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Abstract

Background: Decreased peripheral lymphocyte counts are associated with outcome after RT in
several solid tumors, though appear late during or after the radiation course and often correlate
with other clinical factors. Here we investigate if absolute lymphocyte counts (ALC) are

independently associated with recurrence in pediatric medulloblastoma early during RT.

Methods: We assessed 202 medulloblastoma patients treated between 2000 and 2016 and
analyzed ALC throughout therapy, focusing on both early markers (ALC during week 1 —
ALCi1; grade 3+ Lymphopenia during week 2 — Lymphopggjaand late markers (ALC

nadir). Uni- and multivariable regressions were used to assess association of clinical and

treatment variables with ALC and of ALC with recurrence.

Results: Thirty-six recurrences were observed, with a median time to recurrence of 1.6 years
(Range 0.2-10.3) and 7.1 years median follow-up. ALC during RT was associated with induction
chemotherapy (p<0.001), concurrent carboplatin (p=0.009), age (p=0.01) and high-risk status

(p=0.05). On univariable analysis, high-risk disease (HR 2.0[1.06—3.9],p=0.03) and Milstage

(HR 2.2[1.1-4.4]) were associated with recurrence risk, as was lower ALC early during RT
(ALCwk1 HR 0.28[0.12-0.65],p=0.003; Lymphopenia HR 2.27[1.1-4.6],p=0.02). Neither
baseline ALC nor nadir correlated with outcome. These associations persisted when excluding
carboplatin and pre-RT chemotherapy patients, and in the multivariable analysis accounting for
confounders lymphocyte counts remain significant (ALCHR 0.23[0.09-0.57],p=0.002;

Lymphopenigi, HR 2.3[1.1-4.8],p=0.03).



Conclusion: ALC during weeks 1 and 2 of RT was associated with recurrence and low ALC is
an independent prognostic factor in medulloblastoma. Strategies to mitigate the risk of radiation-

induced lymphopenia should be considered.



Introduction

Medulloblastoma is the most common malignant pediatric brain tumor, occurring in patients
from early age into adulthood with a peak in the range 3-6 YeaEsirrent standard treatment
entails surgery, typically followed by craniospinal irradiation (CSl) with a higher dose to the
tumor bed and adjuvant chemotherapy. Five-year disease control for patients with standard risk

(SR) disease is approximately 80% and 60-70% for patients with high risk (HR) Hisease

Patients over 3 years of age are stratified as SR or HR based on extent of postoperative disease,
presence of disseminated disease (M stage), and histology. Management of SR patient includes
23.4 Gy CSI with a 54 Gy boost to the tumor bed, followed by adjuvant chemotherapy. For high-
risk patients or those presenting with HR features, intensification of therapy can encompass CSI
escalation to 36 Gy, boosts to bulky metastatic disease and use of concurrent carboplatin during
RT. If medulloblastoma recurs after CSI the prognosis is very poor, with 5-year survival <10%,
even for patients initially classified as SRrhis means even minor changes to the muilti-
modality approach can lead to large benefits to patients, either by increasing disease control or
reducing impactful long-term toxicity. A successful example is the reduction of CSI dose for SR
patients to 23.4GY and the reduction of radiation boost volumes from whole posterior fossa
(WPF) to involved field (IF) demonstrated on ACNS033owever, ACNS0331 also proved

that it is not feasible to further decrease the CSI dose from 23.4 to 18 Gy across the board in this

patient group, i.e. for SR patients age 3-8 years, without increasing recurrerice rates

CSl is also associated with considerable hematologic toXi¢itpecause a very high proportion
of circulating immune cells in addition to a large volume of marrow are irradiated with each
fraction. While the immunetimulating effects of radiation have been a focus of research since

the discovery of potential synergy between radiation and checkpoint inhibitiothe immune-



suppressive effects of large field radiation, though recognized already in the 1 dsave only

lately garnered attention. Recently, lower absolute lymphocyte counts (ALC) during and after
RT have been reported to correlate with survival in a range of cancers including adult glioma,
liver, pancreas, lung and oth&f& A multitude of studies have shown the importance of
lymphocytes, which are the main carriers of cell-mediated immunity, for tumor control after
local therap§*?>. They recognize tumor antigens, play key roles in immune recruitment and
activation, and most of our immune system’s mechanisms for identifying and removing tumor
cells involve lymphocyted®. However, the exact mechanisms behind the connection between

outcomes and radiation-induced lymphopenia are still not well understood

It is possible that immune status before, during, and after RT could be used as a prognostic
biomarker in medulloblastoma, similar to recently identified molecular biomarkers that
complement known clinical risk factdfsand can be used to group medulloblastoma into
molecular subgroups with differing progndSisSeveral ongoing trials integrate these molecular
classifications into stratification, offering reduced-dose CSI of 15-18Gy to patients with
excellent prognosis (SJMB12 - NCT01878617, PNET5 - NCT02066220, ACNS1422 -
NCT02724579). These study designs illustrate how rational biomarker-based risk stratification

can be integrated into trial design with the goal of improving outcomes.

The primary objective of this study was to investigate the dynamics of peripheral lymphocyte
counts in medulloblastoma patients during RT and determine if they are independently
associated with increased recurrence risk. Furthermore, we examined the clinical and treatment-

related factors that affect peripheral lymphocyte counts during radiotherapy.

Materials and M ethods

Patient cohort



The study population is comprised of patients treated at the XXX between 2000 and 2016 with
proton radiotherapy or a combination of photon and proton treatment. The majority of patients
(153/202) were treated on three large prospective protocols at our institution (NCTXXX,
NCTXXX, NCTXXX) and the rest were identified from an institutional database or enrolled on a
prospective pediatric radiation registry, (XXX, NCTXXX) and blood count data retrospectively
collected. This study was approved by an institutional review board. All patients or their
parents/guardians provided written informed consent. Todte 1 for a summary of patient
characteristics and important clinical features.

Treatment & Metrics for Blood Counts

The irradiation volume included CSI with a boost to the tumor bed or WPF per protocol or

determined by physician discretion. The tumor bed volume was defined by contouring the
resection cavity and any residual disease, expanding volumetrically by 0.8-1.5cm, anatomically
confined to the WPF. CSI doses generally ranged from 18 to 3g=@glivered in 1-8 Gyse

fractions, integrated with the boost fields.

For skeletally mature children as assessed by age, height, and bone age, the vertebral bodies were
partly spared, i.e. the CSI target volume included the thecal sac, but not the whole vertebral
body. A small fraction of patients received concurrent carboplatin (n=19, 9%), induction
chemotherapy (n = 36, 18%), or both (n=2, 0.9%), and these variables were included in the
multivariable analysis. Chemotherapy was most often given on or according to Children’s
Oncology Group protocol$®® (ACNS0331, ACNS0332 or ACNS0334, see

www.childrensoncologygroup.org) or Headstart I, 11, or Ill protocéfs Chemotherapy given

prior to radiation treatment was characterized as either high- or standard-dose, with high-dose

defined as sufficiently intense to require peripheral stem cell rescue, given to young patients with



at least one adverse prognostic factor. Standard-dose chemotherapy consisted of 1-16 weeks of
well established agents, i.e. vincristine, cisplatin, and lomustine and/or cyclophosphamide, and
was given due to delays in transfer of care to our center. Further detail regarding the treatment
have been described previoiélyAdministration of dexamethasone is standard of practice peri-
operatively in the neurosurgical setting. All patients were tapered off of dexamethasone for at

least two weeks before radiation start.

Absolute lymphocyte counts were obtained via standard laboratory tests, measured as part of
clinical care in counts per volume FID, i.e. 1G/uL]. During radiotherapy blood draws were
obtained at least weekly. The Common Toxicity Criteria for Adverse Events (CTCAE; Version
5.0) was used to grade hematologic toxicities. Grade 3 lymphopenia is defined &0¥D,5

and grade 4 as <0A0%/L. If lymphocyte counts were measured multiple times in a specific

week, the ALC for that week was the average of these measurements throughout the week.

We used three separate metrics to quantify peripheral lymphocyte counts throughout therapy,
including two early and one late timepoint. Early timepoints included average lymphocyte counts
during week 1 (ALC week 1) (dichotomized at the median) and the incidenegrade 3
lymphopenia in week 2. The rationale behind this was to have one metric that is data driven and
one that uses a clinically relevant threshold (grade 3+ lymphopenia). Week 2 was a logical
timepoint for this metric, as prevalence of grade 3+ lymphopenia is very low in week 1, and
>60% in week 3 (see results for details), so week 2 was the only timepoint where this metric
could possibly have discriminatory power for our endpoint. The late endpoint was the ALC
nadir, defined as minimum lymphocyte count measured during RT, which has been studied in a

similar context in non-small cell luAtiand esophageal cancérs

Satistical Analysis



Time to recurrence was measured from the start of RT, follow-ups were performed at least yearly
and disease status assessed by imaging and clinical examination. We evaluated the association of
clinical and treatment variables with our endpoints using multiple linear and logistic regression,
applying variable transformations for variance stabilization where necessary. The relevance of
prognostic factors for recurrence was evaluated using uni- and multi-variable Cox proportional
hazards regression using the score test. Patients without documented recurrence were censored at
the date of the last follow-up. One patient died of other causes after more than five years and was

included in this analysis, omission of this patient does not change the analyses presented here.

We included all relevant factors possibly affecting outcome or lymphocyte counts: risk group, M
stage, age, histology, gross total resection, age, baseline ALC, concurrent carboplatin, induction
chemotherapy and CSI dose, see Table 2 and supplementary Table 3 for details. All statistical
analyses were performed in R v33.asing thesurvival package v2.38., with p values based

on a two-sided hypothesis test. CG, TIY, DS and BYY had access to the raw data.

Results
Lymphocyte dynamics during radiotherapy & risk factors

As expected, there was significant depletion in circulating lymphocytes shortly after
commencing RT, with a very steep decline in ALC and increase in lymphopenia incidence in the
first 3 weeks, leveling off thereafteFigure 1A shows the incidence of grade 3+ and 4

lymphopenia in our entire patient cohort (n=202); 13% of patients had grade 3+ lymphopenia in



the first week of treatment, rising to a peak of 63% at week 3. There were minor differences in

dynamics between the patients receiving high vs low CSI doseSugpkementary Figure 1).

Lymphocyte counts at baseline (defined<@sveeks before RT start) were normally distributed,
with median ALC of 1.810°/L (IQR 1.3-2.3). After the start of RT, ALC declined significantly

to a median of 1.210%L (IQR 0.86 — 1.58) during week 1, and then further to a nadir of median
0.32 0L (IQR 0.23 — 0.47), se&upplementary Figure 2 for the ALC distributions
throughout RT. The decline in ALC is accompanied by a skewing of the distribution, i.e. in some
patients the lymphocyte counts were better maintained throughout RT, leading to a tail extending

to the high end of the range (sagplementary Figure 2).

As expected, induction chemotherapy has a strong effect on the circulating lymphocyte count,
seeFigure 1B. ALCs of patients who received pre-radiation chemotherapy are significantly
different before the start of RT, but show similar declines during RT and at week 3 and thereafter

they do not differ anymore from patients who did not receive pre-radiation chemotherapy.

To investigate the risk factors associated with lymphopenia, we performed a multivariable
analysis to test association of clinical factors and interventions with our early (ALC during week
1 and lymphopenia grade 3+ in week 2) and late (ALC nadir) endpoints, as defined in the
methods $upplementary Table 1). Lymphocyte nadir in this patient population usually
occurred in week 3-5, depending on the CSI dose level (sesSapgdementary Figure 1).
Induction chemotherapy (p<0.001) and use of concurrent carboplatin (p=0.009) were negatively
associated with ALC during week Xgrade 3 lymphopenia risk in week 2 was associated with
concurrent carboplatin (p=0.01) and age at RT (p=0.01). Finally, ALC nadir was affected by HR

status (p=0.05), but shows a positive correlation with age (p=0.01), for the detailed results see



supplementary Table 1. In addition, we investigated the baseline lymphocyte count, see
Supplementary Table 2. As expected, the baseline counts were negatively correlated with

induction chemotherapy (p<0.001), but also with age (p=0.006).

ALC early during RT correlates with outcome

The median time to follow-up in disease-free patients was 7.1 years. Thirty-six patients recurred
(18%), with a median time to recurrence of 1.6 years [IQR 1.1 — 2.4 y8amgjlementary

Table 3 shows the results of the univariable Cox regression analyses of clinical characteristics,
lymphocyte counts and treatment factors. Higher lymphocyte counts early during RT were
strongly associated with decreased risk of recurrence, using either lymphopenia grade 3+ in week
2 (2.27 [1.11 - 4.6], p=0.02) or ALC during week 1 (HR 0.28 [0.12 — 0.65], p=0.003) as the
metric. These two metrics used for early lymphocyte depletion naturally demonstrate a strong
correlation, as shown irsupplementary Figure 3. The association of early lymphocyte
depletion (ALC during week 1 / grade 3+ lymphopenia in week 2) with recurrence also persisted
when restricting the analysis to patients not receiving induction chemotherapy (161 patients,
p=0.002 / 0.02), not receiving concurrent carboplatin (178 patients, p=0.01 / 0.03) or neither
(144 patients, p=0.006 / 0.02). Lymphocyte counts at baseline and the ALC nadir did not
correlate with outcome. Among other factors only M stage (HR 2.2 [1.1 — 4.4], p=0.02) and high
risk group (HR 2.0 [1.06 — 3.9, p=0.03) were associated with an increased risk of recurrence,
with histology (HR 1.9 [0.94 — 3.9], p=0.08), age (HR 0.93 [0.86 — 1.00], p=0.06) and high dose
CSI (1.86 [0.93 — 3.7], p=0.08) not being clearly associated. Note that the majority of these
factors are strongly dependent on each other, i.e. HR being defined by M stage and histology,

which in turn is associated with high dose CSI.



This strong association between recurrence and early lymphocyte depletion is confirmed in the
multivariable analysis after controlling for a range of variables that could confound lymphocyte
counts or outcome, shown ireble 2. Due to the limited number of events we did not include

HR as a variable, since it is already represented by M stage and histology. However, including it
instead of histology yields identical results. Similarly, including age instead or CSI dose also
yields similar results. In agreement with the univariable analysis, baseline ALC or nadir did not
correlate with recurrence risk in multivariable analyses either. The association of lymphocyte
counts during the first week of treatment with recurrence also remain when restricting the
analysis to high-risk patients for both the univariable (HR 0.19 [0.04 — 0.85], p=0.03) as well as
the multivariable analysis (HR 0.14 [0.03 — 0.71], p=0.017). Furthermore, the results remain
similar when using survival as endpoint instead of recurrence: univariable HR=0.18 [0.06 — 0.54]

(p =0.0005), multivariable HR=0.14 [0.05 — 0.44] (p=0.0007).

To illustrate the strong association of low early lymphocyte counts with recurieigoee 2

shows the time to recurrence curves split by M stage and HR status (2A/B), and early
lymphocyte metrics in all patients (2C/D) and restricted to patients without induction
chemotherapy or concurrent carboplatin (2E/F). To test the hypothesis that early lymphocyte
counts matter more in patients with a larger burden of disease at the start of radiotherapy, we
restricted our analysis only to patients with residual disease (n=75), shéwgure 3. We also

tested the hypothesis that the drop in ALC could be a proxy indicator of worsening overall
patient status, and that this may be the underlying reason for the significance of ALC early
during radiotherapy. However, the change in ALC was, similar to the baseline ALC as reported

above, not associated with outcome.

10



Discussion

The key finding from our investigation is that peripheral lymphocyte counts early during RT are
independently associated with recurrence risk in pediatric medulloblastoma patients, even when
accounting for clinical factors that could affect disease control or ALC itself. To our knowledge,
this is the first report of an association between radiation-induced lymphopenia and outcomes in
pediatric patients. It is also important to note that the associations between ALC loss and
outcomes consistently grew stronger when controlling for other clinical variables in the
multivariable analyses (Table 3 and Figure 2), and when restricting to more homogeneous
subgroups such as high-risk patients. This is notable, as we also show that induction
chemotherapy and concurrent carboplatin both associate with lower ALC early during RT
themselves. Similarly, high-risk and M-stage associate with outcome in the univariable analysis
(supplementary Table 3). The fact that, when including all of these factors in the multivariable
analysis, we see ancrease in significance of early ALC anddecrease in significance of other
variables, indicates that while ALC early during treatment is confounded by these competing

variables, it is itself more associated with outcome than they are.

Neither baseline ALC nor ALC nadir was associated with recurrence risk, although the latter has
been frequently reported as an adverse prognostic marker in other dise4%# aitelspossible
reasons for this are discussed below. While we used recurrence risk as the primary endpoint,
overall survival yields very similar results as in this population death is almost exclusively

caused by disease recurrence.

Our study has a number of strengths and weaknesses in the context of predictive biomarker
studies and regarding ALC as predictor of disease outcome in particular. Among the strengths

are the consistent treatment paradigm and radiation target, the long follow-up, the unbiased

11



outcome metric, the strength of the effect compared to other known clinical biomarkers of
outcome, and the novel biomarker of early ALC ldssing treatment. The fact that CSI is
essentially the same for all patients means that our analysis is not affected by variations in target
volume location and size, which are major confounding factors complicating analyses in other
disease sites, such as IGhgwhere larger fields increase lymphocyte depletion but are also
associated with larger and more advanced tumors. The long follow-up (median 7.1 years with
90% of recurrences occurring within the first 5 yeatsj’ and unbiased outcome metric
(recurrence does not occur due to emergence of out-of-field lesions that could have been occult

at baseline) strongly suggest that the results of this study are robust.

The early timepoint is another strength of a predictive biomarker that could possibly be used for
treatment adaptation: while end-treatment ALC and ALC nadir have been shown to be associated
with outcome in other disease sites including adult glioma, these markers can only be defined
after RT has been completed and options to adapt therapy are limited. Early biomarkers that
appear during the first 2 weeks of RT, on the other hand, may facilitate adaptive regimens that
account for ALC loss dynamics. Finally, the relatively large size of our dataset allowed for

possible confounding effects of systemic therapy to be analyzed with care. While the use of
induction or concurrent chemotherapy may act as a surrogate for HR disease in addition to
influencing circulating lymphocyte counts, we found that early ALC loss remained a robust

marker for outcomes even when systemic therapy was thoroughly accounted for in the

multivariable analysis.

The main weakness of this study is the unavailability of molecular subtypes for this patient
population, essentially tied to the long follow-up for this cohort. While the results have yet to be

verified in the context of molecular subtypes, there are two strong indications that the results will

12



hold. First, the discovery of molecular subtypes did not diminish the importance of the other
existing clinical biomarkers, such as residual disease, histology and M®stagéich is why

current trials that investigate de-escalation based on molecular subtype exclude patients
exhibiting these traditional HR features. Therefore, it is reasonable to assume that a marker as
broad as ALC, which has shown associations in a range of other indications, could be valid also
in the context of molecular biomarkers. Second, there is considerable heterogeneity within
subtypes, and while WNT and SHH patients exhibit the best prognosis (the latter depending on
age), they only represent a part of the population in which RT plays a major role (>3 years), and
group 3/4 subtypes are more common and are diverse in terms of odfcOnmiss indicates

that the possible predictive value of ALC could be preserved within those subgroups and could
be used to further refine patient prognostication, though this needs to be validated in a molecular-
defined cohort. A recent study confirms that immune infiltration is low in all molecular
subgroups of medulloblastorfia A minor weakness of our study is that we do not have data on
administration of other non-chemotherapeutic drugs that could possible influence lymphocyte
counts, such as Bactrim (only given to some of the patients receiving pre-RT chemotherapy) and
Keppra (anti-epileptic). However, as these drugs are unlikely to influence our endpoint
(recurrence), we assume the impact on our results is limited. Furthermore, all patients in our
study have been treated mainly with proton therapy, and the results could differ for photon

patients.

If validated in independent cohorts and in the context of molecular markers, early peripheral
lymphocyte counts could be used as part @bmposite biomarker (encompassing molecular
subgroup, clinical features and ALC) either for improved patient stratification for therapeutic de-

escalation, or to enrich trials testing intensified therapies with the goal of improving disease

13



control in HR patients. While it is true that “on-the-fly” treatment adaptation and decision
making are difficult in the current clinical RT work procgsst has been shown feasible in

1-43

clinical trials*2 and could be integrated if proven sufficiently impactful. There is a significant

body of work**

modeling the risks of tumor recurrence and toxicity in medulloblastoma that
could be adapted to include these new biomarkers. Our data also identify the prevention or
mitigation of radiation-induced lymphopenia itself as a possible therapeutic target in pediatric

medulloblastoma.

On the other hand, the ability to enrich adjuvant drug trials with HR patients can be extremely
useful for current trials studying various immunotherapeutic approaches in medulloblastoma
(NCT02359565 — Pembrolizumab, NCT03130959 - 'Checkmate 908' — Nivolumab+-Ipilimumab,
NCT02502708 — Indoximod + temozolomide, NCT02962167 — viral cancer vaccine, all for
recurrent medulloblastoma). The high success rate of the current standard of care necessitates
large trial cohorts to show an effect of treatment intensification, which results in additional drug
exposure and potential toxicity for patients that would not need additional therapy. Therefore,
better stratification of low- as well as high-risk groups could be impactful in two ways, either as

criterion for de-escalation or to improve statistical power in adjuvant drug trials.

The connection of peripheral lymphocyte counts during or after RT and outcome has been shown
retrospectively and prospectively in a range of disease sites, and the published literature has been
reviewed by Grassberger efZaMWhile similar associations have been observed in the setting of
immune checkpoint inhibitidi*’, also in combination with R¥, the exact mechanisms are
unclear. Multiple ways in which depletion in lymphocytes could suppress a nascent immune

response have been proposed, from lymphopenia marking a state of T cell exffatostion

fact that fewer lymphocytes means lower probability for new antigen presentation to T cells that

14



could initiate a response, especially as RT has been shown to preferentially deplete naive and
early memory T celfS. It has recently been shown that specifically medulloblastoma seems to
reside in a non-inflammatory microenvironment which attracts few immune*§eliich could

explain the strong association of outcome with lymphocyte counts. The same study explored
variations in lymphocyte subsets, and showed that more CD4+ T-cells were observed in the
group 4 subtype. This further underscores the importance of studying these associations

prospectively and including molecular sub-types and lymphocyte sub-populations.

Our observation thaearly lymphocyte counts are associated with outcome, but not the
lymphocyte nadir, is a notable difference compared to studies in other indit¥tiofs the
currently published literature demonstrating that the nadir is important, concurrent chemo-
radiation is the main cytotoxic therapeutic mechanism. Recurrence is caused by certain
populations surviving both chemotherapy and RT, i.e. present towards the end of the treatment
regimen, and it is essential ftvese populations to be recognized by antigen presenting cells,
which is why the late timepoint (nadir) is important. In medulloblastoma on the other hand, the
majority of tumor burden has been removed via surgery and possibly pre-RT chemotherapy.
Therefore, the disease load is very small, and it is conceivable that additional antigen
presentation matters more at the beginning of RT (during CSI). Furthermore, most patients
experience severe, grade 3+ lymphopenia towards the end of RT (see Figure 1), possibly
impeding antigen recognition at this stage. This rationale would indicate that lymphocyte counts
should matter more for patients with residual disease after surgery and indeed, as shown in
Figure 3, restriction of the analysis to these patients increases the importance of ALC early
during RT further. However, the number of patients in this subset is low (n=75) and additional

prospective validation in larger datasets is required.

15



Conclusion

This is the first study to show that circulating lymphocyte counts are independently associated
with recurrence risk in a pediatric population, taking into account factors that might interact with
ALC and outcome. Patients with peripheral lymphocyte counts below median during the first
week of RT or with grade 3+ lymphopenia in week 2 had a 4-fold and 2.3-fold risk of recurrence
in multivariable Cox analysis, respectively. These data now merit study in the different
molecular sup-types of medulloblastoma, and if validated in other cohorts will provide an early

prognostic indicator that can be used for treatment intensification or de-escalation.

Figure captions

Fig 1. Lymphocytes counts and lymphopenia before and during RT (A) Lymphopenia incidence
during RT (B) Boxplot of ALC stratified by induction chemotherapy, timepoints indicate more
than 2 weeks before RT, within 2 weeks, exactly at RT start (week 0), and during RT.

**=(p<0.01) ***=(p<0.001) according to two-sided Mann-Whitne\test.

Fig 2. 1-recurrence curves split by M stage (A), high risk (B) and early lymphocyte metrics (C,

D) in all patients. (E, F) show the results only in patients not receiving induction chemotherapy

or concurrent carboplatin. All p-values according to log-rank method.

16



Fig 3. Survival curve for patients with residual disease, i.e. without gross total resection or M2/3
disease (n=75, 17 events), split by median ALC during week 1. p-value according to log-rank

method. Multivariable analysis including other factors yields identical results.
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Table 1 Patient characteristicsintermediate risk was defined

patients with unfavorable histology (anaplastic/large cell) but
otherwise standard-risk features. In accordance with the Children’s
Oncology Group practice these patients were combined with high-risk
patients for statistical analysis.

all patients
n= 202
Age, median [IQF 8.1[5.8-12.4
Histology
Classic, Desmoplastic, N( 164 (81%
Anaplastic, Large Ce 38 (19%
Risk Stratificatiol
Standar 140 (69%
High/Intermediate 62 (31%
M Stage
MO 149 (74%
M1+ 53 (26%
CSl dose [Gy], median [rang 23.4 [0-39.6
Receiving high dose36Gy) 45 (22%
RT partly delivered using photo 34 (17%
Pre-radiation chemothera 36 (18%
Concurrent carboplat 19 (9%

Table 2. Multivariable Cox regression associating baseline variables and lymphocyte counts with

recurrence
Multi variable Analysis Multi variable Analysis
ALC week 1 Lymphopenia Grade 3+ week 2
Variable HR [95% CI] p HR [95% CI] p
Clinical & Baseline Factors
High risk - - - -
M1+ 1.7 [0.46- 6.5] 0.41 1.8[0.75-4.3] 0.1¢
Anaplastic Histolog 1.7[0.47-5.9] 0.4¢ 1.6 [0.72- 3.5] 0.2t
Gross Total Resecti - - - -
Age at R” - - - -

Baseline (above/below medi - - - -
Lymphocyte counts during RT
Early— ALC week 1 (above/below medit 0.24 [0.1 — 0.59] 0.002

Early- Lymphopenia Grade 3+ in wee 2.3[1.1-4.8] 0.03

Late— ALC nadir (above/below medig - - - -
Treatment Factors

Concurrent Carboplat 0.62 [0.19-2.0] 0.4z 0.68 [0.21-2.2] 0.5

Induction Chemothera, 0.43[0.15-1.2] 0.11 0.7 [0.26-1.9] 0.47
High CSI dosex36Gy) = = =
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