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\ Abstract

GRID radiotherapy is a form of spatially fractionated radiotherapy
that allows delivery of high radiation doses to bulky tumours. A grid
splits the beam into multiple beamlets to give a heterogenous dose
to the tumour, while stimulating the immune system to improve tu-
mour response through the abscopal effect. However, this has fallen
out of favour in recent times due to the presence of more modern

techniques. Here we present a case of a large liver metastasis from a

Received: Sep 19, 2022

Accepted: Nov 16, 2022

Published: Nov 23, 2022

Archived: www.jcimcr.org

Copyright: © F Wang (2022).

DOI: www.doi.org/10.52768/2766-7820/2168

Introduction

Radiation oncologists have traditionally found it challenging
to irradiate large, bulky tumours adequately whilst respecting
normal tissue dose constraints. One technique that could cir-
cumvent such constraints is Spatially Fractionated Radiation
Therapy (SFRT).

SFRT has a history dating back to the early 1900s [1], when it
was known as GRID radiotherapy (GRID RT) that delivered high-
dose orthovoltage radiation [2] through a radio-dense block
containing evenly spaced apertures arranged in a “grid” pattern
[3]. This achieves spatial fractionation by filtering the beam to
form multiple parallel pencil beamlets. The use of GRID RT has
been adopted in the modern era with the use of modern ma-
chines for treatment of bulky disease, both with palliative [4-6]
and with curative intent [4,7,8]. However, the use of GRID RT
is limited to few centres worldwide, mainly due to the intro-
duction of megavoltage linear accelerators and its concurrent
reduction in skin toxicity, as well as the advent of stereotactic
body radiotherapy (SBRT) [9].

Whilst the literature is abound with cases treated with
GRID RT, with some showing dramatic responses in tumour
size [10,11], there has not been a case of abscopal response
seen with GRID RT alone. We hereby present a case report of a

rectal neuroendocrine primary treated with GRID radiotherapy with an
abscopal response seen in a portal vein tumour thrombus.

patient with metastatic rectal neuroendocrine tumour who re-
ceived GRID RT to a large liver metastasis and demonstrated re-
sponse in an unirradiated portal vein tumour thrombus (PVTT).

Case discussion
Patient demographic and medical history

The patient was a 48 year old Chinese gentleman who was
diagnosed in September 2017 with rectal well-differentiated
neuroendocrine tumour (RNET) with extensive liver metasta-
ses. He was treated initially with subcutaneous Octreotide from
September 2017 till August 2018 when the metastatic liver dis-
ease progressed. He subsequently underwent Yttrium-90 selec-
tive internal radiation therapy (Y90 SIRT) to his right liver me-
tastasis for pain in October 2018. There was stable disease post
Y90 SIRT. However, there is disease progression with the devel-
opment of portal vein tumour thrombosis (PVTT) in November
2018. Consequently, he was recommended for Lutetium-177
DOTATATE peptide receptor radionuclide therapy (PRRT) and
received 4 sessions between January and December 2019 with
overall stable disease. He was treatment free until October
2020 when restaging computed tomography (CT) scans showed
disease progression in the PVTT. By then, the PVTT had extend-
ed from the right and left portal vein to the superior mesen-
teric vein. The liver metastases in the liver were stable with a
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dominant 21.3 cm right liver lobe mass with central necrosis.
Clinically, the patient complained of increased right hypochon-
drium pain despite his radiological stability of liver metastases.
His case was discussed at the Neuroendocrine tumour board
and though everolimus was possible, the decision was made
not to pursue it in view of the poor response rate at 2-20% [12-
14]. In consideration that repeat Y90-SIRT would result in exces-
sive radiation dose to normal liver, SBRT was suggested as an
alternative and thus he was referred to our Division of Radia-
tion Oncology in December 2020 for consideration of further
management.

When reviewed at our clinic, besides the abdominal pain,
the patient was also bothered by early satiety. SBRT was not
feasible as the liver metastasis was too large. The lack of radio-
logical response to prior internal radiation therapy (1 session of
Y-90 SIRT and 4 sessions of PRRT) suggested the disease is likely
radioresistant and may not respond to conventionally fraction-
ated external beam radiotherapy. Furthermore, there was a
possible risk of radiation-induced liver disease (RILD) given prior
normal liver irradiation from previous internal radiation thera-
py. This was discussed with the patient. However, given the lack
of effective therapeutic options, we offered the patient a short
course of external beam radiotherapy (EBRT). The patient was
keen to proceed with treatment.

Due to the multiple complexities surrounding the patient’s
care, his case was discussed at our institution’s palliative radia-
tion oncology audit meeting. At that juncture, our institution
had just commissioned applicator-based GRID RT. The 25 cm
by 25 cm GRID applicator, manufactured by .decima LLC (San-
ford, FL, USA), is essentially made out of brass [2] with evenly
spaced apertures arranged in a hexagonal array manner. Each
aperture transmits a beam of diameter 1.4 cm, with a centre to
centre distance of 2 cm, when measured at a source-skin dis-
tance (SSD) of 100 cm. As part of the implementation protocol,
suitable patients can be treated with GRID RT if they fulfil the
following clinical criteria: tumours >10 cm, previously irradi-
ated, estimated prognosis more than 6 months, lack of effec-
tive alternative treatment options and with symptoms that is
unmanageable by usual palliative measures. Our patient was
deemed suitable for GRID RT and was thus offered this treat-
ment in addition to EBRT.

Pre-treatment preparation

In terms of treatment planning, the patient was simulated
as per our departmental protocol with a four-dimensional
computed tomography (4D-CT) to take into account patient’s
respiratory motion. The treatment plan was generated with
reference to the work by Neuner et al [11], where the internal
target volume (ITV) of the right liver lobe metastasis was identi-
fied as the target volume for GRID RT with no volumetric expan-
sion added to it. Given the size and location of the tumour, it
naturally displaced the adjacent small bowels. A beam angle of
350 degrees was selected as this optimised a direct beam path
from the skin to the tumour whilst minimising normal liver irra-
diation. Using the beam’s eye view, multi-leaf collimators (MLC)
were manually adjusted to close off beamlets to minimise exit
doses to adjacent bowels. This meant the MLC shielded part of
the GTV but was deemed necessary from the dosimetric safety
point of view. Despite this, the eventual field size was still large

at 14.2 cm by 14.3 cm, with a total of 43 beamlets delivering
radiation. A nominal dose of 15 Gy was prescribed for GRID RT.

Doses to OAR were minimal: mean normal liver dose (i.e.
the total liver volume minus ITV) was 1.3 Gy and the planning
volumes of OAR (mainly bowels) received maximum doses
ranging from 0.3-1.5 Gy. As a result, we could plan for a high-
er dose allowance to the OARs in the subsequent EBRT where
we planned to deliver 30 Gy in 10 daily fractions. All treatment
planning and calculations were done on the Eclipse Treatment
Planning System Version 13.6, using AAA dose calculation algo-
rithm (Varian Medical System, Palo Alto, USA).

Treatment delivery and outcomes

On the day of the GRID RT on 11 January 2021, the patient
was set up as simulated and onboard cone-beam computed to-
mography (CBCT) images were acquired to verify position. Af-
ter which, the GRID applicator was mounted on the gantry and
the treatment delivered as planned. Besides the usual depart-
mental radiotherapy delivery protocol, we also verified the SSD
of 100 cm and verified the number and pattern of open holes
through which GRID RT was eventually delivered uneventfully.

Unfortunately, 1 week after GRID RT, on 18 January 2021, the
patient presented to the clinic with worsening right hypochon-
drium pain. To rule out tumour rupture, an urgent CT scan of
his abdomen was done the following day. This showed stability
in the right liver lobe mass with no rupture but the PVTT was
extending further into the superior mesenteric vein. We man-
aged to control his pain conservatively but the patient declined
to continue with the planned EBRT.

At 2 months following GRID RT, the patient reported im-
provements in pain such that he stopped taking regular anal-
gesia. He also reported improved appetite and oral intake. On
examining his abdomen, there was a faint erythematous grid
pattern observed on the skin where the beamlets entered,
whilst a significantly more hyperpigmented grid pattern was
observed posteriorly which corresponded to the exiting beam-
lets. We discussed about pursuing further treatment with the
patient, but he declined as he was already satisfied with the
symptomatic relief so far.

Repeat CT scan at 3 months post GRID RT showed stability of
the liver metastases. However, unexpectedly, there was partial
response in the PVTT. At the last re-staging scan at 6 months
post GRID RT, there was further reduction seen in the PVTT de-
spite no further treatment (radiotherapy, systemic therapy or
anti-coagulation). Figure 1 illustrates the trend of symptoms on
the day of GRID RT and at 1-month, 3-months and 6-months
post GRID RT.

About 8 months on from GRID RT, the patient’s liver function
subsequently deteriorated with the development of recurrent
ascites requiring drainage. The cause of the ascites was attrib-
uted to liver failure from the liver metastases themselves rather
than GRID RT, as the mean normal liver dose was only 1.3 Gy
in 1 fraction. Further re-staging scans were not performed as
the patient declined further treatment and opted for support-
ive care. His performance status worsened over time and was
hospitalized repeatedly for complications of liver failure (recur-
rent ascites, scrotal swelling and pedal oedema from the loss
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of synthetic function of the liver). He passed away in December
2021, approximately 1 year post GRID RT. Timeline showing im-
ages and treatment related events are illustrated in Figure 2.

Discussion

Given the rarity of neuroendocrine tumours, especially one
with massive liver metastases, our patient likely represented
the first use of GRID RT in this scenario. In the literature, GRID
RT has been applied across a variety of cancer types in the pal-
liative setting [15] with a response rate of 76-100% [15] and
with an acceptable toxicity profile. Sarcoma and head and neck
carcinoma remain two of the more commonly treated cancer
subtypes [3,6,8]. Regarding application of GRID RT to the liver,
Mohiuddin et al [16] reported treating 3 patients with hepa-
tocellular carcinoma out of a group of 22 patients. These pa-
tients had diverse pathology and had exhausted conventional
chemotherapy and radiotherapy options. Similarly, Neuner et
al reported treating 6 patients (out of 79 patients) with primary
liver cancer with GRID RT. These studies had established the ba-
sis of the feasibility and safety profile of liver directed GRID RT
and our patient was offered GRID RT on a compassionate basis.

HGRID RT
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Figure 1: Graph showing progression of patient’s self-reported
symptoms with time, as graded with the ESAS scale.

ESAS: Edmonton Symptom Assessment System

In terms of treatment toxicity, our patient sustained mild
skin reactions despite the high nominal dose prescribed. Mohi-
uddin et al [42] had described in their report of a patient with
massive hepatomegaly treated with 2 opposing GRID fields of
30 cm x 15 cm, who developed skin erythema within 15 min-
utes of treatment which self-subsided in 4 hours. Our patient
had a single GRID RT field of 14 cm by 14 cm and with more
noticeable skin changes at the exit site at 1-month post GRID
RT that subsequently subsided at 2 months. Whilst there was
initial worsening of his abdominal symptoms, these resolved
satisfactorily with time.

Though the mechanism underlying the efficacy of GRID RT is
better expounded on in other reviews [1], it may be attributed
to three possible effects: direct, bystander and abscopal.

The direct effect of GRID RT is likely the result of high dose
radiation causing vascular damage and resultant tumour cell
death from starvation. The bystander effect refers to the radio-
biological effects on tumour cells in the low-dose region next
to the high-dose ones [1], whereby the degree of cell kill in
the low dose regions are higher than expected as compared to
cells given low-dose radiation alone [1]. However, admittedly, in
our patient, there was no radiological response in the treated
liver metastasis to suggest the direct and bystander effects.
This could be due to two possible reasons. Firstly, the tumour
movement during treatment likely led to the “smearing” of dos-
es delivered by the beamlets, which negates the high dose-low
dose differentiation required for the bystander effect. Motion
management methods were not employed for this patient as
the movement on 4D-CT was less than 1 cm, and the patient
was unable to tolerate breath-holding. Secondly, EBRT following
GRID RT was not delivered. Previous studies have shown [7,17]
enhanced tumour response when GRID RT is followed by frac-
tionated EBRT.

Interestingly, the abscopal effect was observed in the PVTT
post GRID RT in our patient. The abscopal effect describes tu-
mour response outside of the intended radiation field [18]; in
essence, a systemic effect of radiation [19]. This is largely at-
tributed to immune system activation induced by radiotherapy
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Figure 2: Timeline showing images and treatment-related events
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[18]. On retrospective review of our treatment plan, we verified
that the PVTT was not exposed to radiation from the GRID RT.
Furthermore, he did not receive any systemic therapy or anti-
coagulation. The earliest scan at 1-week following GRID RT did
not show any change in PVTT, but the subsequent scans at 3
and 6 months post GRID RT demonstrated gradual reduction in
the PVTT. In his study, Grimaldi et al [20] reported the time to
abscopal effect to range from 1 to 4 months. Thus, it is quite
possible that we are observing the abscopal effect in the PVTT.

PVTT associated with neuroendocrine tumours have been
reported mostly in pancreatic neuroendocrine tumours (PNET)
[21,22]. In the context of HCC, PVTT may be seen in 35-50% of
patients [23] and is associated with a short median survival of
2.7-4.0 months [24] if left untreated. Besides its status as a poor
prognostic indicator, PVTT also adversely affects the hepatic
vasculature, leading to portal hypertension [25] and associated
downstream effects such as splenomegaly and variceal forma-
tion [23]. As our patient decided not to pursue further treat-
ment, there was no repeat serial imaging beyond 6 months post
GRID RT. The durability of response in the PVTT is hence un-
known, though our patient did manage to survive almost 1-year
post GRID RT. Thus, we postulate that as a result of this unex-
pected abscopal response in the PVTT, GRID RT has contributed
meaningfully to our patient’s prolonged survival.

A potential criticism of this case could be our centre’s adop-
tion of applicator-based GRID RT for the treatment of patients
in a similar situation as the patient described in this report. In-
deed, technological advances in the delivery of radiotherapy
have allowed the development of other techniques of SFRT,
including VMAT (Volumetric Arc Therapy)-GRID, lattice radio-
therapy and proton GRID [1]. They all employ the same prin-
ciple of delivering a heterogeneous high dose to a bulky tumour
whilst respecting OAR dose constraints. There is also the excit-
ing potential of combination therapy with immunotherapy [26].
However, at our centre, we believe that applicator-based GRID
RT has its place as it requires minimal planning and is easy to
deliver whilst being relatively economical. As a static irradiation,
it is also less susceptible than other techniques to uncertain-
ties such as tumour and MLC (and/or other mechanical) mo-
tion interplay. Furthermore, as exemplified in this case, there is
a potential for clinical benefit despite the relative simplicity of
treatment.

Conclusion

There remains to be a dearth of experience with GRID RT.
This case helps to add to the literature regarding this radiother-
apy technique and highlights the possible responses that could
be elicited beyond conventional fractionated treatment.
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