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Purpose: To determine feasibility of RapidArc in sequential or simultaneous integrated tumor boost in whole brain radiation 

therapy (WBRT) for poor prognostic patients with four or more brain metastases.

Materials and Methods: Nine patients with multiple (≥4) brain metastases were analyzed. Three patients were classifi ed as 

class II in recursive partitioning analysis and 6 were class III. The class III patients presented with hemiparesis, cognitive defi cit, or 

apraxia. The ratio of tumor to whole brain volume was 0.8-7.9%. Six patients received 2-dimensional bilateral WBRT, (30 Gy/10-

12 fractions), followed by sequential RapidArc tumor boost (15-30 Gy/4-10 fractions). Three patients received RapidArc WBRT with 

simultaneous integrated boost to tumors (48-50 Gy) in 10-20 fractions.

Results: The median biologically effective dose to metastatic tumors was 68.1 Gy10 and 67.2 Gy10 and the median brain volume 

irradiated more than 100 Gy3 were 1.9% (24 cm
3
) and 0.8% (13 cm

3
) for each group. With less than 3 minutes of treatment time, 

RapidArc was easily applied to the patients with poor performance status. The follow-up period was 0.3-16.5 months. Tumor 

responses among the 6 patients who underwent follow-up magnetic resonance imaging were partial and stable in 3 and 3, 

respectively. Overall survival at 6 and 12 months were 66.7% and 41.7%, respectively. The local progression-free survival at 6 and 

12 months were 100% and 62.5%, respectively. 

Conclusion: RapidArc as a component in whole brain radiation therapy for poor prognostic, multiple brain metastases is an 

effective and safe modality with easy application. 
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Introduction

The number of patients with brain metastasis is increasing as 

the survival time of cancer patients are extended with modern 

therapeutic measures. About 20-40% of whole cancer patients 

are estimated to develop brain metastasis and the most 

common primary sites are lung, breast, and gastrointestinal 

cancer [1,2]. Reportedly, when brain metastases were first 

diagnosed in the solid tumor patients, single metastasis 

were 37-50%, and multiple were 50-63% [3-5]. Whole brain 
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radiation therapy (WBRT) has been a mainstay of the treatment 

for the patients with brain metastasis. Unfortunately, median 

survival time following WBRT alone was 3-6 months regardless 

of primary tumor histology [6-11]. More than 50% of the 

patients will develop local recurrence at the original brain 

metastasis after WBRT alone [12]. In single brain metastasis, 

surgical removal of tumor followed by WBRT significantly 

lowered the local recurrence in the original site.

  In the patients with multiple brain metastases of 4 or 

more lesions, surgical approach is limited. Most patients in 

this category have poor performance status and other poor 

prognostic factors. In these patients, stereotactic radiosurgery 

(SRS) is not easily applicable. Furthermore, SRS with or without 

WBRT have technical or dosimetric problems concerning 

the total irradiation dose to normal brain tissue. One study 

concluded that the irradiated dose to brain was acceptable 

when the number of targets was 7 or less in case of Gamma 

knife (Elekta AB, Stockholm, Sweden) SRS [13].

  RapidArc is a volumetric intensity modulated arc therapy. 

It can be used to give ablative high dose to tumor target 

only in the brain metastases and can also be used in 

simultaneous WBRT and tumor boost. Simultaneous RapidArc 

WBRT and boost to metastatic tumors was compared to 

simple summation of sequential 2-dimensional (2D) WBRT 

and radiosurgery boost in patients with one to three brain 

metastases [14]. Simultaneous RapidArc WBRT and tumor 

boost plans showed much steeper dose gradients outside 

the metastatic lesion in the brain than plans with simple 

summation of sequential 2D WBRT and radiosurgery. This 

phenomenon, resulting from the modulation of the WBRT dose 

within the area of the boost dose gradient, gives possibility for 

its more broad application to more advanced, more multiple 

brain metastases. However, clinical feasibility concerning the 

amount of boost dose to tumors and whole brain for the 

patients with more than 4 lesions is not established yet. 

  The purpose of this study is to determine the feasibility of 

RapidArc volumetric modulated arc therapy as a component in 

whole brain radiation therapy in the treatment for the patients 

with poor prognostic, four or more multiple brain metastases 

and to report its early clinical results.

Materials and Methods

Nine patients with 4 or more brain metastases, treated 

between April 2010 and February 2011, were included in this 

retrospective analysis. The median age was 59 years (range, 48 

to 76 years) and 3 patients was over 65 years (Table 1). Primary 

cancer sites were lung (6 patients), breast (2 patients) and 

uterine cervix (1 patient). According to recursive partitioning 

analysis (RPA) classifi cation, 3 patients were class II and 6 were 

III. Patients of class III had various kinds of moderate to severe 

neurologic symptoms such as hemiparesis, cognitive deficit, 

apraxia or hallucination. Recently, Sperduto et al. [15] reported 

the diagnosis specifi c graded prognostic assessment (DS-GPA) 

indices to estimate the survival. According to DS-GPA score, all 

5 patients of non-small cell lung cancer primary were scored 

0-1 and one patient of small cell lung cancer primary was 

1.5. Two patients of breast cancer primary were scored 2.0. 

Table 1. Patient characteristics

Patient 

no.
Sex Age (yr)

RPA 

class

DS-GPA

score

Primary

cancer

Maximum 

tumor size 

(cm)

No. of 

tumor

Tumor 

volume

(cm
3
) 

Volume 

ratio
a)

(%) 

1

2

3

4

5

6

7

8

9

F

F

M

M

F

M

M

F

M

62

53

76

68

48

59

51

52

66

II

III

III

III

II

III

II

III

III

0.5

2.0

0

0

2.0

1.5

1

-
b)

0.5

NSCLC

Breast cancer

NSCLC

NSCLC

Breast cancer

SCLC

NSCLC

Cervix cancer

NSCLC

4.5

3.8

3.3

3.6

2

3.1

2.9

4.5

3

10

5

5

6

9

6

9

4

8

69.2 

79.5

44.9

73.8

28.4

35.0

70.4

106.0

13.6

6.3

6.4

3.3

5.3

2.2

2.3

5.2

7.9

0.8

RPA, recursive partitioning analysis; DS-GPA, diagnosis-specifi c graded prognostic assessment; NSCLC, non-small cell lung cancer; 

SCLC, small cell lung cancer.
a)
Volume ratio = tumor volume / whole brain volume. 

b)
Cervix cancer was not defi ned in DS-GPA index.
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Neurocognitive function test could not be done in the patients 

with poor general condition. The number of brain metastases 

was 4-10 and the maximum diameter of the metastatic lesions 

ranged from 2.0 to 4.5 cm. The tumor volume was 14-106 cm
3
 

(median, 69 cm
3
) and the ratio of tumor to whole brain volume 

was 0.8-7.9%. 

  Thin slice magnetic resonance imaging (MRI) and computer 

tomography (CT) images, 1 mm without gap, were fused to 

delineate the targets and other normal structures including 

organs at risk (OAR) on iPlan software v4.1 (BrainLab, Munich, 

Germany). Gross tumor volume (GTV) was determined based 

on the T1 gadolinium enhanced MRI image. Planning target 

volume (PTV) was derived from GTV with 1-2 mm margin 

considering tumor location and nearby OAR. The contoured 

target and organ structures were transferred to the Eclipse 

treatment planning system 8.6.1 (Varian Medical Systems, Palo 

Alto, CA, USA), for RapidArc planning. 

  Treatment plans were generated with measured beam data 

set of 6 MV photons of Novalis Tx (Varian Medical Systems) 

equipped with the 2.5 mm thickness high-definition 120 

multileaf collimator (HD 120 MLC; Varian Medical Systems). To 

achieve the desired level of modulation required in RapidArc, 

several parameters such as isocenter, fi eld size, gantry rotation 

angle and collimator angle were adjusted for target shape and 

location. Angle of collimator was set to orthogonal position 

to decrease the tongue-and-groove effect. Double arc (719.6
o
) 

plans were used in 8 patients and triple arc (989.6
o
) in 1. 

Dose calculations were performed by use of the anisotropic 

analytical algorithm calculation model, with calculation grid 

size of 2.5 mm, and with tissue heterogeneity correction. Fig. 1 

shows a result of RapidArc plan for sequential tumor boost 

after 2D WBRT to give 25 Gy to tumors in 10 fractions. Fig. 2 

shows the RapidArc WBRT plan with simultaneous integrated 

tumor boost. In this case, 48 Gy to tumor and 24 Gy to brain 

Fig. 1. A result of RapidArc plan 

for sequential tumor boost after 

2-dimensional (2D) whole brain 

radiation therapy (WBRT) for patient 

no. 5. RapidArc plan is not summed 

to 2D WBRT in this picture. (A) and 

(B) are CT images of different levels 

of the brain. There were 9 targets in 

various sites in the brain. The gray 

(arrow) and white (arrowhead) lines 

depict the 50% and 70% isodose 

lines, respectively.

Fig. 2. RapidArc whole brain radia-

tion therapy plan with simultaneous 

integrated tumor boost for patient 

no. 7, who had 9 targets. (A) and 

(B) are CT images of different levels 

of the brain. The gray lines (arrow) 

show the 50% isodose line and 

cover 88.9% of the whole brain. The 

white lines (arrowhead) here reveal 

the 70% isodose line.
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were prescribed in 12 fractions. If needed, avoidance area 

was added to make more conformal optimization (Fig. 3). 

Hippocampal sparing in RapidArc plan was started from June 

2011 in our institution, that for the patients in the current 

study it was not performed. 

  Lying on the treatment couch, the patient’s head was 

immobilized with Type-S head thermoplastic mask (CIVCO, 

Kalona, IA, USA) or BrainLab Frameless SRS mask (BrainLab). 

To ensure the accuracy, ExacTrac patient positioning system 

(BrainLab) was used to set up the patient as a fi rst step. Then, 

cone beam CT image was obtained before the treatment to 

reconfirm the target position. Treatment beam-on time was 

about 3 minutes or less (2.50-3.04) in all cases.

  Six patients out of 9, received conventional 2D WBRT (30 

Gy/10-12 fractions), followed by sequential RapidArc tumor 

boost (15-30 Gy/4-10 fractions) in 2-5 weeks after WBRT 

(Sequential boost group) (Table 2). Boost doses and fraction 

sizes were determined depending on the number and location 

of the metastatic tumors. Biologically effective dose (BED) 

calculation based on linear-quadratic model was used for plan 

comparison assuming that α/β  of tumor and normal brain 

as 10 and 3, respectively. In this article, Gy10 means BED of 

tumor and Gy3 BED of brain. In sequential boost group, BED 

was simply summed without considering time factor. Total 

prescription dose to tumors ranged from 56.3 to 78.0 Gy10 

(median, 68.1 Gy10). Three patients received RapidArc WBRT 

with simultaneous integrated boost to tumors (48-50 Gy) 

in 10-20 fractions (Simultaneous boost group). Total dose 

prescribed for the tumor ranged from 62.5 to 75 Gy10 (median, 

67.2 Gy10). 

  Follow-up MRIs were checked at 1-3 months after completion 

of the treatment for response evaluation in 6 patients. Tumor 

response was assessed using Response Evaluation Criteria in 

Solid Tumors (RECIST) ver. 1.1. 

Fig. 3. Initial RapidArc plan for 

the patient no. 7. The color painted 

area is receiving more than 80% of 

prescription dose (A). Among the 

3 targets visible, avoidance area 

(white line, arrow) is depicted to 

prevent unnecessary high dose in 

normal brain (B). After re-plan with 

avoidance, dose optimization was 

done and unintentional high dose 

among the targets are decreased.

Table 2. Treatment group and prescription dose

Radiotherapy method Patient no. WBRT (Gy/fx) RA boost (Gy/fx)
RA WBRT with 

SIB (Gy:Gy)
a)
/fx

BED to 

tumor (Gy10)

Median BED to 

tumor (Gy10)

Conventional WBRT + RA 

 boost to tumor (Sequential 

 boost group)

WBRT with SIB by RA

 (Simultaneous boost group)

1

2

3

4

5

6

7

8

9

30/12

30/12

30/12

30/12

30/12

30/10

-

-

-

15/6

20/8

20/4

24/8

25/10

30/10

-

-

-

-

-

-

-

-

-

(24:48)/12

(25:50)/20

(25:50)/10

56.3

62.5

67.5

68.7

68.8

78.0

67.2

62.5

75.0

68.1

67.2

2D, 2-dimensional; RA, RapidArc; WBRT, whole brain radiotherapy; SIB, simultaneous integrated boost; BED, biologically effective dose.
a)
 Prescription dose to (whole brain:tumor).
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Results

Total BED to whole brain and high dose volume are sum-

marized in Table 3. In comparison to sequential boost group, 

simultaneous boost group showed lower mean dose to brain 

(median, 65.1 Gy3 vs. 52.5 Gy3), though the total tumor dose 

was similar in both group (median, 68.1 Gy10 vs. 67.2 Gy10). 

The brain volumes irradiated more than 100 Gy3 (V100Gy3) were 

0-56 cm
3
 (median, 24 cm

3
) and 3-55 cm

3
 (median, 13 cm

3
), 

respectively. The ratio of irradiated volumes to whole brain 

volumes were 0-3.7 % (median, 1.9%) and 0.2-4.2% (median, 

0.8%), respectively. 

  One patient died at 9 days after the completion of the 

radiotherapy because of respiratory failure. The median overall 

survival was 9 months with the follow-up periods of 0.3-

16.5 months. Overall survival at 6 and 12 months were 66.7% 

and 41.7%, respectively (Fig. 4). Five (55.6%) patients died of 

extracranial disease progression, mainly with respiratory or 

liver failure. The median local progression free survival was not 

reached and local progression free survival at 6 and 12 months 

was 100.0% and 62.5%, respectively. 

  Tumor responses among the 6 patients who underwent 

follow-up MRI at 1-3 months after treatment were partial and 

stable in 3 and 3, respectively. Two patients in simultaneous 

boost group (no. 7 and 8) showed the regrowth of treated 

lesion at 7.4 and 8.2 months after treatment, without any 

new intracranial metastasis. The prescription doses of these 2 

patients were 67.2 Gy10 and 62.5 Gy10. 

  After treatment, significant improvements of neurologic 

symptoms such as hemiparesis, cognitive defi cit, hallucination 

or apraxia were noted in all patients. For the treatment related 

toxicity, grade 1 pruritus on scalp was seen in one patient. 

No toxicity of grade 3 or above was found during or after 

treatment. 

Discussion and Conclusion

Whole brain radiotherapy has long been a standard treatment 

for patients with brain metastasis. The treatment result of 

brain metastasis with WBRT alone was, however, generally 

poor with median survival in the range of 3-6 months [6-

10,12]. Radiobiologically, 30 Gy in 10 fractions to a solid tumor 

is not sufficient to achieve long-term tumor control [16]. 

Considerable efforts have been made to explore additional or 

alternative treatment modalities that have the potential to 

improve local tumor control.

  In patients with good performance status and limited extra-

cranial disease, surgical resection followed by post-operative 

WBRT showed a superior treatment results compared to 

WBRT alone for single brain metastasis [17]. For single 

brain metastasis, many studies reported that SRS with or 

without WBRT resulted in almost equal survival rates with 

surgical resection followed by WBRT [18-21]. Radiation 

Therapy Oncology Group (RTOG) 95-08 trial studied WBRT 

with or without SRS for the patients with one to three brain 

metastases [10]. The risk of developing a local recurrence was 

Table 3. Summary of total biologically effective dose to whole brain and high dose volume 

Sequential boost group (median) Simultaneous boost group (median)

Mean brain BED (Gy3) 61.4-72.0 (65.1) 46.2-57.0 (52.5)

Maximum brain BED (Gy3) 90.6-127.7 (112.4) 102.0-136.8 (131.2)

V100Gy3 0-56 cm
3
 (24 cm

3
)
a)
, 0-3.7% (1.9%)

b)
 3-55 cm

3
 (13 cm

3
), 0.2-4.2% (0.8%)

V120Gy3 0-5 cm
3
 (0 cm

3
), 0-0.3% (0.0%) 0-5 cm

3
 (4 cm

3
), 0-0.3% (0.3%)

BED, biologically effective dose; V100Gy3, brain volume irradiated more than BED of 100 Gy3; V120Gy3, brain volume irradiated more than 

BED of 120 Gy3.
a)
Absolute brain volume irradiated more than BED of 100 Gy3. 

b)
Ratio of irradiated brain volume to whole brain volume.

Fig. 4. Overall survival (OS) and local progression free survival 

(LPFS) rate for all patients.
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43% greater with WBRT alone (p = 0.0021). WBRT and SRS 

boost improved intracranial local control rates and Karnofsky 

Performance Status for all patients. Survival gain, however, 

was demonstrated in single metastasis patients. Kondziolka 

et al. [22] randomized patients with 2-4 solid metastatic 

brain tumors (each ≤2.5 cm in mean diameter). A signifi cant 

improvement in the rate of local tumor control was found 

after WBRT plus radiosurgery in comparison to WBRT alone. 

The rate of local failure at 1 year was 100% after WBRT alone, 

but only 8% at 1 year in surviving patients who had boost 

radiosurgery. 

  For the patients with 4 or more metastatic brain tumors, 

however, it is diffi cult to perform surgical resection. SRS also 

has diffi culties in its clinical application and planning process 

because of high cumulative dose to whole brain. Takahashi et 

al. [13] suggested the practical limit of Gamma knife (Elekta 

AB) SRS in terms of the number of SRS targets based on the 

irradiation dose to the brain. Given a target surface dose of 

25 Gy in single session SRS, the volume of the brain irradiated 

to a dose of 5 Gy or higher was increased with the increase 

of the number of targets. When the number of the targets 

exceeded 7, more than 50% of the entire brain was irradiated 

at least 8.7 Gy. The increase of irradiation dose to brain, by the 

number of targets, is mainly due to the overlapping dose of 

each beam for each target. As the number of targets increases 

and multiple isocenters are used, more beam overlapping is 

inevitable in Gamma Knife (Elekta AB), CyberKnife (Accuray, 

Sunnyvale, CA, USA) or linac based SRS. On the other hand, 

every target is considered simultaneously in RapidArc and the 

dose to brain is minimized by the optimization process even 

when the isocenter is not single.

  Lawrence et al. [23] reviewed radiation-induced brain injury 

in fractionated radiotherapy with fraction sizes of 2.5 Gy or 

more. Radiation necrosis usually occurred in the range of 100-

120 Gy3, although the incidence and severity of toxicity was 

unpredictable because the data were too scattered to allow 

plotting of “best-fi t” line. In the current study, the brain volume 

irradiated more than 100 Gy3 (V100Gy3) was 0-4.2% (median, 

0.9%) in all patients. No radiation necrosis was observed on 

follow MRIs until now and no significant treatment related 

toxicity was found yet. A clinical trial is ongoing to find 

tolerability of RapidArc WBRT and simultaneous boost in 

brain metastases (clinicaltrials.gov identifier NCT01218542). 

There are 4 study cohorts starting from giving 25 Gy in 10 

fractions to the whole brain as a prophylactic dose without 

simultaneous infield boost (SIB) to gross disease (cohort 

baseline). SIB dose escalation will be up to 3.5 Gy per fraction 

(cohort 3, total tumor dose of 60 Gy/10 fractions). Median 

dose of current study is in between cohort group 1 and 2. 

In simultaneous boost group, considering shortened overall 

treatment time and occasional areas of small foci of high dose 

spots, median WBRT prescription dose was reduced to 25 Gy in 

10 fractions. While mean dose to brain was reduced from 65.1 

Gy3 to 52.5 Gy3 in simultaneous boost group, total irradiation 

dose to tumor was similar in both groups (median, 68.1 Gy10 

and 67.2 Gy10) (Fig. 5). Since there was no new lesion in follow-

up MRIs, 25 Gy in 10 fractions is considered appropriate.

  Short treatment time is critical to treat the patient with 

Fig. 5. Cumulative dose volume histogram of conventional whole brain radiation therapy (WBRT) with sequential RapidArc boost for 

patient no. 2 (A), and RapidArc WBRT with simultaneous integrated boost to tumor for patient no. 9 (B). Whole brain dose is lowered in 

simultaneous boost group, maintaining the similar tumor dose. Note steeper dose gradient for brain above 30 Gy in (B) than in (A).
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poor performance status who cannot tolerate long treatment 

time. Wolff et al. [24] reported that treatment time for single 

target SRS using conformal arc therapy was defi nitely longer 

compared to RapidArc treatment (median, 34.4 minutes vs. 

4.5 minutes). For multiple targets, treatment time might be 

multiplied by the number of isocenters in SRS, up to one and 

half hours or more. However, it is not the case in RapidArc, 

where total treatment time is related to total arc angle. Beam 

on time of RapidArc treatment in the current study was about 

3 minutes or less regardless of target numbers. 

  The overall treatment period of sequential boost group 

were about 6-8 weeks with 2-5 weeks interval between 2D 

WBRT and RapidArc boost which consisted 16-22 fractions 

(median, 20 fractions) in total. For RapidArc WBRT with 

simultaneous boost group, it was 2-3 weeks in 10-20 fractions. 

Considering relatively poor prognosis of the most patients 

and short estimated life span, shorter treatment period with 

simultaneous boost seems to be more desirable. At the initial 

stage of the application of RapidArc for the treatment of 

multiple brain metastases in our institution, sequential boost 

was routinely used. Currently, more patients are treated with 

RapidArc WBRT and simultaneous boost. In some patients 

with irritability or very poor performance status, sequential 

2D WBRT with waiting interval gives chance to perform more 

elaborate treatment technique.

  Although survival gain of intense local treatment, such as 

surgical resection or SRS, for patients with up to 3 brain 

metastases was reported, it has been known that remission 

of brain metastases or administration of more than 30 Gy 

was not associated with increased survival for the patients 

with more than 4 brain metastases [25,26]. However, Li et 

al. [27] reported that local progression of brain metastases 

deteriorated neurocognitive function and consequently the 

patient’s quality of life. In our study, the two patients who 

showed tumor regrowth suffered from weakness, seizure, and 

mental change afterwards. The local tumor control in these 

patients is considered as a worthwhile treatment goal. The 

maximum tolerated dose of brain and optimal dose of tumors 

in multiple brain metastases are not established yet. Previous 

mentioned study, NCT01218542 (ClinicalTraials.gov) sponsored 

by Emory University, will hopefully reveal the possibility. 

  There was no RPA class I patent in the current study. Three 

patients were class II and 6 were class III. The median survival 

was 9 and 7 months, respectively. Reportedly, the median 

survival of RPA class II and III were 4.2 and 2.3 months [9]. 

Sperduto et al. [15] suggested the DS-GPA indices to estimate 

the survival and proposed prognostic index by primary 

tumor diagnosis. For each diagnosis, a robust separation 

into different GPA scores was discerned and classifi ed into 4 

groups; 0-1.0, 1.5-2.0, 2.5-3.0, and 3.5-4.0. According to DS-

GPA classification, current study patients were stratified to 

evaluate and compare early treatment results (Table 4). Eight 

patients were 2.0 or below, excluding one patient with cervix 

cancer, which was not defined in DS-GPA classification. Five 

patients with lung cancer primary were classifi ed as 0-1.0 and 

their median survival was 7.40 months, which is much longer 

than that of 3.02 months estimated in the report of Sperduto 

et al. [15].

  The current study has many limitations because it is basically 

a retrospective analysis, and the patient numbers are too 

small to make any confi dent conclusions. However, the early 

results suggests the possibility of improved quality of life for 

the patients with poor prognostic, four or more multiple brain 

metastases. In selected patients, survival might be extended 

with effective local control of the multiple brain metastases. 

To confi rm this possibility, prospective study with tumor dose 

escalation is needed. The authors are preparing to open the 

prospective study including more sophisticated neurologic 

examinations and neurocognitive function tests before and 

after treatment.

  In conclusion, RapidArc as a component in whole brain 

radiation therapy for poor prognostic, multiple brain 

metastases is an effective and safe modality with easy 

application. Considering the optimal dose to whole brain and 

short treatment time and reduced overall treatment period, 

WBRT with simultaneous boost is more desirable treatment 

modality. 

Table 4. Comparison of median survival for lung and breast 

cancer patients by DS-GPA score

DS-GPA score

0-1.0 1.5-2.0

Primary cancer

Patient
a)
 

Median survival (mo)

Estimated survival (mo)
b)

Lung

5

7.40

3.02

Breast

-

-

3.35

Lung

1

3.20

5.49

Breast

2

12.75

  7.70

DS-GPA, diagnosis-specifi c graded prognostic assessment.
a)
One cervix cancer patient was excluded (not defi ned in DS-GPA 

index). 
b)
Estimated survival was adopted from meta-analysis by 

Sperduto et al. [15]. 
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