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Radiation necrosis differential diagnosis

Radiation necrosis (RN) may mimic tumor progression both clinically and radiographically. Differences
in prognosis and treatment make it important to distinguish between tumor and RN.

Over the years many methods have been championed to differentiate radiation necrosis from
recurrent high-grade glioma. None have proven adequately reliable, and this may not even be a
useful exercise. Tumor cells are frequently found on biopsy. The decision whether to reoperate is
usually based on whether there is a progressive mass effect (regardless of whether it is necrosis or
tumor), taking into consideration the patient’s neurologic condition, projected longevity, patient
desires.

It is widely accepted that the capture, enumeration, and identification of circulating tumor cells (CTCs)
hold significant promise for early cancer screening, diagnosis, and prognosis. These cells originate
from primary tumors and disseminate to distant sites via the blood 1) 2) 3)

Differentiating treatment necrosis from tumor recurrence poses a diagnostic conundrum for many
clinicians in neuro-oncology. To investigate the potential role of circulating tumor cells (CTCs)
detection in differentiating tumor recurrence and treatment necrosis in brain gliomas, Gao et al.
retrospectively analyzed the data of 22 consecutive patients with tumor totally removed and new
enhancing mass lesion(s) showed on MRI after initial radiotherapy. The 22 patients were finally
classified into tumor recurrence group (n = 10) and treatment necrosis group (n = 12), according to
evidence from the clinical course (n = 11) and histological confirmation (n = 11). All 22 patients
received CTCs detection, and DSC-MRP and 11C-MET-PET were performed on 20 patients (90.9%) and
17 patients (77.3%) respectively. The data of the diagnosis efficacy to differentiate the two lesions by
CTC detection, MPR and PET were analyzed by ROC analysis. The mean CTCs counts were significantly
higher in the tumor recurrence group (6.10 ± 3.28) compared to the treatment necrosis group (1.08
± 2.54, p < 0.001). The ROC curve showed that an optimized cell count threshold of 2 had 100%
sensitivity and 91.2% specificity with AUC = 0.933 to declare tumor recurrence. The diagnostic
efficacy of CTC detection was superior to rCBV of DSC-MRP and rSUVmax in MET-PET. Furthermore,
they observed that CTCs detection could have a potential role in predicting tumor recurrence in one
patient. The research results preliminarily showed the potential value of CTC detection in
differentiating treatment necrosis from tumor recurrence in brain gliomas, and is worthy of further
confirmation with large samples involved 4).

CT and MRI

Cannot reliably differentiate some cases of RN from tumor (especially astrocytoma; RN occasionally
resembles glioblastoma).
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Proton magnetic resonance spectroscopic imaging

Proton magnetic resonance spectroscopic imaging was reliable in distinguishing pure tumor (elevated
choline) from pure RN (low choline), but was less definitive with mixed tumor/necrosis 5).

Magnetic resonance perfusion imaging

Magnetic resonance perfusion imaging, particularly Dynamic Contrast-Enhanced (DCE), help in the
differential diagnosis by tumor recurrence and radiation necrosis during the follow-up after
radiosurgery.

DWI

Mean ADCs were lower with recurrence (1.18 ± 0.13 X 10–3 mm/s) vs. necrosis (1.4 ± 0.17 X 10–3
mm/s) 6) (not all cases biopsy proven).

Nuclear brain scan

Some reports of success with thallium 201 and technetium-99 m brain scans.

Computerized radionuclide studies

PET (positron emission tomography) scan: because positron emitting isotopes have short half–lives,
PET scanning requires a nearby cyclotron to generate the radiopharmaceuticals at great expense.
Utilizing [18F]-fluorodeoxyglucose (FDG), regional glucose metabolism is imaged and is generally
increased with recurrent tumor, and is decreased with RN. Specificity for distinguishing RN from
tumor recurrence is >90 %, but sensitivity may be too low to make it reliable 7) Amino acid tracers
such as [11C]methionine and [18F]tyrosine are taken up by most brain tumors 8), especially gliomas,
and may also be used to help differentiate tumor from necrosis. Accuracy may be increased by fusing
PET scan with MRI 9).

SPECT

SPECT (single positron emission computed tomography): “poor man’s PET scan.” Uses radio- labeled
amphetamine. Uptake depends on presence of intact neurons and the condition of cerebral blood
vessels (including blood brain barrier). Decreased radionuclide uptake indicates necrosis, whereas
tumor recurrence has no decreased uptake.
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For delayed radiation injury, image analysis has considerably advanced, but neuropathological
findings are still required to establish diagnosis. A patient who had received radiation therapy for
pineal germinoma at age 14 developed neurological and psychiatric abnormalities after 15 years as a
late delayed radiation injury. Autopsy at age 59 revealed diffuse changes in the white matter
consisting in order of severity of myelin pallor, demyelination, and necrosis which were characterized
by a lack of glial reaction. The cerebral cortex was relatively well preserved. As delayed radiation
injuries, hyalinous changes in the vascular wall, angiomatous lesions and, fresh and old petechial
hemorrhages were found. Moreover, vascular changes associated with arteriosclerosis were also
present. Furthermore, a focal glial nodule was detected which was considered to be a new radiation-
induced neoplasia. These findings suggest that late delayed radiation injury may slowly develop over
30 years and may involve damage to neuroglial stem cell compensation. It is also evident that
arteriosclerotic changes and newly induced neoplasia may develop in delayed radiation injury cases
10).

A purely radiological diagnosis of recurrence or progression can be hampered by flaws induced by
pseudoprogression, pseudoresponse, or radionecrosis.

Radiation necrosis (RN), or its imaging equivalent, treatment-related imaging changes (TRIC), is an
inflammatory reaction to high-dose radiation in the brain.

Patients who receive immunotherapy (IT) alone may have an increased rate of RN/treatment-related
imaging changes (TRIC) compared with those who receive chemotherapy (CT) or targeted therapy
(TT) alone after stereotactic radiosurgery, whereas receiving any CT may in fact be protective against
RN/TRIC. As the use of immunotherapies increases, the rate of RN/TRIC may be expected to increase
compared with rates in the chemotherapy era 11).
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