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Purpose

The aim of this study is to investigate the spectrum of neurological triad improvement in patients with diffuse intrinsic pontine glioma (DIPG) treated by re-irradiation (re-RT) at first progression.



Methods

We carried out a re-analysis of the SIOP-E retrospective DIPG cohort by investigating the clinical benefits after re-RT with a focus on the neurological triad (cranial nerve deficits, ataxia, and long tract signs). Patients were categorized as “responding” or “non-responding” to re-RT. To assess the interdependence between patients’ characteristics and clinical benefits, we used a chi-square or Fisher’s exact test. Survival according to clinical response to re-RT was calculated by the Kaplan–Meier method.



Results

As earlier reported, 77% (n = 24/31) of patients had any clinical benefit after re-RT. Among 25/31 well-documented patients, 44% (n = 11/25) had improvement in cranial nerve palsies, 40% (n = 10/25) had improvement in long-tract signs, and 44% (11/25) had improvement in cerebellar signs. Clinical benefits were observed in at least 1, 2, or 3 out of 3 symptoms of the DIPG triad, in 64%, 40%, and 24%, respectively. Patients irradiated with a dose ≥20 Gy versus <20 Gy may improve slightly better with regard to ataxia (67% versus 23%; p-value = 0.028). The survival from the start of re-RT to death was not different between responding and non-responding DIPG patients (p-value = 0.871).



Conclusion

A median re-irradiation dose of 20 Gy provides a neurological benefit in two-thirds of patients with an improvement of at least one symptom of the triad. DIPG patients receiving ≥20 Gy appear to improve slightly better with regard to ataxia; however, we need more data to determine whether dose escalation up to 30 Gy provides additional benefits.
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Introduction

Radiotherapy (RT) is still considered as the cornerstone of treatment for patients with diffuse intrinsic pontine glioma (DIPG) (1–4). Current standard of care for newly diagnosed DIPG patients includes at least focal RT up to a dose of 54 Gy, or a low-burden alternative up to 39 Gy (1, 5). Tinkle et al. evaluated the evolution of neurological triad symptoms of patients with DIPG undergoing upfront RT. Among 108 patients, 57% of the patients had the classical triad (6), composed of cerebellar signs (CB) (e.g., ataxia, dysmetria, and dysarthria), cranial neuropathy (CN) (e.g., diplopia), and long-tract (LT) signs (e.g., paraplegia, Babinski sign, and hyperreflexia) at diagnosis. Neurological improvement in CB, CN, and LT signs at the end of upfront RT is 87.9%, 85.4%, and 80.8%, respectively (2).

Numerous studies have investigated the impact of re-RT in the management of DIPG at first progression, in particular by studying the effect on overall survival (OS) (7–14). To our knowledge, the SIOP-E (Société International d’Oncologie Pédiatrique) working group (7) reported on the largest retrospective matched cohort comparing patients with DIPG undergoing re-RT (n = 31) to DIPG patients who did not receive a second course of RT (n = 39). We concluded that a significant benefit in median OS (13.7 versus 10.3 months; p-value = 0.04) was observed in favor of re-irradiated children. Moreover, the global clinical improvement after re-RT was documented in 77% of patients (7). Similar frequencies were reported to be ranging from 67% (10) to 100% (13) across other studies (15).

However, to date, studies investigating the prevalence and spectrum of the typical triad symptom changes after re-RT in progressive DIPG patients are missing. We also aimed to better understand whether certain variables may increase the probability to respond to re-RT. In addition, we investigated whether DIPG patients showing a clinical benefit to re-RT are characterized by a different survival.



Materials and Methods


Eligibility

This study is a re-analysis of the SIOP-E retrospective cohort published before (7). Similar eligible and exclusion criteria are used. Patients aged <18 years and fulfilling the following criteria were eligible: (1) clinical and radiological signs of a typical DIPG at initial diagnosis or a biopsy confirming high-grade glioma, and (2) an interval of ≥3 months between the last day of upfront RT and the start of re-RT. The combination of re-irradiation and systemic agents was allowed. Patients with leptomeningeal dissemination or multifocal disease on MRI at first progression, patients undergoing more than one course of re-irradiation, patients with systemic therapy as the third-line treatment, and children with a history of neurofibromatosis were excluded from the analysis. Between August 2011 and May 2015, a total of 31 patients with DIPG responding to the upfront RT and undergoing re-RT at first progression were included (7).



Radiotherapy

The upfront RT and re-RT of the DIPG patients have been described elsewhere (7). In brief, conventional (dose/fraction: 1.8–2.0 Gy) and hypo-fractionated (dose/fraction: >2.0 Gy) RT regimens were permitted during upfront RT. At first progression, a re-RT regimen with a total dose between 18 Gy and 30 Gy with at least ten fractions was required for analysis.



Responding and Non-Responding Patients

To evaluate the effect of the clinical response on survival outcomes and to assess what kind of variables may increase the probability to show a response to re-RT, we grouped the patients according to their clinical response to re-RT. Patients were categorized as “responding” or “non-responding” to treatment according to whether they showed clinical benefit post re-RT (responding, n = 24; non-responding, n = 7). In our retrospective study, not all signs of the neurological triad were systematically described in patient charts. Any documented symptom improvement (detailed or general) by the treating physician was interpreted and linked to the triad. Improvement in ataxia was frequently assessed by the Brief Ataxia Rating Scale (16).



Objectives

The primary objective of this study was to quantify and specify the type of clinical benefits post re-RT with the focus on the neurological symptoms of the DIPG triad. The secondary objective was to assess the survival time, defined as time from re-RT to last follow-up or death, in responding and non-responding DIPG patients to re-RT. In addition, variables that may increase the probability to show a response to re-RT were analyzed.



Statistical Analysis

All statistical analyses including descriptive statistics were done using IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, New York).

The impact of three variables—gender, age by group (patients were dichotomized by the median age into ≤6 years versus >6 years), and total dose of re-RT (patients were dichotomized by the median re-RT dose applied into <20 Gy versus ≥20 Gy)—on clinical benefits was investigated. To assess the interdependence between these variables and clinical benefits, either a Chi-square test or Fisher’s exact test was used.

The distribution of continuous variables like patients’ age, time interval from upfront RT to re-RT (from the last day of RT to the first day of re-RT), or progression-free survival (PFS) was not normal (Shapiro–Wilk test p-value <0.05); thus, means were compared using a Mann–Whitney U test.

Survival time was compared between responding and non-responding patients. The probability of time to death according to the clinical benefits was calculated by the Kaplan–Meier method and compared between groups using the log-rank test.

Results were described in terms of median, mean, standard deviation (SD), and percentages. A p-value <0.05 was considered significant. No correction for multiple testing was performed.




Results


Patients’ Characteristics and Treatment

Thirty-one patients were retrospectively evaluated for neurological triad symptom improvement after re-RT, 24/31 (77%) had global clinical benefits after re-RT as reported before (7) and were considered as “responding” patients, whereas 7/31 (23%) had no clinical benefits documented after re-RT and were considered as “non-responding” patients. Detailed clinical information, particularly neurological symptom improvement, was documented for 25/31 patients (20 responding and 5 non-responding) as shown in Figures 1, 2. All patient characteristics are described in Table 1.




Figure 1 | Study diagram and analyses performed.






Figure 2 | DIPG triad symptom evolution after re-RT.




Table 1 | Demographic and disease characteristics of patients grouped according to the clinical response to re-RT.



Patient characteristics of children responding to re-RT were similar when compared to DIPG patients without documented clinical benefit to re-RT (Table 1). Neither difference in median time interval from the last day of RT to the start of re-RT (225 days versus 209 days, Mann–Whitney U test p-value = 0.839), nor difference in the time interval between diagnosis to progression (245 days versus 236 days, Mann–Whitney U test p-value = 0.321), defined as PFS, was observed.



Rate of Neurological Triad Symptom Change After Re-RT

All patients had neurological signs at the onset of re-RT as reported previously (7). Analysis of the improvement in the triad symptoms, performed over 25 patients (20 responding and 5 non-responding), demonstrated that 16/25 (64%) patients had clinical benefits in at least one out of three symptoms of the triad, 10/25 (40%) in at least 2, and 6/25 (24%) improved in all three domains of the triad (Figure 2).



Evaluation of the Survival Outcomes According to the Patients’ Response to Re-RT

These analyses revealed a median survival (in days) after the start of re-RT of 150 days (range, 67 to 325 days) in DIPG patients with documented clinical benefit (n = 24) versus 90 days (range, 21 to 297 days) (Figure 3) in DIPG patients without clinical benefit (n = 7) (log-rank test, p-value = 0.871).




Figure 3 | Kaplan–Meier curves with survival from the start of second-line treatment for responding (n = 24, in blue) and non-responding (n = 7, in purple) patients (log-rank test, p-value = 0.871). Cumulative proportion surviving at the end of the interval by a step of 50 days between the two groups.



The cumulative survival (by a step of 50 days) is in favor of responding patients during the first 150 days, and later survival of the two groups converges (Figure 3).



Impact of Patients’ Characteristics on Re-RT Mediated Clinical Benefit

Clinical improvement to re-RT is not impacted by patients’ gender (female responders versus male responders, Fisher’s exact test p-value = 1) or age (patients ≤6 years versus >6 years, Fisher’s exact test p-value = 0.394).

A total dose <20 Gy was associated to a global clinical response rate of 71% (n = 10/14), whereas patients who received ≥20 Gy had clinical benefits in 82% (n = 14/17) of the cases (Fisher’s exact test, p-value = 0.671). Table 2 describes neurological triad improvement for 25 patients according to the median re-RT dose given <20 Gy (n = 13) or ≥20 Gy (n = 12). The distinct regimen of re-RT dose does not provide evidence for differences with regard to CN, LT signs, headaches, and fatigue improvements. However, DIPG patients receiving ≥20 Gy re-RT dose may improve slightly better with regard to ataxia (67% versus 23%, Chi-square p-value = 0.028).


Table 2 | Global clinical benefits following re-irradiation (re-RT) of all patients (n = 31; Mann–Whitney U test p-value = 0.671) and the detailed clinical benefits of well-documented patients (n = 25) grouped according to the re-RT dose given (<20 Gy versus ≥20 Gy).






Discussion

Our analysis demonstrates that re-RT provides a neurological benefit in two-thirds (n = 16/25) of the patients, with an improvement of at least one symptom of the neurological triad. An amelioration in each symptom of the neurological triad (CN, LT, and CB), independently, amounts to approximately 40%, and a re-RT dose ≥20 Gy might have a positive impact on ataxia improvement.

To our knowledge, the spectrum of neurological triad improvement after re-RT has not yet been investigated, thus denying us the possibility for comparison with previous studies. However, Tinkle et al. assessed the evolution of neurological triad symptoms of DIPG patients undergoing upfront RT. At the end of the upfront RT, 87.9% (n = 73/83), 85.4% (n = 88/103), and 80.8% (n = 63/78) of patients had improvement in CB, CN, and LT signs, respectively (2). Focusing on neurological improvement after re-RT, we demonstrated that 44% (n = 11/25), 40% (n = 10/25), and 44% (n = 11/25) of patients had improvement in CN, LT, and CB signs, respectively. Comparison of these two studies is limited by several differences. The study of Tinkle et al. reported on a larger and prospective study about RT-naive DIPG patients, investigating the impact of a median cumulative upfront RT dose of 54 Gy on neurological triad improvement (2).

The same study extensively investigated the influence of neurologic symptom change during RT on survival outcomes (2). Survival was longer in patients who experienced an improvement in cranial nerve deficits, as compared to patients who did not experience such an improvement (2). Because the number of patients in our study was smaller, we only compared the survival time (from re-RT to death), according to the global clinical response to re-RT. Survival was not different and may be partly explained by the small number of responding (n = 24) and non-responding (n = 7) patients in our study and the relatively short—6 months on average (15)—survival time of progressive DIPG patients treated by re-irradiation.

Of interest, Tinkle et al. evaluated the impact of clinical variables (age, sex, race, cranial spinal fluid before or during RT, concurrent systemic chemotherapy to RT, and clinical target volume) on the cumulative upfront RT dose associated with neurological improvement. Except for race where black patients needed lower RT dose to show improvement in LT signs, a significant correlation between variables and symptom improvement did not exist (2). With our study, we provide evidence that neurological benefits with regard to cerebellar sign or ataxia amelioration are likely to be more frequent in patients receiving a total re-RT dose of ≥20 Gy (p-value = 0.028). This appears to be in agreement with the above-mentioned publication reporting on a relative high upfront median RT dose of approximately 21.6 Gy to obtain first cerebellar sign improvement (2). However, among patients who received ≥20 Gy (n = 17), only 6 received 30 Gy, while the others received 20 Gy. In the same way, among the <20 Gy (n = 14) patient group, only 5 have had an 18-Gy regimen, while the others received 19.8 Gy, which means that, between the two groups, most of the patients (n = 20) received a re-RT dose of 19.8 to 20 Gy. Thus, the difference of neurological benefits regarding ataxia may be that the 30 Gy cohort are contributing the benefit demonstrated, but these results obtained by our explorative and hypothesis generating analyses need to be confirmed in larger series. 

The challenges of retrospective analysis have already been discussed in our previous publication (7). However, focusing on the neurological response to re-RT and by splitting the patients into two groups according to their clinical response, we are confronted by small sample sizes and some incomplete data. We especially experienced a lack of information for six patients, partly explained by the fact that data were collected in various centers among Europe, and no common case report form was used to assess the clinical benefits. Based on previous studies, the main limitation is the absence of detailed information concerning the symptomatic status of the patients before re-RT. Indeed, this would allow us to tailor the response rate to re-RT based on the pre-re-RT status of patients since symptoms cannot improve if they do not exist before the onset of re-RT. Referring to the study cited above (2), n = 108 patients were considered for the study, n = 78 had LT signs at diagnosis before undergoing first RT, and n = 63 (80.8%) had improvement in LT signs after RT. In the absence of a detailed pre-RT evaluation, the LT sign improvement rate would have been slightly underestimated (n = 63/108; 58.3%). In the same way, our results potentially underestimate the real rate of neurological improvement post re-RT. Even in the literature, the percentages of patients with the classical triad at first progression before undergoing further treatment such as re-RT are not well documented. Many studies—including our article—investigating the impact of re-RT in DIPG indicate that all patients had neurological symptoms at progression (7, 8, 12). In comparison, approximately 100% of patients suffer from one neurological deficit, 85% of patients suffer from two or more neurological deficits, and 57% of patients experience the classical triad before undergoing upfront RT (2). In addition, we were unable to assess the weaning of steroids use—although this represents an important aspect—after re-RT in general or between the responding and non-responding DIPG patients to re-RT. Lassaleta et al. reported that re-RT allowed a weaning of steroids use in 4 out of 9 DIPG patients (44%) who were using steroids at first progression (12). We are unable to exclude the possibility that steroid use was more frequent in one or the other group. Lastly, the molecular profile may potentially influence the clinical response rate in progressive DIPG patients to re-RT, and this should be investigated in biopsied DIPG cohorts (6). In our present study, reporting about DIPG patients re-irradiated between 2011 and 2015, we do not have molecular data of the tumors of the DIPG patients.

Finally, evaluation of quality of life is lacking in our and other retrospective earlier reports (7–10, 12–14). As this information is missing and relevant for families confronted with a decision on how to proceed further with regard to treatment strategies when experiencing progressive disease in their child with a DIPG, quality-of-life data are currently prospectively assessed using the re-irradiation strategy in several trials including the prospective Canadian protocol (17).



Conclusion

This analysis demonstrates that among 25 patients with well-documented clinical benefits, a median re-irradiation dose of 20.0 Gy results in an improvement of at least one symptom of the neurological triad in two-thirds of DIPG patients. An improvement in each symptom of the neurological triad (CN, LT, and CB), independently, amounts to approximately 40%. No difference in survival after the start of re-RT was observed between the responding and non-responding patients in this limited cohort. DIPG patients receiving ≥20 Gy appear to improve slightly better with regard to ataxia; however, we need more data to verify whether higher doses of approximately 30 Gy might provide additional clinical benefits. To improve the strength of such a study, we need to increase the number of patients and ideally perform a prospective study.
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re-RT patients with DIPG fulfilling inclusion
criteria at the time of initial diagnosis and
disease progression

n=31
(Responding patients n=24
Non-responding patients n=7)

Analyses done (n=31):

e Global clinical improvement (7)

e Impact of variables (gender, age,
second line treatment; table 1)

e Survival time (figure 3)

Further analyses performed (n=25):

e Detailed clinical improvement
(cranial nerves palsies, long tract
signs, cerebellar signs, fatigue,
headaches; figure 2)

e Impact of re-RT dose given on
clinical improvement (table 2)
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Survival from start of re-RT to death or last follow-up (in days)

Cumulative survival at end of interval (step of 50 days)
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Non-responding 1 071 043 043 043 021 O 0





OEBPS/Images/table2.jpg
Re-RT dose given (Gy) Clinical benefits <20 (n=14) >20(n=17)
Global clinical benefits (n = 31)
Responding 10 71% 14 82%
Non-responding 4 29% 3 18%
<20(n=13) >20(n=12)
Detailed clinical benefits (n = 25)
Cranial nerve 7 4
Long tract 6 4
Cerebellar 3 8
Fatigue 1 5
Headaches 2 3

A difference appears to exist (23% versus 67%, chi-square p-value = 0.028) in improvement of cerebellar signs between the two groups (<20 Gy versus =20 Gy).
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disease progression
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Clinical benefits in 3
out of 3 symptoms of
the triad
N=6/25
24%
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Patient characteristics
Gender
Male
Female
Age (years)
Median
Range
<6 yo
>6 yo
PFS (days)
Median
Range
Interval RT to re-RT (days)
Median
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Survival time (days)
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Treatment characteristics
Second line treatment
RT
RT + chemo
re-RT dose given (Gy)
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>20 Gy
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PFS, progression-free survival. yo, years old. Interval RT to re-RT, interval of time from the last day of RT and the first day of re-RT. Survival time, survival from start of re-RT to death/last
follow-up. Chemo, chemotherapy (part of the second-line treatment in addition to re-RT: nimotuzumab-vinorelbine based, n = 9; etoposide, n = 1; sirolimus, n = 2; valproic acid +

celecoxib, n = 1; valproic acid + temsirolimus + irinotecan, n =

; bevacizumab, n = 1).





