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Introduction

Hereditary cancer syndromes (HCSs) are syndromes charac-
terized by genetically distinct neoplasms developing in
specific organs in more than one family members,1,2 predis-
posing an individual to early onset of distinct site-specific
tumors. A radiologist is often the first to apprise the clinician

about the possibility of an underlying HCSs based on patho-
gnomonic imaging findings, leading to genetic testing of the
individual and their relatives as a part of preventive oncolo-
gy. Radiogenomics is a term coined in recent years that
describes the relationship between imaging features of a
lesion and the underlying genetic or molecular abnormality,
which aides in approach to diagnosis, guiding therapeutic
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► cancer
► surveillance

guidelines

Abstract Hereditary cancer syndromes, characterized by genetically distinct neoplasms devel-
oping in specific organs in more than one family members, predispose an individual to
early onset of distinct site-specific tumors. Early age of onset, multiorgan involvement,
multiple and bilateral tumors, advanced disease at presentation, and aggressive tumor
histology are few characteristic features of hereditary cancer syndromes. A multidisci-
plinary approach to hereditary cancers has led to a paradigm shift in the field of
preventive oncology and precision medicine. Imaging plays a pivotal role in the
screening, testing, and follow-up of individuals and their first- and second-degree
relatives with hereditary cancers. In fact, a radiologist is often the first to apprise the
clinician about the possibility of an underlying hereditary cancer syndrome based on
pathognomonic imaging findings. This article focuses on the imaging spectrum of few
common hereditary cancer syndromes with specificmention of the imaging features of
associated common and uncommon tumors in each syndrome. The screening and
surveillance recommendations for each condition with specific management
approaches, in contrast to sporadic cases, have also been described.
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strategies, assessment of treatment response, and
prognostication.3

Most of the HCSs have an autosomal dominant pattern of
inheritance and comprise up to 5 to 10% of the overall
worldwide cancer burden.1,2 Among the Indian population,
there is paucity of data on the incidence of hereditary
cancers. The mortality rates are possibly higher in India,
attributed to different lifestyles, delayed introduction of
screening programs, and socioeconomic limitation to treat-
ment access.4 The lack of knowledge and access to accurate
information as well as the social taboo and stigma associated
with cancers in India leads to under-reporting and contrib-
utes to the skewed incidence.5

The different genetic mechanisms that play a role in the
etiopathogenesis of HCSs include inactivation of tumor
suppressor genes or reactivation of proto-oncogenes or
abnormalities in the DNA repair genes.6 Predisposition to
certain malignancies and the therapeutic response are de-
termined by the interaction of these genetic mutations with
environmental factors called gene–environment interac-
tion.7 Early age of onset, multiorgan involvement, multiple
and bilateral tumors, advanced disease at presentation, and
aggressive tumor histology are characteristic of HCSs. A
fundamental change in the approach to treatment of heredi-
tary cancers and a paradigm shift to preventive oncology is
proof that amultidisciplinary approachwith collaboration of
clinical, radiological, and pathological specialties with ge-
netic research is a promising step toward precisionmedicine.
The common and uncommon tumors observed in few com-
monly encountered HCS and their associatedmutations have
been summarized in►Table 1. Several childhood cancers are
also associated with germline and somatic mutations in
cancer predisposition genes. The Society for Pediatric Oncol-
ogy and Hematology established a CPS (cancer predisposi-
tion syndrome) working group that summarized a
comprehensive review of childhood CPS and provided clini-
cal and diagnostic recommendations for cancer prevention,
surveillance, treatment, and follow-up.8 Few of the common
ones are summarized in ►Table 2.

A comprehensive and standardizedguideline structure for
screening and management of individuals with suspicion of
HCSs is essential. The imaging recommendations for diagno-
sis and screening of few common HCSs are discussed below.

Hereditary Breast and Ovarian Cancer
Syndrome

The most common cancers associated with hereditary
breast and ovarian cancer syndrome (HBOCS) are breast
and ovarian cancer, as its name suggests. The cumulative
cancer risk identified is 55 to 70% for breast cancer and 40
to 45% for ovarian cancer in BRCA1 carriers and 40 to 70% for
breast cancer and 15 to 20% for ovarian cancer in BRCA2
carriers.9,10

The median age at diagnosis for breast cancer is 40 years,
compared with 61 years in the general population11 with a
3% risk of developing breast cancer before the age of
30 years.12 BRCA-associated breast cancers are usually high

grade and poorly differentiated with poorer prognosis. They
have a higher growth rate with shorter lead time resulting in
more interval cancers.13 Bilateral cancers are more common
in BRCA carriers with an approximately 63% risk of develop-
ing a second primary in the contralateral breast.13,14 More
than 80% of BRCA-associated cancers are invasive-ductal
type, commonly triple negative (negative for estrogen recep-
tor, progesterone receptor, and human epidermal growth
factor receptor-2), with a higher than usual incidence of
medullary cancers seen in BRCA1 carriers.11 Higher risk of
male breast cancer is also observed in BRCA carriers.15

Breast density is the single most important quantifiable
risk factor that can be rapidly and reliably identified and
assessed on mammography. The distribution of breast den-
sity in BRCA1 andBRCA2mutation carriers is similar to that in
noncarriers; however, higher breast densities in carriers is
associated with an increased risk of breast cancer, with
relative risk being similar to that in the general population.16

Mammographic breast density data has yielded good risk
prediction accuracy.17 BRCA-associated breast cancers usu-
ally have benign appearing features, that is, ovalwell-defined
lesions with circumscribed margins on mammogram and
ultrasound. Microcalcifications are rarely seen in BRCA1
cancers but seen in up to 40% cases of BRCA2 cancers, similar
to sporadic cases. It is optional for women between 40 and
45 years, who are at average risk of breast cancer, to undergo
screening mammography, whereas those between 45 and
54 years are strongly recommended to undergo annual
mammograms. Those above 55 years can switch to mammo-
grams every other year. Women at high risk, including those
with high lifetime risk of breast cancer (> 20%), BRCA or TP53
mutation carriers, first-degree relative with BRCA mutation
(with no genetic testing for themselves), and thosewho have
taken radiotherapy to chest wall between 10 and 30 years of
age, are recommended to have annual breast magnetic
resonance imaging (MRI) with mammograms starting from
30 years of age. Several randomized controlled trials and
comparative reviews have studied the advantage of MRI
versus mammography for surveillance in high-risk women.
Wernli et al found no significant difference in the sensitivity
of the surveillance MRI compared with mammography.18

However, a randomized controlled trial in women at high
risk of familial cancer by Saadtmand et al concluded thatMRI
was advantageous for early-stage cancer detection and de-
creased the overall breast cancer-related mortality albeit at
the cost of high false-positive rate19 and increased biopsy
rates.18,20

BRCA1-associated ovarian cancers manifest in the fourth
or fifth decade of life, 5 to 10 years earlier than sporadic
cases, and are usually high grade.21 Imaging morphology is
similar to sporadic cases, that is, heterogeneously enhancing
solid masses with areas of hemorrhage, necrosis, and papil-
lary projections. More than 90% cases are serous adenocar-
cinomas,most commonly arising from thefimbriated ends of
the fallopian tubes.21 They are more sensitive to platinum
agents and poly (adenosine 5′-diphosphate–ribose) poly-
merase inhibitors than sporadic cancers.22 Survival rate of
BRCA2-associated ovarian cancers is known to be better
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(52%) than BRCA1-associated (44%) and sporadic (36%)
cancers.23

Periodic testing of CA-125 and annual transvaginal ultra-
sounds are recommended for surveillance of women with
familial risk of ovarian cancer. However, many clinical trials
including the National Comprehensive Cancer Network
guidelines emphasize that they are ineffective in tumor
detection and have no substantial influence on survival.24,25

Thus, currently no screening regimen has proven to be
effective in reducing mortality in BRCA-associated ovarian
cancers. Risk-reducing salpingo-oophorectomy for preven-
tion of occult neoplasia is the only proven mortality-reduc-
ing intervention for women more than 35 years age.26

Imaging and clinical screening recommendations in BRCA
carriers are depicted in ►Fig. 1.

Li-Fraumeni Syndrome

Two criteria exist for diagnosis of Li-Fraumeni syndrome
(LFS), the classic and Chompret criteria, summarized
in ►Fig. 2, the latter having a higher sensitivity (82–95%)
and specificity (47–58%).27 The lifetime risk of developing
cancer with TP53 mutation is nearly 100% for females and
73% for males.28 The incidence of tumors in LFS is 27 and 16%
for soft tissue sarcomas (most common: rhabdomyosarco-
ma) and osteosarcomas, 60% for breast cancer, 13% for brain
and adrenocortical cancers, and 4% for leukemias, respec-
tively.27,29 Although radiation-induced cancers are rare in
the normal population (accounting for less than 5% of all
treatment-related cancers), individuals with LFS have in-
creased susceptibility to DNA-damaging effects of ionizing
radiation.30 They are at high risk of developing secondary
malignancies in a previously radiated field, with an incidence
of 30% and a median time for the development of 10.7
years.27 In cancer patients testing for TP53 variants, surgical
and ablative therapeuticmeasures are the preferredfirst-line
treatment while advocating the use of non-genotoxic che-
motherapeutic agents and avoiding radiotherapy when pos-
sible.31 However, a recent study done by Hendrickson et al
did find that the rate of a subsequent malignancy was not
significantly different between LFS patients who received
radiation compared with those who did not. In fact, none of
the subsequent malignancies in patients receiving radiation
could be confidently classified as radiation-associated ma-
lignancy and were merely considered as disease
recurrence.32

Previously, studies have evaluated the use of 2-deoxy-
2-[fluorine-18]fluoro- D-glucose integrated with comput-
ed tomography (18F-FDG-PET/CT) as a screening tool for
LFS; however, increased susceptibility to adverse effects of
ionizing radiation negates routine use.33 Whole body MRI
(WB-MRI) now plays a pivotal role in surveillance of high-
risk individuals. A meta-analysis done by Ballinger et al in
2017 estimated the cancer detection rate of WB-MRI as 7%
with a false-positive rate of 43%, stating that WB-MRI
offers clinical utility in the baseline clinical risk manage-
ment.34 A study done by Villani et al proved that screening
with WB-MRI, in adults and children with LFS, detected allTa
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Table 2 Childhood cancer predisposition syndromes

Predisposition group Genes involved Associated cancers

Ataxia telangiectasia ATM Leukemia

Lymphoma

Bloom syndrome BLM Leukemia

Lymphoma

Constitutional mismatch
repair-deficiency syndrome (CMMR-
D)

MLH1, MSH2, MSH6, PMS2 Pediatric brain tumors

Colorectal cancers

ALL, AML, lymphoma

Early onset GI and GU tumors

Fanconi anemia FANCA, C, D1, D2, E, F, G, I, J, L, M,
RAD51C, SLX4/BTBD12, FANCAB

Leukemia (MDS, AML)

Squamous cell carcinoma

Wilms tumor

Gynecological tumors

Brain tumors

Wiskott-Aldrich syndrome (WAS) WAS Diffuse large B cell lymphoma

Non-Hodgkin’s lymphoma of larynx

Cerebellar astrocytoma

Kaposi sarcoma

Smooth muscle tumors

Wilms-Aniridia-GU-anomaly-retar-
dation (WAGR) syndrome

WT1 Wilms tumor

Gonadoblastoma

Denys-Drash syndrome (DDS) WT1 (dominant) Wilms tumor

Gonadoblastoma

Beckwith-Wiedemann syndrome
(BWS)

p57, H19, LIT1, ICR1, CDKN1C, NSD1 Wilms tumor

Hepatoblastoma

Adrenal carcinoma

Rhabdomyosarcoma

Familial pleuropulmonary blastoma
tumor predisposition syndrome

DICER1 Pleuropulmonary blastoma

Cystic nephroma

Sertoli-Leydig cell tumors

Rhabdomyosarcoma

Supratentorial primitive neuroectodermal tumor

Intraocular medulloepithelioma

Nevoid basal cell carcinoma syn-
drome (NBCCS)/Gorlin syndrome

PTCH1, 2, SUFU Basal cell carcinoma

Desmoplastic medulloblastoma

Ovarian fibromas

Familial retinoblastoma syndrome
(RB)

RB1 Retinoblastoma

Osteosarcoma

Melanoma

Glioma

Rhabdoid tumor predisposition
syndrome

SMARCB1/INI1 Rhabdoid tumor

Medulloblastoma

Choroid plexus tumor

Schwannoma
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tumors in asymptomatic individuals with a 3-year surviv-
al rate of 100%, as opposed to 23% in persons who did
not undergo surveillance.35 The cancer detection rate in
children with WB-MRI, however, may be lower than
adults.36 Image sequences include coronal T1 and short
tau inversion recovery with axial diffusion-weighted
images (DWI). Contrast administration is not routinely
recommended.

Screening for breast cancers in LFS is done with annual
breast MRI. Diagnostic imaging may include mammography
but is reserved for older women and is not recommended for
young women as the sensitivity of mammography is signifi-
cantly lower in dense breasts of young women. Breast
cancers are usually intraductal type and appear as irregular
spiculated solid masses on imaging. Malignant phyllodes is
also frequently associated with LFS appearing as a large

heterogeneous mass with cystic and necrotic areas of de-
generation and marked peripheral and internal vascularity
on ultrasound. Women with LFS who develop breast cancer
are advised to have bilateral mastectomy rather than lump-
ectomy to reduce the risk of developing a second primary
breast cancer. Also, administration of radiotherapy post
lumpectomy is also a challenge since it carries a risk of
developing cancer in the radiation field. There is no known
elevated risk of male breast cancer.

Almost 50% patients with choroid plexus carcinoma are
associated with TP53 alteration.37 Gliomas like astrocytoma,
oligodendroglioma and glioblastoma multiforme are other
common brain tumors occurring in LFS. All these have typical
features on imaging similar to their sporadic counterparts.
Atypical presentation like leptomeningeal spread or involve-
ment of the posterior fossa are encountered.38

Fig. 1 Imaging and clinical screening recommendations in BRCA carriers. CT, computed tomography; HBOCS, hereditary breast and ovarian
cancer syndrome; MRI, magnetic resonance imaging; RRSO, risk-reducing salpingo-oophorectomy.

Fig. 2 Classic and Chompret criteria for diagnosis of Li-Fraumeni syndrome (LFS).

Indian Journal of Medical and Paediatric Oncology Vol. 44 No. 3/2023 © 2023. The Author(s).

Imaging Recommendations for Diagnosis, Staging, and Management of HCS Majithia et al.292



Pediatric patients with adrenocortical cancer almost al-
ways have TP53 mutations, appearing as large heteroge-
neously enhancing masses with metastasis to lungs, liver
and lymph nodes on cross-sectional imaging. Screening
abdominal ultrasounds are usually sufficient; however,
MRI is more sensitive for smaller lesions.

Surveillance recommendations in carriers of germline
disease-causing TP53 variants is depicted in ►Fig. 3.39

von Hippel-Lindau Disease

von Hippel-Lindau Disease (VHL) is characterized by the
development of vascular tumors due to inactivation of VHL
gene that leads to upregulation of somatic and vascular
growth factors, including vascular endothelial growth factor
(VEGF). Renal, central nervous system, and pancreas are the
most commonly involved organ systems.

The most common malignancy associated with VHL is
renal cell carcinoma (RCC). Early diagnosis of RCC is impera-
tive as they are known to be multiple, prone to relapse, and
also the most common cause of death. Diagnosis as well as
screening for RCCs utilizes the renal imaging protocol on CT
(with unenhanced, cortico-medullary, nephrogenic, and ex-
cretory phases) which is the gold standard for depiction of
characteristic vascular lesions showing arterial enhance-
ment and venous wash out. MRI is increasingly preferred
over CT for imaging in VHL owing to the absence of ionizing
radiation, superior evaluation of smaller lesions, improved
detection of intratumoral lipid, and hemorrhage and safer

use with renal impairment. A recent study by Farhadi et al in
2020 correlated the relationship between apparent diffusion
coefficient (ADC) and the growth rates of RCC for predicting
the volume doubling time (VDT); ADC bearing a negative
relationship with growth rate and positive relationship with
VDT, thus, establishing the use of DWI in identifying RCCs
with higher growth rates.40 Imaging also plays an important
role in targeted intervention. Percutaneous focal ablation,
like CT-guided radio frequency ablation (RFA) and cryoabla-
tion, is the preferred treatment for RCCs in VHL as it
significantly improves the cancer-free survival,41 especially
for smaller (< 3 cm) andmultiple tumors. Nephrectomy is not
recommended; however, for tumors larger than 3 cm, neph-
ron-sparing surgerymay be performed.41 Some prefer to use
a cutoff of 4 cm for surgery as this may help delay the surgery
time.42

About 70% cases of VHL exhibit hemangioblastomas in the
central nervous system, usually multiple with a high rate of
recurrence, seen with decreasing frequency in the cerebel-
lum (52%), spinal cord (cervical or thoracic) (44%), and brain
stem (18%).43 On MRI, intense hypervascular enhancement
of mural nodule is seen with tumor-related cysts showing
nonenhancing walls. Calcification is characteristically ab-
sent. Spinal MRI screening for spinal hemangioblastomas is
mandatory in the presence of cerebellar hemangioblastoma
as they usually coexist. Retinal hemangioblastomas are
found in 70% of cases over the age of 60 years. Diagnostic
workup includes ophthalmoscopy and fluorescein angiogra-
phy, the role of imaging being limited. MRI may depict a

Fig. 3 Surveillance recommendations in carriers of germline disease-causing TP53 variants. LFS, Li-Fraumeni syndrome; MRI, magnetic
resonance imaging.
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hypervascular retinal nodule with or without retinal
detachment.

There are two subtypes of VHL, depending on the absence
(type 1) and presence (type 2) of pheochromocytoma. VHL
exhibits a distinct pattern of plasma catecholamine excess,
almost exclusively norepinephrine production, as compared
with combination of metanephrine and normetanephrine in
MEN2 or NF1.44 On cross-sectional imaging, pheochromocy-
tomas show avid early arterial enhancement with venous
washout. Calcification as well as areas of necrosis and
hemorrhage may be seen. Radionuclide meta-iodobenzyl-
guanidine (MIBG) scan can be used for tumor localization as
well as detection of occult metastasis. Recent studies have
showed that the diagnostic accuracy of WB-MRI is compara-
ble to that of MIBG.45

Endolymphatic sac tumors are associated with VHL in
mere 20% cases; however, bilateral occurrence is pathog-
nomic and can be detected on contrast-enhanced MRI of the
brain and internal auditory meatus.

Pancreatic serous cystadenomas and neuroendocrine
tumors (NET) are also common, with the latter harboring a
malignant potential and detected in up to 15% patients with
VHL.46 Serous cystadenomas have the typical appearance of
“cluster of small cysts”with a central scar identified on cross-
sectional imaging. They require no treatment unless symp-
tomatic. NETs have the typical early arterial enhancement
and venous washout like other hypervascular NET on cross-
sectional imaging and are seen most commonly in the head
and uncinate process of pancreas. Endoscopic ultrasound
with or without contrast has a significant role in the diagno-
sis, intervention (tissue sampling and/or targeted ablation)
and surveillance of NETs in VHL.47 MRI has increased sensi-
tivity over CT and the use of DWI has significantly improved
the sensitivity of tumor detection, comparable to PET/CT
wherein lowADC values suggest higher grade tumor.47 68Ga-
DOTATATE PET/CT is useful for the depiction of small NETs,
whereas 18F-FDG-PET/CT has increased sensitivity for higher
grade tumors.47

Tumor-to-tumor metastasis is a peculiar phenomenon
associated with VHL and refers to the spread of malignant
cells from RCC, NET, and pheochromocytoma to existent
hemangioblastomas, which act as a host for metastases,48

suspected with sudden change in size of
hemangioblastomas.

Systemic chemotherapeutic treatment in few VHL
patients with inoperable or previously treated lesions is
recommended, like VEGF-receptor inhibitor and fibroblast
growth factor inhibitor.

Summary of individuals who should be tested for VHL
mutation is given in ►Fig. 4.

VHL alliance suggested surveillance guidelines have been
tabulated in ►Fig. 5.49–51

Multiple Endocrine Neoplasia Syndrome

Multiple endocrine neoplasia (MEN) syndrome is a group of
autosomal dominant cancer syndromes characterized by the
simultaneous presence of neoplasms in two or more endo-

crine organs.52 There are two types: MEN 1 (Wermer’s
syndrome) and MEN2. MEN1 affects all age groups without
any gender predilection with a prevalence of 2/100,000.53

MEN2 has a prevalence of 1/200,000 live births.54 The
associated abnormalities in MEN syndromes have been
summarized in ►Fig. 6.

MEN1
MEN1 constitutes many endocrine and nonendocrine
tumors; however, approximately one-third of deaths in
MEN1 are caused by endocrine malignancies. The crux of
themanagement lies in early diagnosis and intervention that
lead to improved outcome and decreased morbidity. Recom-
mendations suggest performing genetic testing in individu-
als with significant family history or when the clinical
presentation is suggestive of MEN1, supplemented with
regular biochemical screening and cross-sectional imaging
in patients who harbor the mutation.55

Parathyroid adenomas are the most common tumors in
MEN1 (100% cases), presenting with elevated parathormone
and hypercalcemia, usually before the age of 20 to 25 years.
On ultrasound, which is usually the first investigation, they
appear as nodular hypoechoic masses with increased vascu-
larity. Asymmetric uptake and retention on delayed images
of 99mTc-sestamibi nuclear scintigraphy are pathognomic.
The sensitivity and positive predictive values of ultrasound
and nuclear scintigraphy are similar. Increased sensitivity of
four-dimensional CT is observed especially with smaller
lesions andmultigland involvement.56DynamicMRI is supe-
rior to CT for demonstrating the hypervascular nature of

Fig. 4 Individuals who should be tested for VHL mutation. CNS,
central nervous system; Hb, hemoglobin; PNET,—; RCC, renal cell
carcinoma; VHL, von Hippel-Lindau disease.
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parathyroid adenomas. Contrast–time curve generation
allows quantitative analysis of the perfusion parameters of
parathyroid adenomas and reveals a faster time-to-peak,
higher peak enhancement, and faster wash in washout
compared with cervical lymph nodes or thyroid, thus im-
proving the diagnostic accuracy.57 Hyperparathyroidism is
treatedwith surgery, usually entailing excision of three and a
half gland (subtotal parathyroidectomy) in cases where all
the four glands are affected.

Enteropancreatic NET, seen in 30 to 70% cases, is a cause of
significant morbidity and mortality in MEN1 syndrome as
most of them are functional, however, with a lesser malig-
nant potential. Transabdominal ultrasound is usually the
first investigation performed. Endoscopic ultrasound has a
higher sensitivity (100%) and specificity (95%), but is invasive

and depends on operator efficiency. Cross-sectional imaging
is most widely performed for diagnosis and staging. Most
common are gastrinomas, frequently occurring in the duo-
denum, and tend to be multiple. Patients are usually offered
non-surgical treatment except for cases with secretory
tumors, pancreatic origin and size more than 2 cm. Patients
with insulinoma, VIPoma, and glucagonoma are offered
surgery.58

A high incidence of anterior pituitary tumors is observed
in women with MEN1 (30–40%).59 They are usually micro-
adenomas (two-third cases) and best visualized on MRI, as
small hypointense lesions on T1. Dynamic post-contrast
sequence acquisition is essential for their depiction. 68Ga-
DOTATATE PET/CT can identify functioning and nonfunc-
tioning pituitary adenomas, although it is most useful in

Fig. 5 VHL alliance suggested surveillance guidelines. MRI, magnetic resonance imaging; VHL, von Hippel-Lindau disease.

Fig. 6 Associated abnormalities with MEN syndromes. MEN, multiple endocrine neoplasia syndrome; MTC, medullary thyroid cancer.
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detecting residual normal pituitary tissue after adenomec-
tomy and for diagnosis of recurrence of functioning adeno-
mas.60 Treatment remains similar to sporadic cases.

Screening protocol for MEN1 is depicted in ►Fig. 7.61

MEN2
MEN2A (Sipple’s syndrome) is more common and MEN2B is
less common but more aggressive. All the variants of MEN2
show high penetrance of medullary thyroid cancer (MTC),
seen in 90 to 95% cases. Ultrasound should be performed for
all patients with MTC as the initial evaluation. MTC appears
as a solid markedly hypoechoic nodule with increased vas-
cularity. Microcalcification may be seen. Metastasis to cen-
tral and lateral compartment cervical nodes andmediastinal
nodes with pulmonary and hepatic metastasis should be
looked for. American Thyroid Association 2015 recommends
contrast-enhanced CT scan of the neck and chest, triple-
phase contrast-enhanced CTof the liver, axial MRI, and bone
scintigraphy in cases with extensive neck disease or high
calcitonin (>500 pg/dL) to rule out distant metastasis55 in
MTC cases. Recently, European Association of Nuclear Medi-
cine guidelines 2020 recommended use of 18F-FDOPA PET/CT
(6–18F-fluoro-L-3,4-dihydroxyphenylalanine) in persistent

MTC. Use of 18F-FDG-PET/CT is limited to aggressive variants,
while 68Ga-somatostatin analogs PET/CT is suboptimal.62

Surgery is the best form of prevention as well as cure for
MTC with regular postoperative monitoring of serum calci-
tonin to detect recurrence. Early thyroidectomy may lower
the mortality from hereditary MTC to less than 5%63 with a
more aggressive neck dissection for successful cure.

There may be an association of benign or malignant
pheochromocytomas in MEN2 syndrome. Therefore, once
the germline RET mutation is confirmed, it is important to
rule out the presence of a pheochromocytoma. If cross-
sectional imaging is nondiagnostic or depicts a unilateral
disease, functional imaging like MIBG is suggested that has a
higher sensitivity (87–90%). The screening for pheochromo-
cytomas should be started in childhood, age of onset varying
according to the risk category ofmutation. Screening consists
of measuring free plasma and 24-hour urine metanephrine
and nor-metanephrine supplemented with cross sectional
imaging if these levels are high. In cases with synchronous
presentation of MTC and pheochromocytoma, pheochromo-
cytoma should be treated first, followed by MTC.64 Adrenal-
ectomy is the treatment of choice following adrenal
blockade.

Fig. 7 Guidelines for screening protocol for MEN1 syndrome. CT, computed tomography; EUS, endoscopic ultrasound; IGF-1, insulin-like growth
factor-1; MRI, magnetic resonance imaging; , MEN1, multiple endocrine neoplasia 1; NET, neuroendocrine tumor; PTH - Parathormone;, VIP -
Vasoactive Intestinal Peptide.
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Parathyroid tumors are seen in MEN2A and require inves-
tigations similar to MEN1 syndrome. Hyperparathyroidism
does not develop in MEN2B, and thus screening is not
required.

Guidelines for biochemical and radiological screening in
individuals at high risk of developing MEN2 are depicted
in ►Fig. 8.61

Tuberous Sclerosis

Tuberous sclerosis (TSC) is a neurocutaneous syndrome. The
classic clinical triad for diagnosis includes facial adenoma
sebaceum, epilepsy, and mental retardation, seen in 30 to
40% cases. The clinical diagnosis of TSC is divided into major
and minor features summarized in ►Fig. 9.

The most common intracranial manifestation of TSC is
cortical tubers or hamartomas, seen in 95% cases. On CT,
they are hypodense areas of gyral widening. Calcification
may be seen with progression. On MRI, they are T1 hypoin-

tense and T2 hyperintense with contrast enhancement in 10%
cases. Microstructural changes in the tubers are detected by
diffusion tensor imaging.65 Occasionally, a cyst-like appear-
ancemaybeseenonMRI followingevolutionofcortical tubers.
These are associated with more severe epilepsy phenotypes.
Cortical tubers associated with refractory epilepsy often re-
quire surgery. Pulsed arterial spin-labeled technique helps in
quantifying perfusion characteristics of cortical tubers. Hyper-
perfused lesions are associated with increased frequency of
seizures.66 Preoperative evaluationwith 18F-FDG-PET/MRI for
TSC has emerged as an indispensable noninvasive method to
select the tubers as surgical candidates in refractory epilep-
sy.67 Evaluating the involvement of perituberal cortex on MRI
is essential for defining the extent of resection.68

Subependymal nodules are also common and appear
isointense on T1 and iso- to hyperintense on T2 more and
are more prone to calcification than cortical tubers. Radial
migration lines are the most common white matter abnor-
mality identified in TSC.

Fig. 8 Guidelines for screening protocol for MEN2 syndrome. MEN2, multiple endocrine neoplasia 2; MTC, medullary thyroid cancer.

Fig. 9 Clinical features for diagnosis of TSC. CT, computed tomography; SEGA, subependymal giant cell astrocytoma; TSC, tuberous sclerosis.
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Subependymal giant cell astrocytoma (SEGA) is defined as
a lesion more than 1 cm in size at the caudothalamic groove
or a subependymal lesion showing serial growth.69 It is the
most common central nervous system tumor in TSC, seen in
10 to 15% cases. It presents in late childhood and remains
asymptomatic unless complicated with hydrocephalus. On
MRI, theyare hypo- to isointense comparedwith cortexonT1
and heterogeneously iso- to hyperintense on T2, most of
them showing contrast enhancement. Early surgical resec-
tion is the standard treatment. Medical management with

mechanistic target of rapamycin (mTOR) inhibitors is cur-
rently indicated for patientswith symptomatic SEGA that are
not amendable to surgery.70

Lymphangioleiomyomatosis (LAM) is characterized by
multiple thin-walled cysts scattered in lungs. Strong female
preponderance is noted with symptoms developing in the
middle age. TSC association is seen in approximately 15%
cases of LAM. Solitary ormultiple cardiac rhabdomyomas are
seen in approximately 60% of children, but only 20% of adults,
and are usually asymptomatic. OnMRI, they arewell-defined

Fig. 10 The updated International Tuberous Sclerosis Complex Consensus Group recommendations for surveillance and management. CT,
computed tomography; ECG, electrocardiogram; EEG, electroencephalography; GFR, growth factor receptor; LAM, lymphangioleiomyomatosis;
MRI, magnetic resonance imaging; SEGA, subependymal giant cell astrocytoma; TSC, tuberous sclerosis.
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masses on the ventricular septum, isointense tomyocardium
on T1, and hyperintense on T2. Although surgical excision is
the mainstay of treatment, mTOR inhibitors can be used as a
temporary treatment for symptomatic cardiac rhabdomyo-
mas in TSC, especially in high risk and inoperable cases.71

About 20% case of renal angiomyolipoma (AML) are asso-
ciated with TSC. Presence of fat within AML can be demon-
strated on CT, but best appreciated on T1 in- and opposed-
phase images. Evaluation of lipid-poor AMLs can be a chal-
lenging and needs differentiation from RCC that is not
uncommon in TSC. Multifocal and bilateral AMLs pose a
challenge for surgical management, and thus RFA or cryoa-
blation techniques are employed, especially for smaller
tumors. mTOR inhibitors are used preoperatively that cause
a significant reduction in size of lesions (38–95%) and reduce
the risk of recurrence.72

The International Tuberous Sclerosis Complex Consensus
Group reviewed the 2013 surveillance and management
recommendations and published updated guidelines in
2021.73 They have been summarized in ►Fig. 10.

Conclusion

Identification and diagnosis of hereditary syndromes and
genetic predisposition syndromes require an integrated
approach of clinical evaluation, genetic testing, and radio-
logical screening and surveillance. Surveillance recommen-
dations have been developed for different HCSs over years
based on the spectrum of associated cancers with the aim of
prevention and early diagnosis. National and international
collaboration to build cancer registries will be crucial for an
evidenced-based and targeted approach to genetically pre-
disposed individuals.
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Introduction

The NIC defines hematological cancers as those that begin in
blood forming tissue such as bone marrow or cells of the
immune system and these broadly include three groups
leukemias, lymphomas, and myelomas.1 The role of imaging
is also fundamentally different between the three main
groups of hematological malignancies. While imaging is
the main tool for staging as well as treatment response
assessment in lymphoma,2,3 it represents one of several
key criteria for the diagnosis and follow-up of myeloma4;
whereas in leukemia, imaging has a role to play in the
detection and management of treatment-related complica-
tions which is a crucial part of post-transplant treatment.

In myeloma, whole-body magnetic resonance imaging
(WB-MRI) is recognized as a highly sensitive test for the
assessment of myeloma, and is also endorsed by clinical
guidelines, especially for detection and staging. In lympho-
ma, WB-MRI is presently not recommended, and merely
serves as an alternative technique to the current standard
imaging, Flourine-18 fluorodeoxyglucose positron emission
tomography/computed tomography ([18F]FDG-PET/CT), es-
pecially in pediatric patients.5

Even for lymphomas with variable FDG avidity, such as
extranodal mucosa-associated lymphoid tissue lymphoma
(MALT), contrast-enhanced CT, but notWB-MRI, is presently
recommended, despite the high sensitivity of diffusion-
weighted MRI and its ability to capture treatment response
that has been reported in the literature.5 In leukemia, neither
MRI nor any other cross-sectional imaging test (including
PET) is currently recommended outside of clinical trials.5

Epidemiology, Clinical Presentation in India
and Global

Almost all of these cancers occur almost a decade earlier in
India compared with the West. Possible reasons proposed
have included the demographics of the Indian population
(largely younger), increased incidence of chronic infections
and antigenic stimulation, genetics, and socioeconomic sta-
tus. The average ASR for multiple myeloma (MM) is 0.1 to 1.9
in India, and around 2.8 to 3.9 in the US, with similar figures
for Hodgkin’s lymphoma (HL).6 Incidence of leukemias is
between 2.4 and 4.6 per 100,000 when compared with 9.6 to
11 in Canada.6
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Imaging Guidelines

Lymphomas
PET-CT is recommended for the routine staging of FDG-avid,
nodal lymphomas (essentially all histologies except chronic
lymphocytic leukemia/small lymphocytic lymphoma (-
CLL/SLL), lymphoplasmacytic lymphoma/Waldenström’s
macroglobulinemia, mycosis fungoides, and marginal zone
non-Hodgkin’s lymphomas (NHLs), unless there is a suspi-
cion of aggressive transformation) as the gold standard.7

CTscan is preferred in the other lymphomas. A chest X-ray
is no longer required in lymphoma staging because it less
accurate than CT.8 Moreover, CT identifies more hilar nodes
and may better discriminate between a single large nodal
mass and an aggregate of individual nodes.3

Definition of bulky disease: A single nodal mass, in
contrast to multiple smaller nodes, of 10 cm or greater
than a third of the transthoracic diameter at any level of
thoracic vertebrae as determined by CT is retained as the
definition of bulky disease for HL.9 A chest X-ray is not
required to determine bulk because of its high concordance
with CT.8However, a variety of sizes have been suggested for
NHL10 with limited evidence suggesting 6 cm as best for
follicular lymphoma15 and 6 to 10 cm in the rituximab era
for diffuse large-B-cell lymphoma (DLBCL).11 However, none
of the proposed sizes have been validated in the current
therapeutic era. Therefore, the recommendation for HL and
NHL is to record the longest measurement by CT scan, with
the term X no longer necessary.3

If a PET-CT is performed, a bonemarrowaspirate/biopsy is
no longer required for the routine evaluation of patientswith
HL. In DLBCL, PET-CT is also more sensitive than bone
marrow biopsy (BMB) but has been reported to miss low-
volume diffuse involvement of 10 to 20% of the marrow.12 If
the scan is negative, a BMB is indicated to identify involve-
ment by discordant histology if relevant for a clinical trial or
patient management.13

Response Assessment
Lugano’s criteria are used for response assessment as sum-
marized in ►Table 1.18 End-of-treatment assessment is
more accurate with PET-CT, especially for patients with
radiologic (CT) CRu or partial response (PR) in HL, DLBCL,
and follicular lymphoma.3 PET-CT-based criteria eliminate
CRu and improve the prognostic value of PR. In early- and
advanced-stage patients with HL, a negative predictive
value of 95 to 100% and a positive predictive value of
more than 90% have been reported.14,15 In aggressive
NHL, studies have reported a negative predictive value of
80 to 100%, but a lower positive predictive value, ranging
from 50 to 100%.16

A CT-based response is preferred for histologies with low
or variable FDG avidity and in regions of the world where
PET-CT is unavailable. However, in the absence of a PET-CT
scan, a mass that has decreased in size but persists is
considered at best a PR in the absence of a biopsy document-
ing the absence of lymphoma, and the former term CRu is not
to be considered.7

Summary of response and follow-up strategies as per the
IWG, NCCN, and ESMO criteria are as follows3:

1) PET-CTshould be used for response assessment in FDG-
avid histologies, using the 5-point scale; CT is preferred
for low or variable FDG avidity.
2) A complete metabolic response even with a persistent
mass is considered a complete remission.
3) A PR requires a decrease bymore than 50% in the sumof
the product of the perpendicular diameters of up to six
representative nodes or extranodal lesions.
4) Progressive disease by CT criteria only requires an
increase in the PPDs of a single node by more than or
equal to 50%.
5) Surveillance scans after remission are discouraged,
especially for DLBCL and HL, although a repeat study
may be considered after an equivocal finding after
treatment.
6) Judicious use of follow-up scans may be considered in
indolent lymphomas with residual intra-abdominal or
retroperitoneal disease.

PET-CT is used for staging and response assessment of
lymphomas, during treatment (interim PET) and for remis-
sion assessment at the end of treatment.7MRI is themodality
of choice for suspected central nervous system lymphoma.

Mantle-cell lymphoma is routinely FDG avid; limited data
suggest that the sensitivity and specificity of identifying
bowel involvement is low and should not replace other
investigative measures.

The standard response criteria currently in use for lym-
phoma are the Lugano criteriawhich are based on [18F]FDG-
PETor bidimensional tumormeasurements on computerized
tomography scans. These differ from the RECIST criteria used
in solid tumors, which use unidimensional measurements.

Imaging Guidelines of Leukemias
PET imaging is considered investigational and experimental
for all indications in acute lymphoblastic leukemia, acute
myeloid leukemia, and chronic myeloid leukemia. Routine
advanced imaging is not indicated in the evaluation and
management of chronic myeloid leukemias, myelodysplastic
syndromes, or myeloproliferative disorders in the absence of
specific localizing clinical symptoms or clearance for he-
matopoietic stem cell transplantation.17

CLL/SLL: PET imaging is not indicated in the evaluation of
CLL/SLL except for suspected Richter’s transformation.

Suspected transformation (Richter’s) from a low-grade
lymphoma to amore aggressive type is based on one or more
of the following: New B symptoms, rapidly growing lymph
nodes, development of extranodal disease, a significant
recent rise in LDH above normal range- A PETCT may be
advisable in such cases.18

Imaging Guidelines for Post-Hematopoietic Stem Cell
Transplantation (HSCT)
Selected patients of leukemias/lymphomas are offered HSCT
and imaging plays a very important role in surveillance of
these patients.
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Pretransplant Imaging in HSCT: This imaging generally
takes place within 30 days prior to transplant, and involves a
reassessment of the patient’s disease status as well as infec-
tious disease clearance. CTof the sinuses, neck, chest, and/or
abdomen/pelvis is recommended. Nuclear renal function
study to ensure adequate renal function and echocardiogram
are routinely indicated to ensure adequate cardiac function
to proceed with the transplant.

Post-transplant Imaging in HSCT: There are many com-
mon complications from HSCT, including infection, graft
versus host disease, hepatic sinusoidal obstruction syn-
drome, restrictive lung disease, among others. These can
be classified into early (less than 30 days) and delayed (more
than 100 days) complications.

These patients often require several CT chest scans in the
post-transplant period due to their susceptibility to infection
(most commonly lung). At the very least, scans for disease
response generally takes place at day 30 and day 100 post-
transplant. CT chest without contrast is indicated for patients
with bronchiolitis obliterans with organizing pneumonia, a
delayed post-transplant complication for surveillance and
evaluation of acute changes.

Imaging Guidelines of Myelomas
Plasma cell disorders range from the spectrum of the mostly
benign monoclonal gammopathy of unknown significance to
the intermediate smolderingmultiple myeloma to the frank-
ly malignant MM.19 Imaging of bone lesions forms a major
stay in the diagnosis and management of MM. The CRAB
criteria: Hypercalcemia, Renal insufficiency, Anaemia and
Bone lesions—at least one or more bone lesions on X-Ray/CT/
PET-CT—form the four pillars uponwhich a diagnosis ismade
in patients with clonal bone marrow plasma cells more than
10%.19

At least one well-defined lytic lesion of diameter greater
than 5mm is necessary to satisfy the bony lesion category of
CRAB lesions.4 Advances in cross-sectional imaging have led
the IMWG to form newer guidelines with the definition of
myeloma-defining events) inwhich at least two ormore focal

lesions in the marrow of size greater than 5mm can be used
to make the diagnosis, in the absence of focal lytic lesions on
X-ray or CT.4 Newer advanced sequences like diffusion-
weighted imaging with background suppression (DWIBS)
have also helped to increase sensitivity and specificity of
bony lesion detection; however, their inclusion into a formal
role as defining criteria is awaited pending further research.

Imaging Guidelines

For screening and diagnosis:

1) X-ray is not to be used unless it is the only modality
available. Similarly, there is no role of technetium scans.20

2)Whole-body low-dose CT (WBLDCT) is the ideal screen-
ing tool. It is the scan with arms over the head (to reduce
beam hardening artifacts on vertebrae if arms are placed
on the side of the body).21 Even one focal lesion of size
greater than 5mm is sufficient for diagnosis.22

3) In clinically suspected MM patients who are screening
negative on WBLDT, WBMRI is strongly advised.23 Con-
ventional T1 sequences pick up marrow infiltration and
diffusion-weighted imaging has been shown to be the
single most sensitive sequence.22

4) Imaging of bone marrow is the opposite of imaging
findings elsewhere in the body: Normal bone marrow
shows restricted diffusion with low apparent diffusion
coefficient (ADC) values, whereas disease (-
metastases/myeloma) leads to a facilitated diffusion with
a progressive increase in ADC values. ADCs of normal bone
marrow is very low (range, 0.2–0.5�10�3 mm2/sec),
whereas a value greater than 0.597�10�3 mm2/s showed
96% sensitivity and 100% specificity for MM.24

5) DWIBS: It is a free-breathing sequence wherein multi-
ple thin slice axial sections of the whole body are ac-
quired. It relies on the relatively unchanged “incoherent”
motion within a voxel during respiration where the
“coherent” motion is affected. It is the incoherent motion
of the water molecules that determines diffusivity. This

Fig. 1 Structured reporting format of myelomas.27 AVN,—; G-CSF,—; MY-RADS, Myeloma Response Assessment and Diagnosis System; ONJ,—;
RAC,—; WB-MRI, whole body magnetic resonance imaging.
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sequence is commonly acquired in the coronal plane and
short tau inversion recovery sequence is the commonly
employed pre-pulse fat saturating sequence that is com-
bined with DWIBS to achieve uniform fat suppression.25 B
values generally range from 800 to 1000 seconds mm2.

For post-treatment assessment: 18 FDG-PET-CT is the
gold standard for assessing post-treatment response. Com-
plete suppression of FDG avidity on post-therapy scans
confers increased overall survival and serves as a good
prognostic marker.26

Structured Reporting System
In an effort to promote standardization and diminish varia-
tions in the acquisition, interpretation, and reporting of
whole-body MRI in myeloma and allow response assess-
ment, the IMWG and NICE UK group together developed the
Myeloma Response Assessment and Diagnosis System (MY-
RADS).27 A sample of the reporting template is described
below (►Fig. 1).

Disclaimer
This article is not an original paper and is only a compila-
tion of imaging guidelines from various sources, which
have been cited appropriately.
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Principles of PET-CT Scanning

Cancer cells proliferate and grow by rapidly metabolizing
glucose to lactate. Increased glucose uptake in cancer cells is
the key to positron emission tomography-computed tomog-

raphy (PET-CT) imaging.1,2 However, you need to identify a
glucose analogue that will follow the same metabolic path-
ways as glucose but will render itself to be detected by
imaging. The glucose analogue 18F-fluoro-2-deoxyglucose
(FDG) is the most widely used PET-CT radiopharmaceutical

Keywords
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► oncology
► PET-CT

Abstract Cancer is one of the leading causes of morbidity and mortality. Imaging studies are
central to the initial staging and follow-up management of cancers. In the past,
oncologists have largely relied on anatomical imaging for staging, restaging, and
therapy monitoring. The introduction of positron emission tomography-computed
tomography (PET-CT) and its availability has transformed the practice of cancer
imaging. PET-CT is an imaging technique that provides complementary information
to imaging by CT or magnetic resonance imaging alone as it incorporates functional
imaging to the anatomic information. It actually embeds tumor biology on the
anatomical image. There are significant contributions of the CT component in adding
value to the strength of PET-CT. PET-CT is useful for initial staging of cancers. It is
particularly useful in detection of distant metastases, in assessing response to therapy
and in detection of recurrence. Its utility in restaging and follow-up of cancers is now
well established. Its role varies across different primary cancer sites. To cover the role of
PET-CT in all cancer types is neither the intention nor feasible in a single article. In this
article, an attempt will be made to highlight the generic concepts of PET-CT imaging
and its role in primary staging and post-therapy follow-up across some common
malignancies. Its pitfalls and limitations will also be discussed.
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in clinical routine. Its uptake and trapping in cancer cells can
be picked up by a PET-CT scanner as it is unstable. It is an
isotope that emits positrons. The positrons are positively
charged and readily combined with a freely available nega-
tively charged electron. When the positron and electron
collide, they both disappear. This process is called annihila-
tion and it ends in releasing the gamma rays that are detected
by a PET-CT scanner.

Availability and Indications for PET-CT

When it comes to high-end imaging studies, particularly
PET-CT there are significant global inequities. The availabil-
ity and cost of PET-CT remain a major issue. The logistics for
transport of FDG is another bottleneck as it has a half-life of
110minutes and needs a cyclotron for its production.
Within India most PET-CT scanners are clustered in big
cities with hardly any visible availability in tier-2 and tier-3
cities. While an affording patient in a big city has easy and
quick access to PET-CT, a needy patient in a remote area
may never get one. The referring physicians are over en-
thusiastic and quick to order a PET-CT regardless of the
evidence in a particular situation. Since there are no strict
guidelines in India, we often find indiscriminate use or
misuse of PET-CT. As most patients pay out of pocket, there
is hardly any audit or control by a regulatory body. It is
estimated that 20% of PET-CT scans ordered in India are not
in line with evidence-based practice.

In the United States, insurance coverage for PET-CT was
driven by evidence-based data. The Center for Medicare and
Medicaid Services authorized coverage for different cancers
over a period of time based on evidence.3 Their strategy has
been coverage with evidence development. As of now most
cancers are covered for reimbursement. However, it is not
covered for screening. Initially the terminology used for initial
scan was for “diagnosis and staging.” For subsequent scan, the
terminology was for “restaging and monitoring response to
treatment.” The current terminology is PET-CT for initial treat-
ment strategy and PET-CT for subsequent treatment strategy.
The cancers that are now covered are colorectal, esophagus,
head and neck (T3,T3 tumors or bulky nodes), lymphoma, non-
small cell lung cancer (NSCLC), ovary, brain, cervix (except for
initial treatment strategy), small cell lung cancer (SCLC), soft
tissue sarcoma, pancreas, testes, prostate (not for initial treat-
ment strategy), thyroid, breast (for distant metastases), mela-
noma, myeloma, and other solid tumors in a specific situation.
However, there is a limiton thenumberof PET-CTscans that can
be covered for subsequent management after completion of
initial anticancer therapy. The total number of PET-CT scans to
guide subsequent treatment strategy cannot exceed three.

Preparation before PET-CT Scan

Adequate hydration is recommended as it would ensure
reduced FDG concentration in the urine.4 This will minimize
artifacts. Consumption of 1 L of water prior to FDG injection
is helpful. Oral contrast agent is usually not given even for a
diagnostic CT scan.

Glucose containing parenteral nutrition and intravenous
fluids should be stopped 4hours before the FDG injection.
After the injection of FDG, the patient should remain seated
or recumbent and silent. Remaining silent willminimize FDG
uptake in laryngeal muscles. The patient should be kept
warm to minimize FDG agglomeration in brown fat. Patients
must avoid any exercise or physical activity for minimum
24hours prior to the PET-CT examination. Patients should
empty the bladder immediately before the study tominimize
urinary bladder activity. The patient should not move during
the examination which will take approximately 20 to
40minutes.

Serumglucose level prior to FDGadministration should be
checked. For FDG-PET-CT study, plasma glucose level has to
be below 11mmol/L (�200mg/dL). Levels equal to or higher
than 11mmol/L (�200mg/dL) requires rescheduling of PET-
CT.

Breast Cancer

PET-CT is not recommended for routine staging of early-
stage breast cancer. National Comprehensive Cancer Net-
work (NCCN), European Society for Medical Oncology, Span-
ish Society of Medical Oncology, and the National Institute
for Care Excellence, UK, do not recommend PET-CT in females
having early-stage (I or II) breast cancer or even in thosewith
operable stage III breast cancer.5 However, there are situa-
tions where a PET- CT can pick up distant metastases in the
bone, soft tissues, or elsewhere thereby changing the initial
management strategy, which can happen in locally advanced
breast cancer, breast cancer with extensive axillary lymph-
adenopathy, and triple negative breast cancers. Therefore, it
appears reasonable to evaluate such caseswith PET-CTwhich
is superior to CT or magnetic resonance imaging (MRI) for
detecting distant metastases.

Head and Neck Cancers

The prevalence of head and neck cancers is high in India.
The usual malignancies in the head and neck region are as

follows:

1. Head and neck squamous cell carcinoma (HNSCC).
2. Thyroid cancer, mainly papillary cancer.
3. Nasopharyngeal cancer (NPC)
4. Lymphoma (systemic or confined to the neck glands)
5. Minor salivary gland cancers
6. Rhabdomyosarcoma
7. Retinoblastoma

Unless otherwise stated, this part of the article mainly
deals with HNSCC.

Imaging for the malignancies in the head and neck is
required for:

a. Primary staging
b. Radiotherapy planning
c. Treatment response and post-treatment follow-up
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A. Primary staging
Tumor-node-metastasis (TNM)staging guidelines,NCCN,
and American Society of Clinical Oncology (ASCO) have
all advocated the use of contrast-enhanced CT (CECT) or
MRI in the primary staging of HNSCC.6 This is in contrast
to lymphoma, where a pre-therapy, interim, and post
therapy 18F-FDG-PET-CT (PET-CT) is recommended.
Indications of PET-CT in staging of malignancies in the
head and neck are limited. NCCN advocates CECT or
contrast-enhanced MRI (CEMRI) for the initial staging
of both the primary site and for nodal staging. In case of
failure of detection of primary on cross-sectional im-
aging, PET-CT may be used. PET-CT may also be used to
guide biopsy and interventions for proper and better
sampling especially in the nodes.
For nodal disease too, cross-sectional imagings (CECT,
CEMRI) are proposed. When nodal disease reaches
midline and a surgical approach is contemplated,
PET-CT may be used to assess the contralateral neck.7

Again, when there is high nodal burden and chances of
distant metastasis is high, PET-CT may be considered.
In HNSCC, if the primary is advanced (T3 or T4 stage) or
there is a large neck nodal burden, PET-CT may be
considered to exclude distant metastasis.
In NPC, PET-CT may be considered for whole body
staging when there are nodes below the level of cricoid
cartilage or when the nodes are larger than 6 cm. Again,
in thyroid cancers, nodes in the retropharyngeal region
mandate exclusion of distant metastasis, which may be
performed by PET-CT.

B. Radiotherapy planning
PET-CT guided planning for radiotherapy has been used
in head and neck cancer. It has proven superior to CT-
based planning in delineating tumor volume, especially
in post-surgery neck. There is a high negative predictive
value of PET-CT for neck nodes and this helps in
planning radiotherapy as well, both in upfront treat-
ment and in post-surgical subjects.

C. Treatment response and post-treatment follow-up

CECT or CEMRI is usually performed for follow-up after
local and or systemic therapy. In case of locoregionally
advanced disease, PET-CT may be performed for follow-up.
PET-CT should be done minimum 3 to 6 months after
radiation therapy as there may be high false-positives if
done within 3 months.

PET-CT is the initial imagingmodality of choice if residual
disease is suspected after definitive radiotherapy and where
surgery is contemplated.

For lymphoma, as discussed, PET-CT is the best choice in
primary staging, interim, follow-up as well as post-therapy
imaging.

Pitfalls
Tuberculous nodes are FDGavid andmaycause confusion in a
patient with known malignancy undergoing a staging scan.
Many patients develop infection after chemotherapy and

again false-positive findings on PET-CT cause confusions.
PET-CTs performed within 3 to 6 months of surgery or
radiotherapy are prone to false-positive findings due to
post treatment inflammation.

Recommendation for India
In India, the constraints of widespread use of PET-CT are
expense and availability of scanners and cyclotrons for
generation of the isotope. The scan being an outpatient
procedure is not covered by insurance and is, hence, an
out-of-pocket expense. Almost all tier-2 cities are devoid of
scanner and it is only of late that all aircrafts are being
allowed to carry isotopes. One must also consider the guide-
lines that clearly have no significant role of use of this scan in
first-line staging of all patients as well as for follow-up.

In HNSCC, PET-CT for routine evaluation is justified only
if residual/recurrent disease post-radiotherapy is suspected
and surgery is being contemplated. Assessment of response
at least 12 weeks after chemoradiation may be helpful in
avoiding unnecessary neck dissection. Cervical lymph node
metastases with unknown primary are another reasonable
indication for doing a PET-CT.7 It provides value in initial
staging of stage III and IV HNSCC. It is not recommended for
routine surveillance after 6 months of completion of
therapy.

Colorectal Cancer

Colorectal cancer (CRC) ranks third in males and second in
females among most common cancers and is responsible for
10% of all tumor types globally. In India, colon and rectal
cancers are 9th and 10th most common cancers in males
respectively. As far as females in India are concerned, colon
cancer ranks 9th, while rectal cancer does not figure in the
list of top 10 cancers.8 In the last decade, mortality rate of
CRC has significantly reduced due to advancement in imag-
ing technology and optimization of surgical, neoadjuvant
and palliative therapies. Adenocarcinoma is most common
cancer affecting colon or rectum, while other less common
cancers of colon include gastrointestinal stromal tumors
lymphoma, carcinoid, neuroendocrine, and squamous cell
carcinoma.9 Certain hereditary syndromes like familial
adenomatosis polyposis, lynch syndrome, and Peutz-Jeghers
syndrome are associated with colonic polyp or cancers and
genetic testing has significant role in such patients.

Coloscopy remains the gold standard for primary evalu-
ation of CRCs. It gives a benefit to simultaneous biopsy from
the lesion and in same sitting also gives an opportunity for
therapeutic polypectomy for small size polyps. Alternative
method includes virtual CT colonoscopy and it is recom-
mended as screening tool in an asymptomatic patient by
American Cancer Society. Imaging in CRCs has significantly
evolved over the time and it has established central role in
screening to surveillance of CRC. Various modalities range
from barium enema, multi-detector computed tomography
(MDCT), MRI to the development of novel tracers, and
fusion technologies (PET-CT). PET-CT has evolving role in
CRC.
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Role of PET-CT in Screening

Many colon cancers develop from preexisting colonic polyps
or adenoma and also associated with many hereditary poly-
posis syndromes. Screening tool should be safe, accurate,
easily available, and cost-effective. Normal lymphoid tissue
in colon may cause focal or diffuse physiological uptake, and
in the same way, inflammatory conditions like ulcerative
colitis and diverticulitis can cause focal uptake on FDG-PET-
CT; thus, PET becomes least suitable modality for screening
of colon cancer or premalignant conditions like polyposis.
FDG-PET should not be used as a routine screening or initial
staging of CRC patients.

PET-CT in Diagnosis and Primary Staging
Entire tumor removal and regional lymphadenectomy carry
the best prognosis for CRC.

PET-CT is suboptimal for T-staging of the primary tumor
due to limited spatial resolution and failure to differentiate
layers of colon and rectum.

Due to better visualization of anatomic details, transrectal
ultrasound and MRI are excellent for T-staging of rectal
cancers. MRI is the most reproducible method for T staging
of rectal cancers and for tumors of the anal canal. Post-
contrast MDCT is standard of imaging investigations for
cancers of colon cranial to the peritoneal reflection.

Accurate staging also requires nodal staging and evalua-
tion of distant metastasis accurately.

PET-CT is invaluable for differentiating benign from ma-
lignant nodes at a distant location from the primary tumor
owing to the metabolic activity. However, small nodes in the
proximity to the primary tumor can evade detection owing
to FDG uptake of the primary tumor. PET-CT also has
limitations in detection of nodal metastasis from mucinous
CRC as it does not show significant uptake, small size nodes
appear false-negative; while associated inflammatory con-
ditions give false-positive in normal size or in enlarged
nodes.10

FDG-PET has increased sensitivity than CT for identifying
liver metastasis and mild peritoneal and omental disease.
FDG-PET shows highest accuracy of up to 98% in identifica-
tion of hepatic metastases. Early detection of hepatic metas-
tasis in colorectal carcinoma provides opportunity of
neoadjuvant chemotherapy followed by liver resection.
FDG-PET, due to its superiority in identifying extrahepatic
metastatic sites, also helps in management decision making
as the treatment plan then changes from localized treatment
to systemic chemotherapy.

PET-CT in Restaging, Recurrence, and Surveillance in
CRC
Colon cancer recurs in a different pattern as compared with
the rectal cancer. Rectal cancers recur more locally than
colon cancers. For suspected recurrence due to clinical
symptoms or rising tumor marker levels, PET has an estab-
lished role for recurrence detection. FDG-PET is also superior
in response evaluation post-radiotherapy, chemoradiation,
or local ablative treatment.

On post-treatment scan for response assessment, PET-CT
provides useful information on presence of viable tumor,
distinguishes disease from fibrosis/scar, and also helps in
prognostication. PET-CT also add benefits in rectal cancer
patients who develop local recurrence following chemoradia-
tions. PET-CT plays an important role in surgical planning of
patients who develop recurrence in the form of operable
hepatic or pulmonary metastasis. Although PET-CT is an
optimal method for restaging and monitoring treatment re-
sponse following chemoradiation, many issues like lack of
standardization for optimal timing of imaging, universal crite-
ria for response evaluation, and cost-effectiveness offer chal-
lenges. In India, MDCT is still most commonly used modality
for surveillance and therapeutic monitoring.

PET-CT in Radiation Therapy Planning for CRC
PET-CT guided planning for radiotherapy has been used for
CRC patients. Radiation portal field size can be reduced
without omitting macroscopic disease in the vicinity of
primary tumor by using PET-CT for radiotherapy planning.
PET-defined gross tumor volume (GTV) is invaluable for
planning the boost volume for adjuvant radiation therapy
post-rectal tumor resection.

The development of PET-CT has a considerable impact in
decision making and intention to treat from curative to
palliative in locally advanced CRCs. However, major limita-
tions of PET-CT include technical, economical, and logistic
challenges, as well as lack of robust evidence for standardi-
zation and formal guidance for PET-CT protocols in staging,
restaging, and surveillance at present. Future implications of
development of PET-CT as standard imaging tool for evalua-
tion of CRC will depend upon newer PET-CT machines with
radiation dose reduction, better spatial resolution, latest
cost-effective isotopes having increased specificity, and
more importantly oncologist and cancer imaging specialist
jointly working on patient management.

Current Recommendations

• PET-CT scan is not recommended as a standard screening
tool for CRCs or for the evaluation of premalignant
conditions.10

• For staging, PET-CT is not routinely used, unless initial CT
study suggestive of hepatic metastasis or when there is
diagnostic dilemma for hepatic or extrahepatic metasta-
ses on CT scan or on MRI. MRI is standard imaging tool for
staging of rectal cancers and MDCT for colon cancer.

• PET-CT scan is not routinely indicated for restaging after
nonsurgical treatment of metastatic CRC, unless curative
resection is considered.

• PET-CT scans are recommended for staging/restaging in
surgical resection of hepatic or pulmonary metastasis.

Pitfalls and Challenges of PET-CT Scanning

Lack of standardization across institutions
Mucinous and other non-FDG-avid tumors
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Cyclotron and costs
Nonspecific inflammation
Radiation.

PET-CT in Lung Cancer

Role of PET-CT in the management of lung cancer has
immensely increased in recent times.11–14 Amalgamation
of functional and anatomic information has allowed PET-CT
to look into various aspects of lung cancer, allowing more
precise disease staging and providing helpful data during the
characterization of indeterminate pulmonary nodules. More-
over, increased accuracy of PET-CT over conventional modali-
ties in certain situations has made PET-CT an invaluable
noninvasive modality for the investigation of lung cancer.

Common indications for PET-CTwith regard to pulmonary
nodules or masses are as follows;

• For TNM staging of the mediastinum and screening for
metastases that might not be detected by CT alone;

• For radiotherapy planning; and
• For restaging lung cancer patients following treatment.

In addition, PET-CT can provide some information on the
histopathological type of lungmass. PET-CT is useful for staging
and restaging ofdisease, detecting recurrent or residual disease,
assessing response to therapy, and for prognostication. Prior
studies evaluating preoperativemaximumstandardizeduptake
value have shown that lepidic predominant adenocarcinoma
andotherwell-differentiated tumorshavelessFDG-avidity than
squamous cell carcinomas.15 Ninety percent of all lung cancer
cases are NSCLC on histological analysis.

As per the NCCN imaging appropriateness criteria, FDG-
PET-CT covering skull base to knees or whole-body FDG-PET-
CT is recommended for stage I tostage IVNSCLC.13,16Asper the
NCCN guidelines, distant disease detected on PET-CT requires
histopathologic or other imaging confirmation, and FDG up-
take detected in mediastinal nodes requires histopathologic
confirmation. Incidental lungnodulemore than8mmrequires
FDG-PET-CT for evaluation as per the NCCN guidelines.

Standardized uptake value more than that of the baseline
mediastinal blood pool is considered as a positive PET result.
False-negative results of PET can be seen in small nodules,
generally less than 8 to 10mm in diameter (T1a), mucinous
adenocarcinomaswith a relatively small number of cells, and
low-grade malignancies such as carcinoma in situ (Tis) and
minimally invasive adenocarcinoma [T1a(mi)]. Occult me-
tastases detected on FDG-PET-CT in locally advanced NSCLC
can help to reduce the frequency of futile thoracotomies.

The rates of progression-free survival and overall survival
are dismal (p<0.001) in upstaged disease with PET-CT.
There is no recommendation to use bone scintigraphy for
staging NSCLC. FDG-PET-CT can better differentiate tumor
from postobstructive atelectasis than CT, the distinction
essential for local tumor staging, deciding biopsy site, plan-
ning radiation therapy, and evaluation of treatment re-
sponse. Studies have shown increased FDG uptake in areas
of atelectasis as compared with normal lung, and reduced
FDG uptake as compared with tumor tissue. Gross tumor

volume assessed using PET tends to be smaller than CT-
measured tumor volume in 13 to 17% of patients. Disadvan-
tage of FDG-PET-CT lies in the evaluation of chest wall
invasion owing to blooming artifact.

Conclusion

PET has high accuracy in detecting lymph nodal as well as
extrathoracic metastases.15 As per the NCCN guidelines,
FDG-PET-CT covering skull base to knees or whole-body
FDG-PET-CT is recommended for stage I to stage IV NSCLC.14

Imaging specialists should be aware of the advantages and
disadvantages of FDG-PET-CT in staging.

Summary and Conclusions

Emergence and availability of PET-CT have transformed the
way we stage and manage cancers. It has a proven role for
staging ofmost cancers, assessing response to therapy, and in
follow-up. Guidelines for the use of PET-CT in oncology vary
across countries and across institutions. In the light of clinical
judgement if the possibility of metastatic disease is high and
it will entail a change inmanagement, then advising a PET-CT
appears reasonable regardless of the guidelines. If use of PET-
CT for detection results in change of management, then it is
justified. More often the change in management is from a
more aggressive treatment strategy to a less aggressive one,
thereby saving costs and unnecessary intervention.
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Introduction

The term “theranostics” is fusion of two words diagnostics
and therapeutics in which diagnostic and therapeutic tools
related to the same specific molecular targets are coupled.
In essence, theranostics integrates diagnostic modality for
the detection of a molecular target for which a specific
therapy is intended. Although the term theranostics is
reportedly new and probably first used by John Funkhouser
in 1998 for the development of a test for monitoring the
efficacy of a new anticoagulant drug, the concept behind

“theranostics” is not and had been applied to imaging and
treatment of thyroid diseases for more than 80 years and
revisited over the years.1,2

In nuclear medicine, the theranostic system includes use
of two identical or very closely related radiopharmaceuticals
for diagnosis and therapeutic purpose. The tumor-specific
substrates, receptor ligands, transporter, or cell surface
proteins can serve as target for development of theranostic
coupleswhen labeledwith specific radionuclides for imaging
or therapy purpose as mentioned in ►Table 1. Theranostics
has been used in nuclear medicine over past eight decades.
Radioiodine is a prime example of a classic theranostic agent
with use of same radioisotope 131I for same molecular target
of sodium iodide symporter for imaging and therapeutics in
patients with differentiated thyroid carcinoma.
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► 68Ga-DOTATATE PET-
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► 68Ga-PSMA-11 PET-CT
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Abstract We in this article have presented a review of the guideline recommendations on
theranostic positron emission tomography-computed tomography (PET-CT) imaging
which will be helpful to assist practitioners in providing appropriate patient care.
Multiple guidelines by different societies and medical associations provide standards
for diagnosis, imaging, and treatment of cancer patients. They have generated a
number of recommendations related to 68Ga-DOTATATE and 68Ga-PSMA-11 PET-CT,
which are the classical examples of theranostic PET-CT imaging in current practice.
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Recent advancement in molecular biology and radio-
chemistry has led to introduction of newer theranostic
agents for neuroendocrine tumors (NET) and prostate cancer
(PC) in nuclear medicine. These agents used combination of
two different radioisotopes (each one emitting different
types of radiation: electromagnetic radiation for imaging
and particulate irradiations for therapy) lined to the specific
molecules that utilized same cellular structure, biologic
process and also same target for imaging and therapy intent
are called theranostic pairs as shown in ►Table 1. The main
concept behind theranostics is “We treat what we see andwe
see what we treated.”3 For this purpose, molecular imaging
plays a cornerstone role for determining target lesions,
quantification, and prognostication of disease process in
individual patients. Over the past two decades, imaging
technology evolved tremendously with emergence of hybrid
imaging in nuclear medicine such as positron emission
tomography-computed tomography (PET-CT) examinations.
The hybrid PET-CT imaging is a double-edged sword with
improved cutting-edge imaging technology on one side and
cost and radiation exposure on another side. Hence, there is
requirement for recommendation and appropriate use crite-
ria on clinical use of hybrid PET-CT imaging and these are
formulated by multidisciplinary panels and presented in
various guidelines. We reviewed the guidelines for clinical
use of theranostic PET-CT imaging in oncological conditions
and compiled and presented in this article.

68Ga-labeled Somatostatin Analogs for PET-CT Imaging
Somatostatin is a naturally occurring hormone that acts by
binding to somatostatin receptors (SSTR) and these receptors
are over-expressed inmost ofNETs. SSTR is a target for therapy
in NET over last three decades. In initial years of peptide
receptor radionuclide therapy (PRRT) procedures, 111In-pen-
tetreotide (imaging by using gamma camera based scintigra-
phy and therapy with help of Auger electrons) was used as
theranostic agent in metastatic NET cases.4–6 The emergence
of hybrid PET-CT imaging and development of newer radio-
pharmaceuticals based on 68Ga-labeled somatostatin analog
(68Ga-DOTATOC, 68Ga-DOTATATE, and 68Ga- DOTANOC)was a
game changer and led to upgradation of imaging in NET,7 as

PET-CT imaging with 68Ga-labeled somatostatin analog has
several advantages, including improved radiation dosimetry,
measurement of lesional activity by using semiquantitative
PET-based analysis, higher spatial resolution with better sen-
sitivity and specificity compared to scintigraphy, and conven-
tional imaging.8,9

On June 1, 2016, U.S. Food and Drug Administration
approved 68Ga-DOTATATE PET-CT imaging as a diagnostic
tool for the detection of location and extent of tumor in NET
patients.10 This led to inclusion of 68Ga-labeled somatostatin
analog PET-CT scans in many guidelines.11–13

European Association of Nuclear Medicine
(EANM) Recommendations

Recently, the procedure guideline given by EANM on PET-CT
study with 68Ga-labeled somatostatin analogs has been
revised and updated.14 They provided the clinical indication
of 68Ga-labeled somatostatin analogue PET-CT imaging in
NET as follows:

i. To detect and localize primary site (diagnosis of NET).
ii. To determine extent of local and metastatic disease

(staging of NET).
iii. To detect residual, recurrent, or progressive disease

(restaging of NET).
iv. To determine SSTR status and select patients with meta-

static disease for PRRT based upon SSTR status (manage-
ment and prognosis of NET).

v. To determine therapy response (surgery, radiotherapy,
chemotherapy or PRRT).

They recommended discontinuation of somatostatin an-
alogue therapy prior to 68Ga-labeled somatostatin analog
PET-CT scan for 1 day for short-lived molecules and 3 to
4 weeks for long-acting somatostatin analogue therapy to
avoid possible SSTR blockade. They also recommended use of
68Ga-labeled somatostatin analog PET-CT scan for determin-
ing primary site in metastatic NET case of an unknown
primary with no evidence of a primary disease on conven-
tional imaging and cited use of 68Ga-labeled somatostatin
analogue PET-CT scan for characterization of a bronchial

Table 1 Theranostic pairs commonly used in clinical practice

Diagnostic agents Therapeutic agents Molecular/
Cellular
target

Function of target Oncological conditions

68Ga-DOTATOC
68Ga-DOTATATE
68Ga- DOTANOC

177Lu-DOTATATE
90Y-DOTATATE
225Ac-DOTATATE

SSTR Cell-surface receptor Well-differentiated neuroendo-
crine tumors

68Ga-PSMA-11
68Ga-PSMA-617
68Ga-PSMA-I&T

177Lu-PSMA-617
225Ac-PSMA-617

PSMA Cell-surface protein Metastatic castration-
resistant prostate cancer

68Ga-FAPI-04 and
FAPI-derivatives

90Y, 177Lu or
153Sm-labeled
FAPI-derivatives

FAP Stroma of cancer-cell
surface of activated
fibroblasts

Various types of cancers-
sarcomas, breast esophageal,
lung, pancreatic, prostate
cancers, etc.

Abbreviations: FAPI, fibroblast activation protein inhibitor; PSMA, prostate-specific membrane antigen; SSTR, somatostatin receptor.
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mass suspicious of bronchial NET, when other diagnostic
modalities are inconclusive.15–29

ESMO Recommendations

The ESMO provided guidelines for diagnosis, treatment, and
follow-up of patients with gastroenteropancreatic NET. They
recommended use of 68Ga-labeled somatostatin analog PET-
CTscan for tumor staging, preoperative imaging, and restaging
in NET patients. They also mentioned if PET not available,
somatostatin receptor scintigraphy (SRS) may be used as less
sensitive imaging modality as compared to PET-CT examina-
tion. They recommended the use of PRRT as second-line
therapy in patientswithmidgut and pancreatic NETwho fulfil
general requirements for PRRT. One important prerequisite for
PRRT is high-grade SSTR expression (Krenning 3/4) in lesions,
which is assessed by using 68Ga-labeled somatostatin ana-
logue PET-CT scan before PRRT in these NET patients. They
cited lifelong follow-up in treated NET patients, which includ-
ed clinical symptomevaluation, biochemical parameters anal-
ysis, conventional, and SSTR imaging. Hence, they
recommended use of 68Ga-labeled somatostatin analog PET-
CT scan in follow-up of SSTR expressing NET patients at the
interval of 12 to 36 months.30

European Neuroendocrine Tumor Society
(ENETS) Recommendations

The EuropeanNeuroendocrine Tumor Society (ENETS) provid-
ed consensusguidelines on radiological, nuclearmedicine, and
hybrid imaging with standards of care in NET patients. Similar
to ESMO guidelines, they also recommended use of 68Ga-
labeled somatostatin analog PET-CT scan for tumor staging,
preoperative imaging, and restaging inNET patients. They also
mentioned high sensitivity of 68Ga-labeled somatostatin ana-
log PET-CT imaging for the detection of lymph node metasta-
ses, bone metastases, liver metastases, small peritoneal
lesions, and primary site of small-intestinal NET as compared
with conventional imaging modalities.31

National Comprehensive Cancer Network

The National Comprehensive Cancer Network (NCCN) version
4.2021 to January 2022 mentioned appropriateness of SSTR
imagingbyusing 68Ga-labeled somatostatin analoguePET-CTor
PET- magnetic resonance imaging (MRI) for assessment of
distantdiseaseandSSTRstatus inNETpatients. Theymentioned
that SSTR imaging is particularly important for evaluation of
benefit fromSSTR-directed therapies. Theyalsomentioned that
whenever possible PET-CT or PET-MRI should be performed in
combination of contrast-enhanced CT or MRI imaging in order
to minimize total numbers of imaging studies.32

North American Neuroendocrine Tumor
Society and Other Societies

Representatives from various societies assembled under
auspices of an autonomous workgroup to develop appropri-

ate use criteria for SSTR-PET imaging (68Ga-DOTATOC and
68Ga-DOTATATE) in patients with well-differentiated NET
(grade 1 and grade 2). They evaluated 12 clinical scenarios.
Out of these, nine were recommended as appropriate use
criteria:

i. Initial staging of NET after the histological confirmation
ii. Detection of primary site in known metastatic NET
iii. Selection NET patients for PRRT
iv. Staging of NET prior to plan surgery
v. Evaluation of a mass suggestive of NET not amenable to

endoscopic or percutaneous biopsy
vi. Monitoring of NET
vii. Evaluation of patients with biochemical evidence and

symptoms of a NET without evidence of it on conven-
tional imaging and or prior histological diagnosis

viii. Restaging of NET patients with symptomatic or bio-
chemical progressive disease but without progressive
disease on conventional imaging

ix. Conventional imaging showing new indeterminate le-
sion but having unclear progressive disease in NETs

They mentioned that SSTR-based PET demonstrated bet-
ter sensitivity and specificity than conventional imaging and
111In-pentetreotide. They also cited that, SSTR-based PET is
clearly preferred in initial diagnosis, selecting patients for
PRRT, and localizing of unknown primaries in known meta-
static NETs.13

Prostate-Specific Membrane Antigen PET-CT
Imaging

The PC over-expresses the prostate-specific membrane anti-
gen (PSMA), a transmembrane glycoprotein, present on cell
membrane. Over-expression of PSMA is associated with
higher grade tumor, metastatic castration-resistant tumor,
and tumor aggressiveness in PC. The PSMA is an excellent
target for theranostics in PC, as it is internalized after binding
to the ligand, leading to high detection rate and better lesion
to background uptake ratio for imaging purpose and induc-
ing direct DNA damagewith less risk of nonspecific radiation
for therapeutic purpose. The 68Ga-PSMA-11, 68Ga-PSMA-
617, and 68Ga-PSMA-I&T are developed as PET tracer in PC
imaging. There is no data available for direct comparison of
these different ligands. Most of published clinical work and
clinical practices in nuclear medicine used 68Ga-PSMA-11
PET-CT imaging in PC and translated into 177Lu-PSMA-617
and 225Ac-PSMA-617 agents for therapeutic purposes.33–42

Various clinical guidelines given by the medical societies
(namely urological, oncological, nuclear medicine, and radi-
ation oncology societies) have recommended use of 68Ga-
PSMA PET-CT imaging in PC.

Society of Nuclear Medicine and Molecular
Imaging and European Association of
Nuclear Medicine

The Society of Nuclear Medicine and Molecular Imaging and
EANM jointly provided procedure guidelines43 for the
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recommendation, performance, interpretation, and report-
ing of PSMA PET-CT imaging in PC as follows:

i. To detect tumor lesions in the presence of biochemical
recurrence of PC (especially low serum prostate-specific
antigen [PSA] values between 0.2 and 10ng/mL).

ii. For primary staging of PC with high-risk disease before
surgical or external beam radiation planning.

iii. For staging prior and during PSMA-based radionuclide
therapy.

iv. To do molecular targeted biopsy in high suspicion case of
PC with prior negative biopsy.

v. To monitor response of systemic therapy in metastatic
PC.

American Society of Clinical Oncology
(ASCO) Recommendations:

The ASCO provided evidence and expert recommendations
for optimal use of imaging in advanced PC. They mentioned
use of either conventional imaging (defined as CT, bone scan,
and prostateMRI) and/or next generation imaging (PET, PET-
CT, PET-MRI, whole-body MRI) in advanced PC according to
the clinical scenario. They recommended use of PET-CT for
added clinical benefits and clarification in high-risk/very
high-risk localized PC with negative or equivocal finding
on conventional imaging. Another clinical scenario in which
PSMA-based PET-CT imaging is recommended by ASCO is
rising serum PSA level after prostatectomy or radiotherapy
with negative conventional imaging in men for whom sal-
vage local or regional therapy is contemplated. ASCO also
recommended use of PET-CT imaging in hormone-sensitive
metastatic PC at initial diagnosis or after initial treatment.
For metastatic castration-resistant prostate cancer (CRPC)
with serum PSA progression, they mentioned that use of
next-generation imaging (PET, PET-CT, PET-MRI, whole-
body MRI) for this cohort is unclear in view of a paucity of
prospective data. However, they mentioned that use of next-
generation imaging (PET, PET-CT, PET-MRI, whole-body
MRI) could be contemplated, especially in the setting of a
clinical trial.44

European Association of Urology, European Society of
Urogenital Radiology, and Other Societies (The EAU-
EANM-ESTRO-ESUR-ISUP-SIOG), in their guidelines on PC,
recommended use of PSMA-based PET-CT imaging for stag-
ing in PC with high-risk localized disease/locally advanced
disease and for the management of PC with persistent/
recurrence serum PSA level after radical prostatectomy
(serum PSA level>0.2 ng/mL) or radiotherapy in which the
result of PSMA PET-CT imaging will influence subsequent
treatment decisions. This guideline also recommended use of
177Lu-PSMA-617 therapy in metastatic CRPC patients, which
are showing high expression of PSMA (exceeding uptake in
lesion over liver) on PSMA PET-CT scan.45,46

NCCN Recommendations

The NCCN version 3.2022-January 2022 mentioned that
68Ga-PSMA-11 PET-CT imaging can be considered as an

alternate to standard imaging of bone and soft tissue for
initial staging, detection of lesions in biochemically recur-
rent disease, and as workup for progressive disease in bone
and soft tissue. They cited that 68Ga-PSMA-11 PET-CT imag-
ing has increased sensitivity and specificity for detecting
micrometastatic disease compared to conventional imaging
(CT, MRI) at initial staging and biochemical recurrence.
Therefore, the panel of NCCN does not feel that conventional
imaging is a necessary prerequisite to PSMA PET-CT. To
reduce false-positive rate of PSMA PET-CT in PC, use of
radiographic or histological confirmation is recommended
by NCCN.47

68Ga-Fibroblast Activation Protein Inhibitors
PET-CT Imaging

The fibroblast activation protein (FAP) is a serine proteinase
and highly expressed on cell surface of activated fibroblasts
but absent in resting fibroblasts. Over-expression of FAP is
related in wound healing, fibrotic processes, and stroma of
manymalignancies. The FAP-associated fibroblasts are found
in more than 90% of epithelial tumors on histopathological
studies. The cancer-associated fibroblasts with extracellular
fibrosis contributed up to 90% of gross tumor mass, leaving
original tumor cells in minority. Hence, FAP is a potential
target for theranostic in a large variety of cancers.48

The University Hospital Heidelberg group recently devel-
oped a series of quinoline-based FAP inhibitors (FAPI) based
on clinical and preclinical research.49 They labeled these FAPI
compounds with diagnostic and therapeutic radioisotopes
via chelator DOTA. For diagnostic purposes, they labeled
FAPI-01, FAPI-02, FAPI-04, FAPI-21, and FAPI-46 with 68Ga.
Kratochwil et al demonstrated that 68Ga-FAPI-04 PET-CT
imaging is capable to visualize tumor lesions in 28 different
types of cancer with high sensitivity and image quality. They
cited that 68Ga-FAPI-04 PET-CT imaging showed overall
intense tracer uptake with high-contrast images in various
types of cancers, such as sarcomas, cholangio-carcinoma,
esophageal, breast, lung, hepatocellular, colorectal, head-
neck, ovarian, pancreatic, and PCs, etc., and use of 68Ga-
FAPI-04 PET-CT imaging led to non-invasive tumor charac-
terization, tumor staging, and radio-ligand therapy pre-
evaluation for theranostic purpose.50

The 90Y, 177Lu, or 153Sm-labeled FAPI-derivatives (FAPI-46,
DOTA.SA.FAPI, and FAPI-04) were used as therapeutic agents
on compassionate ground in treating breast cancer, sarcoma,
and pancreatic cancer patients in various case reports and a
few studies. Case report and studies cited that FAPI-deriva-
tives therapies were well tolerated and showed signs of
clinical responses, such as stable disease or tumor lesion
shrinkage as well as reduction in clinical symptoms.51–53

Guideline for FAPI PET-CT Imaging

There is paucity of FAPI PET-CT imaging data in literature.
Hence, role of FAPI PET-CT scan in cancer imaging and
management required further exploration in larger prospec-
tive trials before coming to any conclusion on clinical use of

Indian Journal of Medical and Paediatric Oncology Vol. 44 No. 3/2023 © 2023. The Author(s).

Imaging Recommendations for Theranostic PET-CT Parghane et al. 317



these imaging agents. Radiolabeled FAPI as theranostic
agents is under development and still in its infancy but
showed promising results in preliminary reports and
expected to enter clinical trials in near future. Therefore, at
present no guidelines on FAPI PET-CT imaging exist in the
literature.

Advantages of Theranostic PET over
Conventional Imaging in PC and NET

►Supplementary Table S1 (in supplement) shows the com-
parison of CECT, FDG-PET-CT, MRI, and PSMA PET-CT for
PC.54–60 As shown in ►Table 1, PSMA PET-CT is superior to
the conventional imaging modalities for the localization of
primary lesion, staging, and detection of relapse. Besides,
PSMA PET-CT also gives lower radiation exposure when
compared to CECT and FDG-PET-CT. ►Supplementary

Table S2 (in supplement) shows the comparison of CECT,
FDG-PET-CT, MRI, and 68Ga- DOTATOC PET-CT for NET.61–65

Similarly, 68Ga-DOTATOC PET-CT appears to be better for the
localization of primary lesion, staging, and response evalua-
tion. Also, radiation exposure with 68Ga-DOTATOC PET-CT is
lower than CECT and FDG-PET-CT.

Indian Experience on 68Ga-DOTA-NOC/TATE and
68Ga-PSMA PET-CT
There has been substantial use of both 68Ga-labeled somato-
statin analogs and 68Ga-PSMA PET-CT imaging for varied
applications in a wide variety of tumors, though no Indian
guideline exists on the clinical use of these diagnostic
modalities. Naswa et al conducted a prospective study on
comparison of 68Ga-DOTANOC PET-CT and conventional
imaging in NETs. They found superior sensitivity and speci-
ficity of 68Ga-DOTANOC PET-CT imaging over conventional
imaging in detecting primary site and metastatic disease,
with significant change in the management of NETs after use
of 68Ga-DOTANOC PET-CT imaging.66 In our experience,
68Ga-labeled somatostatin analogs PET-CT have outper-
formed over conventional imaging both for staging and
restaging of NETs.67–77 Sampathirao and Basu studied 51
patients with CUP-NETs with 68Ga-DOTATATE PET-CT: un-
known primary was detected in 31 of 51 patients (resulting
in sensitivity of 60.78%), while overall lesion detection
sensitivity was 96.87%. Tumor heterogeneity exists in NET,
hence 68Ga-labeled somatostatin analogs PET-CT in combi-
nation of 18F-FDG-PET-CT (dual tracer PET-CT) have evolved
as an important functional imaging approach over Ki-67
labelling index for deciding treatment strategies in meta-
static and inoperable NETs (PRRT vs. chemo-PRRT). In neo-
adjuvant setting, cross-sectional imaging modality, such as
triphasic CECT, is superior for identifying involvement of
major abdominal blood vessels by tumor over noncontrast
PET-CT imaging. The whole body 68Ga-labeled somatostatin
receptor-based PET-CT is more valuable imaging modality
over conventional imaging for response evaluation and sur-
veillance in NETs. Theranostic 68Ga-labeled somatostatin
analogs PET-CT is an excellent imagingmodality for deciding
PRRT in clinical conditions beyond NETs such as

metastatic/inoperable medullary thyroid carcinoma,
metastatic/inoperable paraganglioma/pheochromocytoma,
noniodine concentrating metastatic differentiated thyroid
carcinoma, Merkel cell carcinoma, meningioma, and
recurrent/inoperable phosphaturic mesenchymal
tumor.67–77 Jain et al prospectively evaluated diagnostic
accuracy of 68Ga-PSMA PET-CT imaging in PC. They found
that 68Ga-PSMA PET-CT imaging significantly improved de-
tection rate of PC by using a SUVmax cutoff value in patients
with raised PSA between 4 and 20ng/mL or abnormal digital
rectal examination findings.78 Kallur et al evaluated the
clinical utility of 68Ga-PSMA PET-CT imaging in 262 patients
of PC.79 In our experience, 68Ga-PSMA PET-CT imaging is
better imaging modality in detection of primary, staging,
restaging, response evaluation, and prognostication of PC
patients.79,80

Theranostic 68Ga-Labeled SSTR-Based PET-CT imaging
in Pediatric Population
At present no guideline exists for 68Ga-labeled somatostatin
analogs PET-CT imaging in pediatric group. As such, available
literature for clinical use of theranostic 68Ga-labeled somato-
statin analogs PET-CT imaging in pediatric group is limited in
view of low prevalence and rare incidence of NETs in this
group. Most studies suggest 68Ga-labeled somatostatin ana-
logs PET-CT imaging should be considered as first-line
imaging modality in pediatric NETs. Goel et al evaluated
role of 68Ga-DOTATATE PET-CT in 30 pediatric NET patients
and they found that 68Ga-DOTATATE PET-CT was superior
imaging technique over conventional imaging for detecting
bone metastases.81 Jha et al found that better lesion detec-
tion rate of 68Ga-DOTATATE PET-CT in pediatric group of
pheochromocytomas.82 Well-differentiated neuroblastoma
has high expression of SSTR2, resulting in better sensitivityof
68Ga-labeled somatostatin analogs for lesion detection as
compared to 123I-MIBG imaging. But still there are no current
guidelines on 68Ga-labeled somatostatin-based PET-CT im-
aging in view of scarcity of data in pediatric population.
Overall, 68Ga-labeled somatostatin analogue PET-CT imaging
in pediatric group showed number of advantages over con-
ventional imaging such as low radiation exposure, fast
clearance time, simple preparation, few pharmacological
interactions, higher prognostic value, and identifying indi-
viduals for PRRT.83

Conclusion

Theranostic approach in oncological condition requires inte-
gration of therapeutic and diagnostic modality for targeting
specific molecule, which can be labeled with radiopharma-
ceuticals for imaging or therapeutic purpose. Theranostic
PET-CT imaging is helpful for diagnosis, finding status of
target molecule in the tumor cells, and determining exten-
sion of disease that helps in clinical decision-making and
design of effective treatment plan. Other advantages of
theranostic PET-CT imaging include assessment of biologic
behavior and tumoral heterogeneity, prognostification of
disease, and predicting response and toxicities of therapies.
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This guideline review on theranostic PET-CT imaging thus
summarizes the perspectives expressed in multiple guide-
lines on various receptor-based PET-CT imaging by different
societies, discussing upon their clinical use, in order to
achieve the goal of best management of cancer patients
with reduced expenditure and avoiding potentially unnec-
essary treatments and interventions.
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Introduction

Precision medicine is becoming increasingly common in
oncology, with treatments tailored to individual patients
and cancer.1 By integrating these underlying concepts of
health care, chemotherapy and radiotherapy (RT) can be
tailored to improve safety and efficacy.2 On the other hand,
oncology treatment regimens may result in local and sys-
temic changes and complications depending on the type of
treatment.3 For the proper and prompt management of
cancer patients, it is essential to interpret this posttreatment
imaging correctly. This article aims at guiding treating

physicians to be able to distinguish complications from
expected posttreatment changes.

Etiopathogenesis and Risk Factors

Chemotherapy and radiation therapy impairs mucosal im-
munity. Stem cell transplantations and some chemotherapy
agents result in neutropenia. These factors and other factors
such as graft versus host disease, and the use of immuno-
modulatory agents increase the risk of infections in cancer
patients during treatment.

Keywords
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Abstract Precision medicine is becoming increasingly common in oncology, with treatments
tailored to individual patients and cancer. By integrating these underlying concepts of
health care, chemotherapy and radiotherapy can be tailored to improve safety and
efficacy. On the other hand, oncology treatment regimens may result in local and
systemic changes and complications depending on the type of treatment. For the
proper and prompt management of cancer patients, it is essential to interpret this
posttreatment imaging correctly. This article aims at guiding treating physicians to be
able to distinguish complications from expected posttreatment changes.
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Acute effects of RT are mainly on organs having rapid cell
turnover, such as skin or mucosal surfaces. On the other
hand, chronic or late complications of RT, such as fibrosis,
perforation, orfistula formation, are a result ofmicrovascular
injury or direct parenchymal damage.4

Risk factors for treatment related complications are:

• Local extent and histology of the primary neoplasm.
• Preoperative chemotherapy and/or RT.
• Type of radiation therapy.
• Radiation dose, duration, and fractionation.
• Size of the field of irradiation.
• Concurrent use of chemotherapy.
• Comorbid medical conditions.
• Poor nutritional status.

Epidemiology, Clinical Presentation

Around 650,000 cancer patients receive systemic therapy or
RT in the United States each year, while 180,000 receive both.
The number of emergency department visits associatedwith
cancer treatment outpaced visits related to overall health
care. The most implicated cancers were lung (20.0%), breast
(13.2%), and non-Hodgkin lymphoma (9.7%).

The most common complications in patients with hema-
tologic malignancies were neutropenia (15.0%), sepsis
(11.6%), and anemia (11.5%). In the case of solid tumor
malignancies, the most frequent complications are sepsis
(7.4%), neutropenia (7.3%), and anemia (6.7%).

Among the other common presentations, dehydration
was among the most common complications associated
with head and neck, colon, and esophageal cancers. Intestinal
obstruction was commonly seen in gynecologic (ovary, uter-
us, and cervix) and gastrointestinal (GI) (colorectal and anal
canal) cancers. GI hemorrhage was most commonly seen in
prostate cancer. Congestive cardiac failure was commonly
seen in breast cancer and non-Hodgkin lymphoma. Pneu-
monia was associated with lung cancer and multiple myelo-
ma while acute kidney injury (AKI) was most commonly
associated with urinary bladder cancer.5

Imaging Referral Guidelines

National Comprehensive Cancer Network (NCCN), European
Society of Medical Oncology (ESMO), and American Society
of Clinical Oncology (ASCO) clinical guidelines are available
for the management of immunotherapy-related toxicities6

and cancer-related infections.7 These guidelines have also
mentioned the management of treatment-related complica-
tions according to symptoms.

No consensus guidelines exist on the frequency and
modality of routine posttreatment imaging in the asymp-
tomatic patient. In the case of signs and symptoms or the
presence of worrisome features on clinical examinations,
imaging protocol may be tailored to answer specific clinical
questions.

Most of the literature on imaging of complications of
cancer therapy predominantly uses computed tomography
(CT) and magnetic resonance imaging (MRI).

American College of Radiology (ACR) provided guidelines
for the choice of imaging based on clinical presentation in the
formofACRappropriateness criteria.Nospecificguidelinesare
availableon imagingofposttreatmentcomplications in cancer.

National Cancer Grid (NCG) of India has formulated guide-
lines for palliative care of cancer but does not recommend
imaging referral.8 NCG, however, mentions the use of CT
scans in cases where corrective measures are feasible and
justifiable.9

Clinical/Diagnostic Workup (Other than
Imaging)

Complications of systemic anticancer treatment are class-
specific (i.e., agent-specific). A sepsis workup should be done
if there is fever and/or cytopenia for localized or systemic
features of inflammations (like intra-abdominal collection,
pyelonephritis, etc.). Hypokalemia or paralytic ileus should
be a differential diagnosis of intestinal obstruction. For
suspected lung infection, sputum and blood culture sensi-
tivity with Gram stain and/or bronchoalveolar lavage (BAL) is
helpful. Opportunistic and atypical infection should be ruled
out by organism-specific polymerase chain reaction test
from BAL and/or nasopharyngeal swab. Many tyrosine ki-
nase inhibitors cause lung injury which is a diagnosis of
exclusion sometimes with a classical clinical presentation
with radiological findings. There is no specific diagnostic test
other than a rapid response to steroid and drug withdrawal
and infrequent reappearance on rechallenge.

For meningeal enhancement, cerebrospinal fluid cytolo-
gy, cell count, biochemistry, and/or microbiological culture
should be performed before labeling as carcinomatous men-
ingitis in a clinical context. For immune checkpoint inhibitor
(ICI)-induced systemic complications, organ-specific diag-
nostic guidelines exist (NCCN, ESMO, and ASCO guidelines)
and infection should be ruled out before giving high-dose
steroids for immune-related adverse events (irAE). Blood-
borne viral infection (i.e., hepatitis B, hepatitis C, human
immunodeficiency virus) and Koch’s should be ruled out
before giving immunosuppressants like infliximab for the
treatment of steroid-refractory irAE.

Imaging Guidelines

Screening
Currently, there is no evidence to support screening for
complications that may develop as a result of treatment of
cancers in the general population except for when they
present with symptoms.

Diagnosis

Central Nervous System (►Table 1 and 2, ►Fig. 1)
To establish the diagnosis of radiation (treatment)-related
neurological complications, imaging is the first-line and
most crucial investigation.10 It also helps to rule out differ-
ential diagnosis such as metastases, tumor progression,
hemorrhage, infarcts, and infections. MRI brain with
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intravenous contrast is the modality of choice. CT can be
useful for quick assessment of raised intracranial tension,
calcifications, acute hemorrhage, venous sinus thrombosis,
or infarcts.

MRI angiogram with susceptibility-weighted imaging is
preferred for evaluation of radiation-induced vascular inju-
ries such as vascular narrowing or stenosis, capillary telangi-

ectasia, cavernous malformations, microhemorrhages, and
infarcts. CT can be useful for the detection of basal ganglia
calcification associated with mineralizing microangiopathy.11

If patientswith glioma are treatedwith RT and concurrent
temozolomide after surgical resection, they become suscep-
tible to radiation-related brain parenchymal damage, result-
ing in pseudoprogression and radiation necrosis.12 The

Table 1 Central and peripheral nervous system complications by chemotherapy and immunomodulatory drugs

CNS complica-
tion

Symptoms Agents Diagnostic as-
sessment

Acute and chronic
encephalopathy

Reduced attention, confusion, re-
duced alertness, hallucinations

Ifosfamide, carmustine, cisplatin,
cytarabine, fluorouracil, rituximab,
alemtuzumab, brentuximab,
blinatumomab

MRI

PRES Headache, confusion visual
changes, and seizures

Bevacizumab, ipilimumab, rituxi-
mab, sirolimus, sorafenib, sunitinib,
tacrolimus, cisplatin, vincristine,
cyclophosphamide, methotrexate,
bortezomib, sorafenib, rituximab,
tacrolimus

MRI

Hemorrhage Seizures, confusion, focal neurolog-
ical deficits

Bevacizumab, imatinib, TKIs, siroli-
mus, temsirolimus, everolimus,
ridaforolimus

CT or MRI

Thromboembolic
infarcts

Focal neurological deficits Ipilimumab, bevacizumab, cisplatin,
5-fluorouracil, gemcitabine,
bleomycin

MRI (with DWI),
cardiac
assessment

Venous sinus
thrombosis

Focal neurological deficits, seizures L-asparaginase MRI with MR
venogram

Cerebellar
syndrome

Dizziness, ataxia Cytarabine, capecitabine, bortezo-
mib, rituximab, trastuzumab, cyto-
sine arabinoside, 5-fluorouracil, and
vincristine

MRI

Hypophysitis Fatigue and headache, hormonal
imbalance

Ipilimumab, nivolumab, pembroli-
zumab, atezolizumab

MRI

Myasthenia gravis Fluctuating muscle weakness, pto-
sis, double vision, dysphagia, dysar-
thria, facial muscle weakness

Immune checkpoint inhibitors No imaging

Peripheral
neuropathy

Immune checkpoint inhibitors MRI brain or
spine (exclude
CVA, structural
cause)

Guillain–Barre
syndrome

Ascending, progressive muscle
weakness, shortness of breath, fa-
cial weakness, numbness and tin-
gling in the feet or hands, burning,
stabbing, or shooting pain in af-
fected areas, loss of balance, and
coordination

Immune checkpoint inhibitors No imaging

Transverse
myelitis

Immune checkpoint inhibitors MRI brain and
spine

Encephalitis Confusion, altered mental status,
altered behavior, headache, seiz-
ures, weakness, and gait instability

Immune checkpoint inhibitors MRI

Aseptic
meningitis

Headache, photophobia, neck stiff-
ness, nausea or vomiting, and oc-
casionally fever

Immune checkpoint inhibitors MRI

Abbreviations: CNS, central nervous system; CT, computed tomography; CVA, cerebrovascular accident; DWI, diffusion-weighted imaging; MRI,
magnetic resonance imaging; PRES, posterior reversible encephalopathy syndrome; TKI, tyrosine kinase inhibitor.
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imaging modality of choice for radiation-related brain pa-
renchymal injury is MRI with spectroscopy and perfusion. It
helps to discriminate viable tumors from radiation
necrosis/pseudoprogression.13 Imaging guidelines are simi-
lar for radiation-induced necrosis associated with brain
metastases following radiation therapy.14–16

MRI brain is the modality of choice for evaluation of
chemotherapy-related neurotoxicity.17However, most drugs
produce similar and nonspecific imaging patterns. The diag-

nosis can be established by resolution of MRI findings in
post-drug cessation follow-up imaging. Few drugs have
characteristic imaging findings and require additional MRI
sequences to suggest the diagnosis. Areas of symmetrical
diffusion restriction in white matter on diffusion-weighted
imaging are most sensitive for detection of acute methotrex-
ate toxicity post-intrathecal route of drug administration.18

L-asparaginase cause venous sinus thrombosis which can be
easily picked up on MRI with MR venography.

Fig. 1 Radiation necrosis (A–D). One-year postradiation and temozolomide therapy for left temporal lobe glioblastoma. Fluid-attenuated
inversion recovery (FLAIR) shows intermediate-hypointense signal areas (red arrow in A) in the left parietal lobe with surrounding
disproportionate white matter edema. Contrast image (B) shows irregular and nodular enhancement (Swiss-cheese pattern) and relative
cerebral blood volume (rCBV) perfusion (C) did not show any increased perfusion. Presence of lipid-lactate peak in the corresponding area on
magnetic resonance (MR) spectroscopy (D) represents necrosis. These imaging features are typical for radiation-induced injury. Absence of
increased choline:NAA ratios (D) further helps exclude tumor progression. Posterior reversible encephalopathy syndrome (PRES) (E). Bilaterally
asymmetrical FLAIR hyperintensity in frontoparietal white matter suggestive of vasogenic edema. Acute arterial infarcts (F and G). FLAIR
hyperintense areas (F) in right frontoparietal cortex and right basal ganglia due to cytotoxic edema, showing restriction on the corresponding
diffusion-weighted image (G) are suggestive of watershed territory infarcts. Intracerebral hematoma (H). Acute hematoma in left occipital lobe
appears hyperdense on noncontrast computed tomography (CT). There is an intraventricular extension of bleed into the left lateral ventricle.
Subdural hematoma is noted along right cerebral convexity as well (red arrow in H). Chemotherapeutic agents are common inciting factors for
PRES, cerebral hematoma, and arterial infarcts.

Table 2 Clinical features of common CNS Complications and initial Imaging Recommendation

CNS complication Symptoms Diagnostic assessment

Leukoencephalopathy Gait difficulties with frequent falls, cognitive
impairment, and incontinence

MRI

Radiation Necrosis Headaches, short-term memory impairment,
and focal seizures

MRI with DWI, spectroscopy, and
perfusion

Cerebrovascular complications
(infarcts, hemorrhage, SMART)

Focal neurological deficits MR angiogram>CT angiogram

Secondary CNS tumors Seizures, focal deficits, symptoms due to lobe
involved

MRI with contrast

Abbreviations: CNS, central nervous system; CT, computed tomography; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging;
SMART, stroke-like migraine after radiation therapy.
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Immunotherapeutic agents can cause autoimmune hypo-
physitis. MRI with pituitary sequences should be advised in
this situation.

Head and Neck (►Table 3, ►Fig. 2)
CT and MRI are the key cross-sectional imaging modalities
that play a complementary role to each other in the diagnosis
of treatment complications (►Table 3). CT is useful to pick up
gas bubbles adjacent to necrosed cartilages that clinch the
diagnosis of chondronecrosis.19

CT is complementary to MRI to assess bony destruction
and remodeling and is thus useful to identify the pattern of
bony involvement in osteoradionecrosis.

Contrast-enhanced CT/conventional angiography are re-
quired for the diagnosis of vascular complications such as
pseudoaneurysms, vascular thrombosis, andcarotidblowouts.

MRI is useful in select cases of treated oral cavity, nasopha-
ryngeal, skull base, and sinonasal tumors. In the presence of
brachial plexopathy, high-resolution T2-weighted images and
short tau inversion recovery images are helpful for diagnosis.

Additional MRI perfusion, diffusion, and spectroscopy
sequences are needed to differentiate other causes from
radiation-induced brain necrosis affecting the temporal
lobes after radiation therapy to nasopharyngeal cancers.20

Thorax

Lungs (►Table 4)
Medication-induced pulmonary injury is usually suspected
owing to the temporal association of symptoms with the
initiation of medication.4,21 Patient presentations range
from asymptomatic individuals to severely symptomatic
patients with dyspnea, cough, wheezing, and fever.

The United States National Cancer Institute Common
Terminology Criteria for Adverse Events provides a classifi-
cation system for stratifying the severity of “pneumonitis.”
This nomenclature ranges from asymptomatic (grade 1,
radiologic abnormalities only) to fatal (grade 5).22

In grade 1 (usually asymptomatic patients) a baseline
chest radiograph suffices.

For other grades (2–5), appearance of any new respiratory
symptoms requires prompt investigation. All patients pre-
senting with pulmonary symptoms should be assessed by23

high-resolution CT scan (without intravenous contrast ma-
terial) using multiplanar reformation and volumetric expi-
ratory acquisition.24

Symptoms of radiation-induced lung injury (RILI) include
cough, low-grade fever, and dyspnea. These symptoms typi-
cally develop between 4 and 12 weeks following treatment.

The severity of radiation pneumonitis is graded based on the
clinical presentation. The grading system (scale of 1 to 5) com-
monly used is the Radiation Therapy Oncology Group system:

CT thorax is the modality of choice and depicts the
radiation changes before it is evident at radiography. Acute
RILI changes are usually detected with CT scan by 4 weeks
after the completion of RT.25

Cardiac (►Table 5)
Certain cancer treatments can damage the heart and the
cardiovascular system and cause congestive heart failure,
ischemia, hypertension, hypotension, and arrhythmias.26

Currently, posttreatment cardiac evaluation is most often
performed with echocardiography which is the first line of
imaging.27 Previous history of cancer and cancer therapy are
associated with increased coronary artery calcium scores.
These patients often undergo chest CT scan for oncologic

Table 3 Imaging Recommendation for evaluation of complications in the Head and Neck region

Complications Imaging recommendation of choice

Radiation-induced brain necrosis MRI with IV contrast
MR diffusion
MR perfusion
MR spectroscopy

Brachial plexopathy MRI with or without IV contrast

Spinal/Cranial nerve abnormality MRI with IV contrast
CT with/without IV contrast

Dental caries No imaging needed
Clinical evaluation
OPG (may be done)

Trismus MRI T-M joints with or without IV contrast

Radiation-induced lung injury/fibrosis HRCT thorax

Radiation-induced bone and cartilage necrosis CT with IV contrast
MRI with IV contrast

Radiation-induced vascular changes CT angiogram
Conventional angiogram

Radiation-induced secondary neoplasms MRI with IV contrast
CT with IV contrast

Abbreviations: CT, computed tomography; HRCT, high-resolution computed tomography scan; IV, intravenous; MRI, magnetic resonance imaging;
OPG, orthopantomogram; T-M, temporomandibular.
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surveillance. It is important to note the presence and degree
of coronary artery calcifications during these routine scans.
Coronary CT is the imaging of choice for coronary artery
disease characterization.28

Late sequelae of high-dose chest RT can cause constrictive
pericarditis and valve stenosis.

CTscan orMRI can be used for evaluation of these entities.
Cardiac MRI is the noninvasive gold standard for morpho-

functional myocardial characterization, thereby improving
the detection of cardiotoxicity over conventional functional
assessment. Nevertheless, the routine use of cardiac MRI is
not currently recommended.27,29

Fig. 2 (A) Expected radiotherapy (RT)-related soft tissue changes. Axial contrast-enhanced computed tomography (CT) image in soft tissuewindow shows
diffuse bilateral symmetrical subcutaneous fat reticulations (notchedwhite arrows), thickened bilateral platysmamuscles (curved yellow arrows), increased
enhancement of bilateral submandibular glands (black stars), and edema of hypopharyngeal structure (thin straight white arrows). (B) Radiation-induced
osteonecrosis. Axial contrast-enhanced CT image in bone window shows bizarre lysis, fragmentation, and sclerosis of the mandible (thin straight yellow
arrows). Absence of expansile soft tissue at site of bone destruction rules out the possibility of recurrence. (C) Radiation-induced fatty marrow conversion.
Sagittal DixonT1-weighted fatmagnetic resonance (MR) image shows conversion to fattymarrow fromC3-D4 vertebrae with sharpmargins atmid-C2 and
mid-D4 levels (thick white arrows) correspondingwith the radiationportal. (D) Radiation-induced chondronecrosis. Axial noncontrast-enhancedCT image in
bone window kernel shows lysis of thyroid cartilage (thick yellow arrow) with air foci in the vicinity of the right vocal cord. (E) Radiation-induced
atherosclerosis. Axial contrast-enhanced CT image in soft tissue window shows fatty atherosclerotic mural changes in the left external carotid artery (thick
red arrow) causing luminal stenosis.

Table 4 Imaging recommendation for treatment related complications involving the Respiratory System

Clinical presentation Complications Implicated therapy Imaging recommendation

Dyspnea, cough,
wheezing, and fever

MIPI (medication-induced
pulmonary injury)

Cytotoxic chemotherapy
TKI
Immunotherapy

CT (HRCT) scan without
contrast

Cough, low-grade
fever, and dyspnea

RILI (radiation-induced
lung injury)

Radiation therapy CT (HRCT) scan without
contrast

Abbreviations: CT, computed tomography; HRCT, high-resolution computed tomography scan; TKI, tyrosine kinase inhibitor.

Indian Journal of Medical and Paediatric Oncology Vol. 44 No. 3/2023 © 2023. The Author(s).

Imaging Recommendations for Diagnosis, Staging, and Management of Treatment-Related Complications in
Cancer Mukhopadhyay et al. 327



Other Thoracic Organs
For evaluation of pleura, pericardium, thymus, great vessels,
and lymph nodes both CT andMRI can be used. CT scan is the
modality of choice and is used more frequently. MRI is used
as a problem solving tool.25

Abdomen (►Table 6, ►Fig. 3)
Liver injury symptoms include fatigue, right upper quadrant
pain, nausea, vomiting, jaundice, abdominal swelling, and
skin rashes. The different mechanisms of action of chemo-
therapy and RT may result in a broad spectrum of pathologi-
cal and radiological hepatic injuries. These include acute or
chronic hepatitis, steatosis, fibrosis, pseudocirrhosis, sinu-
soidal changes, and nodular hyperplasia. Ultrasonography
(USG) is performed initially to rule out metastases, hemor-
rhage, and obstructive causes of jaundice. It may also detect
ascites and gallbladder wall thickening (bystander effect).
Either CT or MRI can be used for further characterization of
liver involvement. MRI is more accurate in diagnosing
steatosis/steatohepatitis, sinusoidal obstruction syndrome,
and focal nodular hyperplasia-like nodules.30–32

For treatment-related oral mucosal and gingival ulcera-
tion, chemotherapy- and RT-induced nausea and vomiting
(unless alternative causes are suspected, such as brain me-
tastases or bowel obstruction), and uncomplicated mild
diarrhea no imaging is needed.

For patients presenting withmoderate or severe diarrhea,
abdominopelvic CT scan with intravenous contrast needs to
be done if complications such as enteritis, toxic megacolon,
or abscess are suspected.6 CT enterography may be per-
formed in subacute or chronic situations.

Patients with suspected bowel obstruction (whichmay be
due to complications of therapy such as stricture, adhesions,
enteritis, and colitis) should undergo a supine abdominal
radiograph as the initial investigation. Abdominopelvic CT
scan with intravenous contrast would be needed to further
localize and demonstrate the cause of obstruction. Subacute
cases may be investigated with oral contrast fluoroscopy,
small bowel follow-through or enema studies, CT, or MR
enterography.

Patients with dysphagia, retrosternal pain, and odyno-
phagia, that is, suspected esophagitis, endoscopy would be
needed. Fluoroscopic examination (contrast swallow stud-
ies) may be done in subacute presentation. For suspected
esophageal stricture, fibrosis, or fistula, fluoroscopy exami-
nation and/or CT scan with oral and intravenous contrast
would be needed.

If a patient presents with upper abdominal pain, epigas-
tric tenderness, and vomiting, radiation-induced gastritis or
gastric/duodenal ulceration would be a possible cause, for
which endoscopywould be diagnostic and no imagingwould
be required.

Table 5 Imaging Recommendation for treatment related complications involving Cardiovascular System

Implicated therapy Complication Imaging recommendation

RT Coronary artery disease Coronary CT

RT Valvular disease Echocardiography/coronary CT/cardiac MRI

RT/Immunotherapy Pericarditis Echocardiography/coronary CT/cardiac MRI

RT/ChT Cardiomyopathy Echocardiography/cardiac MRI

ChT/Immunotherapy Myocarditis Echocardiography/cardiac MRI

Abbreviations: ChT, chemotherapy; CT, computed tomography; MRI, magnetic resonance imaging; RT, radiotherapy.

Table 6 Treatment related complications involving the Abdomen and Pelvis - Clinical presentation and initial Imaging
Recommendation

Clinical presentation Possible causes Implicated therapy Imaging recommendations

Oral mucosal and gingival
ulceration

Mucositis
(Therapy-related or
Candida)

Cytotoxic chemotherapy
agents
Allogeneic HSCT recipients
with GVHD

Usually no imaging
recommended

Retrosternal pain
Dysphagia
Odynophagia

Esophagitis (due to mucosi-
tis or infective causes: Can-
dida, HSV, bacterial, CMV,
Aspergillus)
Esophageal stricture/fibro-
sis/fistula

Radiation therapy
Cytotoxic chemotherapy
agents
Myelosuppressants
(neutropenia, mucositis)

Usually no imaging recom-
mended (endoscopy needed)
Fluoroscopy may be done,
especially in chronic presen-
tation
CTscanwith oral contrast: for
fistula/stricture
demonstration

Upper abdominal pain, epi-
gastric tenderness,
vomiting

Gastritis
Gastric/duodenal
ulcerations

Radiation therapy Usually no imaging recom-
mended (endoscopy
needed)
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Table 6 (Continued)

Clinical presentation Possible causes Implicated therapy Imaging recommendations

Upper abdominal pain, epi-
gastric tenderness, vomit-
ing, raised serum amylase,
lipase

Acute pancreatitis Cytarabine
L-asparaginase
ATRA
Immunotherapy agents
Gemcitabine
Cytarabine

CECT abdomen

Incidental rise in serum am-
ylase lipase

� Sunitinib, sorafenib Usually no imaging
recommended

Acute abdominal pain (and
tenderness)
Fever
Nausea
Vomiting
Diarrhea (sometimes
bloody)

Colitis/enterocolitis
(neutropenic, Clostridioides
difficile, GVHD, CMV, ische-
mic)
Cholecystitis
Appendicitis

MyelosuppressantsþCyto-
toxic chemotherapy
(esp. in acute leukemias,
taxanes in solid tumors)
(neutropenia, mucositis)

CECT abdomen: for diagno-
sis, extent, complications
(appendicitis, abscess,
perforation)

Perianal swelling, pain,
erythema

Anorectal cellulitis, fistula,
abscess (usually polymicro-
bial: Enterobacteria, anae-
robes, enterococci,
Pseudomonas aeruginosa)

Cytotoxic chemotherapy Consider CECT pelvis: for
extent, drainable
collections

Diarrhea (acute)
Malabsorption (chronic)

Enteritis
(therapy related or
infective)

Cytotoxic chemotherapy
Radiation therapy (ileitis)

Consider CECT/CT enterog-
raphy in nonresolving or
chronic cases

Constipation
with/without abdominal
distension, vomiting

Small/large bowel stric-
tures, fistula, adhesions
leading to acute/subacute
obstruction
Ileus

Radiation therapy
Vinca alkaloids

Abdominal radiograph
Fluoroscopy in subacute
cases
CECT abdomen

Fever, burning micturition,
hematuria, pyuria

Urinary tract infections Myelosuppressants
Genitourinary procedures/
instrumentation

Ultrasonography of urinary
tract

Rising urea, creatinine Renal failure (AKI: acute,
CKD: chronic)

Chemotherapy agents Ultrasonography of urinary
tract
MRI may be done for early
detection of AKI

Hematuria, frequency of
micturition, burning
micturition

Hemorrhagic cystitis Cytotoxic agents (especially
cyclophosphamide)
Viral (in immunocompro-
mised): BK virus, adenovi-
rus, CMV
Radiation therapy

Cystoscopy in refractory
cases
For severe/doubtful cases:
CT urogram/
MR urogram/USG urinary
tract/retrograde pyelogram
(if CTscan with IV contrast is
contraindicated)

Lower abdominal pain, dis-
tension in females
Urinary incontinence
Leakage of urine/stool
through vagina

Cervical stenosis
Hematometra/pyometra
Vesicovaginal fistula
Rectovaginal/rectovesical
fistula

Radiation therapy (in pelvic
cancers)

Ultrasonography
MRI pelvis/fistulogram
CECT pelvis with delayed
phase/rectal contrast

Difficulty in micturition
(usually males)

Urethral stricture Radiation therapy Retrograde cystourethrog-
raphy, voiding
cystourethrography

Females: amenorrhea, men-
strual irregularities
Males: features of hypogo-
nadism, reduced sperm
counts

Gonadal dysfunction Cytotoxic chemotherapy
Radiation therapy

In addition to hormonal
evaluation, ultrasonography
of the pelvis/testes

Abbreviations: AKI, acute kidney injury; ATRA, all-trans retinoic acid; CECT, contrast-enhanced computed tomography; CKD, chronic kidney disease;
CMV, cytomegalovirus; CT, computed tomography; GVHD, graft versus host disease; HSCT, hematopoietic stem cell transplant; HSV, herpes simplex
virus; IV, intravenous; MRI, magnetic resonance imaging; USG, ultrasonography.
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In case these symptoms are associated with raised serum
amylase and lipase, acute pancreatitis is suspected, and an
abdominopelvic CT scan with intravenous contrast is indi-
cated. If the scan is normal, magnetic resonance cholangio-
pancreatography may be considered.

Neutropenic patients presenting with acute abdominal
pain, fever, vomiting, and diarrhea, would be suspected to
have infective or noninfective colitis/enterocolitis. USGwould
be recommended as an initial investigation and abdomino-
pelvic CT scan with intravenous contrast would be indicated.

For patientswith suspected urinary tract infectionpresent-
ing with fever, burning micturition, hematuria, and/or pyuria,
USG would be the initial imaging. Patients on cytotoxic che-

motherapy (such as cyclophosphamide) or RT presenting with
hematuria, hemorrhagic cystitis can be due to the therapy or
viral infections. Cystoscopy and urinary tract imaging is indi-
cated in refractoryandsevere cases. If renal functionallows,CT
urogram is done, otherwise, MR urogram and renal USG may
beperformed.33Patientswith risingureaandcreatininewould
be suspected to have AKI or chronic kidney disease in appro-
priate setting. Usually, USG is performed. MRI may be done to
evaluate the kidney and other organs.

If female patients onpelvic radiation therapy present with
lower abdominal pain and distension, cervical stenosis with
hematometra or pyometra is a possibility. USG would be the
initial investigation of choice. MRI of the pelvis would

Fig. 3 Imaging features of abdominal complications of cancer therapy. (A) A 53-year-old suffering from acute lymphoblastic leukemia, on
treatment with steroids and L-asparaginase, presented with mild abdominal pain and hyperbilirubinemia. Axial noncontrast computed
tomography (CT) scan shows markedly reduced density of the entire hepatic parenchyma (white asterisk), suggesting fatty liver. The vessels
(white arrowhead) and spleen (S) appear hyperdense to hepatic parenchyma in this noncontrast phase of CT scan due to diffuse fatty infiltration.
(B) A 61-year-old lady with metastatic carcinoma stomach, on treatment with oxaliplatin. Axial CT scan of the abdomen with intravenous (IV) contrast
done after few cycles of chemotherapy shows heterogeneous enhancement of the hepatic parenchyma with linear hypodensitites (white arrows),
which is new compared to the baseline CT scan done 3 months back, suggesting oxaliplatin-induced sinusoidal obstruction syndrome. (C) A
48-year-old man with lung adenocarcinoma, treated with pembrolizumab and carboplatin, presented to the emergency department (ED)
complaining of abdominal pain, multiple episodes of diarrhea, and vomiting 6 days after a chemotherapy cycle. Sagittal CT scan of the abdomen with
IV contrast shows thickened and edematous wall of ascending colon (A), caecum (C), and terminal ileum (TI), with surrounding fat stranding (yellow
arrow), and maintained mural stratification. The patient was found to be severely neutropenic, and these imaging findings along with the clinical
presentation, suggested neutropenic enterocolitis/typhlitis. (D) A 6-year-old boy suffering from acute lymphoblastic leukemia, on treatment
regimen containing L-asparaginase, presented to the ED with acute abdominal pain and vomiting. He was found to be hypotensive and serum
amylase and lipase were raised. Axial CT scan of the abdomen with IV contrast shows nonenhancing areas within the pancreatic parenchyma
indicating necrosis (yellow arrowheads), and collection in peripancreatic region containing foci of fat (yellow asterisk). The features suggest acute
necrotizing pancreatitis with peripancreatic fat necrosis. (E) A 47-year-old lady receiving radiation therapy for carcinoma of the cervix uteri,
underwent response assessment magnetic resonance imaging (MRI) after 20 fractions along with cisplatin. Axial T2-weighted MR image shows
submucosal edema as hyperintense signals (white block arrow) deep to the hypointense mucosal layer (black arrow), and maintained mural
stratification, involving pelvic small bowel loops, indicating radiation-induced enteritis. The tumor with posttreatment changes is seen involving the
cervix (M). (F) A 32-year-old man with rectal adenocarcinoma, underwent a response assessment MRI after neoadjuvant chemoradiotherapy.
He complained of mild lower urinary tract symptoms. Axial T2-weighted MR image shows edematous wall of urinary bladder (UB), with hyperintense
signals involving the submucosa and muscularis (yellow block arrow), and surrounding edematous pelvic fat (F). The features suggested radiation-
induced cystitis.
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demonstrate the cause better. Patients presenting with
urinary incontinence, urine, or stool discharge through vagi-
na would be suspected to have fistulas, and fluoroscopic
examination with relevant contrast is the initial investiga-
tion. CT scan of the pelvis with intravenous contrast (delayed
phase images) or with rectal contrast will delineate the
communication better. MRI of the pelvis or MR fisulogram
may demonstrate some fistulous communications better. In
patients who present with difficulty inmicturition following
radiation therapy, urethral strictures are suspected and
retrograde cystourethrography/voiding cystourethrography
are required imaging modalities for diagnosis.

Bones and Soft Tissues (►Table 7)
The imaging recommendations are given in ►Table 7.34–36

Follow-Up and Surveillance
Women who were exposed to thoracic irradiation as an
adolescent should undergo routine follow-up screening
(with adjunctive breast MRI) sooner than usually recom-
mended. Mammographic screening is recommended annu-
ally by the Society of Breast Imaging, ACR, and NCCN
beginning 8 to 10 years after the radiation exposure.37,38

For patients undergoing combined chemotherapy and
radiation therapy, imaging monitoring of left ventricular
ejection function has been recommended at 2-year inter-
vals.39 Echocardiography is typically used. In patients who
are found to have decreased systolic function, the next step
should be cardiac MRI.40

There exists no other substantial role for surveillance to
detect treatment-related complications.

Principles of Management
Mostof the grade1or grade2 systemic anticancerdrug-related
and RT toxicity is manageable with supportive care without
altering therecommendeddoseand frequency. Foranygrade3
or grade 4 toxicity every effort should bemade to find out any
identifiable underlying factor(s) contributing to such toxicity

(like uncontrolled comorbidity, poor nutritional status, etc.).
Any correctable cause should be addressed accordingly. Ma-
jority of the time dose reduction is recommended in case of
grade 3/4 toxicity. Prophylactic hematopoietic growth factor
should be used liberally whenever indicated to reduce the
incidence of febrile neutropenia. Permanent interruption is
required in majority of grade 4 and few grade 3 toxicities.
Patient counseling, home remedies, early identification, and
treatment of toxicities are very important and effective strat-
egy to maintain treatment compliance. For ICI-induced irAE,
well-recommended and well-studied organ-specific guide-
lines exist (ASCO and ESMO guidelines). No dose reduction
is recommended or permitted for any ICI-related irAE. Initial
antibiotics cover and ruling out underlying or associated
infection is recommended for any immunosuppressive thera-
py to treat irAE. Imaging is required to differentiate treatment
complications from infection and tumor recurrence.

Summary of Recommendations

• There are no consensus guidelines regarding the frequen-
cy and modality of routine posttreatment imaging in an
asymptomatic patient.

• In the case of equivocal signs and symptoms or presence of
worrisome features on clinical examinations and other
laboratory tests, imaging protocol may be tailored to
answer specific clinical questions.

• Most imaging guidelines advocate the use of MRI and CT
scan in complementary roles.
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Abstract The percutaneous needle biopsy (PNB) is the initial step for obtaining the diagnosis and
it helps in treatment. It aids in primary diagnosis, tumor staging, or ruling out infective
etiology. It is a safe and successful minimally invasive method compared to open
biopsies. PNB is defined as the placement and insertion of a needle into a suspected
lesion or organ with the intent of retrieving tissue or cells for diagnosis. It can fine
needle aspiration cytology or core needle biopsy. The patient needs to be counseled
regarding the procedure and detailed history, including anticoagulant history needs to
be taken. The SIR consensus guidelines have divided biopsies into low-risk procedures
with a bleeding risk of< 1.5% and high-risk procedures>1.5%. There are advance-
ments in needle design (e.g., echogenic tip while performing ultrasound-guided needle
biopsy) and image-guidance technology (ultrasound quality, multi-slice CT scan) that
improved these procedures safety and efficacy. There are different types of needles
available such as coaxial, aspiration needles, Murphy’s bone biopsy needle, which
depends on the tissue which needs to be sampled or the organ to be biopsied. Various
different types of biopsy guns, such as semi-automatic, automatic, or manual are
available. The newer technology such as fusion and navigation biopsies helps in better
characterizing and localization of the lesion, improving the yield of the biopsy. Open
and excisional biopsies have a higher mortality and morbidity rate than percutaneous
biopsies, they are reserved for cases where the image-guided method has failed to
provide the diagnostic yield. Sample collection must be done under a sterile container
in formaline or microbiological examination. Regular analysis and rad-path correlation
are key to success and improving diagnostic yield. This abstract provides an overview of
the existing biopsy literature.
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Introduction

Percutaneous needle biopsy is an integral part of cancer
diagnosis and treatment. It is the first step in achieving
the diagnosis.1 It helps in tumor staging because it
provides pathologic confirmation of metastasis. Percutane-
ous image biopsy-guided biopsies are minimally invasive,
safe, and effective procedures.2 The safety and efficacy of
these treatments have increased due to advancements in
needle design (e.g., echogenic tip while doing ultrasound-
guided needle biopsy) and image-guidance technologies.3

Open and excisional biopsies are reserved for selected
cases where the image-guided procedure has failed to
give the diagnostic yield because it is more mortality

and morbidity than percutaneous biopsy. This document
provides an overall review of the current literature on
biopsy.4

Indications

Following are scenarios where biopsy is recommended-
►Table 1

A) Diagnosis of pulmonary nodules-computed tomogra-
phy (CT) is the preferred image guidance modality.
Ideally, the most vertical (perpendicuar) path is select-
ed, which avoids bullae, interlobar fissures, and large
vessels5 (►Fig. 1A–C).

Fig. 1 (A–F) Axial CT images demonstrate lung and mediastinal lesion biopsy technique.
A-Solitary lesion in the right upper lobe posterior approach taken where the needle is perpendicular to the lesion.
B-Large lung mass in the right lower lobe posterior approach taken for biopsy.
C-Small lesion located in the subpleural location of the right lower lobe, tangential approach taken to obtain the larger length of the core.
D & E-CECT reveals subcarinal lymph node in k/c/o carcinoma of the lung. Extrapleural posterior approach was taken with hydro dissection of the
parietal and visceral pleural and a biopsy of the mediastinal lymph node was done.

Table 1 Indications of performing a percutaneous biopsy

1. To establish the diagnosis of the benign or malignant nature of the lesion.
2. To obtain tissue for microbiological analyses in suspected or known infections in the post-treatment setting.
3. To classify a malignancy and perform immunohistochemistry (IHC) on the sample and obtain molecular analysis for the

targeted.
4. To stage a patient with suspected malignant tumors elsewhere.3

Contraindication
Absolute-

- Difficult location,
- Irreversible coagulopathy and
- Refusal to Consent.

Relative
- Unco-operative patient (can be done under general anasthesia),
- Significant co-morbidities (e.g., respiratory or hemodynamic instability),
- Pregnancy (especially if ionizing radiation is present, can be done ultrasound-guided.)4
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B) Mediastinal lesions-CT-guided direct mediastinal or
extrapleural approach is generally preferred over a
transpulmonary approach to avoid pleural transgres-
sion and thereby decrease the risk of pneumothorax
and pulmonary haemorrhage.6 Ultrasonographic
(USG) guidance can be used for large mediastinal
lesions, which are in contact with the chest wall and
are easily visualised (►Fig. 1D–F).

C) Abdominal and pelvic lesions-Soft-tissue masses in-
volving the peritoneum, omentum, retroperitoneal
nodes, and mesenteric lymph nodes are amenable to
percutaneous biopsies under USG or CT guidance
depending on size and location. Liver biopsies are
done under USG guidance; however, CT guidance can
be preferred when there is difficulty in visualizing
lesions such as under the dome of the diaphragm. In
certain cases, a combination of modalities can be used
where both USG and CT scan can be used for lesions
near para cardiac location7 or navigation/fusion tech-
niques with USG guidance can be done (►Fig. 2).

D) Musculoskeletal tumors-Soft tissue masses can be
easily targeted on USG; however, CT guidance is
recommended for lesions limited to bone. The needle

path and approach need to be discussed with the
orthopaedic oncosurgeon because an inappropriately
performed biopsy will lead to contamination of the
compartment, wider excision during surgery, a wider
area of irradiation, and difficulty in flap reconstruc-
tion of the defect.

E) Spinal lesions-The biopsy of vertebral lesions depends
on the location of the lesionwithin the vertebra and the
level of vertebra. It can be transpedicular, parapedicular,
transforaminal, andpara laminar for lumbarand thoracic
vertebrae. It can be an anterolateral, posterolateral,
posterior, and anterior transoral approach under fluo-
roscopyorCTguidance for the cervical vertebra, depend-
ing on the location of the lesion8 (►Fig. 3).

F) Head and neck lesions-Deep seated head and neck
biopsies are most commonly performed under CT
guidance. Various approaches such as subzygomatic,
retromandibular, paramaxillary and submastoid,
transoral and posterior approaches are commonly
used.9 In contrast, the biopsies of superficial organs
such as lymph node, submental, parotid glands, and
thyroid gland lesions are done under USG guidance
(►Fig. 4).

Fig. 2 (A–B) Left Paraspinal approach for biopsy of the aortocaval lymph node.
(C–D) CECT reveals pancreatic head mass where biopsy is performed via transgastric approach.
(E–F) CECT reveals pancreatic body mass, USG guided biopsy of pancreatic mass with compression of bowel loops.
(G–H) USG guided liver lesions biopsy traversing normal liver parenchyma. H-Lesions appreciated by using high-frequency probe.
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Definitions

According to the Cardiovascular and Interventional Radio-
logical Society of Europe (CIRSE), the definition of percuta-

neous needle biopsy (PNB) is “The placement or insertion of a
needle into a suspected lesion or organ for the intent of
retrieving tissue or cells for diagnosis.” Imaging techniques
used as a guide for PNB are ultrasound, fluoroscopy,

Fig. 3 (A and B) Axial CT images demonstrate vertebral lesion biopsy by parapedicular technique.
(C and D) Axial CT images demonstrate vertebral lesion biopsy by transpedicular technique.

Fig. 4 (A-B) Paramaxiiary approach for parapharyngeal mass biopsy. (C) Trans nasal approach for petrous mass biopsy.
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computed tomography, positron emission tomography CT
(PET-CT) and magnetic resonance imaging (MRI). The imag-
ing technology used is determined by nature, location of the
lesion, the patient’s compliance, availability of the technique,
and preference of the operators. Fine-needle aspiration
cytology (FNAC) and core biopsy (CB) are two types of
PNB. FNAC is a technique that involves using a thin, hollow
needle (18–25 gauge) to collect cells for cytological evalua-
tion by aspiration. FNAC is used to provemetastasis or where
the lesion is difficult to biopsy due to the vicinity of a critical
structure such as a major blood vessel, bowel or any major
organ. CB is the extraction of a portion of tissue for the
histological assessment using a hollow needle (9–20 gauge)
with a cutting and capturing device.4,10

The technical success of PNB is defined as the procure-
ment of sufficient samples to establish the diagnosis. Clinical
success is defined as a patient’s outcome depending on the
biopsy result. According to the protocol, clinical success
guides the clinician for appropriate surgical or medical
management.4

Patient Information and Consent

Prior to doing a biopsy, the patient’s detailed medical history,
anticoagulant history, clinical examination, laboratory data
such as complete blood count and coagulation profile need to
be done except for superficial cases, i.e., low-risk case (Catego-
ry 1-according to CIRSE). Pre-procedural cross-section images
need to be available for procedural planning, such as choosing
the best imaging guidance (with or without contrast injection
to delineate the lesion better), the patient’s position, access
routes, needle type and trajectory, and the number of samples
to be collected. Following institutional protocols, informed
consent should be sought directly by the interventionist doing
the procedure. The indications, procedure details, complica-
tions, and alternative optionsmust be appropriately discussed
with patients. The need for prophylactic antibiotics (trans-
rectal biopsies), peri-procedural drugs, such as anesthesia and
pain medication that may be required and post-procedure
medications must be explained.11,12

Contraindications and Precautions

Antiplatelet/anticoagulation drugs should be stopped before
the procedure, especially for biopsies with a moderate or
high risk of bleeding. Evaluation of coagulation status and
discontinuing anticoagulation medications before the pro-
cedure as per the Society of Interventional Radiology (SIR)
guidelines. The SIR consensus guidelines have divided biop-

sies into low-risk procedures with a bleeding risk of<1.5%
and high-risk procedures >1.5%. Superficial biopsies and
transjugular liver biopsies are categorized as low-risk, while
solid organ and deep non-organ biopsies are categorized as
high risk for bleeding. The SIR guidelines recommend the
correction of the International Normalized Ratio (INR) to 2.0
to 3.0 for low-bleeding-risk procedures and 1.5 to 1.8 for
high-bleeding risk procedures. Platelet transfusion should be
considered if the platelet count is<20�109/L or<50 109/L
for low and high bleeding risk procedures, respectively. It is
recommended to withhold the antiplatelet or anticoagulant
medications for 3 to 5 days before high-bleeding risk biopsies
(►Table 2).13

Technique/Protocol/Image Acquisition

A careful review of the cross-sectional/functional images
needs to be done. The preferred imaging modality is chosen,
and the biopsy trajectory is planned. Patients should be
fasting for 4 to 6 hours before the procedure when sedation
or deep anesthesia is needed, especially for children (below
15 years) and individuals who are apprehensive or have
lesions in a critical location. Peripheral venous access (18–
20 Gauge) should be obtained in all patients before the
procedure and vitals need to be monitored pre-procedure,
intra procedure, and at least 2 hours after the procedure. On
thebiopsy day, the checklistmust befilled before thebiopsy.4

Patient Positioning and Preparation
The patient is positioned depending on the lesion location,
modality used, and easy access route to the lesion avoiding
the major neurovascular structures, lung fissure and bullae,
bowel etc. The patient should be in a comfortable and stable
position for the procedure. The target route must be as short
as possible; however, in certain specific situations, a longer
route is advised, such as in subcapsular liver or lung lesions. A
longer track with intervening normal liver parenchyma in
the liver reduces the risk of hemoperitoneum due to the
tamponade effect; similarly, in subpleural lesions, a longer
oblique intraparenchymal needle path helps in the easy
maneuvering of the needle and increases technical success.14

In some situations, intravenous contrast media injection
(including the contrast-enhanced US, e.g., for isoechoic liver
or renal tumors) is required to visualize the target lesion
before biopsy and visualize the vital structures. All biopsies
are done in free-breathing techniques, rarely in a difficult
location such as lung bases; it should be done in the end-
expiratory phase as the lesion position will be relatively
more stable.15

Table 2 Pre- Biopsy checklist

1. Check blood parameters (hemoglobin, platelet count, PT/INR, viral markers)
2. Confirm the patient’s identity and the procedure to be performed.
3. If a contrast agent needs to be administered, the renal function test should be evaluated and safety assured after ruling out

any history of allergy to such materials.
4. Any use of anticoagulation needs to be reconfirmed to avoid inadvertent complications.
5. Informed consent needs to be taken after explaining the risks and benefits of the procedure in detail.
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Techniques
Coaxial technique-A guide needle, larger than the biopsy
needle (typically 9–19G), is advanced under image guidance,
reaching the edge of the target. The inner stylet is removed,
the biopsy gun is introduced into the lesion, and multiple
specimens are taken with a single puncture. This may
prevent tumor cells from seeding along the needle tract by
re-inserting the inner stylet of the coaxial needle before the
removal compared to the non-coaxial method. The coaxial
technique reduces procedural time and procedure-related
pain (by reducing repeatedpunctures) and also decreases the
rate of complications (►Fig. 5).

Hydro-dissection is a technique where 0.9% saline solu-
tion facilitates image-guided biopsies by displacing impor-
tant mobile structures (such as bowel, neurovascular bundle,
etc.) away from the needle trajectory16 (►Table 3).

Image Analysis and Interpretation

A percutaneous needle biopsy can be performed under the
US, CT, fluoroscopy, MR, fluoro-CT, cone-beam CT or PET-CT
guidance. The advantages and disadvantages of the most

frequently used image guidance techniques are summarized
in ►Table 4.

The selected imaging modality should allow the
following:

Fig. 5 (A) Coaxial biopsy system showing biopsy needle and gun. (B-C) Murphy’s needle and ackerman’s used for bone biopsy. (D-E) Post biopsy
clot embolisation of biopsy tract in lung biopsy.

Table 3 Different biopsy techniques

1. Hydrodissection in subcarinal nodes biopsy.
2. Curve needle technique in mediastinal biopsy and ab-

dominal lesions.
3. Inspiration and expiration for small pulmonary nodules

and liver lesions.
4. Lateral decubitus in adrenal biopsy and lung biopsy.
5. Artificial pleural effusion and pneumothorax with the help

of a spinal needle.

Different types if biopsy guns available.
1. Automatic
2. Semi-automatic
3. Vacuum-assisted

Different types of Biopsy needles available.
1. Coaxial
2. Aspiration needles
3. Murphy’s bone biopsy needle
4. Steerable needles
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• Proper visualization of the target lesion and all the adja-
cent relevant anatomy.

• Adequate visualization of biopsy equipment used during
the procedure.

• Comfortable patient positioning and operator’smaneuvers.
• Prompt and adequate evaluation and management of

possible complications (e.g., pneumothorax).
• Limited ionizing radiation exposure (particularly in chil-

dren and young patients).

The new software has become available to facilitate
needle insertion and target visualization during a biopsy
under challenging lesions that allows fusing images obtained
from different modalities, such as CT, MR or PET-CT with
real-time USG or fluoroscopy. Special optical or electromag-
netic navigation systems are required for performing biop-
sies using this technique.17

USG guidance-The needle can be inserted parallel or
perpendicular to the transducer with the freehand or
hand-guided technique. The tip needs to be visualized during
needle insertion as an echogenic complex. Multiple punctu-
res of the liver/renal capsule should be avoided to avoid the
risk of bleeding. TRUS (trans-rectal)/TVUS (trans-vaginal)
route can be used to biopsy prostate, vaginal/cervical vault
lesions, and other deep-seated pelvic lesions (►Fig. 6).18

CT guidance-The biopsy planning is done on the axial scans
and needs to be confirmed on the multiplanar reformatted
images. Thepath lengthandanglearemeasuredontheCTscan.
The skin access point ismarkedusing a radiopaquemarker or a
radiopaque grid positioned on the patient before the prelimi-
nary CT. A low-dose CT scan (reduced kVp and mAs) can be
performed to reduce the overall dose of radiation19 (►Table 4).

Sample collection-
All biopsy samples need to be collected in formalin for

histopathology. If the imaging finding is for infection addi-
tional sample needs to be collected for culture and sensitivity
and if tuberculosis is suspected for gene expert.20

Complications

The complication needs to be anticipated early and appro-
priate treatment needs to be done. All emergency drugs

should be availablewithin the department and the operating
physician needs to know about these drugs.

The most common complication is bleeding and signifi-
cant bleeding after PNB is rare. It is approximately 0.5% of all
cases.21 The biopsy tract must be plugged with a gelatin
sponge, coils, or glue if the bleeding is from the coaxial
needle. This can also be done as prophylactic in cases where
it is a high risk, as in highly vascularized tumors or highly
vascularized organs such as the spleen. The majority of
complications occur within 4 to 6 hours following the
biopsy.

Analgesics (typically, paracetamol, or NSAIDs) are pre-
scribed if the pain is present.

Perforation of organ–can be there if any transgression of
the bowel is there. Most of the time, conservative manage-
ment will settle, but one should look for any signs of
peritonitis.22

Pneumothorax is one of the most common complications
of lung biopsy; however, only progressive, moderate, or
tension pneumothorax needs catheter placement. One can
use 1 to 3mL of saline or autologous blood clot to seal the
needle tract in lung biopsy can also be performed to reduce
the risk of pneumothorax.23

Quality Control

The physician performing the PNB always strives to achieve
100% success and 0% complication. However, it is challenging
to achieve these results, so SIR has come out with quality-
improving guidelines to determine an optimal success rate
threshold for percutaneous biopsy.2 The numerous factors
will influence the procedure’s ultimate success. These factors
include the number of samples taken, the magnitude of the
target abnormality, the organ system in which the biopsy is
conducted, the presence of an onsite cytopathologist, the
pathology staff’s experience, the imaging technology avail-
able, and the operating physician’s competency.

There should be a regular audit of the PNB and these need
to be looked at carefully to keep on improving. Another thing
is to have regular meetings with pathology colleagues to
improve the overall accuracy of the biopsy and have a good
rad-path correlation.

Table 4 The advantages and disadvantages of the most frequently used image guidance techniques

USG CT/Fluoroscopy MRI

Advantages Real-time imaging is available.
Portability present.
Availability.
No radiation exposure, feasible for
pregnant patients.
Less procedure time.
Less cost as no need to give contrast.

Visualization of deep lesions is lim-
ited in obese patients.

Near real time with specific
sequences
Excellent visualization of
deep lesions.
No radiation exposure.

Disadvantages Visualization of deep lesions is limited
in obese patients, however it can be
overcome with the upcoming fusion
biopsy technique.

Real-time imaging only possible
with CT fluoroscopy. Portability is
an issue. Availability is an issue since
the cost is more.
Radiation exposure is an issue. More
procedure time. More cost

Portability is an issue. Avail-
ability is an issue since the
cost is more. More procedure
time. Maximum cost.
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Regulatory Issues

The overall reported diagnostic technical success rate of PNB
is 70 to 96%; however, it varies greatly depending on the size
and location of the target, the benign or malignant nature of
the lesion, the number of samples obtained, the availability
of an onsite cytopathologist, the experience of the Irs and
pathologists, and the availability of equipment. PNB’s clinical
success can be defined as the procedure’s utility in improving
patient care assessed by biopsy results, including quality of
life (QoF).24,25 The selection of patients for targeted or
immune-targeted therapy and recruitment into clinical trials
can be a positive outcome of PNB in the era of customized
cancer care.

Summary

– Complete blood count and coagulation profile are recom-
mended in all patients scheduled for a biopsy except for
superficial low-risk biopsies (Category 1).

– General anesthesia is recommended for pediatric
patients.

– Antibiotic prophylaxis is recommended only in immuno-
suppressed patients, infective cases, or transgression of
the bowel, as in transrectal biopsies.

– A longer route is recommended in the subcapsular liver or
subcapsular lung lesions.

– Major complications occurwithin 4 to 6hours after biopsy
and bleeding is the most common complication.

– Analysis of biopsy and rad-path correlation needs to be
done.

Note
The article is not under consideration for publication
elsewhere. Each author participated sufficiently for the
work to be submitted. Publication is approved by all
authors.
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With the many ongoing preclinical research related to the
novel molecular targets of different diseases which can be
identified by using the more advanced and multifunctional
contrast agents will be useful for the molecular targets that
are developed along with new technologies and instrumen-
tation for multimodality molecular imaging. Contrast-en-
hanced molecular ultrasound with molecularly-targeted
contrast microbubbles is explored as a clinically translatable
molecular imaging strategy for screening, diagnosing, and
monitoring diseases at the molecular level. Optical imaging
with fluorescent molecular probes and ultrasound imaging
withmolecularly-targetedmicrobubbles are attractive strat-
egies since they provide real-time imaging, are relatively
inexpensive, produce images with high spatial resolution,
and do not involve exposure to ionizing similarly along the
irradiation. Raman spectroscopy/microscopy has also
emerged as the most potential molecular optical imaging
strategy for ultrasensitive detection of multiple biomolecu-
les/biochemicals in both in vivo and ex vivo versatility.
Photoacoustic imaging is a hybrid of optical and ultrasound
modalities involving optically excitable molecularly-tar-
geted contrast agents and quantitative detection of resulting
oscillatory contrast agent movement with ultrasound. Cur-
rent preclinical findings and advances in instrumentation
such as endoscopes and microcatheters suggest that these
molecular imaging modalities have numerous clinical
applications and will be translated into clinical use in the
near future.

Molecular imaging is defined as the ability to visualize
and quantitatively measure the function of biological and
cellular processes in vivo.1,2 As the anatomical imaging is
well established imaging modality and plays a major role in
medical imaging for the diagnosis, surgical guidance/follow-
up, and monitoring response to the treatment, the field of
molecular imaging is evolving and promises the significant
improvement in the specificity, sensitivity, and quantitation
not only for the screening and the early diagnosis, which is
focused and having the personalized management and ther-
apy, but also for the earlier treatment follow-up. The biggest
advantage of in vivo molecular imaging is its ability to
evaluate and characterize the pathologies of various diseases
at the tissue level without any invasive techniques like
biopsies or surgical procedures. This information will be
able to help in the concept of the personalized treatment
and planning. The one of the classical recent advances is the
treatment of breast cancer by the combinations of various
chemotherapeutic drugs that will be targeting the epidermal
growth factor receptor types I and 2 (EGFR and HER2/neu),
mammalian target of rapamycin, estrogen receptor, and/or
histone deacetylase, and here the best strategy is dependent
on the molecular profile of the tumor (e.g., HER2/neu-
targeted therapy is only effective in HER2-positive breast
cancers).3 Thus, the in vivo molecular imaging is being used
for the identification and quantification of the various mo-
lecularmarkers profile (e.g., EGFR, HER2) of the tumor. This is
possible by noninvasive techniques where the need of the
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► molecular imaging

Abstract In vivo molecular imaging is having a great potential that will have an impact on the
medicine by detecting diseases in early stages like screening, identifying extent of
disease, selecting disease- and patient-specific therapeutic treatment which will be the
hallmark of the personalized medicine, for directed targeted therapy, and also for
measuring molecular-specific effects of treatment. Currently, most commonly used
molecular modalities are positron emission tomography- or single-photon emission
computed tomography-based techniques.
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biopsy and time associated with pathological characteriza-
tion are different. This concept of the personalized medicine
will be used for thebest care for patients having the advanced
stage of the cancers and with poor prognosis. The risk of
exposure to various side effects of therapy will be impacting
the quality of the life.

The various preclinical applications in the advances in
molecular imaging contrast agents will have the capability
for the different multiplex nano- and/or microparticles with
several entities: (1) Here, the use of the molecule for the
different targeting to the specific tissues/the different dis-
ease marker like the binding ligands; (2) the different
molecules will be used for the detection of the agent having
the different imaging modalities; and, (3) the direct attach-
ment of the various systems like the Doxel, is the liposome
encapsulation of doxorubicin, which is the cytotoxic drug
used for the inhibition of the DNA replication and for the
targeted delivery of a therapeutic drug in the region of the
interest. For example, Blanco et al4 showed the direct attach-
ment of the chemotherapy drug, Doxorubicin, to a super-
paramagnetic iron oxide nanoparticle, which is then
encapsulated in liposomes coated with RGD peptides; and
these particles have the property to attach to the tumor
angiogenic vessels which have the high levels of αVβ3-integ-
rins like the protein receptors that help in binding the
different RGD peptides. These will be of help for the better
localization of these magnetic particles by using magnetic
resonance imaging (MRI).

In addition, the molecular imaging can measure the
response to therapy more precisely and early. The tumor
response to chemotherapy is being done by response
evaluation criteria in solid tumors criteria, where the
different anatomical imaging methods like computed

tomography or MRI by using the tumor size, tumor volume
in post-therapy settings, and time lapse after the manage-
ment reflect the total tumor volumetric changes for the
accurate reflection of therapeutic efficacy for various
treatment options.5 Thus, the molecular imaging can
improve the therapeutic monitoring by direct effect of a
drug at an earlier time point before the various morpho-
logical–anatomical changes that can become visible on
imaging. The different modalities of the molecular imag-
ing are having different protocols based on the systems,
techniques, and the combined modalities.

Molecular Imaging has revolutionized the imaging con-
cepts at the molecular level with better, faster, and more
precise evaluation in the concept of the precision medicine.
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Abstract Introduction A specific subset of papillary microcarcinoma of thyroid (PMC) can
metastasize regionally and to distant organs, and thus, have a significant effect on the
overall survival of the patient cohort.
Objectives We aim to analyze the prognostic significance of various clinicopathologic
parameters including BRAFV600Emutation by immunohistochemistry in PMC, in order to
identify the subset of cases with aggressive behavior.
Materials and Methods Data regarding the PMC cases was retrieved retrospectively
from medical records. The clinicopathologic factors like age, tumor size, focality,
capsular invasion, histologic subtype, lymphovascular invasion, perithyroidal fat inva-
sion (PTFI), lymph node (LN) metastasis, and distant metastasis were studied in depth.
Tissue microarray was constructed to perform immunohistochemistry with CK19 and
BRAFV600E. Information regarding overall survival (OS) and development of metastasis,
if any, was noted. Chi-squared test was performed to know the association between
various factors. To determine odds ratio, logistic regression was done. Survival analysis
was done using Kaplan–Meier and Cox-regression analysis.
Results PMC was diagnosed in 48 patients (M:F¼1:2.4), between 22 and 70 years of
age (median¼46.5 years). Chi-squared test showed significant association of fibrosis
with tumor size more than or equal to 0.5 cm, infiltrative borders, PTFI, and LN
metastasis. Tumor size was also associated with infiltrative borders; and LN metastasis
with PTFI. BRAFV600E positivity showed significant association with histologic pattern,
PTFI and distant metastasis. On logistic regression, tumor size showed significantly
increased odds ratio with presence of fibrosis and infiltrative borders. Presence of
fibrosis also showed significant association with infiltrative borders and LN metastasis.
BRAFV600E had significantly increased odds ratio with histologic pattern, both on
univariate and multivariate logistic regression. Kaplan–Meier analysis revealed

DOI https://doi.org/
10.1055/s-0043-1761412.
ISSN 0971-5851.

© 2023. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

Ethics approval obtained from the institutional ethics committee
(letter no.EC/NIMS/2809/2021).

THIEME

Original Article 345

https://orcid.org/0000-0003-1684-6679
mailto:drsguppin@yahoo.co.in
https://doi.org/10.1055/s-0043-1761412
https://doi.org/10.1055/s-0043-1761412


Introduction

Papillary microcarcinoma (PMC) is defined as papillary
thyroid carcinoma (PTC) of size �1 cm.1 Most of them are
diagnosed incidentally in thyroidectomy or autopsy speci-
mens. Advances in imaging modalities (including PET/CT,
done both for screening purposes and for surveillance of
other known malignancy) have led to increased early detec-
tion of small thyroid nodules.2,3Many of these either remain
clinically silent for the entire lifetime or have excellent long-
term outcome. However, a proportion of casesmetastasize to
cervical lymph nodes (LNs) and distant sites. Various factors
like multifocality, tumor size more than 5mm, LNmetastasis
and extrathyroid extension (ETE) have been found to predict
the riskof recurrence.4–7 Identification of a subset of patients
with aggressive behavior is important to stratify patients for
implementation of radical therapeutic approach similar to
classical PTC.

The frequency of BRAFV600E mutation in PTC ranges from
60 to 80% and is associatedwith high risk clinicopathological
features. Similar incidences have also been noted in PMC
accounting for 37.5% to 74% of cases and are associated with
aggressive features despite their small size.8–10

There are not many studies on PMC in Indian literature till
date.11–15 In this article, we have analyzed the prognostic
significance of various clinicopathologic parameters including
BRAFV600E mutation by immunohistochemistry (IHC) in PMC.

Materials and Methods

This is a retrospective study of cases diagnosed as PMC in our
institute, from January 2014 to May 2020 (n¼48). The
demographic and clinical data were retrieved form histopa-
thology requisition forms andmedical records. The inclusion
criterionwas thyroidectomy specimens diagnosed as PMCon
routine histopathology. And exclusion criteria were tumor
size exceeding 1 cm and concurrent presence of other malig-
nancy (e.g., follicular/oncocytic carcinoma).

The hematoxylin and eosin (H&E)-stained histopathology
sections of these cases were reviewed by three pathologists
to confirm the original diagnosis and to also document
various histopathological parameters like tumor size, focal-
ity, capsular invasion, histologic subtype, lymphovascular
invasion, perithyroidal fat invasion (PTFI), and stage of the
tumor. The pathological changes in the adjacent thyroid

(including both neoplastic and non-neoplastic entities)
were also analyzed.

Immunohistochemistry
For performing IHC, a tissue array block was constructed by
extracting tumor tissue from formalin fixed paraffin embed-
ded blocks of the cases using manual Quick-Ray needle. Of
the total 48 cases, paraffin blocks of only 37 patients were
available for constructing the tissuemicroarray and perform-
ing subsequent IHC. After initial review of H&E-stained
slides, the tumor areas were marked and tissues were
extracted from corresponding area on the paraffin block
using 5mm tip of Quick Ray needle. The extracted tissues
were then transferred to a recipient block. One or two cores
were extracted per case depending on the availability of
tumor tissue and each array block held 14 tumor tissue cores.
Four micron sections were cut from these tissue array blocks
and IHC with CK19 (Clone EP72, Pleasanton, California, USA)
and BRAFV600E (Clone VE1, Ventana Hoffmann La -Roche Ltd.,
Switzerland) antibodies was performed on fully automated
immunostainer (‘Ventana GX’ with ‘Ventana Benchmark GX,
Hoffmann La - Roche Ltd, Switzerland’). The IHC results for
these two antibodies performed on tissue microarray slides
were analyzed. In addition, results of CK19 IHC wherever
performed at time of initial diagnosis were also reviewed.

Follow-up details were noted where ever available. Infor-
mation regarding overall survival, persistence of disease, and
development of recurrence/metastasis if any was also noted.

Statistical Analysis
The nominal data was compared using ratios. Continuous
numerical data was studied using median. Percentages were
used for both nominal and ordinal data. Chi-squared test was
performed to find out the association between factors like
tumor size, focality, histopathological variant, infiltrative
margins, fibrosis, PTFI, LN metastasis, distant metastasis,
and BRAFV600E positivity. To determine odds ratio, univariate
andmultivariate logistic regression was done. Kaplan–Meier
survival analysiswas done to compare time to death between
various prognostically significant groups. Cox-regression
analysis (univariate and multivariate) was done to know
the association of survival time with covariates and to
calculate the hazard ratios for each variable. These were
done using Statistical Package for the Social Sciences (SPSS)
software version 29.

significantly reduced OS with presence of LN metastases (p-value¼0.050, log-rank
test). Cox-regression did not yield a significant hazard ratio for the various factors
studied.
Conclusion This study shows association of LN metastasis with intratumoral fibrosis,
PTFI and reduced OS. Intratumoral fibrosis was also associated with tumor size more
than 5mm, infiltrative borders and PTFI. Increasing tumor size and infiltrative borders
also showed an association. In addition, BRAFV600E positivity was found to be associated
with histologic pattern, PTFI and distant metastasis.
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Ethics
Ethics approval was obtained from the NIMS institutional
ethics committee (approval letter no.EC/NIMS/2809/2021,
dated 28.08.2021).Waiver of informed consent was obtained
due to the retrospective nature of the study. The procedures
followedwere in accordancewith the ethical standards of the
responsible committee on human experimentation (institu-
tional) and with the Helsinki declaration of 1964, as
reviewed in 2013.

Results

Of the total 1,088 thyroidectomy specimens received during
study period, 32.4% (353) had malignant tumors. Of
these, 58.6% (207) were PTCs and 14.4% (51) PMCs. Among
the PMCcases, three caseswere excluded as theyhad a history
of concurrent malignancy like follicular carcinoma, oncocytic
(Hurthle cell) carcinoma and mucoepidermoid carcinoma.

Demographic and Clinical Findings
The remaining 48 patients diagnosed with PMC included
29.2% (14) men and 70.8% (34) women (M:F¼1:2.4) aged
between 22 and 70 years (median, 46.5 years). Of these, only
22.9% (11) presented with palpable solitary nodule in
thyroid. In 43.7% (21) patients, tumors were incidentally
detected either at ultrasonography of neck (14.6%,7 cases) or
thyroidectomies for other causes (multinodular goiter—27%,
13 cases; Grave’s with compressive symptoms—2%, 1 case).
The remaining 33.3% (16) patients presentedwithmetastasis
in cervical LN (20.8%,10 cases) and distant sites (12.5%,6
cases). In the later cases, PMCs were detected in subsequent
thyroidectomies.

Surgical Management
The surgical management in these patients included hemi-
thyroidectomy in 29.2% (14), subtotal thyroidectomy in
20.8% (10), near total thyroidectomy in 6.25% (3), and total
thyroidectomy in 43.75% (21). Concurrent neck LN dissection
was done in 39.6% (19) of these patients. Three patients who
had initial hemithyroidectomy subsequently underwent
completion thyroidectomy.

Pathological Findings (►Fig. 1, ►Table 1)
Though majority were unifocal/solitary tumors, a significant
number were multifocal tumors (2–6 in number). Hence, a
total of 81 tumor fociwere detected in 48 patients. The size of
the tumors ranged from less than 1mm to 10mm with
median size of 5mm. Most of the tumors were right sided,
unencapsulated with near equal distribution of tumors
having circumscribed and infiltrative borders. On histology,
follicular variant was the most common type followed by
classical variant. Variation in architectural pattern between
different foci of multicentric tumors was noted in some
cases. Though none of our cases showed any evidence of
either lymphovascular invasion or ETE, PTFI by the tumor
was noted in 8.3% (4) cases.

LN metastases were detected in 62.5% (15/24) patients
with LN dissection. In 26% (4/15) of these patients, there was

discordance between architectural pattern of tumor in
thyroid and LN metastases. In these four cases, the tumor
showed follicular pattern in the thyroid, whereas the LN
metastases showed classic papillary pattern. There was
another case where the primary tumor in thyroid showed
predominant classic pattern with about 30% tall cell
area, whereas the LN metastasis had completely tall cell
pattern.

The common findings in adjacent thyroid included lym-
phocytic thyroiditis, Hashimoto’s thyroiditis, and adenoma-
tous goiter. Concurrent oncocytic (Hurthle cell) adenoma
was detected in 4.2% (2) cases. Details of selected gross and
microscopic findings of the cases are provided in ►Table 1.

Normal parathyroid glands were found in thyroidectomy
specimen in 20.8% (10) cases (14.6%, [7] cases showed one
and 6.25%, [3] cases showed two glands) and ectopic thymic
tissue in neck node dissection of 2% (1) cases.

The distant metastases noted in 12.5% (6) patients affect-
ed scalp, gluteal region, mandible, sternum, sacroiliac bone,
and mediastinum.

IHC Findings (►Fig. 2)
Of the 77% (37) cases included in tissue array block, IHC
findings of only 73% (35) cases could be evaluated due to
tissue loss in two cases. In addition, there were four cases in
which IHC results of CK19 performed at the time of original
diagnosis were available for review. Thus, final results of IHC
analysis are derived from 81.25% (39) cases for CK19 and 73%
(35) cases for BRAFV600E. CK 19 was positive in all (100%,
39/39) and BRAFV600E in 54.3% (19/35) cases tested.

Follow-Up
Follow-up details were available in 68.75% (33) cases and the
follow-up period ranged from 2 to 54 months (mean, 23.3
months). Five (10.4%) patients received radioactive iodine
therapy following surgery. During follow-up, 9% (3/33)
patients developed metastases to brain (3%, 1), lung (3%,
1), and LN (3%, 1) at 5months, 6months, and 39months after
initial surgery, respectively. During the follow-up period, 9%
(3/33) patients died at 2, 18, and 54 months after initial
surgery. One of the deceased was a patient who had brain
metastasis at follow-up and died at 18 months after initial
surgery.

Statistical Analysis
The chi-squared test showed significant association between
presence of fibrosis and tumor size more than or equal to
0.5 cm, infiltrative borders, PTFI and LN metastasis. Apart
from presence of fibrosis, tumor size more than or equal to
0.5 cm was found to be associated with infiltrative borders.
LN metastasis also showed association with PTFI. BRAFV600E

positivity showed significant association with histologic
pattern, PTFI and distant metastasis. (►Table 2)

The logistic regression analysis was done with those
clinicopathological parameters that were found to have
significant association on chi-squared test (shown in
►Supplementary Table S1). The odds ratio for tumor size
more than or equal to 0.5 cmwas significantly increasedwith
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presence of fibrosis and infiltrative borders (odds ratio
¼4.333 and 5.320; p-value¼ 0.045 and 0.010, respectively).
However, multivariate regression did not show statistically
significant association between these factors.

Presence of fibrosis had significantly increased odds ratio
(positive association) with infiltrative borders, presence of
LN metastasis and tumor size more than or equal to 0.5 cm
on univariate logistic regression. However, on multivariate
analysis only infiltrative borders showed significant associa-
tion with presence of fibrosis. PTFI did not show any signifi-
cant association on logistic regression.

Logistic regression of BRAFV600E versus other factors was
also not statistically significant, except with histological pat-
terns. The classic variant showed significant positive associa-
tionwith BRAFpositivity, as compared to the follicular variant,
on both univariate and multivariate regression (odds ratio¼
5.042 and 5.405, p-value¼ 0.037 and 0.050, respectively). In
addition, on multinomial logistic regression the follicular and
classic variants showed significantly increased odds ratiowith

BRAF positivity, as compared to the diffuse sclerosing variant
(as depicted in ►Supplementary Table S1).

Kaplan–Meier survival analysis revealed significantly re-
duced overall survival (OS)with the presence of LNmetastases
with a p-value of 0.050 (log-rank test) (►Supplementary

Fig. S1). However, the comparison between the other param-
eters was not statistically significant. The 5-year follow-up
period was not reached for LN metastasis; hence an estimate
of survival at 5-years is not possible. One-year and two-year
survival rates were 100 and 50% for cases with presence of LN
metastasis.

The univariate and multivariate Cox-regression analysis
did not yield a significant hazard ratio for the various factors
studied.

Discussion

PTC accounts for 70 to 90% of well-differentiated thyroid
malignancies and PMC comprises nearly 30% of all diagnosed

Fig. 1 Sections of papillary microcarcinoma of thyroid showing (A) unencapsulated tumor, (B) encapsulated tumor with focal capsular breach and
extracapsular extension (black arrow), and (C) very tiny focus of tumor comprising only a few follicles. All the three above tumors show follicular pattern of
growth (hematoxylin and eosin [H&E]; Ax20, Bx40, Cx100). (D) Papillary microcarcinoma with classical papillary pattern of growth (H&E; x200). (E) and (F)
Higher magnification to highlight the nuclear features of clearing, grooves, intranuclear inclusions, and overlapping (H&E; Dx400, Ex400).
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PTC.16 In the present study, majority of the thyroid malig-
nancies were PTC of which 19.76% were categorized as PMC.
The clinical significance of PMC is not clear. Though majority
of PMCs have an indolent course and excellent prognosis,
some are associated with recurrence and distant metastasis
with fatal outcome.9,17,18 This study was done with the goal
of identifying association of various clinicopathologic factors
including the BRAFV600E IHC with the risk of aggressive
disease in PMC. The various clinicopathological factors in-
cluding the rate of recurrence are comparable to other
studies as shown in ►Table 3.

Though the median age and gender distribution of the
cases in the present study were similar to other studies, the
median diameter of the tumor varied considerably.4,11,19

Multifocality was seen in 37.5% cases similar to Park et al
and John et al.11,19 Various studies have reported the inci-
dence of ETE ranging from 3.9 to 52.2%.4,11,19 The American
Joint Committee on Cancer (AJCC) 8th edition does not
consider microscopic ETE that is not grossly evident.20 PTFI
is no longer considered as ETE. As the definition of ETE has

changed recently, only 8.3% cases showed minimal ETE/PTFI
that cannot be classified as T3b tumors. Similar to other
studies LNmetastasis was noted in one-third of the cases.4,19

The rate of recurrence occurring in tumor bed, cervical LNs,
or at distant sites in the present study was slightly higher
than other studies (9 vs. 2.4-6%).4,11,19However the reported
range of recurrence rate in PMC is lower compared to
conventional PTC.1

The present study revealed association of LN metastasis
with fibrosis and PTFI similar to Neimeier et al.21 Unlike the
latter, there was no significant association of BRAFV600E

mutation with LN metastasis in this study. Similar observa-
tions were noted in few other studies as well.22,23 Studies
have shown contradictory results regarding the association
of LNmetastasis with tumor sizemore than 5mm.16,24,25 The
present study did not show any correlation. We also found
presence of LN metastasis to be associated with significantly
reduced OS on Kaplan–Meier analysis (►Supplementary

Fig. S1). The minimal ETE/PTFI was found to be associated
with presence of fibrosis, LN metastasis and BRAFV600E

positivity on chi-squared analysis. However, the odds ratio
was not statistically significant with any of the clinicopatho-
logic parameter. This highlights the importance of the change
made in AJCC 8th edition, wherein PTFI is no longer consid-
ered a criterion in T staging.

A meta-analysis has shown association of BRAFV600E mu-
tation with the histological subtype, ETE, and advanced

Table 1 Gross and microscopic features of PMC cases

Feature No of
cases

Focality Unifocal (1)
Multifocal (2–6)

30
18

Location Right lobe
Left lobe
Isthmus
Bilateral lobes
Isthmusþ right lobe

23
14
5
5
1

Capsule
(no. of foci¼81)

Encapsulated:
With capsular invasion
Without capsular invasion
Unencapsulated:
Circumscribed
Infiltrative

12
3/12
9/12
69
36/69
33/69

Histologic variant
(no. of foci¼81)

Follicular variant
Classic variant
Tall cell variant
Diffuse sclerosing variant

50
28
2
1

Adjacent thyroid Calcification
Psammoma bodies
Fibrosis/ sclerosis
Stromal hyaline
Lymphocytic thyroiditis
Hashimoto thyroiditis
Adenomatous goiter
Oncocytic (Hurthle cell)
adenoma

7
1
6/10
1
12
10
9
2

Lymph node
dissection
(n¼ 24)

Involved
Size of largest metastatic
deposit
Extranodal extension

15/24
15–60mm

3/24

TNM stage T1a
N1a
N1b
M1

48
1
14
6

Fig. 2 (A) Section shows multicentric papillary microcarcinoma
involving three distinct foci (black circles), two of which are very tiny
comprising of only few follicles (hematoxylin and eosin [H&E]; x40).
(B) Immunohistochemistry (IHC) with CK19 highlights all the foci of
papillary microcarcinoma (black circles) including the tiny ones. (C, D)
Higher magnification shows strong cytoplasmic staining in tumor cells
with CK19 (HRP-Polymer; Bx40, Cx400, Dx200). (E, F) Diffuse strong
cytoplasmic staining with BRAFV600E on IHC (Ex40; FX400).
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clinical stage suggesting a poor outcome in PMC similar to
PTC.26 The present study showed association of BRAFV600E

with histologic pattern, PTFI anddistantmetastasis (as shown
in ►Table 2 and ►Supplementary Table S1). Choi et al and
Fakhruddin et al did not find any statistically significant
association between BRAFV600E mutation and other clinico-
pathologic factors.22,23 On the contrary, Virk et al found
BRAFV600Emutation associatedwith LNmetastasis, infiltrative
borders, fibrosis, ETE, and classic nuclear features of papillary
carcinoma.27 Another study suggested that tumors greater
than 5mm and a subset of patients with BRAFV600E mutation
may develop highly aggressive PMCs. The authors also noted
increased frequency of recurrence with ETE, LN metastases,
and type of surgical procedure. Therewas neither any associa-

tionwith BRAFV600Emutation onmultivariate analysis nor any
change in outcome of BRAFV600E mutated patients on aggres-
sive treatment.28 Mercante et al found aggressive tumor
behavior in cases showing capsular invasion without ETE
and advised radical treatment in them.29

There was an association of increasing size with presence
of fibrosis and infiltrative borders in our study. A similar
observation was made by Miccoli et al.25 Presence of fibrosis
also showed significantly increased odd’s ratio with infiltra-
tive borders on univariate and multivariate logistic regres-
sion. Tumor-associated stromal reaction, like desmoplasia,
fibrosis, or sclerosis were more frequent in BRAFV600E -mu-
tated tumors, but stromal calcification and psammoma
bodies were not, according to Virk et al.27 Karkuzhali et al

Table 2 Association of clinicopathological factors with size, presence of fibrosis, LN metastasis, and BRAFV600E IHC status

Characteristic Size (cm) Fibrosis LN metastasis BRAF

<0.5 �0.5 p-Value Pre abs p-Value pre abs p-Value pos neg p-Value

n 19 29 16 32 15 33 19 16

Age� 45 y 9 20 0.135 11 18 0.404 10 19 0.551 12 10 0.968

Size � 0.5 cm – – – 13 16 0.037 11 18 0.217 12 12 0.452

Multifocality 7 11 0.939 5 13 0.527 8 10 0.127 8 6 0.782

Infilt borders 5 19 0.007 14 10 <0.001 9 15 0.350 11 7 0.404

Fibrosis 3 13 0.037 – – – 9 7 0.009 8 6 0.782

PTFI 1 3 0.533 4 0 0.002 4 0 0.001 4 0 0.021

LN mets 4 11 0.217 9 6 0.009 – – – 8 4 0.288

Distant mets 2 4 0.738 1 5 0.355 2 4 0.907 1 5 0.037

Death 1 2 0.822 1 2 0.909 2 1 0.133 1 1 0.900

BRAF positive 7 12 0.452 8 11 0.782 8 11 0.288 – – –

Pattern:
Follicular
Classic
Tall cell
Diff scl

12
7
0
0

13
13
2
1

0.269
8
6
1
1

17
14
1
0

0.465
10
4
1
0

15
16
1
1

0.364
6
11
2
0

11
4
0
1

0.032

Abbreviations: pos, positive; neg, negative; pre, present; abs, absent; IHC, immunohistochemistry; LN, lymph node; mets, metastasis; Infilt,
infiltrative; PTFI, perithyroidal fat invasion; scl, sclerosing.

Table 3 Comparison of the various clinicopathological parameters with other studies

Current study Park et al19 Shi et al4 John et al11

Male: Female 14:34 (1:2.4) 42: 237 (1:5.6) 21:230 (1:10.9) 18:59 (1:3)

Median age, years 46.5� 15 46.5� 11.6 42.9�10.1b 44.54� 10.5b

Median diameter, cm 0.5�0.6 0.81� 0.67 0.11�0.07b 0.41b

Multifocality (%) 18/48 (37.5) 50/122 (41.0) 12/251 (4.8) 34/77 (43.4)

Extrathyroidal invasion (%) 4/48(8.3)a 145/278 (52.2) 25/251 (10) 3/77 (3.9)

LN metastasis (%) 15/48 (31.3) 97/278 (34.9) 84/251 (33.5) 11/77 (14.2)

Thyroiditis (%) 22/48 (45.8) 10/87 (11.5) 40/251 (15.9)c 8/77 (10.4)

Recurrent or persistent (%) 3/33 (9)d 6/98 (6.1) 6/251 (2.4) 2/77 (2.6)

Mean follow-up duration, months 23.3� 17.85 53.4 45.4�3.5 20

Abbreviations: IQR, interquartile range; LN, lymph node; SD, standard deviation.
Median values are accompanied by the IQR and means by the SD.
a, Perithyroidal fat invasion; bthese are mean values; c, includes only Hashimoto’s thyroiditis; d follow-up details were available in 33 cases only.
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also found increased stromal changes like calcification with
increasing tumor size.15

Certain histomorphologic patterns like tall cell variant of
PMC have been found to be associated with poor prognosis.8

However, none showed statistically significant outcome on
survival analysis in this study.

We found that CK19 is a highly sensitive marker for PTC
including PMC and can help detect even minute tumor foci
that can be easily overlooked on routine H&E sections.

The limitations of current study include relatively small
number of cases studied, lack of molecular analysis for
BRAFV600Emutation, and short follow-up time. Larger studies
with longer follow-up period and adjunct molecular testing
would be helpful.

Conclusion

Despite these limitations, significant conclusions that can be
drawn from present study are association of LN metastasis
with intratumoral fibrosis, PTFI and reduced OS. Intratu-
moral fibrosis was also associatedwith tumor sizemore than
5mm, infiltrative borders, and PTFI. Increasing tumor size
and infiltrative borders also showed an association. In addi-
tion, BRAFV600E positivity was found to be associated with
histologic pattern, PTFI and distant metastasis.
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Case Description

A 1-year-old boy presented with complaints of regression of
milestones and tremulousness of neck for a duration of
3 months. He was born out of nonconsanguineous marriage
at term with an uneventful perinatal period. The neuro-
development was normal (sitting without support, speaking
bisyllables and having stranger anxiety) till 8 months of age.
After this age, he gradually lost milestones and now he was
unable to speak any words or sit even with support. As per
parents, the child was excessively irritable and slept for very
short durations. On examination, vitals were stable, no
significant pallor, icterus, neurocutaneous markers, appar-
ent congenital malformation, abnormal odor, or organome-
galy were noted. There were opsoclonus movements of eyes
in all directions of gaze; these movements also persisted
during sleep. The truncal instability was there along with
intermittent jerky movements of neck and limbs. No cranial
nerve palsy, tone abnormality or focal neurological deficit

was noted (►Video 1). Rest of the systemic examination was
normal.

Video 1

Video of the child showing opsoclonus movement of
eyes in all direction with tremulousness of head.
Online content including video sequences viewable at:
https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0043-1761264.

In view of the clinical picture, the possibility of opsoclo-
nus-myoclonus-ataxia syndrome (OMAS) was considered.
The electroencephalography revealed no evidence of seizure
activity. Magnetic resonance imaging of brain was grossly
normal. Chest X-ray and ultrasound abdomen showed no
mass. Cerebrospinal fluid analysis revealed acellular fluid
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Abstract Opsoclonus is defined as hyperkinetic, omnidirectional, spontaneous, and involuntary
chaotic eye movements. Opsoclonus-myoclonus-ataxia syndrome is addressed by
many names including “dancing eyes-dancing feet syndrome,” “Kinsbourne syn-
drome,” and “infantile polymyoclonia.” The early accounts of the clinical syndrome
date back to 1962 when Marcel Kinsbourne described six cases of this phenotype.
However, it was not until 1968 the association with occult neuroblastoma was first
reported. We report the video of a 1-year-old boy who presented with this syndrome for
a duration of 3 months. He was diagnosed to have an abdominal neuroblastoma and
was treated with resection of the tumor and administration of intramuscular adreno-
corticotropic hormone. He showed complete resolution of symptoms. The syndrome is
difficult to recognize andmight be confused with seizures, tremors, or chorea; hence, it
is important that residents learnt to recognize this syndrome and look for an underlying
tumor actively.
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with sugar and protein of 70 and 20mg/dL, respectively.
Contrast-enhanced computed tomography (CECT) of abdo-
men revealed a large heterogeneously enhancing lesion
measuring 2.5�3.1�4.5 cm in the retroperitoneum involv-
ing organ of Zuckerkandl (►Fig. 1A and B). This was followed
by a fluorine 18 fluorodeoxyglucose single-photon emission
computerized tomography that showed increased tracer
uptake (maximum standardized uptake value: 6.9, 4.6�2.6
�4.8 cm) in the retroperitoneal soft tissue mass implicating
somatostatin receptor expressing retroperitoneal soft tissue
mass. Due to financial constraints, urine catecholamine
metabolites were not assessed.

The patient was referred to higher center for further
management. The mass was surgically excised. The histopa-
thology of excised mass was suggestive of ganglioneuroblas-
toma, intermixed subtype. Child was started on pulsed
dexamethasone (20mg/m2/day in two divided doses for 3
consecutive days every month), intramuscular adrenocortico-
tropic hormone (ACTH), and monthly intravenous immuno-
globulin (IVIG) (1–2g/kg every 4 weeks for 12 months). IV
cyclophosphamide (25mg/kg) was given at 4 weekly intervals
for three doses. In view of partial response at 3 months,
therapy was escalated to rituximab (375mg/m2/dose once a
week for 4 doses). Child is currently asymptomatic and has
regained regressed milestones. At 18 months follow-up, child
has neither experienced recurrence of symptoms nor shown
any evidence of tumor on repeat imaging.

Discussion

The early accounts of clinical syndrome of OMAS date back to
1962 when Marcel Kinsbourne described six cases of this
phenotype. However, it was not until 1968 the association
with occult neuroblastoma was first reported. Studies in
India have demonstrated that this entity contributes to 7%

children presenting with movement disorders.1,2 The syn-
drome might be confused with seizures, tremors, or chorea.
In most of the cases, the etiology is paraneoplastic. However,
parainfectious etiology has also been seen. Around 50% of
pediatric cases of OMAS are accounted for by an underlying
neuroblastoma, whereas only 2 to 3% of neuroblastomas
present with this paraneoplastic syndrome.3,4 The patho-
physiology of this disorder remains an enigma. There have
been speculations about damage to omnipause cells in the
nucleus raphe interpositus of pons and disinhibition of
fastigial nucleus in cerebellum.5 The diagnosis is primarily
clinical, but the search for the underlying cause needs to be
extensive and thorough with CECT chest, abdomen, and
pelvis actively looking for a tumor. Neuroblastoma is the
most common underlying tumor (73%) that is followed by
ganglioneuroblastoma (22%) and ganglioneuroma (4%) in
that order.6 The management strategy is two pronged:
management of underlying tumor and immunotherapy for
OMAS. The tumor is treated with resection and/or chemo-
therapy depending upon risk stratification. As for the para-
neoplastic manifestation, either an aggressive upfront
approach or gradual escalation approach may be followed.
All regimens involve the use of steroids (prednisolone, ACTH,
or dexamethasone pulses), IVIG, cyclophosphamide, and
rituximab. Resistant cases might require plasmapheresis.7

OMAS-associated neuroblastic tumors have shown favorable
outcomes when compared with those without OMAS.3 It has
been seen that with an increase in the pre-treatment dura-
tion, the prognosis worsens and the risk of long-term neu-
rological sequelae increases.4 Thus, early diagnosis and
management are important to improve prognosis. Also, it
is noteworthy that patients in OMAS in whom no tumor is
localized after adequate investigation, the search for tumor
must be repeated at 6months as small sized tumorsmight be
missed in the initial screening.

Fig. 1 (A) Axial and (B) sagittal image of contrast-enhanced computed tomogram of abdomen showing well-defined heterogeneously
enhancing mass lesion (black arrows) in the retroperitoneum, in the midline and on the right side, extending cranially from the level of aortic
bifurcation and caudally into the rectovesical pouch in the pelvis till S2-S3 vertebral level displacing the right iliac vessels anterolaterally.
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Introduction

Gliomas are the most frequent neoplasms of the central
nervous system (CNS) originating from glial cells in older
adults (mean age of 65 years). They are diffusely infiltrative
tumors that affect the surrounding brain tissue. Glioblastoma
multiforme is the most malignant type of glioma, while
pilocytic astrocytoma is the least. Based on the histopatholog-
ical analysis, gliomas are graded into four types (I–IV). Thefirst
type, Grade I glioma, is easily curable as it is usually benign.
The second type, Grade II glioma, also called lower grade
glioma (LGG), is often encountered in young adults. LGG is

characterized by seizures and lesions in the temporal, frontal,
or insular lobes.Most glioma cases detected belong toGrade III
or Grade IV. In the United States, there are six cases of gliomas
diagnosedper 100,000people every year.1 In India, 1 to 4 brain
tumors per 100,000 cases occur. Glioblastoma multiforme
(GBM) accounts for 18% of all primary brain tumors and
45.9%ofallgliomatumors (data fromPopulation-basedCancer
Registry,GCRI). Thus, overall, theepidemiological dataonGBM
tumors indicates that the incidence of this malignancy is
increasing in India.2Genetic factors, alongwith environmental
influence, are known to cause gliomas. LGG in a young adult
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Abstract Gliomas are the most commonly seen cancers of the central nervous system with a
variable genetic predisposition. Here, we report a homozygous missense variant in the
KDR gene in a patient with recurrent glioma. The 35-year-old male patient was
diagnosed with stage IV glioma with a recurrence after 10 years from a low-grade
stage two glioma. The patient underwent a repeat right craniotomy and ventriculo-
peritoneal shunt placement. Biopsy of the lesion showed areas of necrosis with
microvascular proliferation and multinucleated tumor cells. An in-depth analysis of
NGS data comprising amultigene panel of 351 genes (Agilent Cancer Core Panel) found
a homozygous missense variant in exon 25 of the KDR gene that resulted in a
substitution of an amino acid glutamine for arginine at codon 1118. The KDR gene
or VEGF2 receptor is a type III receptor tyrosine kinase of the VEGF gene involved in
angiogenesis. We hypothesize that the variation in the KDR gene may have a role in the
patient’s transition from grade II to grade IV glioma. While the clinical relevance of this
mutation is not clear, screening mutations in the protein tyrosine and serine/threonine
kinase domain of the KDR will provide critical insights into the development and
progression of glioma in the pediatric and adult populations.

DOI https://doi.org/
10.1055/s-0043-1762919.
ISSN 0971-5851.

© 2023. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

Case Report with Review of Literature
THIEME

356

https://orcid.org/0000-0001-6100-1435
mailto:kalyan@khdreamlife.com
https://doi.org/10.1055/s-0043-1762919
https://doi.org/10.1055/s-0043-1762919


may be more genetic in etiology. As more genetic studies are
being done, several new genetic biomarkers are found to be
associatedwith specific cancers.We report a case of recurrent
gliomas, with increasing severity, in a young individual found
to have a germline mutation in the KDR gene.

Case Report

A 35-year-old manwith recurrent gliomawas diagnosed with
LGG in 2013, for which he underwent right-sided craniotomy
and radiation therapy. This time he came in with
aggressive secondary GBM, likely originating from the previ-
ous LGG. The patient presentedwith symptoms of generalized
seizures and ECOG (Eastern Cooperative Oncology Group)
performance status of level 3. Magnetic resonance imaging
(MRI) brain showed right frontal craniotomy changes, includ-
ing meningocele, along with new lesions in the right frontal
lobe. The patient underwent a repeat right craniotomy and
ventriculoperitoneal shunt placement. Biopsy of the lesion
showed areas of necrosiswithmicrovascular proliferation and
multinucleated tumor cells. The patient was diagnosed as IDH
mutated, ATRXmutated, GBMWHO grade IV. The patient was
started on antiepileptics. He was also started on the chemo-
therapy agent Lomustine.

The attending physician sought tumor profiling and multi-
gene panel testing to aid in drug decision-making of Foods and
Drug Administration (FDA)-approved therapeutic molecules
for approved biomarkers because the genetic factor was
assumed to be linked to carcinogenesis. They investigated
the correlation between non-routinely assessed oncogenes
from a panel of 351 genes (Agilent Cancer Core Panel;
►Supplementary Table S1, available online only>) and clini-
cal, morphological, and molecular features to isolate gene

variants, which might hold a diagnostic or prognostic signifi-
cance and potential relevance for treatment. The DNA was
extracted from FFPE blocks using the MN NucleoSpin DNA
FFPE XS kit, followed by NGS Library preparation using Sure-
Select XTHS2DNA system, a hybrid capture-based technology
that includes 351 genes and subjected to paired-end sequenc-
ing on IlluminaNovoseq 6000platform.A total of 9.5GBof raw
datawere generated, followed by the quality screening of raw
FASTQ files, adapter trimming, mapping of raw data to the
hg38 reference genome and generation of Sam/Bam files. VCF
filewasgeneratedusing theGATK4.2.2 pipeline. Annotationof
VCF file was using Ensembl VEP and Oncotator.

Results of GenePanel test:Variant analysis in the targeted
genes found a homozygous missense variant in exon 25 of the
KDR gene (chr4:55089425C> T; NM_002253.4) (►Fig. 1). The
single nucleotide substitution of C> T results in an amino acid
substitution of glutamine for arginine at codon 1118 (c.3353G
>A; p.Arg1118Gln) (►Fig. 2). The observed KDR gene variant
lies in the protein tyrosine and serine/threonine kinase do-
main of the KDR protein. Though there are no proven clinical
studies yet, and in silico analysis of the KDR gene variant p.
Arg1118Glnwas found to be probably damaging by PolyPhen-
2 (HumVar and HumDiv) and deleterious by SIFT.

Discussion

The KDR gene encodes a kinase insert domain receptor, also
known as VEGFR2,3which is a type III receptor tyrosinekinase
of theVEGF gene involved in angiogenesis.4Angiogenesis plays
an essential role in the transition fromearly stages of cancer to
metastasis or stage IV. Strategies or medications that block
VEGF-KDR signaling successfully inhibit experimental tumor
growth, as this is the foremost signaling step required for the

Fig. 1 KDR Gene Variant in IGV.

Indian Journal of Medical and Paediatric Oncology Vol. 44 No. 3/2023 © 2023. The Author(s).

KDR Mutation in Glioma Patient Uppaluri et al. 357



proliferating tumor endothelium.5 It is well known that many
FDA-approved drugs targeting the KDR gene (including apati-
nib, cabozantinib,pazopanib, andsorafenib)havebeenapplied
to treat renal, gastric, colorectal, and other cancers.6–9 A
clinical trial in a Chinese cohort is going on to treat recurrent
glioblastoma with apatinib.10

Association of KDR geneMutations in Glioma

Mutations in the KDR gene have been reported in different
cancer types, predominantly in melanoma and non-melano-
matic skin cancers (►Supplementary Fig. S1, available online
only). The p.Arg1118Gln variant in heterozygous conditions
has previously been reported in glioblastoma, rectal adeno-
carcinoma, uterine endometrioid cancer, and colon adenocar-
cinoma (Resource: cBioportal).11,12 Two different mutations
affecting the codon 1118 (p.Arg1118Ter and p.Arg1118Leu)
have previously been reported in patients with glioblastoma
multiforme, sarcoma, uterine endometrioid carcinoma, lung,
and colon adenocarcinoma (The AACR Project GENIE Consor-
tium, 2017).13KDRp.Arg1118Ter variant is present in 0.02%of
AACR GENIE cases and comprised colon adenocarcinoma,
endometrial endometrioid adenocarcinoma, lung adenocarci-
noma, and sarcoma and astrocytoma.14–16

The limitation of this case report is that the targeted
therapy associated with the KDR gene in gliomas is under
clinical trials only. Though the detected variant was with a
very high variant allele fraction, Sanger validation in paired
tumor-normal specimensmay strengthen the authenticity of
zygosity. Hence, the present information helps facilitate
further exploration of functional analyses of KDR mutations
in gliomas.

Conclusion

This is the first report of the KDR gene variant in a homozygous
state reported in a patient diagnosed with glioma. Screening

mutations in protein tyrosine and serine/threonine kinase
domain of the KDR will provide critical insights into the
development and progression of glioma in the pediatric and
adultpopulations.Screening forgermlinemutations inpediatric
cases, it is strongly recommended to conduct additional testing
with paired tumour-normal specimens. BecauseGBM, themost
aggressive type of glioma, is a vascular tumor, the KDR gene
associated with VEGF is probably implicated in tumor growth.
Therefore, inyoungGBMpatientswithgermlineKDRmutations,
it might be prudent to give a trial of anti-vascular drugs along
with the conventional treatment regimen.
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neuroophthalmic symptoms Introduction

Childhood malignancies may present with nonspecific and
overlapping clinical features, making it difficult to differen-
tiate them from each other clinically. They often puzzle
clinicians and pose interesting diagnostic challenges.1–7

We describe two unique neuroophthalmological presenta-
tions of common childhood malignancies in this report.

Case 1

A 6-year-old boy presented with a 2-week history of head-
ache and painless, progressive binocular vision loss. There
was a preceding history of intermittent fever for 2 months,
nocturnal bone pains, and recent-onset anemia, requiring a
transfusion. He had severe bilateral visual impairment at
presentation,with only the perception of light present. There
was no obvious proptosis or raccoon eye. Fundoscopy
revealed bilateral blurring of disk margins without optic

atrophy. Severe pallor, generalized bony tenderness, and
hepatomegaly were present on examination. Sutural dia-
stasis was noted at sagittal and coronal sutures. The constel-
lation of clinical presentation and the examination findings
raised suspicion of acute leukemia or metastatic
neuroblastoma.

Skull radiograph revealed remarkable sutural diastasis
(►Fig. 1A). A contrast-enhanced magnetic resonance imag-
ing (CE-MRI) of the brain and orbit unveiled multiple intra-
cranial, extradural collections over bilateral frontoparietal
and occipital areas (►Fig. 1B). Soft-tissue depositions over
the orbital apices causing bilateral optic nerve compression
were also evident, explaining thebinocular blindness. A bone
marrow (BM) aspiration and bilateral trephine demonstrat-
ed clusters of small, round, blue tumor cells (►Fig. 1C), with
immunohistochemistry indicating a positivity for neuron-
specific enolase, CD 56, and CD 81 (►Fig. 1D), confirming the
presence of metastatic neuroblastoma in the BM. Computed
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Abstract Common pediatric malignancies often surprise clinicians with unusual presentations.
In this narrative, we report two patients with common childhood cancer having unique
neuroophthalmic characteristics. In the first case, we have a child with a common
childhood solid tumor presenting with blindness without proptosis, while the second
case is of a child with a common hematological malignancy presenting with unilateral
proptosis without visual impairment. The report highlights that common childhood
cancers may present with neuroophthalmic symptoms on rare occasions, creating a
diagnostic conundrum.
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tomography and a DOTATATE positron emission tomography
scan were done for staging, showing a left suprarenal mass
(size: 15�12mm), with extensive metastasis to bones, BM,
and cranial meninges over fronto–parieto–occipital regions.
Treatment for high-risk neuroblastoma was initiated with
the rapid COJEC protocol.8,9 There was an improvement in
the systemic symptoms. However, the vision loss did not
recover. A reassessment was performed after eight cycles of
induction chemotherapy, demonstrating extensive BM dis-
ease. After a detailed discussionwith the family, a decision to
proceed with palliative care was taken.

Case 2

A 3-year-old boy presented with proptosis involving the left
eye for 1monthwithout pain, visual impairment, or systemic
symptoms. Physical examination was unremarkable, except
for nonaxial proptosis with esotropia and periocular fullness
in the left eye (►Fig. 2A). A CE-MRI of the brain and orbit was
performed and demonstrated a homogeneously enhancing
soft tissue mass involving the basisphenoid with extension

into the left orbit (►Fig. 2B). Dura-based, multifocal, nodular,
enhancing soft-tissue deposits along the left frontoparietal
convexity were also apparent. Clinicoradiological possibili-
ties of metastatic neuroblastoma and parameningeal
rhabdomyosarcoma were considered. Abdominal ultraso-
nography and chest radiograph were normal. The tumor
was at a difficult site to access for a biopsy. While a complete
blood count was normal at the baseline, a repeat evaluation
after 7 days revealed evolving cytopenias with a hemoglobin
of 95 g/L, total leukocyte count of 4.17�109 /L, differential
leukocyte count of polymorphs: 23%, lymphocytes: 60%,
monocytes: 16%, and a platelet count of 165�109 /L. Subse-
quent BM aspiration revealed findings consistent with acute
leukemia (►Fig. 2C). Flowcytometry confirmed the presence
of T cell acute lymphoblastic leukemia (ALL). Cerebrospinal
fluid was paucicellular (three cells/µL), and cytospin did not
detect leukemic infiltration. However, the child was consid-
ered “central nervous system (CNS)-positive” due to the MRI
findings suggestive of leptomeningeal carcinomatosis. In-
duction chemotherapy was initiated for high-risk T cell
ALL as per the Indian Childhood Collaborative Leukaemia

Fig. 1 (A) Antero-posterior view of the skull radiograph showing remarkable sutural diastasis (white arrow), (B) axial section of T1-weighted MRI
of the brain illustrating extradural soft tissue deposits along bilateral parieto-occipital regions (white dotted arrows), (C) bone marrow aspirate
smear showing infiltration by blastoid atypical cells, and (D) immunohistochemistry demonstrating positivity for neuronspecific enolase
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Group protocol.10 The proptosis resolved 2 weeks into treat-
ment. Reassessment by BM, MRI brain, and 18-fluorodeox-
yglucose-positron emission tomography confirmed
remission at the end of consolidation. The child will subse-
quently receive CNS radiotherapy as a part of the treatment
protocol.

Discussion

Childhood cancers can have protean presentations. Extracra-
nial malignancies may infiltrate the brain or the orbit and
may be the initial manifestation of the disease.11–16 The
unique presenting features of the cases in the current report
are binocular painless visual loss in the absence of proptosis
or raccoon’s eye in a child with metastatic neuroblastoma,
unilateral proptosis being the solemanifestation of T cell ALL
in a young boy.

While malignancy was correctly suspected in both cases,
the initial possibilities that were considered were different
from the final diagnosis. Tissue diagnosis was rendered
difficult due to the CNS location of the mass lesions, with
BM aspiration and trephine clinching the diagnosis.

Orbital involvement is frequent in patients with meta-
static neuroblastoma; raccoon’s eye and proptosis are well-

recognized manifestations. However, a presentation with
visual loss without proptosis, as seen in case 2, is a
rarity. ►Table 1 summarizes the limited reports of orbital
metastasis of neuroblastoma presenting with blindness
without proptosis.11–13,17,18 Treatmentmodalities to salvage
vision have included steroids, decompressive surgery, and
initiation of chemotherapy to treat the primary disease. The
vision remained compromised in the majority of the
reported cases, and the role of either steroids or surgery in
salvaging the vision is not clear. Orbital metastasis of neuro-
blastoma confers a poor outcome, partially explained by a
higher association with MYCN amplification.19–21

Proptosis due to orbital involvement by ALL is not consid-
ered a CNS-positive disease. A summary of selected reports of
childhood ALL with proptosis is presented in ►Table 2.22–26

Notably, three of six cases, including the current one, had
associated intracranial or optic nerve involvement, translating
to CNS positivity. Proptosis may be the presenting manifesta-
tionofprecursorB- or T-lineageALL affecting infants, children,
or adolescents. Orbital infiltration ismore frequently unilater-
al, with bilateral involvement being quite uncommon. Visual
impairment has been reported infrequently with proptosis.
The oncological outcomeof these patients does not differ from
the patients who do not have orbital involvement.22–26

Fig. 2 (A) Proptosis of the left eye, (B) sagittal section of T1-weighted CE-MRI of brain illustrating enhancing sheet of soft tissue at the
basisphenoid with extension to the orbit (black arrow), (C) bone marrow aspirate smear showing blasts (May–Grunwald–Giemsa stain; 1,000x),
(D) the blast cells were MPO negative (myeloperoxidase stain; 1,000x). CE-MRI, contrast-enhanced magnetic resonance imaging.
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Conclusion

Common childhoodmalignancies maymanifest with myriad
neuroophthalmic manifestations, and a high index of suspi-
cion is required to reach the correct diagnosis.
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Introduction

Radiation recall is an ill-defined inflammatory phenomenon
characterized by reactions triggered by exposure to a certain
agent in the previously irradiated region.1 It is triggered by
post-radiation exposure to certain offending agents includ-
ing antineoplastic and other pharmacological agents, physi-
cal and environmental factors.1–3 Radiation recall dermatitis
(RRD) is the most common manifestation of radiation recall
phenomenon.3 The first documented evidence of RRD was

reported long back in 1959 by D’Angio et al.4 Presently more
than hundred cases have been reported in the form of either
isolated case reports or small case series. The estimated
incidence of RRD is around 6 to 8%.1–3

Wereport a case of RRD in breast cancer patient triggered by
trastuzumab alongwith a reviewof literature of similar cases. A
literature reviewwas done for all published case reports or case
series in English language on RRD with trastuzumab using the
keywords “radiation recall dermatitis,” “trastuzumab,” and
“radiation recall phenomenon.”

Keywords

► radiation recall
dermatitis

► trastuzumab
► radiation recall

phenomenon

Abstract Radiation recall dermatitis (RRD) is an extremely rare phenomenon. A variety of factors
such as antineoplastic agents, pharmaceutical agents, physical and environmental
factors have been proposed to be the underlying cause of RRD. Only a handful cases
have been reported till date, where trastuzumab is sought to be the triggering agent.
The presentation of RRD varies from mild erythematous to extensive confluent
dermatitis, resolving over a period of 1 to 2 weeks with conservative management.
Most of the patients tend to tolerate rechallenge well without showing reappearance.
We hereby describe a lady with breast cancer having RRD following administration of
trastuzumab. She developed reaction 28 days post-radiotherapy and managed conser-
vatively. Furthermore, she was rechallenged with the same dose, that she tolerated
very well, without any reappearance. Hence, an acquaintance of the clinicians to this
rare entity is essential for timely diagnosis and appropriate management.
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Case Report

A 59-year-old postmenopausal hypertensive lady without
any significant family history or any history of allergy
evaluated for a 5�4 cm lump in the left breast and a 1�1
mobile axillary lymph node in June 2021. Histopathology
confirmed it as invasive breast carcinoma, no special type,
grade 3, hormone receptor positive (estrogen receptor:
Allred score—8, progesterone receptor: Allred score— 7)
and Her 2 Neu positive on immuno-histochemistry. Staging
18F-fluorodeoxyglucose positron emission tomography/
computed tomography scan depicted a soft tissue lesion of
49�42mm in upper inner quadrant with a small satellite
nodule in lower outer quadrant along with axillary lymph
nodes without any distant metastases. She received three
cycles of multiagent neoadjuvant chemotherapy consisting
TCH regimen (docetaxel 75mg/m2, carboplatin area under
the curve 6, and trastuzumab loading dose of 6mg/kg
followed by 4mg/kg) that led to partial clinicoradiological
partial response. She underwent modified radical mastecto-
my 4 weeks after completion of chemotherapy. The final
histopathology report revealed a unifocal tumor of maxi-
mum size of 2 cmwith 1 out of 38 dissected lymph nodeswas
positive without extranodal extension (stage- ypT1c ypN1a).
Later, she received adjuvant chemotherapy with three more
cycles of TCH. Further, she was started on three weekly
maintenance trastuzumab along with anastrozole.

Four weeks post-adjuvant TCHand oneweek after seventh
cycle of trastuzumab, she received locoregional radiotherapy
(LRRT) targeting left chest wall (CW) and left supraclavicle
fossa (SCF). LRRTwas delivered using 6MV photons to a total
dose of 40 Gy in 15 fractions over a period of 3 weeks via
bitangential portals for CW and a single anterior portal for
SCF radiation. The entire treatment was performed by deep
inspiratory breath hold technique and a 5mm thick bolus
was placed throughout the course of radiation over the CW
for adequate coverage of the skin. Maximum dose (Dmax) to
the planning target volume (PTV) was 107.2% and volume
receiving 105% (V105%) was 11.6 cc; all the other dosimetric
parameters for PTV and organs at risk were within the
predefined limits.5 She tolerated LRRT well and at the end
of LRRT, she had radiation therapy oncology group (RTOG)
grade 1 dermatitis and grade 1 esophagitis at the completion
of radiation that were well managed with topical steroid

creams and anesthetic antacid gel. In the last week of LRRT,
she received her eighth cycle of trastuzumab without any
undue toxicity. After 1 week of completion of LRRT, she
presented with focal moist desquamation along the scar
over the CW (►Fig. 1A) for which she was prescribed
placental extract gel. Two weeks later, ninth cycle of trastu-
zumab was given (14 days post-LRRT).

In the subsequent week, she had progressiveworsening of
dermatitis and after 2 weeks (28 days post-LRRT), she landed
upwith worsening RTOG grade 3 dermatitis. Intense derma-
titis in the form of ulceration, small areas of hemorrhage,was
noted over the entire CW (►Fig. 1B). However, the reaction
was restricted within the LRRT portals and no reaction was
observed outside the irradiated region, leading to the diag-
nosis of RRD. Shewasmanagedwith topical 1% gentian violet
(GV) application along with analgesics. There were no signs
or evidence or any superadded infection. Surprisingly, no
reaction was observed over the site of SCF irradiation. High-
resolution computed tomography chest ruled out underlying
recall pneumonitis. Gradually over a period of 3 weeks (42
days post-LRRT), the reaction showed significant improve-
ment with near complete resolution with a persistent small
area of moist desquamation along the scar that healed
completely in next 2 weeks (►Fig. 1C). After 40 days from
ninth cycle (54 days post-LRRT), she was rechallenged with
the same dose of trastuzumab, without any reappearance of
recall reaction.

Discussion

RRD is a well-known entity but largely under-reported.1

Most of the reported cases are with chemotherapy
agents,2,6,7 followed by some non-neoplastic agents,8,9 phys-
ical agents,3,10 and other pharmaceutics.11,12 However, only
a few case reports highlight this reaction following targeted
therapies13 including trastuzumab.13–19 The overexpression
of the HER2 is observed in 20 to 30% of primary breast
cancers20 and trastuzumab is a recombinant humanized
immunoglobulin G1 monoclonal antibody against HER2,
indicated for the management of both primary breast cancer
and metastatic disease.20 The most serious and/or common
adverse reactions reported with trastuzumab usage are
cardiac dysfunction, infusion-related reactions, neutropenia,
and pulmonary adverse reactions.20 Although dermatitis

Fig. 1 (A) Area of moist desquamation, 7 days post-LRRT. (B) Radiation recall dermatitis (RRD), 14 days post-trastuzumab, 28 days post-LRRT.
Reaction was well demarcating radiation chest wall portals. (C) Near complete resolution of RRD with small persistent area of moist
desquamation along the scar, 42 days post-LRRT. LRRT, locoregional radiotherapy.
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with severity ranging from mild-to-moderate has been
reported with the use trastuzumab,20,21 radiation recall is
extremely rare and all documented cases have developed
reaction to the irradiated skin (RRD),13–19 with only a single
reported case of radiation recall pneumonitis17 till date.

All cases depicting RRD triggered by trastuzumab13–19 are
summarized in ►Table 1. Average duration between radio-
therapy (RT) and occurrence of RRD was noted to be 135 days
(range: 29–283 days). The triggering cycle of trastuzumab for
development of RRD and the cumulative doses at the occur-
renceofRRDarehighlyvariable in the literature.Moreover, the
development of RRD does not seem to be related to RT
tolerance as most of the patients developed RRD despite a
good tolerance. The RT dose fractionation and target volumes
also do not seem to have any corelation with the incidence or
intensity of RRD, as majority of these cases are reported with
hypofractionatedLRRT.However, Alsabbaket al haveobserved
the reaction all over the treated region of breast but with an
increased intensity over the area of RT boost region.14

Anupama et al have reported an identical incidence of RRD
to the present case.19 In her case, the reaction was occurred
28 days post-LRRT and it was limited to CW region only. We
havenoticed the reactiononly in the irradiatedCWandSCFdid
not showany recall reaction. Such incidences of discriminated
RRD have also been reported previously22 However, exact
pathophysiology of these type of reactions is not yet been
described in the literature.1 Various postulated hypotheses
include depletion or changes in performance of irradiated
stem cells,1,23 idiosyncratic reaction to triggering agents,2

vascular endothelial damage,2 altered immunological
responses, and upregulation of specific enzymes that activate
prodrug locally in previously irradiated region.2,24 It has also
been postulated that cumulative DNA damage along with
oxidativestressmayplaya role inRRD.2Also,histopathological
confirmation is not required unless clinical scenario leads to a
high suspicion of recurrence.23 Histological features show
changes identical to radiation dermatitis consisting epidermal
dysplasia, necrosis of keratinocytes, ballooning degeneration,
increased mitotic figures, and inflammatory infiltrates.23

Most reported incidences of RRD are of mild-to-moderate
grade and rarely lead to life-threatening reactions.2,6 Also, in
our review of literature, all cases of RRD triggered by
trastuzumab were of mild-to-moderate intensity and well
managedwith oral antihistamines, local steroid, or antibiotic
cream. No standard set of guidelines exist for the manage-
ment of these reactions.2,6 However, discontinuation of
triggering agent or delaying further exposure proposed to
be the most important measure.2,6,25 Decision for the symp-
tomatic management with topical moisturizers, steroidal
creams, and other anti-inflammatory agents should be indi-
vidualized on the bases of severity of reaction.2,6,25 In the
present case, alongside analgesics, we have used topical 1%
GV. Antifungal and antiseptic properties of topical GV have
been used to manage radiation dermatitis and burnt cases
traditionally.26 Most of these cases have shown a near
complete resolution within 2 to 7 days, but an intermittent
pain may persist for a longer duration. Rechallenging the
same triggering agent in most of the instances does not lead Ta
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to reappearance of RRD.1,2,6 However, for oncological bene-
fit, continuation of offending agents with added protective
measures and under careful surveillance even during reac-
tion has also been reported and it may not worsen the
reaction further.1,2,6

Hence, though the incidence of radiation recall is rare, its
diagnosis is likely to be made more frequently in modern
oncology practice and oncologists should be aware of this
phenomenon. A robust systematic review with inclusion of
all reported cases and case series to characterize this unpre-
dictable clinical phenomenon will add immense knowledge
for the management and prognosis of radiation recall and
hence, it is highly recommended.

Conclusion

In the current multidisciplinary era of cancer management,
oncologists should be aware of radiation recall phenomenon
with trastuzumab so as to aid for a timely diagnosis and
intervention. Moreover, until the exact pathophysiological
mechanism and predictors radiation recall is understood,
oncologists should report such cases encountered in their
day-to-day practice.
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Quality Improvement Methodology 
Training Programme:
Enable Quality, Improve Patient Care
(EQuIP - India) 2023 Cohort



Dr. Prashant Mehta
Chief Organizer

Dr. Saphalta Baghmar 
Co-Organizer

Dr. Pravas Mishra
Co-Organizer

Dr. Padmaj Kulkarni
Program Director

Dr. Kumar Prabhash
Hon. Secretary, ISMPO

In Collaboration with Amrita Hospital, Faridabad, Haryana
Eklavya-Let's Learn Together

Preceptorship
Programme

ISMPOst

The recent ISMPO Preceptorship 
Programme on LYMPHOMA held on

25th & 26th March 2023, was a
HUGE SUCCESS, with great reviews from 

preceptees and faculties alike!



1. Member of ISMPO
2. Should be the citizen of India
3. Age <40 years as on 31st Dec 2023. A GOI-approved ID 

should be provided to identify oneself and as proof of birth.
4. DM/DNB/DrNB in Medical Oncology / Pediatric 

oncology/Hematology OR in-training in these specialties.
5. Brief Curriculum Vitae- 2 pages maximum (signed & dated)
6. Letter of Intent from the applicant - 500 words describing 

why and how you plan to benefit from this course.
7. Institute letter of recommendation - By HOD in case of a 

student, by HOD of the hospital where working or HOD of 
the institute where trained in the case of YMO.

8. A case presentation in PPT format (6 slides) that relates to 
the course's topic, in the format provided.

Eligibility Criteria

For any queries and to receive the application form along with
the PPT slide template, please contact

Mr. Yogesh Kembhavi
yogeshkembhavi1@gmail.com | +91 99675 94597

Stay Tuned 

More Preceptorships
Coming Soon


	01_C1
	02_C2
	03_Fmi-iv
	04_Fmvii-viii
	05_Fmix
	06_Fmx
	07_287-301_22790732
	08_302-307_22890745
	09_308-313_22960704
	10_314-321_221170796
	11_322-333_221200777
	12_334-342_221180797
	13_343-344_22570697
	14_345-352_221400829
	15_353-355_221720875
	16_356-359_222310976
	17_360-364_22750724
	18_365-370_221800896
	19_Bmi
	20_Bmii
	21_C3
	22_C4

