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Introduction
Human skeleton is a living active organ that changes 
during normal physiological process of growth, 
remodeling, and in response to various pathological 
processes. Any process which interferes in the constantly 

changing dynamics of osteoclastic resorption and 
osteoblastic formation of bone results in various 
pathological and structural abnormalities. Nowadays, a 
number of structural and functional imaging modalities 
such as radiographs, computed axial tomography, 
magnetic resonance imaging, and bone scintigraphy with 
varying levels of sensitivity and specificity are employed 
to detect such abnormalities.[1]
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Abstract
The purpose of the study is to find out the overall incidence of superscan among different type of cancers, causes of superscan 
and its relationship with other parameters such as age, sex, duration of disease, and serum alkaline phosphatase (ALP) levels. 
This was a retro‑prospective study. Records of all previous bone scans and reported patients of superscan were re‑evaluated 
retrospectively. Patients who were diagnosed as having superscan in the preceding 3 years with confirmed histopathological 
diagnosis were included in the retrospective group. In the prospective group, all the patients who were reported to have 
superscan appearance over the past 2 years of prospective period were included. Total of 6027 bone scans were examined 
in a 5‑year period and out of which 80 cases were diagnosed as superscan. The overall incidence of superscan in different 
type of cancers was 1.3% (80/6027). Prostate cancer (46/80) was the most common cause of superscan appearance followed 
by breast cancer (10/80). Out of 6027 patients referred for bone scan, 307 patients had prostate cancer on histopathological 
examination. Out of 307 patients with prostate cancer, 46 had superscan appearance. Incidence of superscan in prostate cancer 
was 14.98% (46/307), and 71.73% (33/46) prostate cancer patients with superscan had Gleason score of 8 and above 8 with 
mean serum prostate‑specific antigen level was 178.42 ng/ml in symptomatic patients and 122 ng/ml in asymptomatic patients. 
Out of all patients with superscan, 71 patients (88.7%) had elevated serum ALP levels. Overall incidence of superscan in our 
study was 1.3% in different type of cancer patients, and the most common cause of superscan appearance was prostate cancer. 
Incidence of superscan appearance in prostatic cancer patients was 14.98%.
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Radiographs can detect a change in skeletal lesion 
when it has progressed to about 50% change in bone 
mineralization.[2] On the other hand, even a 5% change 
in osteoblastic turnover can be detected by technetium 
99m  (Tc99m) methylene diphosphonate  (MDP) bone 
scintigraphy with its sensitivity being between 80% and 
100% depending on the site of lesion and type of cancer.[2] 
Thus, radiographs have a limited sensitivity as compared 
to Tc99m MDP bone scintigraphy in detecting an early 
bony lesion.[2]

Metastases on a bone scan can appear in different 
patterns. They may present either as a solitary or multiple 
foci or diffusely increased tracer uptake throughout the 
skeletal system.

“A bone scan which demonstrates diffusely increased 
skeletal radioisotope uptake relative to soft tissue in 
association with absent or faint renal activity  (absent 
kidney sign)” is known as a superscan.[1,2]

Faint renal uptake or activity is defined as an undoubtedly 
diminished renal activity compared with rib activity on 
visual inspection.[3]

The mechanism most likely responsible for superscan 
appearance is diffuse reactive bone formation. This could 
be either due to diffuse metastatic disease or a generalized 
metabolic disease such as hyperparathyroidism. Because 
of increased uptake in skeletal system, the soft tissue 
uptake of radioisotope is very less, which results in 
increased skeleton to soft tissue activity ratio. Depending 
upon the degree of reactive bone formation, renal and 
bladder activity is faint or absent. The normal skeletal to 
renal ratio of absorption:isotope is 40%:60%. In cases of 
superscan, this ratio can be altered to up to 86%:14%.[4,5]

Certain types of metastatic cancers such as prostate 
cancer, breast cancer, and lung cancer; metabolic bone 
disease such as renal osteodystrophy, Paget’s disease, and 
hyperparathyroidism; hematological disease including 
leukaemia, lymphoma, Waldenstrom’s disease, and 
myeloproliferative disease;[6] and some miscellaneous 
conditions such as hyperthyroidism,[6] fibrous dysplasia, 
intracranial glioma,[7] hypervitaminosis D,[8] and systemic 
mastocytosis[9] may show a superscan appearance on 
bone scintigraphy.

Pattern of uptake in superscan due to metastatic 
disease is different from that of metabolic disease. In 
metastatic disease, pattern of uptake is diffuse or there 
is heterogeneous uptake or patchy distribution of 
radiotracer in axial skeleton. In case of metabolic bone 
disease, uptake is more uniform in appearance, extends to 
distal appendicular skeleton and intense calvarial uptake 
that is disproportionate to the remainder of skeleton.[10]

In literature, many case reports have been published 
about superscan appearance but a single well‑designed 
institutional based study to describe the causes of 
superscan appearance, overall incidence of superscan 
appearance in different type of cancers and its relationship 
with other parameters such as age, sex, duration of 
disease, serum alkaline phosphatase  (ALP) levels, 
and tumor markers such as serum prostate‑specific 
antigen (PSA) are not available. The present study was 
conducted to analyze the superscan appearance in 
skeletal metastatic disease and to find out its relationship 
with parameters such as cause, age, sex, duration of 
disease, serum ALP, and serum PSA.

Materials and Methods
The aim of the study was to analyze overall incidence 
and the causes of superscan on Tc99m MDP whole body 
bone scan in a 5‑year (3 + 2) retrospective and prospective 
study manner in patients with established diagnosis 
of malignancy and to find out relationship between 
the superscan and other parameters such as age, sex, 
duration of disease, severity of disease, serum ALP, and 
serum PSA levels.

This was a 5‑year retro‑prospective study conducted in 
the Nuclear Medicine Department of SKIMS. This study 
was cleared by the Ethics Committee.

The records of all previous bone scans and reported 
patients of superscan of retrospective group were 
re‑evaluated by two nuclear medicine physicians who 
were blinded to the clinical details of the patients. 
Patients reported as having superscan on Tc99m MDP 
whole body scintigraphy in preceding 3  years with 
confirmed histopathological diagnosis of malignancy 
were included in the retrospective group. In the 
prospective group, patients with histopathology proven 
cancer who were reported to have superscan on Tc99m 
MDP bone scintigraphy over a period of 2 years were 
included. Clinical details of the patients were recorded. 
Patient’s details of retrospective group were retrieved 
from their case records.

Exclusion criteria included all such patients who 
had received chemotherapy and radiotherapy in last 
4 months prior to bone scan, patients with abnormal renal 
function test (elevated blood urea, serum creatinine) and 
patients with unknown pathology.

Intense and diffusely or heterogeneously increased tracer 
uptake throughout the skeleton system with markedly 
diminished or no renal activity (absent kidney sign) and 
excellent bone details with poor soft tissue uptake were 
reported as superscan. Faint renal uptake was defined 
as an undoubtedly diminished renal activity compared 
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with rib activity on visual inspection. All the scans were 
reported by two nuclear medicine physicians separately 
and only those scans having concordance were included 
in the study.

Statistical methods
All the continuous variables of the study were described 
by descriptive statistics such as mean, median, and 
standard deviation  (SD). Categorical variables were 
described by frequency and percentages.

Results
In the 5‑year study period, we evaluated whole body bone 
scans of 6027 patient with underlying malignancy, out of 
which 80 patients were reported as superscans and overall 
incidence of superscan appearance in different type of 
cancer patients was 1.3% [Table 1]. Sixty‑three (78.7%) 
were men and 17  (21.2%) were women [Table 2]. The 
mean age of the patients was 58.4 ± 1.4 years (SD), and 
median age was 60  years. Superscan appearance was 
commonly seen in the 60–69 years age group [Table 3]. 
Most common cause of superscan in men was prostate 
cancer and in women was breast cancer. Overall prostate 
cancer was the most common cause 57.5%  (46/80) 
[Figure 1] followed by breast cancer 12.5%  (10/80), 
lung cancer 11.25% [Figure 2]  (9/80), stomach cancer 
6.25% (5/80), transitional cell bladder cancer 5% (4/80), 
medullary thyroid cancer 2.5% (2/80), nasopharyngeal 
cancer 1.25%  (1/80), squamous cell carcinoma of 
esophagus 1.25%  (1/80), minor salivary gland 
cancer  (oncocytic variety) 1.3%  (1/80), and Ewing’s 
sarcoma 1.25% (1/80) [Table 4].

All the prostate cancer patients had adenocarcinoma on 
histopathological examination. All patients with breast 
cancer had invasive ductal cell carcinoma. Out of 9 lung 
cancer patients, three had small cell lung cancer and six 
were diagnosed as nonsmall cell lung cancer. All patients 
with stomach cancer had adenocarcinoma (signet ring 
cell type).

Out of 80  patients of superscan, 71  patients  (88.7%) 
had elevated serum ALP levels  (normal serum ALP 
level 45–125 U/L) with a mean serum ALP level of 
615.80 U/L [Table 5]. Fifty‑two patients (65%) presented 
with musculoskeletal pain symptoms. Fifty‑seven 
patients  (72%) had Stage 4 disease  (other than skeletal 
metastases) before reporting as a superscan. Twenty‑six 
patients  (32.5%) had been reported as superscan in the 
first 6 months of diagnosis of disease and their mean 
duration of disease was 18.7 months. Out of 6027 patients 
referred for bone scan, 307 patients had prostate cancer 
on histopathological examination. In 307 patients with 
prostate cancer, 46 had superscan appearance. Incidence of 
superscan in prostate cancer was 14.98% (46/307) [Table 6]. 

In prostatic superscans, mean and median Gleason score 
was 8 and 8, respectively, 33 (71.7%) patients had Gleason 
score of 8 and above 8 [Table 7]. Out of 46 patients with 
prostatic superscan, 33 patients were symptomatic and 

Table 1: Incidence of superscan in 5 years 
retro‑prospective group

Total number of bone scans 
in different type of cancer 
patients over a 5‑year period

Number of 
superscans

Incidence 
(%)

6027 80 1.3

Table 3: Age distribution
Age interval (years) Number of patients Percentage
20-29 03 3.75
30-39 03 3.75
40-49 11 13.75
50-59 16 20.00
60-69 27 33.75
70-79 20 25.00
80-89 01 1.25
Total 80 100

Table 4: Histopathology of tumors in 
superscan group

Case Histopathology Number Percentage
Prostate cancer Adenocarcinoma 46 57.5
Breast cancer Invasive ductal cell carcinoma 10 12.5
Bladder cancer Transitional cell carcinoma 04 5.0
Stomach cancer Adenocarcinoma 05 6.0
Thyroid cancer Medullary carcinoma 02 2.5
Nasopharynx cancer Embryonal round cell sarcoma 01 1.3
Esophageal cancer Squamous cell carcinoma 01 1.3
Minor salivary 
gland cancer

Oncocytic cell carcinoma 01 1.3

Ewing’s sarcoma Round cell tumor 01 1.3
Lung cancer Small cell lung carcinoma 03 3.75

Squamous cell lung carcinoma 
(moderately differentiated)

03 3.75

Adenocancer of lung 02 2.5
Anaplastic (poorly 
differentiated)

01 1.2

Table 2: Sex distribution
Diagnosis Number of 

male patients
Number of 

female patients
Total

Prostate cancer 46 00 46
Breast cancer 00 10 10
Lung cancer 07 02 09
Bladder cancer 03 01 04
Thyroid cancer 01 01 02
Nasopharynx cancer 01 00 01
Stomach cancer 02 03 05
Ewing’s sarcoma 01 00 01
Esophagus cancer 01 00 01
Minor salivary gland cancer 01 00 01
Total 73 07 80
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13 were asymptomatic. In symptomatic patients, serum 
PSA levels were ranged from 3 to 1222 ng/ml with a mean 
serum PSA level of 178.4 ng/ml. In asymptomatic patients, 
serum PSA levels were ranged from 12 to 840 ng/ml with 
a mean serum PSA level of 122 ng/ml (normal serum PSA 
level 0–4 ng/ml) [Table 8].

Discussion
Superscan is  defined as “a bone scan which 
demonstrates markedly increased skeletal radioisotope 
uptake relative to soft tissues in association with 
absent or faint renal activity  (absent kidney sign).” 

Figure 1: Superscan appearance of bone scan in prostate cancer patient

Figure 2: Superscan appearance of bone scan in lung cancer patient
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Superscan was first described by Osmond et  al. in 
1970.[11]

Frankel et  al.[12] published a case report of superscan 
appearance in a patient with confirmed diagnosis of 
lymphoma. In a review of 513 bone scans by Thrupkaew 
et al.,[13] from 1972 to 1973, three superscan were reported 
that included two with breast cancer and one with 
prostate cancer.

A prospective study conducted by Cheng and Holman[14] 
for a period of 2  years in 1980 to study causes of an 
increased skeletal:renal uptake ratio. It was observed 
that increased skeletal:renal uptake ratio was mainly 
associated with diffuse metastatic bone disease and 
prostate cancer being the most common cause.

In 1974, Sy et  al.[15] reported superscan appearance 
in six patients of prostate cancer and one patient of 
bladder cancer. In same year, Sy[16] reported superscan 
appearance in four primary hyperparathyroidism 
patients. Again in 1975, by Sy and Mittal[17] conducted 
a prospective study and reported superscan pattern 
of bone scan in secondary hyperparathyroidism. 
Witherspoon et  al.,[18] in 1975, reported superscan 
appearance in four patients of prostate cancer and in 
one patient of renal cell cancer.

In 1977, Fogelman et  al . [19] reported superscan 
appearance in renal osteodystrophy and prostate 
cancer patients. In 1995, Choi et  al.[20] conducted a 
retrospective study with 234  patients of stomach 
cancer and found that 106  (45.3%) had abnormal 
bone scan results and 6 (2.6%) patients had superscan 
pattern of bone scan. In 1996, Liu et al.[21] conducted a 
prospective study with 407 patients of nasopharyngeal 
carcinoma, out of which six patients  (1.5%) had a 
superscan pattern of bone scan with elevated levels 
of serum ALP levels.

Constable and Cranage had conducted a prospective 
study in prostatic cancer patients and reported incidence 
of superscan appearance in prostatic cancer patients 
was 17%.[22]

In our study, overall incidence of superscan in 
different type of cancers was 1.3%, and we found that 
in patients with underlying malignancy superscan 
appearance was most commonly seen in prostate 
cancer followed by the breast and lung cancer. Besides 
superscan appearance was also seen in cancers such as 
transitional cell carcinoma of the bladder, medullary 
thyroid cancer, minor salivary gland cancer, Ewing’s 
sarcoma, squamous cell carcinoma of the esophagus, 
and nasopharyngeal cancer, which are uncommon 
causes. The incidence of superscan appearance in 
prostatic cancer patients was 14.9%. This incidence 
is roughly correlated with reported incidence of 
superscan appearance (17%) in prostate cancer patients 
by Constable and Cranage.[22]

Our study revealed that superscan appearance was 
most commonly seen in age group of 60–69 years and 
71  (88.7%) patients with superscan appearance had 
elevated serum ALP levels with a mean serum ALP 
level of 615.80 U/L. In patients of prostate cancer 
having superscan appearance of bone scintigraphy, 
71.73% (33/46) had a Gleason score of 8 and above 8. The 
serum PSA levels were grossly elevated ranging from 3 
to 1222 ng/ml. In symptomatic patients with prostate 
cancer, the mean serum PSA levels were 178.42 ng/ml, 
and in asymptomatic patients, it was 122 ng/ml.

Table 5: Serum alkaline phosphatase levels in 
superscan group (normal range 45-125 U/L)

Serum ALP 
Levels in 
superscan 
patients

Number of 
patients with 
superscans

Percentage Mean ALP 
levels (U/L)

Range 
(U/L)

Elevated 71 88.7 615.80 30-3466
Normal 09 11.2 81.25
ALP: Alkaline phosphatase

Table 6: Incidence superscan appearance in prostate 
cancers patients in 5 year study period

Total number 
of prostate 
cancer 
patients in a 
5 years study

Number of 
superscans 

and 
incidence 

(%)

Number 
of positive 
bone scans 
excluding 

superscans (%)

Number 
of 

negative 
bone 

scans (%)

Total 
number of 

positive 
bone 

scans (%)
307 46 (14.98) 139 (45.2) 122 (39.7) 185 (60.2)

Table 7: Relationship between Gleason score and 
prostate cancer patients with superscan

Gleason score Number of patients Percentage
≤6 4 8.69
7 9 19.5
8-10 33 71.73
Total 46 100

Table 8: Correlation of serum prostate specific 
antigen levels with symptoms in prostatic superscan 

patients (normal serum prostate specific antigen 
level 0-4 ng/ml)

Prostate cancer 
patients with 
superscan 
appearance

Number 
of patients

Maximum 
serum 

PSA levels 
(ng/ml)

Minimum 
serum 

PSA levels 
(ng/ml)

Mean 
serum 

PSA levels 
(ng/ml)

Symptomatic 33 3 1222 178.42
Asymptomatic 13 12 840 122.00
PSA: Prostate specific antigen
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Conclusion
From our study, we could conclude that superscan 
appearance is rare. Besides the type of cancer; age of the 
patient, elevated serum ALP levels, markedly elevated 
serum PSA levels and symptoms of the patient should 
raise a high suspicion of diffuse skeletal metastases 
(superscan) in patients with underlying malignancy 
referred for bone scintigraphy. This will help in reducing 
the false negative results after being misinterpreted as 
normal scan on bone scintigraphy.
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