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review
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‘superscan’ in the PubMed database from 1980 to November 2020. Eligibility criteria
included the following: Peer-reviewed studies containing original data using 99mTc-
phosphate-analogue BS reporting a superscan pattern. Unretrievable papers,
imaging modalities other than BS or with insufficient information to assess the
aetiology were excluded. The abstracts of every paper and full texts of potentially
eligible papers were assessed independently by three observers.

Results: Sixty-seven papers were included (48 case reports and 19 cohort studies).
Studies conducted in patients with osteomalacia or skeletal fluorosis revealed
superscan in all patients. Other benign causes of superscan were hyperparathyroid-
ism and kidney disease. Among papers with malignant cause, prostate cancer was
the most common cause, followed by gastric cancer. The frequency of superscans
ranged from 1.3% in a cohort of mixed cancer types up to 2.6% in patients with
gastric cancer and up to 23% in a cohort of prostate cancer patients.

Conclusion: Superscan is most frequently seen in prostate cancer, but numerous
other cancers and metabolic bone diseases can cause superscan, which should be

kept in mind when encountering an unexpected superscan on BS.
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1 | INTRODUCTION

Bone metastases develop when cancer cells spread from their original
site to the bone. Nearly all types of cancer can metastasize to the
bones, but some types of cancer are particularly prone to metastasize
to bone, for example, prostate cancer, breast cancer and renal cancer
(Huang et al., 2020).

Bone scintigraphy (BS) is a nuclear imaging technique that
uses (99 m) Tc-labelled diphosphonate (methylene-, hydroxydiphos-
phonate-, dicarboxypropane diphosphonate) to evaluate the distribu-
tion of active bone formation caused by osteoblast activity. Increased
uptake on BS may be caused by malignancy, including both primary
tumours and metastatic deposits. Likewise, several benign conditions
may cause increased osteoblastic activity, such as healing fractures,
osteoarthritis and infection (Brenner et al., 2012). In addition, certain
metabolic disorders may also cause a generalized increase in bone
turnover (Manohar et al., 2017). This can be seen for example, in
patients with hyperthyroid disease showing abnormal bone metabo-
lism as part of their generalized hypermetabolic status (Kotb
et al., 2007). Due to its satisfactory diagnostic characteristics, BS is
often used to assess the entire skeleton for the presence of
metastatic disease, particularly in cancers prone to causing osteoblast
activity when metastasizing to bones, such as prostate cancer and
breast cancer (van den Bergh et al., 2021). In addition, BS is widely
available, relatively inexpensive and a robust technique.

In some disease entities, BS may present with markedly uniform
markedly increased tracer uptake in the axial skeleton, pelvic bones
and proximal limbs, with concomitant faint uptake in the soft tissues
and faint to absent genitourinary tract activity. This BS pattern is
defined as a ‘superscan’ (Brenner et al., 2012; Constable
& Cranage, 1981; Sy et al., 1975). The ‘superscan’ and ‘reduced
kidneys sign’ was first described by Osmond et al. (1975). The causes
of a superscan can vary widely, from metastatic cancer to metabolic
bone disease or haematologic disease (Stadalnik et al, 1984).
Prostate cancer is considered the most common cause of superscans
among cancers (Hawkins & Halewood, 2008); however, superscans
may also be caused by a variety of different cancers or benign
diseases.

The aim of our study was to conduct a review of the underlying
diseases causing superscan on BS and explore the reported
frequency of superscan within different disease entities.

2 | METHODS
2.1 | Search strategy and eligibility criteria

The PubMed database was searched for relevant articles. The search
terms were ‘bone’ AND ‘superscan’ OR ‘superscan’, and the search
period spanned from 1980 to 12 November 2020.

The predefined inclusion criteria were as follows: (1) Peer-

reviewed published studies containing original data in English,

(2) Studies performing 99mTc-phosphate-analogue bone scans and
(3) Studies reporting superscan patterns on bone scans.

Papers were excluded if they: (1) Were not retrievable within
30 days from an international medical library, (2) Referred to ‘super-
scan’ on an imaging modality other than 99mTc BS, or (3) Reported
insufficient information for inclusion. The term ‘insufficient informa-
tion' was used where studies in general lacked follow-up/pathology, the
number of cases did not add up, they used unconventional tracers for
assessment of the skeletal system for example, 99m Tc-phosphate
pentavalent dimercaptosuccinic acid (99mTc(V)-DMSA) which was used
in three studies. Superscans in all studies were identified according to
the criteria as a uniform, symmetric increased uptake of radio-
pharmaceutical in the skeleton with little or no renal visualization and

a high ratio of bone to soft-tissue activity.

2.2 | Study selection

The title and abstract were assessed independently by three readers
(A. K, I. K., M. B.), and the full text was retrieved for potentially
eligible papers. Papers were excluded if there was consensus that the
paper did not fulfil the eligibility criteria based on the abstract alone.
If doubt existed that the paper might be eligible, the full text was
retrieved. The full text from all potentially eligible papers was
evaluated according to the eligibility criteria by the same three
observers (A. K, I. K, M. B.). In cases of disagreement, a fourth

investigator was involved in the discussion (H. Z.).

2.3 | Data extraction and data synthesis

The following data were extracted from the included studies: first
author, year, title, country, number of superscans, incidence of
superscans, study design, pathology or known disease and total
number of included study subjects.

The papers were then sorted into papers investigating benign
causes of superscans, papers reporting malignancy as a cause of
superscans, and finally, papers with superscans in patients with both

malignant and benign diseases that may cause superscans.

2.4 | Assessment of bias and quality of evidence

From a preliminary search using the word ‘superscan’, we found that
the vast majority of potentially eligible studies were case reports and
few cohort studies. Consequently, we did not perform a thorough
assessment of the risk of bias. The quality of evidence assessment
was conducted based on the Oxford University Centre for Evidence-
based medicine grading of diagnostic trials (http://www.cebm.net/).
Due to these limitations and lack of high-quality data, the findings in
our review are presented as descriptive, as no proper meta-analysis

was feasible.
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3 | RESULTS

3.1 | Study selection and level of evidence

Our search identified a total of 162 papers. The main reasons for
exclusion were insufficient data (n = 3) and studies using other tracers
than 99mTc bisphosphonates (n = 3). A total of 67 papers met the
eligibility criteria and were included in the review, as depicted in
PRISMA flowchart (Figure 1). Among the 67 selected papers, 19
papers were cohort studies, and 48 papers were case reports.
According to the Oxford Centre of Evidence Based Medicine, no high
evidence papers were included. Ten papers were level 3, and the

remaining 57 papers were level 4.

3.2 | Cohort studies with malignancy

A total of 13 cohort studies examining and reporting the presence of
superscan in patients with cancer were included in the review. One
study by Manohar et al. (2017) examined the presence of superscan
in a general population with cancer undergoing BS and four studies
evaluated the frequency of superscan among patients diagnosed with
a specific cancer type (Choi et al., 1995; Liu et al, 1996; Shih
et al., 1991; Simsek et al., 2020) The study by Manohar et al. included

both retrospective and prospective data from a population of 6027

FIGURE 1 Selection process.
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patients undergoing BS. overall, 80 cases of superscans were
encountered corresponding to an frequency of 1.3% of all BS
performed (Manohar et al., 2017). Prostate cancer (adenocarcinoma)
was the most common disease (15%, 46/307) presenting with
superscans, followed by ductal breast carcinoma (n=10) and lung
cancer (n = 9). Several other cancer types were also diagnosed as the
cause of superscans, including bladder cancer (Table 1 and Figure 2).

In a retrospective study of 407 nasopharyngeal cancer patients,
the incidence of superscans was 1.5% (Liu et al., 1996). Similarly, a
retrospective study investigated the incidence of superscans in
stomach cancer patients, and superscans were seen in 6 out of 234
patients, corresponding to a frequency of 2.6% (Choi et al., 1995).

One study evaluated the relationship between Gleason score
(GS) and Tc-99 m HMDP bone scans in patients with prostate cancer,
showing that superscans and extensive metastases only occurred in
patients with high GS >6, thus superscan was seen in 11 of the 32
men with high GS, whereas, no superscan pattern was seen among
the 16 men with low GS (Shih et al., 1991). Another study in prostate
cancer patients revealed that 23/138 (16.7%) patients had a
superscan pattern on BS (Simsek et al., 2020).

It is a known phenomenon that the homogeneity of tracer
accumulation in superscans may lead to a false negative interpreta-
tion as illustrated in Figure 2 (Constable & Cranage, 1981). The aim of
six studies was to investigate different tools to reduce the risk of

false interpretation of bone scans with a superscan appearance and
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TABLE 1 Cohort studies—malignancy.

Number of
patients

Year Author Country

2017 P. R. Manohar India 6027

1991 W. J. Shih USA 48
2000 D. H. Simsek Turkey 138
1995 C. W. Choi Korea 234

1996 R. S. Liu China 407

Incidence
Tumour type with superscan, n in %

Superscan, all types of cancer, n = 80 1.3%
Prostate cancer, n =46

Breast cancer, n=10

Lung cancer,n=9

Gastric cancer, n=5

Bladder cancer, n=4

Thyroid cancer, n=2
Nasopharynx cancer, n=1
Oesophageal cancer, n=1

Minor salivary gland cancer, n=1
Ewing's sarcoma, n=1

Prostate cancer, n=112 23%
Prostate cancer, n =23 16.7%
Gastric cancer, n=6 2.6%

Nasopharyngeal carcinoma, n=6 1.5%

The patients in the following studies have been selected based on their superscan appearance on BS

2018 I. Gayed USA 20

2018 H. Rathke Germany 21

2011 L. K. Harshman USA 30

2008 T. Hawkins United 118
Kingdom

2001 P. M. Windsor United 75
Kingdom

2000 D. Yuksel Yurkey 9

1994 L. Berna Spain 1200

1980 A. R. Constable United 539
Kingdom

Abbreviation: BS, bone scintigraphy.

Prostate cancer,n=3
Prostate cancer, n=7

Unknown (2)
Myelofibrosis/polycythemia vera, n=1
Colon cancer,n=1

Prostate cancer, n=2

Breast cancer,n=1

Parathyroid cancer, n=1

Prostate cancer, n = 38

Prostate cancer, n=7

Parathyroid adenocarcinoma, n =4
Prostate cancer, n=3

Nasopharynx adenocarcinoma, n=1
Gastric adenocarcinoma, n=1

Breast,n=7
Prostate cancer, n=3

Prostate cancer, n =22

?Eleven patients showed metastases with superscan patterns and/or extensive metastases.

to evaluate other imaging modalities among cancer patients (Berna
et al., 1994; Constable & Cranage, 1981; Harshman et al.,, 2011;
Hawkins & Halewood, 2008; Rathke et al., 2018; Yiiksel et al., 2000).
These studies were conducted in highly selected populations and
therefore are not representative for evaluation of the incidence.
Many different cancer types were included in these studies; however,
prostate cancer was the most common cause of superscans (Table 1).
The remaining two studies examined treatment with Ra-223
dichloride and strontium-89 therapy among prostate cancer patients

with bone metastases, and although these are not suitable for

indicating the incidence, they showed an unfavourable response and
poor prognosis among patients with superscans (Gayed et al., 2018;
Windsor, 2001).

3.3 | Cohort studies with nonmalignant diseases

Our search revealed six studies reporting superscans in nonmalignant
diseases as detailed in Table 2 (Al-Jurayyan et al., 2002; El-Desouki
& Al-Jurayyan, 1997; El-Desouki et al., 2004; Gupta et al., 1993; Kim
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(a) (b)

FIGURE 2 A 69-year-old man with high-risk prostate cancer and
no bone metastases at primary staging was treated with peripheral
androgen blockade. Shortly after, the patient was diagnosed with
noninvasive urothelial tumour with high malignancy from a bladder
polyp. One year later a bone scintigraphy in anterior view (a) and
posterior view (b) revealed widespread skeletal metastasis—
superscan, which can be easily misinterpreted as normal scanning.
Biopsy from the iliac bone revealed metastases from the urothelial
carcinoma.

Functional Imaging

et al., 1998; Kotb et al., 2007). One prospective study examined the
presence of metabolic superscans in association with hypermetabolic
status in various groups of hyperthyroidisms and found an incidence
of metabolic superscans of 90% in patients with Graves' disease
(27 patients out of 30), whereas the incidence of superscans was only
2 out of 10 patients (20%) in toxic nodular goitre patients. Superscans
were not encountered among the 5 patients with autonomous toxic
adenoma (0/5, 0%) (Kotb et al., 2007). In addition, a reasonable
correlation was found between thyroid uptake on thyroid scintigra-
phy and superscan features in Graves' patients, but no correlation
was shown between thyroid stimulating hormone, thyroxine and
tri-iodothyronine levels and superscan features (Kotb et al., 2007).
Three prospective studies conducted in the Kingdom of Saudi
Arabia examined a total of 164 patients (both children and adults)
with nutritional rickets and osteomalacia to assess the usefulness of
bone mineral density and BS. BS revealed superscans in all patients
(164/164 patients, 100%) at the time of diagnosis (Al-Jurayyan
et al., 2002; El-Desouki & Al-Jurayyan, 1997; El-Desouki et al., 2004).
Similarly, a study from India showed that chronic environmental
fluoride intoxication induced increased bone turnover in the whole
skeleton, resulting in a superscan pattern in all patients (17/17,
100%). This study was conducted in a population diagnosed with
osteodystrophy and thus was not representative for evaluating the

incidence of superscans (Gupta et al., 1993).

3.4 | Case reports

A total of 48 case reports were included, reporting 54 patients. In 34
case reports, malignancy was the cause of the superscan, and
prostate cancer (n=15) was the most common cause, followed by
gastric cancer (n=10). Other less common cancers that caused

superscans included metastatic pheochromocytoma (Tan et al., 2015),

Number of patients

TABLE 2 Cohort studies—benigne disease.

Year Author Country

1993 S. K. Gupta India 17

1997 M. I. EI-Desouki Kingdom of Saudi Arabia 26

2002 N. A. Al-Jurayyan Kingdom of Saudi Arabia 42

2004 M. I. EI-Desouki Kingdom of Saudi Arabia 96

2007 M. H. Kotb United Kingdom 45
- n=30
- n=10
- n=5

Disease with superscan, n
Skeletal fluorosis, n=17
Osteomalacia, n =26
Osteomalacia and rickets, n=26
Osteomalacia, n = 96
Hyperthyroidism

- Graves' disease, n=27
- Toxic nodular goitre, n=2

- Autonomous toxic adenoma, n=0

The patients in the following studie have been selected based on their superscan appearance on BS

1998

Chan-Duck Kim

Korea

Abbreviation: BS, bone scintigraphy

?BS were performed only in 26 patients.

19

Renal osteodystrophy

Incidence in %
100%
100%
100% (26/267)
100%

- 90%
- 20%
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paediatric neuroblastoma (Tripathi et al., 2015), intracranial glioma
(Shinya et al., 2007), multiple myeloma (Anscombe & Walkden, 1983)
and angiogenic myeloid metaplasia (Pour et al., 2004).

Thirteen case reports presented patients with a nonmalignant
cause of superscans. In addition to kidney disease (n =2) (Campeau
et al., 1987; Ohashi et al., 1991), hyperparathyroidism (n=3)
(Benameur et al., 2017; Gupta et al., 2020; Zanglis et al., 2006) and
hyperthyreose (n=1) (Koizumi & Matsumoto, 1998), rare diseases
such as Castleman disease (Washington et al., 2010), osteopetrosis
(Kim et al., 2001) and systemic mastocytosis presented as superscans
(Khoury et al., 2003; Pinto-Lopes et al., 2013).

Finally, 1 case report reported a superscan in 1 patient caused by
both renal osteodystrophy and prostate cancer (Liu, 2011).

4 | DISCUSSION

In the present structured review, three cohort studies revealed
superscans in 15%-23% of patients with prostate cancer and 1.3%
-2.6% among patients with other types of cancer undergoing BS
(Choi et al., 1995; Liu et al.,, 1996; Manohar et al.,, 2017; Shih
et al, 1991; Simsek et al., 2020). In a large study with 6027
patients undergoing BS due to cancer, prostate cancer was the
most common cause of superscans, followed by ductal breast
carcinoma and lung and gastric cancer (Manohar et al., 2017).
Whether this represents a higher frequency of superscans among
prostate cancer patients or reflects the fact that patients with
prostate cancer are most likely to undergo BS cannot be
determined based on the present review. Metastatic superscans
in patients with prostate cancer have also been reported combined
with other imaging modalities or tracers, such as 68-Ga-PSMA
PET/CT, 99m-Tc-PSMA SPECT/CT and 99m Tc (V) DMSA
scintigraphy (Rathke et al.,, 2018; Simsek et al., 2020; Yiksel
et al., 2000). A study showed that PSMA scanning provided a clear
advantage over bone scanning by reducing the number of
equivocal findings in most patients (Rathke et al., 2018).

Due to homogenous tracer accumulation, superscans can
sometimes be overlooked. To counter the risk of false negatives,
several studies aiming to develop new techniques/methods have
been conducted (Hawkins & Halewood, 2008; Yksel et al., 2000).

Although the superscan pattern on BS is mostly associated with
cancer, it is also seen in patients with nonmalignant disease with
increased bone turnover. In three studies from Saudi Arabia, all
patients with known specific metabolic bone disorders such as
nutritional rickets and osteomalacia presented with superscans on
BS. In addition to the superscan pattern, the BS provided additional
information by demonstrating pseudofractures, disease activity and
response to therapy.

Likewise, an increased bone turnover state leading to increased
tracer uptake in the appendicular skeleton and a superscan pattern is
also seen in chronic environmental fluoride intoxication, renal
osteodystrophy and other endocrinological diseases, such as hyper-

parathyroidism and hyperthyroidism. Chronic kidney disease is

associated with secondary hyperparathyroidism and consequently
abnormal mineral metabolism. The decreased kidney function leads
to phosphorus retention, hypocalcemia, high PTH production and
high osteoblast activity and consequently high uptake of 99mTc-
labelled bisphosphonates (de Graaf et al., 1984). Similarly, in patients
with hyperthyroidism, an abnormal bone metabolism is seen due to
stimulation of bone cells by high levels of circulating thyroid
hormones that may be normalized through anti-thyroid treatment
(Kotb et al., 2007). In one study, Graves' disease was associated with
the highest frequency of a superscan appearance among hyper-
thyroid patients (Kotb et al., 2007). It is well known that superscans
are associated with a poor prognosis among cancer patients, but
there is a lack of information on whether superscans are associated
with the prognosis among patients with benign disease. An important
feature of BS in metabolic diseases is the ability to provide an
overview of the entire skeletal system in one (short) investigation and
its high sensitivity. When using BS to evaluate patients with
metabolic disease, the main value is the detection of both focal and
generalized conditions including the ability to detect complications
for example, in terms of fractures.

It is important to highlight that the pattern of uptake seen in
metastatic disease is diffuse homogenous uptake in the axial skeleton
due to thedilection of metastatic disease involving areas where red
marrow is abundant. Metabolic superscans are different, with diffuse,
homogenous tracer uptake that may involve both the appendicular
and the axial skeleton with additional characteristic features, for
example, increased uptake by the calvaria, mandible, sternum and
costochondral junctions (Abdelrazek et al., 2012).

Our study has several limitations. Firstly, the data is descriptive
as no proper meta-analysis is feasible due to the low quality of
included studies. Also, the search was only conducted in Pubmed.
The majority of included studies were case reports which prevents
risk of bias assessment and will most likely skew the results towards
rare pathologies. Moreover, some disease entities (e.g., prostate
cancer) are more well studied than others, resulting in publication
bias. Due to these limitations and lack of high-quality data, the

findings in our review are presented as descriptive.

5 | CONCLUSION

Our review revealed metastatic prostate cancer to be the most
frequent cause of superscan. Other malignant diseases have also
been reported to result in a superscan pattern on BS, for example,
lung cancer, breast cancer, gastric cancer, nasopharyngeal cancer and
bladder cancer. However, our study also revealed several other
nonmalignant conditions to present with superscan on BS, such as
nutritional rickets and osteomalacia, Grave's disease, skeletal fluoro-
sis, hyperparathyroidism and kidney disease.

When encountering an unexpected superscan, the interpreter
should always take the patient history into account before arriving at
a conclusion, and supplementary diagnostics can be suggested as the

superscan phenomenon can be seen in several different conditions.
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