Gy,
Second palliative treatment
10 x 300 cGy 8 (36) 75 Gy,
5 x 400 cGy 731 60 Gy,
1 x 800 cGy 3 (14) 40 Gy,
5 x 300 cGy 29 37.5 Gy,
1 x 600 cGy 15 24 Gy,
18 x 180 cGy 1(5) 61.6 Gy,

good response being the complete disappearance or reduc-
tion of symptoms greater than 50 %.

The time interval between radiation episodes was defined
as the time between the end of the first treatment and the
start of the second course of radiotherapy. Overall survival
was defined from the moment of first attendance to the date
of death or last follow-up. Acute and late toxicities were
recorded according to the RTOG/EORTC criteria [8].

Different treatment schedules with diverse dose and
fractionation schemes were used. To facilitate comparison
between different regimens, all the schedules were recal-
culated to the biologically effective dose (BED) according
to the linear-quadratic model using the following formula:

BED = n-d(1 +d/u/p)
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with n = number of fractions, d = dose per fraction,
o = linear (first order, dose dependent) component of cell
killing, f = quadratic (second order, dose dependent)
component of cell killing, and o/f ratio = the dose at
which both components of cell killing are equal [9].

The BED represents the physical dose required for a
given effect if the dose was delivered by infinitely small
doses per fraction or, in the case of continuous radiation
rates, at a very low dose rate. Thus, BED can be used to
equate or compare different fractionation schedules. Brain
and spinal cord, which are considered as late-reacting tis-
sues, have a small o/ff value of 2-3 Gy. According to the
previous experience reported from other groups, we cal-
culated the BED with o/f ratio of 2 Gy (BED,-,) with no
correction for the possible recovery of tolerance from the
first radiation exposure. In this model, a dose of 50 Gy
given in single daily fractions of 2 Gy is equivalent to a
BED of 100 Gy, [10, 11].

Results

We identified 22 patients, 13 men and 9 women, with a
mean age of 57 years (range 34-85 years) eligible for
analysis. In 3 (14 %) patients, diagnosis of metastases
coincided with the initial diagnosis of tumor.

The primary tumor was located in lung in 7 (32 %)
patients, breast in 6 (27 %) patients, prostate in 3 (14 %)
patients. The primary tumor was colorectal in 2 (9 %)
patients and bladder, stomach and skin melanoma and cuta-
neous Merkel cell carcinoma in 1 (4.5 %) patient each. The
metastatic disease was located in visceral in 5 (23 %)
patients, brainin 4 (18 %) patients, spine in 1 patient (4.5 %);
bone metastasis other than spine was found in 12 (54.5 %)
patients (Table 2).

The ability of cancer patients to perform ordinary tasks
may be used as a prognostic factor. The Karnofsky Per-
formance Status Scale (KPS) was designed to measure the
level of patient activity and medical care requirements [12].
The Karnofsky Performance scores range from 0 to 100 %.
A higher score means the patient is better able to carry out
daily activities. We determined the KPS in our patients
before each treatment. We observed a median KPS of 60 %
(range 40-70 %) before first irradiation that decreased to a
median KPS of 50 % (range 30-70 %) before reirradiation.
Thirteen patients presented with a KPS of 60-70 % at the
time of the first irradiation whereas only 6 patients pre-
sented with KPS of 60-70 % before the second irradiation,
although this difference was not statistically significant.

Median dose delivered in the first treatment was 30 Gy
(range 20-30 Gy) and 20 Gy for the second treatment
(range 6-32.4 Gy). Treatment schedules most frequently
used for the first irradiation were 10 x 300 cGy (54 %),
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5 x 400 cGy (36 %), 6 x 500 cGy (5 %) and 10 x
250 cGy (5 %). For reirradiation, the schemes employed
were 10 x 300 cGy (36 %), 5 x 400 cGy (31 %), 1 x
800 cGy (14 %), 5 x 300 cGy (9 %), 1 x 600 cGy (5 %)
and 18 x 180 cGy (5 %). The choice of radiotherapy
schedules was left to the discretion of the treating radiation
oncologist. We found no significant differences in the use
of a radiation scheme regarding the characteristics of each
patient, tumor location or KPS. However, it is true that
there was a tendency to use more shortened radiotherapy
schedules in patients with low KPS, although this differ-
ence was not statistically significant (p = 0.075).

Planning target volumes (PTVs) for both irradiations
were defined according to the tumor site. For bone
metastasis, PTV encompassed metastasic bone lesion with
1 cm of margin in all directions. For visceral reirradiations
(i.e., bladder, skin, lymph nodes), the PTV comprised
either macroscopic tumor with 1-2 cm of margin (skin
lesions, lymph node metastases) or the complete affected
organ (bladder). Finally, for brain metastases, the PTV for
both irradiations was the whole brain.

The mean BED for the first treatment was 75 Gy, (range
56-105 Gy,, o/ff = 2). The mean BED for the second
treatment was 60 Gy, (range 24-1,205 Gy,, o/ff = 2).
Average accumulated BED for both irradiation was
133.15 Gy, (range 99-210 Gy,, a/ff = 2).

Clinical response to radiotherapy

The response to the radiation was scored as previously
described by looking at the reduction of symptoms
requiring treatment (i.e., pain, bleeding or neurologic
symptoms). After the first treatment, a good symptomatic
response (complete response or disappearance of >50 % of
the symptoms) was reached in 21 (95.5 %) of the 22
patients analyzed.

After the second irradiation, the percentage of patients
who achieved a good response again was of 82 % (18
patients). In 3 (14 %) patients, this response was rated as
moderate (relief of symptoms <50 %) and no response in 1
(4 %) patient.

Toxicity analysis

The toxicities of the first and second irradiation were
scored according to the RTOG/EORTC criteria for acute
and late complications.

Two (9 %) and 3 patients (14 %) with pelvic metastases
experienced acute rectal grade 1-2 toxicity attributable to
radiotherapy after the first and the second treatment,
respectively. No patients suffering from late complications
neither after the first treatment nor after reirradiation were
observed.
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No association was found between the occurrence of
complications and the physical dose administered, both
cumulative and in each treatment separately, as well as
with the BED,s-,.

Survival analysis

The median time interval (MTI) between the diagnosis of
the primary tumor and the metastatic disease subject of the
first irradiation was 41 months (range 0—121 months). The
MTI between the two irradiations was 12 months (range
3-56 months).

At the moment of the last follow-up, 6 (27 %) patients
are alive while 16 (73 %) patients had died. The median
survival time (MST) for the entire series was 58 months
(range 9-168 months). The MST after the first irradiation
was 17 months (range 5-63) while MST was only 3 months
(range 1-9) after second radiotherapy. The actuarial overall
survival rates at 12 and 24 months are 48 and 10 %,
respectively (95 % CI 29-88 %).

Univariate analysis revealed a statistically significant
association for patients with initial diagnosis of breast
cancer and a higher 12-month actuarial survival rates
as compared to other primary tumor sites (Log-Rank,
p = 0.015). Likewise, when the interval between two
irradiations was greater than 12 months, actuarial survival
at 1 year was significantly higher (p = 0.001) (Table 3).
We did not find any other significant association with
survival among the rest of factors analyzed, including
location of metastatic disease, KPS before each treatment,
physical dose administered or the BED calculated for both
of the treatments separately as well as the cumulative BED
for the two irradiations.

Discussion

Palliative radiation therapy is one of the major contribu-
tions to the burden of care in a Department of Radiation
Oncology. The 2001 Swedish survey on employment pat-
terns of radiotherapy evidenced that 46 % of the treatments
were administered with palliative intent [13]. Similarly,
data from an analysis in the Canadian province of Ontario
confirmed that 53 % of the radiotherapy treatments had
initial palliative intent [14]. The Spanish experience, pub-
lished by Esco et al. [15] showed that 27 % of the
administered treatments were with palliative intent. The
discrepancy with the data reported by researchers in other
countries where palliative radiotherapy comprises 40-50 %
of the treatments would lay, according to the authors, the
lack of available treatment units.

Bone and cerebral metastases represent almost three
quarters of palliative radiation treatments. In our series, the
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Table 3 Results of univariate analysis for overall survival

Actuarial 1-year p value
overall
survival (%)

Primitive tumor location

Lung 0 0.015
Breast 41.7
Stomach 0
Colorectal 0
Bladder 0
Prostate 33
Skin melanoma 0
Neuroendocrine Merkel cell carcinoma 0
Metastatic disease location
Bone metastases 61 0.124
Brain metastases 50
Visceral metastases 40
Time interval between both irradiations
>12 months 18 0.001
<12 months 0

anatomical location more frequently retreated was the bone
in 13 (59 %) cases followed by the brain in 4 (18 %) cases,
consistent with published data. The main goal of palliative
care is to achieve symptomatic relief, although this is not
necessarily associated with increased survival. The results
of numerous studies have shown that radiation therapy
achieved adequate relief and symptom control in patients
with bone and/or visceral metastases treated with palliative
intent associating an acceptable tolerance and a low profile
in both acute and late toxicities. In this context, it can be
considered that radiotherapy as palliative treatment is cost
efficient [12, 16].

In recent years, directly related to the progress of anti-
neoplastic therapy, survival of patients with metastatic
advanced cancer is increasing. This fact is of special rele-
vance in the most prevalent tumors such as breast cancer in
women and prostate cancer in men. With increasing fre-
quency, there is the need for reirradiation in patients with
cancer. The frequency of use of reirradiation varies
according to the different series between 6 and 31 % of the
reported patients initially treated in a Department of Radi-
ation Oncology, but a rate of around 20 % is closest to the
reality of daily practice [3, 17, 18]. The likelihood of reir-
radiation will be directly related to the primary tumor, being
only 3 % in brain tumors but reaching 100 % in some series
of multiple myeloma. In patients undergoing whole brain
radiotherapy for cerebral metastases, about half of them will
have central nervous system progression during their life-
time. However, reported rates of retreatment of patients
with brain metastases range from 3.2 to 13.3 % [19, 20].
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Similarly, between 9 and 40 % of patients with bone
metastases will be candidates for reirradiation during the
course of their disease [21]. This is not surprising, given that
some of the tumors more susceptible to retreatment are
characterized by their tendency to metastasize to bone, such
as lung, prostate and multiple myeloma. In our experience,
the primary tumor of the 22 patients that were reirradiated
with palliative intent corresponded to lung, prostate or
breast cancer in 70 % of the cases. The median interval
between the first irradiation and retreatment was longer for
breast cancer than for lung or prostate cancer, in accordance
with the known natural history of these cancers and the
potential availability of effective systemic therapies.

The response rates after reirradiation are similar to those
observed after the first course of radiotherapy. The group of
Jeremic et al. [22] observed that responses to radiation
occurred in 84 % of the patients treated for the first time and
87.5 % of the patients reirradiated in a retrospective series
of 105 patients. The group of Mithal et al. [7] reported an
overall response rate to reirradiation of 73 % (80/109) with
a complete response rate of 31 %. These authors noted that
there was “no effective patient age, sex, primary tumor-type
or site seen on response to re-treatment.”

In these studies, complete response is defined as freedom
from symptoms, whereas the definition of partial response
varies. In addition to defining response, there exists an
inherent difficulty of measuring a response when radio-
therapy is given as a local treatment, while cancer symp-
toms can come from multiple sites, often also palliated by
other systemic agents, including a variety of analgesics,
chemotherapy, hormonal therapy, bisphosphonates, etc.

According to the scale previously described in the
“Materials and methods” and currently used in our
department, 95.5 % of the patients had “good response” to
the first irradiation and 82 % for the second irradiation.
Although a comprehensive analysis of overall survival is
beyond the scope of this work, the results observed are
similar to those observed by other groups. In the univariate
analysis, patients with a primary diagnosis of breast cancer
had the best survival rates as expected considering the
nature, clinical course and available therapeutic options for
breast cancer.

We are aware that a major limitation of our study is its
retrospective nature, covering the experience of a radiation
department over 10 years. This implies certain heteroge-
neity in the radiation schemes used, a direct consequence of
the preferences of oncologists involved in the treatment of
these patients. For a long time, the palliative radiotherapy
schedules most frequently used in our department have
been 10 x 300 or 5 x 400 cGy (Table 2). Usually, short-
ened treatment regimens (i. ., 5 x 400 cGy, 5 x 300 cGy)
were reserved for patients with poor KPS, while more
protracted schedules (i. e., 10 x 300 cGy, 10 x 250 cGy,

18 x 180 cGy) were preferred in patients with better
performance status. Single-fraction schedules (i. e., 1 x
600 cGy, 1 x 800 cGy) were used occasionally but were
not considered as first choice scheme (Table 2). Neverthe-
less, increasing use of single fractions in last years, not
limited only to patients with poor KPS, is related to the
growing body of evidence obtained from long-term results
of clinical trials published along last decade, contributing to
change the daily clinical practice.

Despite the growing body of evidence supporting the
retreat of metastatic tumor lesions with palliative intent,
many radiation oncologists are reluctant to generalize its
use, mainly due to the risk of toxicity secondary to treat-
ment, especially in cases of brain and spinal-cord reirra-
diation. Although the results obtained by different
researchers, including those observed in our analysis, do
not support the hypothesis of a significant increase in
complications with reirradiation, it is not yet considered a
standard practice. The risk of complications depends on the
BED delivered to the normal organs at risk (i.e., spinal
cord, brain) [2, 9]. BED takes into account both the total
dose of radiotherapy and the dose per fraction. In the case
of reirradiation, it seems appropriate to calculate also
cumulative BED (i.e., BED of the first plus BED of the
second course of RT). In our series, despite the wide
variety of radiotherapy schedules used, the median cumu-
lative BED for both treatments is 133 Gy,, in accordance
with the recommendations of other authors. Only one
patient exceeds this range, reaching a cumulative BED of
210 Gy,. This patient, with a metastatic melanoma, was
treated both times with a scheme of 6 fractions of 500 cGy,
given that melanoma is a tumor that responds best to high
fractions of radiotherapy.

The risk of serious late complications in the brain
includes both the development of demyelinization areas
(clinically associated with the somnolence syndrome),
necrosis of the white matter or the appearance of areas of
leukoencephalopathy or vascular lesions with important
clinical consequences with focal neurological symptoms
(motor and sensory deficits, seizures), as well as more
complex neuropsychological impairment (learning deficits,
intellectual decline, personality changes) and cerebrovas-
cular effects (stroke deficits, dementia). These experiences
have in common the cumulative radiation dose which did
not exceed 60 Gy (equivalent to a BED of 140 Gy with
of/f = 2). [5] Four out of the 22 patients included in our
analysis underwent whole brain reirradiation. Median
cumulative BED for both irradiations was of 133 Gy,
(range 112.5-150 Gy,). Despite the limited follow-up of
these patients, no cases of late neurological toxicity were
observed.

Radiation-induced damage to small volume of spinal
cord may severely impair normal function, leading to the
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serious condition of radiation myelopathy, which is irre-
versible and can reduce the quality of life of the treated
patient [8, 23] Our experience in the specific case of spinal-
cord reirradiation is scarce, as only 1 of the 22 patients
examined was retreated by a spinal-cord compression. This
patient had a long survival after initial diagnosis of breast
cancer and presented metastatic spinal-cord compression
during follow-up treated with palliative radiotherapy,
developing 58 months later a new clinically evident met-
astatic spinal-cord compression in the same location,
undergoing a second radiation treatment. The cumulative
BED for both treatments was 135 Gy,. During the follow-
up, we observed no significant late toxicity whereas the
patient is currently alive and asymptomatic.

Conclusion

The results we observed after reirradiation of patients with
a metastatic tumor in an area previously irradiated with
palliative intent are consistent with those previously pub-
lished by other groups, supporting both the efficacy of
palliative reirradiation as its feasibility and good tolera-
bility. We are very conscious about the heterogeneity of
metastatic sites and the limited number of patients in our
series. However, considering the characteristics of these
patients, a second treatment with palliative radiotherapy
offers the possibility of symptomatic relief in a high per-
centage of patients without major complications, as long as
the cumulative BED of both treatments were maintained
below threshold levels recommended.

Further studies are necessary to properly define the
appropriate scheme of radiation therapy in the context of
palliative reirradiation.

Conflict of interest None.
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