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Abstract

Purpose—This study was designed to determine the effect of dose and fractionation schedule of

prophylactic cranial irradiation (PCI) on the incidence of chronic neurotoxicity (CNt) and changes

in quality of life (QoL) for selected patients (pts) with limited disease small cell lung cancer (LD

SCLC).

Methods and Materials—Pts with LD SCLC who achieved a complete response (CR)

following chemotherapy and thoracic irradiation were eligible for randomization to undergo PCI

to a total dose of 25 Gy in 10 daily fractions (Fxs) (Arm 1) vs. the experimental cohort of 36 Gy.

Those receiving 36 Gy underwent a secondary randomization between daily 18 Fxs (Arm 2) and
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twice daily 24 Fxs (Arm 3). Enrolled pts participated in baseline and follow-up

neuropsychological test batteries (NPTB) along with QoL assessments.

Results—265 pts were accrued with 131 in Arm 1, 67 in Arm 2, and 66 in Arm 3 being eligible.

There are 112 (42.2%) pts alive with 25.3 months (mos) of median follow-up. There were no

significant baseline differences among groups regarding QoL measures and one of the NPTB,

namely the Hopkins Verbal Learning Test. However, there was a significant increase in the

occurrence at 12 mos post-PCI of CNt in the 36 Gy cohort (p=0.02). Logistic regression analysis

revealed increasing age was the most significant predictor of CNt (p=0.005).

Conclusions—Due to the increased risk of developing CNt in study patients with 36 Gy, a total

PCI dose of 25 Gy remains the standard of care for patients with LD SCLC attaining a CR to

initial chemoradiation.

Keywords

Limited disease small cell lung cancer; prophylactic cranial irradiation; neuropsychological

testing; quality of life; chronic neurotoxicity

INTRODUCTION

Small cell lung cancer (SCLC) comprises approximately 13% of all cases of lung cancer

being diagnosed more recently in the United States of which roughly 30% are found to have

limited disease [1]. Despite the impact of chemotherapy and chest irradiation for treating the

primary disease, brain relapses are still a major concern and may occur in about 50% of the

time in long-term survivors [2]. Although a meta-analysis [3] demonstrated the impact of

prophylactic cranial irradiation (PCI) on improving survival in patients with limited disease

small cell lung cancer (LDSCLC) who sustained a complete response (CR) to

chemoradiation, the optimal total dose and fractionation schedule of delivering PCI still

remain uncertain.

Recently, the results of an international phase III trial (PCI 01-EULINT1; ClinicalTrials.gov

identifier: NCT 00005062) of over 700 patients comparing 25 Gy in 10 daily fractions (Fxs)

versus 36 Gy total dose of PCI delivered at institutional choice in either 18 daily Fxs or in

24 twice daily delivered Fxs showed no survival benefit in the higher dose group [4]. In fact,

this latter study found a lower 2-year overall survival of 37% in the cohort receiving 36 Gy

versus 42% for those receiving 25 Gy (p=0.05). This multi-national PCI trial was already

accruing patients at the time of concept development for RTOG 0212.

Therefore, with the support of the National Cancer Institute (NCI), RTOG 0212 was

designed with two specific goals. First, the study was to contribute patients to the

international PCI phase III trial that evaluated the impact of total dose of PCI on the

incidence of brain metastasis at two years, overall survival, and disease-free survival. The

accrual to the international study was achieved in December 2005 of which 146 patients

were enrolled from RTOG 0212 [4]. Second, since there was a two-part randomization

scheme not only between 25 Gy versus 36 Gy total PCI dose but also between daily and

twice daily fractionation with the 36 Gy total PCI dose arms, RTOG 0212 was planned as a

phase II trial to determine the impact of PCI total dose and treatment schedule on incidence

of chronic neurotoxicity (CNt) and on quality of life (QoL). This study required a total of

264 evaluable patients, including the first 146 patients co-enrolled into the international

study, in order to perform its objectives. Thus, this report is an analysis of the initial results

of RTOG 0212.
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METHODS and MATERIALS

Patient Selection

Histological or cytological evidence of SCLC was required. After appropriate staging

workup and Zubrod performance status of ≤ 1 along with RTOG neurological function class

of 1 or 2, patients had to have limited disease and achieved a CR to chemotherapy and

consolidative chest radiotherapy that was documented at least on standard chest X-rays

within one month of study entry. Patients may still have been receiving chest irradiation but

must have completed chest irradiation by at least one week before being enrolled. All

subjects had negative MRI or CT scans of the brain at most one month before protocol entry.

Pretreatment laboratory studies included absolute granulocyte count ≥1.5 ul; Hgb ≥ 10.0

gm/100 mL; and platelet count of ≥ 75,000 ul. All enrolled subjects had to provide informed

consent and sign an Institutional Review Board –approved consent form before beginning

protocol specified PCI.

Patients were excluded from study for the following reasons: cytological evidence of a

malignant pleural effusion; prior external beam irradiation to the head & neck region;

concurrent chemotherapy or immunotherapy during PCI; epilepsy requiring chronic

medication; a malignancy (excluding nonmelanomatous skin cancer or carcinoma in situ of

the cervix) within the prior 5 years of undergoing study PCI; a serious medical or psychiatric

condition that would impede appropriate study participation; or persistent inability to give

informed consent.

At time of study enrollment, patients were stratified by age (≤ or > 60 years) and time

interval from the start of induction chemotherapy (≤ 90 days, 91–180 days, or 181–240

days). Patients underwent an initial randomization to either 25 Gy total dose delivered in 10

daily fractions of 2.5 Gy (control Arm 1, 131 patients) or a higher dose of 36 Gy. Those

selected for the higher total dose then had a secondary randomization to receive PCI in 18

daily fractions of 2.0 Gy (experimental Arm 2, 67 patients) or in 24 twice daily fractions of

1.5 Gy with 6–8 hour interval between fractions (experimental Arm 3, 66 patients). PCI was

to be initiated within 15 days after randomization. Patients were not treated on weekends.

Patients received whole brain PCI that involved 4–6 MV photons delivered with opposed

lateral portals with at least normal tissue sparing of the lens. Fields had to include at least 1

cm margin on the calvarium. At the discretion of the treating radiation oncologist, the

inferior border could be no more inferior than the interspace level of the second and third

cervical vertebrae. All fields had to have fluoroscopic simulation prior to treatment;

however, central review of simulation films for study patients was not done for this trial. CT

simulation was not allowed for RTOG 0212.

Neurocognitive and Quality of Life Instruments

The neuropsychological test batteries (NPTB) employed for this trial included the Hopkins

Verbal Learning Test (HVLT) [5] for memory (both immediate and delayed recall and

recognition), Controlled Oral Word Association Test (COWAT) [6] for language/verbal

fluency, Trail Making Test Part A (TMT-Part A) [7] for visual and spatial scanning,

attention, sequencing, and speed, and Trail Making Test Part B (TMT – Part B) [7] for

executive/frontal lobe skills. Each study institution was required to have a RTOG certified

reviewer to conduct all NPTB in this study. Quality of Life (QoL) measures included the

EORTC Quality of Life Questionnaire (QLQ-C30) and Brain Cancer Module 20 (BN 20).

Both the EORTC QLQ-C30 and the BN20 have previously been shown to be reliable and

valid instruments for evaluating recurrent high-grade gliomas [8,9]. Previous investigations

have demonstrated the EORTC QLQ-C30 questionnaire had adequate reliability in patients

with lung, breast, ovarian and head & neck cancer [10,11,12,13], as well as other cancer
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diagnoses [14,15]. Compliance rates in multicenter, randomized clinical trials have been

high for this questionnaire [16,17]. The BN20 is a supplemental questionnaire specifically

developed for use with the general questionnaire (QLQ-C30) in patients with brain cancer

[9].These instruments were collected at baseline, at 6 and 12 months for the first year post-

treatment, then annually for 3 years and also at disease progression or relapse and at death.

Statistical Methods

This analysis was undertaken since all patients had been potentially followed for a minimum

of 12 months per protocol. NPTB and QOL assessments within ± 4 weeks of the scheduled

6- and 12-month assessments were included in this analysis. Neurological deterioration

(ND) was defined as a decrease of one standard error measurement (SEM) in any of the

NPTB with each patient serving as his/her own control in evaluating a cognitive decline.

Any differences between the pre-treatment baseline and follow-up assessments among the

treatment groups were confirmed by the reliable change index (RCI) [18]. This index is

derived from the SEM [19] for each test in the battery.

The change score of each test from baseline and the score at baseline were tested using a

Kruskal-Wallis rank test statistics [20]. Hommel’s stagewise rejective multiple test

procedure [21] was employed for multiple testing problem. The percentages of patients

having ND at 12 months post-treatment were estimated for all evaluable patients.

Deterioration in at least one neurocognitive test (HVLT, COWAT, or TMT- Part A or B),

without documentation of brain metastases was considered a chronic neurotoxicity (CNt).

The proportion of study patients with a CNt was computed using a 90% confidence interval

(CI). The Chi-square test [22] was used to test the difference of CNt and logistic regression

[23] was used to associate CNt as a categorical response (yes or no) with important

prognostic factors. The following prognostic factors were considered initially: Treatment

arm (Arm 1(2.5 Gy × 10, reference level [RL]) versus (vs) Arm 2 (2.0 Gy × 18) vs Arm 3

(1.5 Gy × 24)), age (continuous), gender (male [RL] vs. female), education level (≤ high

school vs > high school [RL]), and marital status (married/living as married [RL] vs single/

divorced/widowed). A backward variable selection method was used to build the model at

the criteria of p-value <0.1. QLQ-C30 was scored according to methods described in the

EORTC QLQ-C30 scoring manual. The BN 20 was scored in a manner analogous to the

QLQ-C30 symptom scales.

As specified in the statistical design of this protocol, an absolute difference of 10% from

baseline on any question indicated a clinically significant difference. The following domains

were evaluated: role functioning, social functioning, global QoL, visual disorder, motor

dysfunction, communication deficit, drowsiness, memory/concentration. Time to

development of brain metastasis (without CNt) was estimated using the cumulative

incidence method [24]. All statistical comparisons were considered statistically significant

with a (unadjusted and adjusted) p-value of <0.05. A Statistical Analysis System (SAS

Institute, Cary, NC) software package was used for all statistical analyses.

RESULTS

RTOG 0212 opened on February 19, 2003 and closed on February 12, 2008. A total of 265

patients were accrued of which 264 were eligible for analysis. This evaluation was

performed using those eligible patients in RTOG 0212 as of February 23, 2009.

At the time of this analyssis, there are 112 patients alive with 25.3 months of median follow-

up (0–53.0 months) with 16 patients having less than 12 months of follow-up. There was

one patient in Arm 2 for which no follow-up data has been submitted. Table 1 depicts the

pretreatment characteristics of the patients by treatment arm and they were well balanced
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with the exception of there being more males than females in Arm 1. Note that most patients

received induction chemotherapy consisting of cisplatin and etoposide chemotherapy along

with thoracic consolidative irradiation.

The total patients with brain metastases at any time within the first year of followup was 29

Arm 1 (22%), 7 in Arm 2 (10%), and 14 in Arm 3 (21%). The brain metastases rates

determined by cumulative incidence at 12 months were 15.6%, 6.2%, and 10.6% for Arms

1, 2, and 3 respectively (Figure 1). Death without brain relapse occurred in 53 patients in

Arm 1 (40%), 32 in Arm 2 (48%), and 26 in Arm 3 (39%). However, note that this study

was not powered to evaluate the impact of treatment for either the incidence of brain

metastases or patient survival.

The baseline data for the NPTB and QoL measures were collected for more than 90% of

eligible patients in all three treatment cohorts. A review of the compliance to the NPTB and

QoL measurements for the first 12 month follow-up study is displayed in Table 2 and

revealed a continued downward trend in eligible patients actually undergoing study-

mandated evaluations. There were no statistically significant differences among treatment

groups regarding HVLT, TMT B, QLQ-C30, and BN20 at 12 months versus baseline

evaluations. However, there were statistically significant differences for the COWAT (p-

value = 0.03) and TMT-A (adjusted p-value=0.03) at baseline among the three treatment

groups. There were no statistically significant differences in score changes at 12 months

from baseline among the treatment arms with respect to NPTB and QoL (unadjusted or

adjusted p-values > 0.05). Confirmation of these observations was made when each

neuropsychological test was subjected to the RCI (results not shown). However, it should be

noted that the number of patients evaluable at 12 months for all instruments was too small to

yield any statistically significant results. Although there was no significant difference in the

change scores among all three treatment arms, there was a noted decline in cognitive

functioning in QLQ-C30 across all groups (the mean change scores −14.0 in Arm 1, −13.5

in Arm 2, and −19.6 in Arm 3).

Table 3 depicts the incidence of neurological deterioration and shows that ND defined as a

significant decrease at 12 months in at least one neurocognitive test (HVLT, COWAT, or

TMT A & B) from baseline regardless of brain metastasis is statistically significantly

different among the treatment arms (62% [Arm 1] vs. 85% [Arm 2] vs. 89% [arm 3], p-value

= 0.03). Specifically, the higher dose arms (Arms 2 & 3) had a significantly higher incidence

of ND than the lower dose group (Arm 1). Table 3 further demonstrates that the incidence of

CNt (a decline in at least one of the aforementioned tests and without evidence of brain

metastasis at 12 month follow-up) also was significantly limited only to the treatment arms

delivering 36 Gy total dose (Arms 2&3) versus the lower dose arm (Arm 1) (p = 0.02).

Table 4 shows the results of a logistic regression model of CNt. It found that both higher

total dose arms (p = 0.03) and age (p = 0.005) were statistically significant factors for the

development of CNt. This finding is compelling. However, the number of patients available

at 12 months is too small due to the high drop-out rate. Therefore, these findings should be

taken with caution. Lastly, Table 5 shows that at the 12 month follow-up interval, the

overwhelming majority (at least 88%) of patients with ND did not have concomitant brain

metastasis.

DISCUSSION

Since the sentinel meta-analysis published in 1999 regarding 987 patients from 7

randomized trials [3], the standard of care for patients with LD SCLC who achieve a CR

following chemoradiation for the primary disease has been to incorporate PCI into their

therapeutic regimen. In addition to reducing the risk of brain metastases from 58.6% without
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PCI to 33.3% at 3 years, PCI was found to result in a 16% reduction in mortality rate that

translated into a 5.4% increase in 3-year patient survival (from 15.3% in the group not

having treatment to 20.7% in the PCI cohort) [3].

The international PCI trial [4] was a prospectively randomized Phase III that enrolled 720

patients from September 1, 1999 through December 31, 2005 from 157 medical centers in

22 countries that was established to address the primary issue of the effect of increased total

dose on the incidence of brain relapses as well as on patient survival. When RTOG 0212

was first being designed, it was deemed of utmost importance by the NCI for the RTOG

study to contribute patients to the then still open multinational PCI study. By the close of

this collaborative international effort two years later, the RTOG trial was able to contribute

146 patients (20.2%). One noteable difference between the European- initiated study and

RTOG 0212 is that the former did not have a secondary randomization between

conventional and altered fractionated PCI that did occur in the latter study. In fact, only 22%

of patients that were randomized to receive 36 Gy were given accelerated hyperfractionated

PCI (1.5 Gy twice daily for 24 Fxs) versus 78% who underwent conventional (2 Gy daily for

18 Fxs) elective brain irradiation in the international trial [4]. Nevertheless, the Phase III

multi-national study [4] did demonstrate that there was no significant difference (p = 0.18)

in the 2-year brain failure rates between the standard dose arm of 25 Gy total dose (29%)

versus the 36 Gy higher dose group (23%). Furthermore, there actually was a significantly

higher (p = 0.05) 2-year overall survival in the standard cohort (42%) versus 37% in the

higher dose one that was attributed to an increase in the cancer-related deaths in the latter

group [4].

Since RTOG 0212 was constructed with a two tiered randomization scheme, it was powered

to evaluate the impact of total PCI dose on the development of CNt and deterioration in QoL

as defined by this study. The initial results at approximately 12 months post-PCI found a

significant deterioration in neurocognitive functions among those that received the higher

total dose of 36 Gy to the brain (p = 0.03) as well as a significant increase in the occurrence

of chronic neurotoxicity (p = 0.02) as defined by the parameters of this study. In order to

compare the impact of treatment schedules on study endpoints, a logistic regression analysis

determined that those patients who were randomized to Arm 2 (p = 0.03) were the most

likely to have abnormalities in neuropsychological testing compared to Arm 1.

Several factors in the literature have been reported as being associated with the risk of long-

term neurotoxicity, including age greater than 60 years [25], a daily fraction size of greater

than 3 Gy [25,26,27,28,29], and concurrent use of chemotherapy during PCI

[25,26,28,30,31,32,33]. In RTOG 0212, age as a continuous variable was the most

significant predictor of CNt (p = 0.005). Of note is the fact that this present study did not use

any daily fraction size of greater than 3 Gy or permit chemotherapy to be administered

during the PCI.

However, the use of hyperfractionated radiotherapy in this randomized trial did not yield a

significant reduction in late neurologic effects that has been previously associated with

altered dose fractionation schedules in other tumor sites [34] as well as for a small cohort of

patients with LD SCLC having a CR to chemotherapy followed by consolidative chest

irradiation [35]. If one assumes no tumor proliferation and an alpha/beta ratio of 2 for

normal brain tissue and a ratio of 10 for brain tumor cells, then calculations for both tumor

and normal brain tissue biologically equivalent doses (BEDs) can be determined for all three

arms as follows: 1) Arm 1 – 41.4 Gy/63.0 Gy; 2) Arm 2 – 43.2Gy /72.0 Gy; and 3) 31.3 Gy/

56.3 Gy. Thus, the ratios of tumor BED to normal brain BED for the three arms would be

0.56 for Arm 1, 0.6 for Arm 2, and 0.66 for Arm 3. Therefore, Arm 2 should be 7%

(0.6/0.56) “better” and Arm 3 18% (0.66/0.56) “better” than Arm 1 in preventing brain
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relapse without significant increase in overall treatment time. Yet, despite a greater than

50% drop-out rate of patients being followed at 12 months post-PCI, this study’s results

demonstrated that the higher total dose of 36 Gy and at least daily fractionation to this

higher dose were significantly associated with the development of CNt.

In this study, patients did not undergo NPTB or QoL measurements before induction

therapies. Yet, prior to PCI, the baseline assessments did manifest abnormalities in

language, visual and spatial scanning, attention, sequencing, and speed among all three

arms. Other series have clearly demonstrated that many patients with SCLC have

demonstrable neurological and cognitive impairments prior to the onset of PCI

[36,37,38,39,40,41,42,43,44]. Proposed causes have been attributed to the effects of

chemotherapy on the brain, a paraneoplastic syndrome, aging, an immunologic dysfunction,

or even microscopic cranial metastases at diagnosis resulting in frontal or subcortical

cognitive defects. Future investigations should consider incorporating neurocognitive

evaluations as part of the initial staging of these patients that will allow better understanding

of this phenomenon. Finally, this study found that the development of ND and/or CNt at 12

months was generally not associated with the presence of brain metastasis, which contradicts

other reports [45. 46] suggesting that objective declines in neurocognitive function might be

an early predictor of brain relapse.

Even though the number of patients available for analysis at 12 months post-PCI is limited,

it should be noted that despite the increase in CNt of patients in Arm 2, this group also had

the lowest proportion of brain relapses (10%) versus those in Arm 1 (22%) and in Arm 3

(21%). In addition, more than 60% of patients receiving 25 Gy and 80–90% of those having

36 Gy PCI had documented neurotoxicity at one year. Even though there was not any

observed impact on QoL measurements at 12 months, additional studies are warranted

regarding methods of reducing the risk of CNt for all of these patients who still need to

receive life-saving PCI.

Perhaps, with further long-term follow-up, RTOG 0212 could demonstrate a sustained

reduction in brain metastases that would ultimately translate into an improvement in patient

survival for those patients treated to the higher conventionally delivered total dose of 36 Gy.

Of course any such finding would need to be weighed against rate of CNt in this group of

patients versus the lower PCI dose group. Yet, at the present time, the standard of care for

the delivery of PCI for those patients who ultimately achieve a CR to chemoradiation

remains 25 Gy given in daily 2.5 Gy fractions.
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Figure 1.

Cumulative incidence of brain metastasis at one year. There is 1 patient for which there has

been no followup-information submitted to RTOG Head Quarters.
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Table 4

Logistic Regression Model* of Chronic Neurotoxicity at 12 Months (n=75)

Variable Comparison Odds Ratio (95% CI) p-value

Treatment Arm 2.5 Gy × 10 vs. RL

2.0 Gy × 18 vs. 8.00 (1.29, 49.50) 0.03

1.5 Gy × 24 4.37 (0.81, 23.60) 0.09

Age Continuous 1.12 (1.04, 1.21) 0.005

Education Level ≤ High School 2.96 (0.85, 10.29) 0.09

> High School RL

*
A backward method was used. The following variables were initially entered into the model: Treatment arm (2.5 Gy × 10 (referent) vs. 2.0 Gy ×

18 vs. 1.5 Gy × 18), age (continuous), gender (male (referent) vs. female), education level (≤ high school vs. > high school (referent)), and marital

status (married/living as married (referent) vs. single/divorced/widowed). Parameters with a p < 0.1 remained in the model.

CI = Confidence Interval; vs. = versus; RL = Reference Level
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