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Abstract
Background: Desmoid fibromatosis (DF) is a rare fibroblastic proliferation that was 
historically treated with surgery. We report (a) outcomes using low‐dose chemo-
therapy, methotrexate (MTX), and vinorelbine (VNL) for patients with progress-
ing disease (PD) and (b) whether tumor volume (Vtumor) and T2 signal on magnetic 
resonance imaging (MRI) are more reflective of treatment response compared with 
maximum tumor dimension (Dmax) defined by RECIST1.1.
Methods: Patients with biopsy‐proven DF, treated with MTX/VNL from 1997 to 
2015 were reviewed. MRI for a subset of patients was independently re‐evaluated for 
response by RECIST, Vtumor, and quantitative T2 hyperintensity.
Results: Among 48 patients treated for a median 19 months MTX/VNL, only nine 
(19%) had previous surgery. RECIST‐based overall response rate was complete re-
sponse (CR) 20 (42%) + partial response (PR) 19 (39%), stable disease (SD) 8 (17%), 
for a clinical benefit rate of 98%. The median progression‐free survival (PFS) was 
120 months, (95%CI 84‐155 months). Thirty‐six (75%) patients had not progressed 
at a median 38 months from treatment completion. Most common grade 1/2 toxicities 
included nausea (n = 12, 25%) and fatigue (n = 9,19%) with no grade 3/4 toxicities. 
In 22 patients with serial MRIs, there was a decrease in Dmax mean by 30%, Vtumor by 
76%, and in 19/22 (86%) a decrease in T2 signal intensity.
Conclusion: Low‐dose MTX/VNL for a defined duration has high efficacy with sus-
tained benefit and minimal toxicity for treating DF. Vtumor and T2 signal might better 
predict treatment response than RECIST.
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1  |   INTRODUCTION

Desmoid fibromatosis (DF) is a rare, benign but locally ag-
gressive, and infiltrative fibroblastic tumor that lacks the 
ability to metastasize but often requires intervention due 
to pain and functional impairment. The incidence of DF is 
0.2‐0.5 per 100  000 individuals per year.1 Management of 
DF has evolved to eliminate unnecessary morbidity from 
surgery and radiation, toward first‐line active surveillance.2-6 
An initial watchful waiting approach has not been shown to 
compromise outcomes when compared with upfront systemic 
treatment.6,7

When there is persistent progression of DF, many expert 
centers currently advocate for the use of medical therapy 
for initial intervention.8-10 Although there are several sys-
temic therapeutic DF options, in the absence of comparative 
studies, most institutions have selected a regimen based on 
historical data and local experience. Furthermore, selection 
of systemic treatment is individualized due to the variable 
natural history of DF and patient factors, such as pregnancy 
planning, fertility, and quality of life. The preferred DF regi-
men at the University of Toronto has been systemic low‐dose 
chemotherapy with methotrexate plus vinorelbine (MTX/
VNL) based on response rates, ease of administration, and 
patient tolerability. Other expert centers have also reported 
their experience with MTX and vinca alkaloid regimens and 
a range of best response rates, from 15% to 52%,1,8,11-14 has 
been observed in mostly pretreated, heterogenous DF patient 
populations. Previous literature has described using low‐
dose chemotherapy for DF in heavily pretreated cohorts, in 
whom prior surgery 53%‐80% and radiation 10%‐17% were 
used.8,11,14 Our study reports best response in a population 
minimally exposed to these prior interventions.

The assessment of response to medical therapies using 
traditional RECIST‐based evaluation is limited in DF as 
complete tumor regression is not necessary for a successful 
clinical outcome. DF configuration, especially those occur-
ring in the abdominal wall, is elongated or ellipsoid in config-
uration and a single measurement (Dmax) may not be sensitive 
for clinical treatment response.15 The use of magnetic reso-
nance imaging (MRI) can be beneficial in assessing response 
to therapy in DF.15,16 Specifically, decrease in T2‐weighted 
imaging lesional signal intensity reflects treatment response, 
and this correlates with loss of cellularity and higher colla-
gen on pathological DF examination.15,17 Treatment response 
by RECIST criteria may not be adequately described by the 
changes in largest dimension of these tumors (Dmax); we eval-
uated the approximate change in tumor volume (Vtumor) to 
assess if this method of measurement could compliment T2 
imaging changes in evaluation of treatment response.

Thus, we report one of the largest studies to date on the 
efficacy and toxicity of MTX/VNL in an adult DF popula-
tion treated uniformly at a single institution and in a subset 

of patients, we report T2‐weighted signal changes based on 
review of serial MRI images.

2  |   METHODS

2.1  |  Patient characteristics
Patients with biopsy‐proven DF at Mount Sinai Hospital/ 
Princess Margaret Cancer Centre from 1997 to 2015 were 
identified from a prospective database. A retrospective chart 
review was performed on 48 patients who received MTX/
VNL chemotherapy for progressing DF. Data collected in-
cluded demographics, treatment details, and toxicity. The 
study was reviewed and approved by the institutional re-
search ethics boards at Mount Sinai Hospital and Princess 
Margaret Cancer Centre.

2.2  |  Treatment
The therapy included MTX 25  mg/m2 plus VNL 25  mg/
m2 intravenously on days 1, 8, and 15 every 28 days for a 
planned maximum duration of 24 cycles. Reason for early 
discontinuation of treatment was recorded. Toxicity to chem-
otherapy treatment was graded using the CTCAE version 
4.0. Chemotherapy was held if absolute neutrophil count was 
<1.5 × 106. Chemotherapy doses missed were omitted and 
not compensated for at a later time point.

2.3  |  Radiological Treatment Response
A dedicated sarcoma radiologist (ST) reviewed a subset of 
22 patients with serial MRI scans to evaluate radiologic treat-
ment response by RECIST, volume, and T2 signal changes, 
at pretreatment, 3‐6  months following start of treatment 
and within 9  months of completing treatment, with rare 
exceptions outside these time frames. MRI examinations 
were performed on 21 of 22 patients utilizing dedicated in-
stitutional abdomen, pelvic, or musculoskeletal protocols 
dependent on the site of disease (1.5T Aera, 1.5T Avanto 
Fit, 3T Skyra, 3T Skyra Fit, Siemens); one patient had MR 
imaging performed at an outside center. Largest dimension 
on imaging (Dmax), Vtumor, and semiquantitative T2 hyper-
intensity classification using interquartile range scoring on 
MRI were compared. On T2‐weighted or T2‐weighted fat‐
saturated MRI images, tumors were ranked as containing: 
0%‐25%, 25%‐50%, 50%‐75%, or 75%‐100% of internal high 
T2 signal intensity. High T2 signal intensity was defined as 
signal comparable to fluid. Vtumor was approximated using 
an elliptical volume equation (V = π/6*L*W*H). Radiologic 
treatment response was defined as “decreased” if T2 signal 
quartile decreased from baseline.

All patients within the cohort were assessed by standard 
RECIST version 1.1 criteria using combination imaging with 
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ultrasound, CT, and MRI and were not fully evaluated by 
MRI at every time point. Response was evaluated at the end 
of therapy and point of last contact. Best overall response is 
defined as the best response across all time points.18

2.4  |  Statistical analysis
Standard descriptive statistics were calculated for continu-
ous variables (median, range) and categorical variables 
(number and percentage) to characterize the patient demo-
graphics, response, and toxicity experience. A univariate 
analysis was performed for all continuous data with the 
median (range) reported. T2 changes evaluated on serial 
MRI images from the subgroup of 22 patients were com-
pared at interquartile ranges. Progression‐free survival 
(PFS) was calculated as the time (months) from the first 
day of chemotherapy treatment to the last known follow‐
up, progression/recurrence, or death. PFS was estimated 
using Kaplan‐Meier analysis and significance determined 
using log‐rank analysis. Standard errors (%) are reported 
for PFS. All statistical analyses were performed using 
SPSS ver. 25.

3  |   RESULTS

3.1  |  Patient characteristics
Patient characteristics are summarized in Table 1. 
The median patient age was 33 years (range, 13‐73) and 
31 (65%)  of patients were female. Tumors were located 
in the extremity 16 (33%), abdominal wall 13 (27%), 
head and neck 4 (8%), trunk 6 (13%), mesentery 7 (15%), 
and 2 (4%) were multifocal. The median greatest tumor 
dimension was 9.4  cm (range 3.2‐19.2  cm). The major-
ity of 37/48 (77%) patients had primary disease and went 
on to progress within our institution during observation, 
hormonal, and/or NSAID therapy. The remaining 11 
(23%) of patients were treated at outside hospitals where 
initial management decisions were made and referred to 
our institution for management of disease recurrence or 
progression.

Twenty‐nine (60%) patients received previous treatment, 
of which 19 (39%) received medical therapy only, either at 
our institution or at another hospital prior to starting low‐
dose chemotherapy. There were 19 (40%) patients who were 
entirely treatment naive during a period of observation prior 
to MTX/VNL (Table 1). The majority, 46 (96%), had no prior 
exposure to doxorubicin or radiation and only nine (19%) pa-
tients (all pretreated at an outside hospital) had received pre-
vious surgery alone or part of multimodality therapy (Table 
1). Four patients within the entire cohort had familial adeno-
matous polyposis (FAP).

3.2  |  Treatment and toxicity

The median number of months on treatment was 19 (range 
1‐27) (Figure 1). Forty‐four (92%) patients received their 
scheduled chemotherapy doses; three (6%) were given the 
same dosing on day 1 and 8 every 21  days for the same 
planned maximum duration. One patient had a complex dose 
reduction schedule over a shortened period of treatment, 
6 months. The majority of patients, 27 (56%), completed 18 
or more cycles of therapy; nine (19%) completed the full 24. 
Thirty‐eight (79%) patients discontinued chemotherapy prior 
to 24 months for the following reasons: intolerance (fatigue 
and alopecia), 2 (4%); response achieved (ultimately deter-
mined as per physician discretion), 28 (58%); patient pref-
erence, 8 (17%). One patient discontinued treatment due 
to progressive disease, 1 (2%).

The most common grade 1/2 toxicities were nausea, re-
ported in 12 patients (25%), fatigue in 9 (19%), or concurrent 
fatigue and nausea in 4 (8%). Neutropenia grade 1/2 was also 
observed in four (8%) of patients. Other reported grade 1/2 
toxicities have been summarized in Supplemental Table 1. 
There were no grade 3/4 toxicities observed. Schedule mod-
ification occurred in four (8%) patients, due to nausea alone, 

T A B L E  1   Patient characteristics, prior treatment modalities

Total number N = 48

Gender N (%)

Female 31 (65)

Male 17 (35)

Age: median [range] 33 [13‐73]

Location of DF N (%)

Extremity 16 (33)

Abdominal wall 13 (27)

Head & neck 4 (8)

Trunk 6 (13)

Mesentery 7 (15)

Multifocala 2 (4)

No prior therapy 19 (40)

Prior therapy 29 (60)

Surgery alone 5 (17)

Tamoxifen alone 15 (53)

NSAIDS alone 2 (7)

Surgery and NSAIDS 1 (3)

Surgery and Tamoxifen 2 (7)

Tamoxifen and NSAIDS 2 (7)

Surgery, radiation and NSAIDS 1 (3)

Multiple drug treatments (including doxorubicin) 1 (3)
aMultifocal tumors were located in the abdominal wall and mesentery, and in 
association with FAP. 
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F I G U R E  1   Duration of therapy for 
all patients and for those in whom disease 
progressed. Duration of therapy, in months, 
for all patients and duration of therapy 
received by those patients who progressed at 
some point in their treatment or follow‐up. 
Star‐ indicates a patient who has progressed 
and their total duration of treatment received
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F I G U R E  2   Kaplan‐Meier progression‐free survival curves. Kaplan‐Meier progression‐free survival (PFS) for: A. Entire cohort of 48 
patients, B. Clinical benefit rate, complete response (CR) + partial response (PR) versus stable disease (SD), P = 0.63, C. Treatment length, 
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(n = 2), nausea and anemia, (n = 1), and abdominal cramp-
ing, (n = 1).

3.3  |  RECIST response at end of treatment

At the end of therapy, RECIST‐based response was as follows: 
complete response (CR) 20 (42%), partial response (PR) 19 
(39%), stable disease (SD) 8 (17%), and progressive disease (PD) 
1 (2%), respectively, for a clinical benefit rate (CR + PR+SD) of 
98%. One patient, age 62 years, who progressed after 5 cycles, 
presented with a chest wall DF that recurred after surgery and 
was subsequently re‐excised without disease recurrence.

3.4  |  Progression‐free survival

The median PFS for the overall population (n  =  48) was 
120  months (range 2‐143  months, 95%CI 84‐155  months) 
with a 5‐year PFS of 74.4 ± 7.6% (Figure 2A). There was no 
significant difference in 5‐year PFS between those patients 
who obtained CR/ PR, 81.8 ± 10% compared to those that 

achieved SD, (79.5 ± 9.2%, P = 0.63) (Figure 2B). PFS was 
evaluated based on treatment length ≥ 18 months (n = 27) 
and <18 months (n = 21); 5‐year PFS was 82.7 ± 9.2% and 
64.3 ± 12.1%, respectively (P = 0.24) (Figure 2C).

3.5  |  Durability of response

Thirty‐six patients (75%) remained free from disease pro-
gression without the need for new treatment at a median 
follow‐up from the end of MTX/VNL of 38 months (range 
1‐139). A total of 12 patients progressed after discontinuation 
of MTX/VNL (median time to progression, 26 months after 
completing treatment, range 5‐95 months) having obtained at 
least a PR (n = 9) (Figure 3). Therapy was stopped prior to 
18 months in four of these nine patients due to response; phy-
sician preference (n = 3) (ranging between 5 and 13 months) 
and patient preference (n = 1) at 16 months.

Of the 12 patients (25%) who developed progression, nine 
patients had subsequent intervention: surgery (n = 2), surgery 
plus radiation (n = 2), sorafenib (n = 4) and two patients were 

F I G U R E  3   Treatment duration, follow‐up, and response for all patients. Swimmers plot demonstrating the individual patients’ treatment 
duration, follow‐up, and response at end of treatment and point of last follow‐up. Each bar represents one subject in the study. Treatment duration is 
shown by primary presentation (refers to patients within our institution in which disease progressed, PD, during observation, hormonal, or NSAID 
therapy) versus recurrent/residual presentation (treated at outside hospitals and referred for PD) from time zero, that is, from start of MTX/VNL 
treatment (blue and red horizontal bars, respectively). Response at treatment end is highlighted (refer figure key). Durable response is defined as a 
subject who has confirmed response‐ CR, PR, or SD at last follow‐up without recurrence. Length of follow‐up (solid arrows) and response at last 
point of contact is documented
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re‐challenged with MTX/VNL; both were stable at last fol-
low‐up (Table 2). For the other 3/12 patients who progressed 
after chemotherapy, one died of FAP complications; one re-
mained asymptomatic and stable off any treatment, and one 
patient is considering clinical trials for PD. One patient had 
PD 2 years following completion of therapy in the context of 
pregnancy. There were no patients with isolated abdominal 
wall DF that progressed on low‐dose chemotherapy.

3.6  |  RECIST response at last contact

At last point of contact, (median 56 months, range 14‐145), 
46/48 (96%) patients were alive and two patients (4%) still 
had active disease. The two deceased patients both had PR 
to MTX/VNL and died of other causes: one due to complica-
tions of FAP and the other from esophageal cancer.

3.7  |  MRI imaging to assess response 
to treatment

3.7.1  |  Dmax and Vtumor

Serial MRIs were available in 22 patients to assess response 
to therapy, by traditional RECIST criteria (using Dmax), Vtumor, 
and T2 signal changes. For these 22 patients, DF site was ex-
tremity 9(41%), abdominal wall 7(32%), head and neck 3(14%), 

trunk 2(9%), and mesentery 1(4%) similar in proportion to the 
overall cohort. At end of treatment, (median 20 months, range 
9‐27), the mean Dmax decreased by 30% and Vtumor decreased 
by 76%, showing greater sensitivity in treatment response 
using a volumetric approach to DF measurement.

3.7.2  |  T2 response
Qualitative change in T2 signal intensity was evaluated at the 
pre‐ and posttreatment MRI. In almost all patients, 21 (95%), 
high T2 signal intensity involving 50% to 100% of the lesion 
was observed pretreatment. By the end of treatment, 18/22 
(82%) of patients had an internal T2 signal intensity that 
ranged between 0% and 50% (Table S2) and 19/22 (86%) had 
developed a decrease in T2 signal intensity. At last follow‐up, 
16/22 (73%) had a sustained response (CR n = 6, PR n = 3, 
SD n = 7 by RECIST) at a median of 25 months (range 1‐109) 
from end of treatment. This illustrates that a measurable re-
sponse to treatment can be demonstrated by a decrease in 
Vtumor and T2 intensity despite no change in Dmax (Figure 4).

4  |   DISCUSSION
In adults with DF, treatment with low‐dose MTX/VNL 
chemotherapy, for a maximum of 24 months, is well toler-
ated and effective with sustained benefit. In our series of 48 

F I G U R E  4   MRI imaging showing 
T2 characteristics of DF in foot in response 
to MTX/VNL. T2‐fat‐saturated sagittal and 
coronal MRI images of DF in left foot pre‐ 
(A and B) and post‐ (C and D) MTX/VNL. 
No response to treatment (Tx) as per Dmax 
with no change in the longest axis of the DF 
(6.2 vs 6.3 cm), compared with significant 
treatment response seen by decreased Vtumor 
(83 to 34 cm3) and T2 intensity (50%‐75% 
to 0%‐25%)

A B

C D
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patients treated with low‐dose MTX/VNL for documented 
progressive disease, 81% of patients achieved CR/ PR 
by RECIST 1.1 criteria as best overall response with 98% 
clinical benefit rate comparing favorably with other studies 
trialing similar regimens8,13 (Table 3). The median PFS of 
120 months (95%CI 84‐155 months) for our cohort demon-
strates that response is achieved during treatment and clinical 
benefit is sustained throughout the follow‐up period for the 
majority of patients. These outcomes support the median PFS 
of 75 months for the overall cohort of a large study (n = 75) 
treated on combinations of MTX and vinca alkaloids treated 
for median duration of 14 months.8 Durability of benefit upon 
completion of therapy was also apparent in our study; 75% of 
patients had disease stability at a median of 38 months from 
end of chemotherapy. Furthermore, two patients responded 
favorably to re‐challenge with low‐dose chemotherapy after 
recurrence, supporting previous reports that treatment can be 
repeated with benefit.14

Clinical benefit using low‐dose chemotherapy for DF 
has been supported by other reports that included children 
and adolescents, including a Phase II prospective study that 
avoided potential long‐term morbidity from surgery and 
radiation.12,13 Outcomes from  the current study compare 
favorably to the  clinical benefit rate/ 5‐year PFS of 87%/ 
36.3% reported in a retrospective series of 71 patients (53% 
<18 years age) who were not surgical candidates and treated 
with low‐dose chemotherapy for 1 year.13 The relative treat-
ment naivety of our population, longer treatment duration, 
and standard first‐line chemotherapy approach established 
within a multidisciplinary setting could contribute to our fa-
vorable response rates.

The length of systemic treatment of DF is a challenge for 
patients, as this susceptible population tends to be dominated 
by young females in childbearing years. Since it is crucial 
that women avoid pregnancy due to chemotherapy teratoge-
nicity, the need to postpone childbearing until treatment com-
pletion can influence decision‐making of treatment duration. 
Optimal duration of systemic treatment for DF has varied 
in the literature but PFS favors longer duration of treatment 
for at least 1 year.8,12,14 Continuing low‐dose chemotherapy, 
despite early CR/PR, for closer to 2 years (if no significant 
toxicity) may facilitate a more durable response (Table 3). In 
contrast to other medical therapies offered in DF, which have 
no fixed duration, a defined prescription of time on therapy 
can be helpful for life planning.

Treatment with low‐dose MTX/VNL is well tolerated 
with minimal toxicity. Prior reports of MTX‐based treatment 
suggest excessive toxicity14,19—however, this may have been 
due to inclusion of heavily pretreated patients, higher doses, 
and shorter intervals between cycles. In our study, there were 
no grade 3/4 toxicities observed. In comparison, the use of 
vinblastine does not appear to be as well tolerated compared 
to VNL, with higher toxicity rates, especially neurotoxicity, T
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hepatotoxicity, and neutropenia; however, this may also re-
flect higher doses and frequent scheduling.1,10,12,14,19

Evaluating response to treatment of DF radiologically 
is in evolution. In this study, independent radiology review 
demonstrated that treatment response of DF to MTX/VNL 
correlated highly with Vtumor and T2 intensity evaluated by 
MRI, findings also supported by Sheth.15 Characteristic MRI 
findings anticipated with tumor response include shrinking 
and/or reduced T2 signal intensity (Figure 5). The maxi-
mum tumor dimension or Dmax remained relatively constant, 
whereas decreased Vtumor reflected response to MTX/VNL in 
half of the study participants. Monitoring change in Vtumor 
and T2 signal may be more sensitive in detecting treatment 
response than RECIST criteria allowing patients to continue 
a full chemotherapy schedule to achieve a maximal clinical 
benefit. Braschi‐Amirfarzan et al20 presented revised crite-
ria for response assessment that incorporates “modified re-
sponse” (mR) and “modified progression” (mP) that rely on 
MRI input when tumor size could be unchanged. We pro-
pose the integration of a similar modified response for MRI 
evaluation of DF especially since limiting the use of repeated 
radiation doses using other imaging modalities such as CT is 
desirable in young healthy patients.

The molecular basis of DF is known to be due to disrup-
tion of the Wnt pathway as germline inactivating mutations in 
the adenomatous polyposis coli (APC) gene which is respon-
sible for familial DF, whereas sporadic DF often harbor acti-
vating mutations (T41A and S45F) in exon 3 of the β‐catenin 

encoding gene CTNNB1, that causes accumulation of β‐cat-
enin.21 Although mutational status may provide prognostic 
information with increased local recurrence risk associated 
with β‐catenin S45F mutation compared to wild‐type DF,22-

24 currently our ability to prognosticate patient outcome and 
select aggressive biology that requires intervention is limited. 
There has been recent interest in other medical therapies in-
cluding NOTCH inhibitors,25,26 tyrosine kinase inhibitors—
imatinib,27,28 nilotinib,28 sorafenib,29,30 and pazopanib.31,32 
These therapies are advantageous in that delivery is oral, 
negating the need for multiple hospital visits. Tolerance to 
some of the agents may limit dosing, which was originally 
defined within cancer populations. As with many other mo-
lecular therapies, the total duration of treatment also remains 
unknown. Future studies investigating systemic treatment for 
DF will likely include mutation status analysis that may help 
to guide treatment decisions.

Although retrospective, DF patients were managed at an 
expert single center with uniform multidisciplinary input, 
including surgical and medical oncology, pathology, and 
radiology. Analyses from one dedicated sarcoma radiolo-
gist with expertize in abdominal radiology were used for all 
blinded single reads. Potentially, this could have contributed 
to study bias. Treatment decisions were made with careful re-
view based on tumor response and patient factors. Evaluating 
patient symptomatic response was outside the scope of this 
study but it would be ideal in future prospective studies to 
correlate radiological findings with symptomatic benefit.

F I G U R E  5   Sustained response of DF 
to MTX/VNL on MRI imaging. Response of 
DF on MRI throughout treatment with MTX 
and VNL, showing continued response 
despite treatment stopping after 25 cycles. 
A. Pretreatment, B. After 12 cycles, C. 
Posttreatment, 1 month after treatment end, 
D. Posttreatment, 2 months after treatment 
end

A B

C D
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5  |   CONCLUSION

This is one of the largest series of adults treated uniformly 
with MTX/VNL for their DF demonstrating clinical benefit. 
Its low toxicity profile, defined treatment length and lack of 
long‐term toxicity supports its use as a reasonable choice for 
patients and providers. Our data suggest that offering MTX/
VNL as first‐line with a defined maximum duration of treat-
ment of 24 months may be worthy of consideration, especially 
when oral agents are unavailable due to cost. Furthermore, 
the defined length of treatment prescription with durability 
of response is favorable. Monitoring medical treatment with 
an estimated Vtumor and degree of T2 signal intensity change 
may be a better predictor of response than Dmax.
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