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Abstract
Introduction: Primary CNS lymphoma (PCNSL) outcomes diverge between a majority of patients who
achieve long term remission and a smaller minority who have aggressive disease course and die in the
�rst year. Sarcopenia is increasingly recognized as a powerful predictor of mortality in brain and systemic
cancers. Temporalis muscle thickness (TMT) is a validated radiographic measure of sarcopenia. We
hypothesized that patients with TMT less than one standard deviation below the mean (“very thin TMT”)
would go on to have shorter survival.

Methods: Two blinded operators retrospectively measured TMT in 99 consecutive pretreatment brain
MRIs from patients that were subsequently diagnosed with PCNSL.

Results: On univariate analysis TMT predicted early progression (HR 4.25, 95% CI 1.95 – 9.29, p<0.001)
and early mortality (HR 4.38, 95% CI 2.25 – 8.53, p<0.001), and these effects were maintained in
subgroups of patients both <65 and ³65 years of age. Very thin TMT predicted mortality more robustly
than IELSG or MSKCC scores. Patients with very thin TMT received fewer cycles of high-dose
methotrexate (HD-MTX) and were less likely to receive consolidation. On multivariate analysis which
included the covariates age, sex, TMT, ECOG, BMI, lifetime doses of HD-MTX, and consolidation, very thin
TMT was independently associated with both early progression (HR = 7.87, 95% CI = 3.55 – 17.45,
p<0.001) and short survival (HR 4.49, 95% CI = 1.94 – 10.40, p<0.001).

Conclusions:  We conclude that PCNSL patients with very thin TMT are at high risk for relapse and early
mortality. Future trials should stratify patients by TMT to avoid potential confounding.

Introduction
Primary CNS lymphoma is unusual among brain cancers in that long-term durable remissions can be
achieved in a large proportion of patients. With autologous stem cell transplant (ASCT) consolidation,
approximately 60-70% of patients will remain relapse-free after 5 years [1, 2], although late relapses are
known to occur [3]. Therefore intensive, and frequently in-hospital treatment regimens are justi�ed by the
potential for long-term remission. On the other hand, approximately 10-20% of patients will be refractory
to initial induction with high-dose methotrexate (HDMTX) based regimens [4, 5] with a median survival of
2.1 months after progression [6]. Additionally, patients who relapse within the �rst year had a one-year
survival of about 20%, whereas patients who relapsed more than a year after diagnosis had a one-year
post-relapse survival of greater than 70% [6]. Unfortunately, relapse is most common in the �rst year,
occurring in 85% of patients that are not consolidated, and in 59% of patients who are consolidated after
�rst induction. [6]. Importantly, even patients with refractory disease or early relapse can achieve long-
term progression-free survival if a second remission can be achieved [7], and we previously reported that
there is no correlation between the durability of successive responses [4]. Overall, the one-year mortality
of PCNSL is approximately 21-24% [8, 9]. Thus, it is important to be able to reliably and easily stratify
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patients at the time of diagnosis, in order to individually tailor treatment strategies as well as to ensure
balancing of prognostic factors in clinical trials.

Sarcopenia describes reduced muscle mass and function and is increasingly recognized as an important
prognostic feature in oncology [10]. The etiology of sarcopenia is thought to be a combination of age-
related muscle loss as well as cancer related effects of chronic in�ammation and increased protein
degradation. As such, it is unsurprising that sarcopenia has been linked with poor prognosis [11] as well
as reduced ability to tolerate chemotherapy [12]. For example, in systemic diffuse large B cell lymphomas,
sarcopenic patients have been shown to have two year survival of 46%, compared with 84% in non-
sarcopenic patients [13].Temporalis muscle thickness (TMT) has become accepted as a radiographic
measure of sarcopenia which is strongly correlated to survival in multiple neurologic diseases, including
glioblastoma [14, 15]. TMT is also been validated as highly predictive of grip strength, another frequently
used measure of sarcopenia [16]. A study earlier this year reported that reduced TMT is associated with
shorter survival in patients with PCNSL [17], using predetermined gender speci�c standard values from
healthy individuals aged 18-40 [16]. We hypothesized that rather than comparing to healthy patients, it
would be preferable to use a single cutoff to identify PCNSL patients (most of whom are over 40) with the
lowest TMT, and that this population would ultimately go on to have short survival times. One standard
deviation was chosen because this would isolate the approximately 16% of patients with the thinnest
TMT, which we hypothesized would signi�cantly overlap with the ~20% of patients that have aggressive
disease and die within a year of diagnosis.

Methods
This study was approved by the University of Washington institutional review board. A database of all
PCNSL patients treated at the University of Washington between 2000-2021 was created combining an
unbiased screen for ICD9/10 codes as previously reported [4]. We retrospectively reviewed the presenting
brain MRIs for all patients diagnosed from 2010 through 2021. A total of 135 patients were screened, and
36 patients were excluded due to lack of pretreatment MRI images, motion artifact, poor quality images,
or missing clinical data.

Temporalis muscle thickness was measured by a board-certi�ed neuro-oncologist (AVB) and a medical
student (AM) who were blinded to clinical history at the time of measurement. Measurements were
performed as follows: in two windows, an axial pre-contrast T1 image and corresponding coronal image
were placed side to side, the axial images were chosen at the level of the superior aspect of the anterior
commissure (on coronal sections) corresponding to the level of the Sylvian �ssure (Figure 1). The
thickness of the temporalis muscle belly was measured perpendicularly to the long axis of the muscle.
The �nal measure was the average of left and right temporalis muscle thickness obtained by both
observers. If there was any evidence of skull defect or other intervention on one side, the measurements
from this side were discarded.
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Demographic, pathologic, laboratory, and outcomes data were retrospectively obtained from the medical
records in this no-contact study. Overall survival and progression-free survival were calculated starting
from the date of diagnosis, through to either last contact, date of death, or date of progression. Univariate
Cox regressions were performed in SPSS (IBM, Armonk, NY) with an alpha of 0.05. In order to check for
confounding by covariates which might reasonably be expected to be related to sarcopenia (age, sex,
BMI) or outcome (performance status, age, number of HD-MTX doses, and consolidation), we performed
a multivariate analysis in SPSS with alpha 0.05. Plots were generated in Prism 8.0 (Graphpad, San Diego,
CA).

Results
Patient characteristics are described in Table 1. A total of 99 consecutive patients with PCNSL were
identi�ed between 2010 and 2021 for whom pre-treatment brain MRI was available for review. Patients
were 41% female and 58% male, with median age at diagnosis of 67 years. Average BMI was 29.4 kg/m2,
and median ECOG was 1. Patients were treated with a median of 6.5 cycles of HD-MTX and were
consolidated as follows: 18 patients were consolidated with myeloablative chemotherapy followed by
autologous stem cell transplant, 10 patients received WBRT, 4 patients were consolidated with etoposide
and cytarabine [18], and 67 patients were not consolidated, which includes patients treated with
maintenance chemotherapy, targeted agents (ex. Ibrutinib), or immunomodulatory agents (lenalidomide).
A total of 52 patients progressed and 42 patients died. Median duration of follow up was 33.3 months.
Patients with reduced TMT received a median of 2 doses of HD-MTX throughout the course of their
treatment, whereas other patients received a median of 6.5 doses of HD-MTX. With respect to
consolidation strategy, only 1/15 patients with reduced TMT was consolidated (with nonmyeloablative
cytarabine and etoposide) whereas the remaining 14 were either not consolidated or received
maintenance treatments. In contrast, 18/84 patient with normal TMT were consolidated with autologous
stem cell transplant, 9 were consolidated with WBRT, 4 received nonmyeloablative cytarabine and
etoposide, and 53 received no consolidation or maintenance therapies.

Interobserver agreement for TMT measurements was interrogated using Bland-Altman analysis which
revealed a bias of 0.03, calculated as the difference between the measurements from each operator,
divided by the average measurement. TMT was normally distributed and �tted to a Gaussian distribution.
Mean temporalis thickness was 7.8 mm with standard deviation of 1.8 mm. Patients with TMT less than
one standard deviation below the mean (corresponding to <6.0 mm) were grouped as “very thin TMT” for
all subsequent analyses. Males had signi�cantly thicker TMT compared to females, average 8.3 mm and
7.5 mm respectively (Fisher’s T-test, two tailed: p=0.044). TMT showed a nonsigni�cant trend towards
inverse correlation with age (r2= 0.036, p=0.059), which was unchanged when including only patients age
≥ 65 (r2 = 0.037, p=0.174).

Currently accepted prognostic scores include the International Extranodal Lymphoma Study Group
(IELSG) score [19] and the Memorial Sloan Kettering Cancer Center (MSKCC) prognostic model [9]. IELSG
scores could be calculated for 57/99 patients, due to missing datapoints in the other patients. In this
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smaller cohort, we were unable to detect a signi�cant difference in survival (Figure 2A; p=0.394) between
IELSG 0-1, 2-3, and 4-5. [19] We also analyzed patients according to the MSKCC score, which divides
patients into three groups based on age and KPS. We detected a signi�cant difference in survival
between the three groups (Figure 2B, p=0.047), speci�cally there was decreased survival in patients aged
> 50 years and with KPS < 70 (HR = 4.88, 95% CI = 1.84-12.91, p = 0.018), and a nonsigni�cant trend
towards decreased survival in patients aged > 50 years and with KPS ≥ 70 (HR = 2.32, 95% CI = 0.93 –
5.77, p = 0.070). In comparison, when stratifying patients by TMT, we found that thin TMT was highly
predictive of both shorter survival (Figure 1B; HR 4.38, 95% CI 2.25-8.53, p < 0.001) and shorter
progression-free survival (Figure 1C; HR 4.25, 95% CI 1.95-9.29, p < 0.001). Of note, all 15 patients with
very thin TMT had progressed by 13.2 months, and 1 year survival was 5/15 (33%). We subsequently
analyzed patients ≥ 65 years (n = 52) and strati�ed them by TMT. We again found shorter survival in
patients with thin TMT (Figure 2A; HR = 2.32, 95% CI = 1.06 – 5.10, p = 0.036) and shorter progression-
free survival (Figure 2B; HR = 3.71, 95% CI = 1.72 – 8.01, p < 0.001). These effects were maintained when
analyzing only patients <65 years (n = 47), for both survival (Figure 2C; HR 11.1, 95% CI = 3.2 – 38.7,
p<0.001) and progression-free survival (Figure 2D; HR = 27.5, 95% CI = 5.9 – 128.0, p<0.001).

Next, we explored the association between BMI and outcomes (Supplementary Figure 1). We
hypothesized that elevated BMI would predict shorter survival, and this effect was indeed observed (HR
2.05, 95% CI = 1.10 – 3.82, p=0.028 ). We subsequently hypothesized that the population of patients with
high BMI but low TMT would identify a population of patients with baseline obesity and concurrent
sarcopenia. We generated an obesity-sarcopenia index calculated as TMT (mm) / BMI *10. The mean
and standard deviation were 2.76 and 7.55, respectively. Patients with an obesity-sarcopenia index of less
than µ – σ were designated as BMIhigh/TMTlow. There was a nonsigni�cant trend for shorter survival in
BMIhigh/TMTlow patients (HR 1.84, 95% CI = 0.75 – 0.453, p=0.098).

In order to control for confounding by covariates, we performed multivariate analysis including TMT, age,
sex, ECOG, BMI, lifetime number of HD-MTX doses, and consolidation as covariates (Table 2). The Cox
multivariate model was signi�cant for overall survival (χ2 = 52.12, p<0.001). Of the individual covariates,
TMT (HR 4.49, 95% CI = 1.94-10.40, p<0.001), lifetime HD-MTX doses (HR=0.82, 95% CI = 0.74 – 0.91,
p<0.01), consolidation (HR=0.15, 95% CI = 0.04 – 0.66, p=0.012) and BMI (HR 1.05, 95% CI = 1.01 – 1.10,
p=0.027) were independently correlated with survival (see Table 2). A separate Cox multivariate model
was run for progression-free survival (χ2=38.15, p<0.001). Only TMT (HR = 7.87, 95% CI = 3.55 – 17.45,
p<0.001) and BMI (HR 1.05, 95% CI = 1.01 – 1.09, p=0.016) were independently associated with
progression-free survival (see full results in Table 2).

Discussion
In this study we demonstrate that patients with sarcopenia as measured by TMT less than 6 mm (de�ned
by µ – σ in our cohort) on their pretreatment MRIs have much worse prognosis independent of previously
described factors. Very thin TMT independently and robustly predicted early progression as well as early
mortality in patients across age groups. The independent effect of TMT on PFS suggests that in addition
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to being a marker of fragility, TMT could also be indicative of an aggressive disease state. It would follow
that this measure may, in ways not fully understood, integrate both patient-speci�c and disease-speci�c
characteristics. Although, we also found that patients with very thin TMT had less chemotherapy and
were less likely to receive consolidation, these factors were included as covariates in our multivariate
models, and therefore the effect of TMT on progression is independent of treatment. The value of thin
TMT as a robust predictor is that it can be applied to virtually all patients, since all patients will have a
pretreatment MRI in the modern era, and it more robustly predicted survival compared to previously
validated prediction scores. If validated in a prospective cohort, this may have utility in patients where the
clinician must decide between aggressive management with the ultimate goal of long-term remission, or
less aggressive outpatient treatment aimed at palliative control.

Of note, Furtner et al reported an association between TMT and survival in PCNSL earlier this year.[17]
Their approach was to generate age and gender speci�c normal values in a healthy cohort of adults aged
18-40, and then identify those patients with PCNSL who deviated by 2.5 standard deviations from the
mean. They found that patients with lower TMT went on to have shorter survival compared to patients
with higher TMT, a �nding which we now con�rm and extend. Our approach was to use TMT to attempt
to identify the approximately 20% of patients who die within a year of diagnosis. To do this we opted to
compare TMT within-cohort rather than using normal controls, since the relevant question is to identify
the subgroup of poor responders from the cohort of patients with PCNSL. Furthermore, since age and sex
have independent effects on survival in PCNSL, we opted to treat TMT independently. This approach
succeeded in identifying a small group of patients who had much earlier relapse and shorter survival
compared to the overall cohort.

Our study has signi�cant limitations. By their nature, retrospective uncontrolled studies are prone to bias.
Additionally, MRI technique was not standardized in this retrospective cohort, and this could potentially
have affected TMT measurements. Furthermore, the optimal cutoff value for TMT can be debated, and
needs validation in a prospectively collected cohort. Overall, our study can be interpreted as providing
category 4 evidence that very thin TMT predicts early relapse and short survival. In addition, clinical trials
in PCNSL should incorporate this prognostic factor to avoid imbalance between treatment arms.
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Tables
Table 1: Patient characteristics. 
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Total patients 99

Age at dx, median yrs (range) 76 (19-90)

Sex (M/F) 58 / 41

ECOG (range) 1 (0-3)

Died 42

Progressed 51

Median lifetime cycles HD-MTX (range) 6.5 (0-24)

Consolidated 32/99

     ASCT 18/32

     WBRT 10/32

     Etop/AraC 4/32

Not consolidated 67/99

Table 2: Multivariate Cox Regression. 

 PFS OS

Variable tested HR 95% CI P-value HR 95% CI P-value

TMT (very thin / other) 7.87 3.55-17.45 <0.001 4.49 1.94-10.40 <0.001

Lifetime HD-MTX doses 9.39 0.88-1.00 0.055 0.82 0.74-0.91 <0.001

Consolidation (yes / no) 0.84 0.41-1.75 0.646 0.15 0.04-0.66 0.012

BMI 1.05 1.01-1.09 0.016 1.05 1.01-1.10 0.027

Age 1.02 0.99-1.05 0.203 1.02 0.99-1.06 0.146

Sex (F / M) 0.57 0.30-1.09 0.087 0.52 0.25-1.09 0.084

ECOG (0-1 / 2-4) 0.78 0.40-1.54 0.483 0.758 0.35-1.63 0.479

Figures
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Figure 1

Example of TMT Measurement. Axial (left) and coronal (right) T1 weighted MRI pre-treatment images are
shown for a patient with PCNSL. The axial slice corresponding to the level of the top of the anterior
commissure on coronal (yellow line) was used for TMT measurements (thick white lines).
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Figure 2

TMT measurement outperforms other prognostic indicators. IELSG (A) and MSKCC (B) prognostic scores
were used to stratify patients as previously described. In contrast, very thin TMT more robustly predicted
poor survival (C) and early relapse (D). *p<0.05
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Figure 3

TMT is a robust predictor of outcomes in both elderly and young patients with PCNSL. Patients were
separated by age ³65 (A, B) or age <65 (C, D). TMT predicted poor survival (A, C) and early relapse (B, D)
in both age cohorts.
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