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ABSTRACT
Background and objectives: Breast lumps in women are a common clinical problem that requires
rapid and accurate evaluation with an important aim of excluding any malignancy. The classical triple
test includes physical examination, mammogram and fine needle aspiration cytology. We have
modified this approach by substituting mammogram with ultrasound for the assessment of breast
lesions. The objective of the study was to evaluate the accuracy of this modified triple test (MTT) in
the management of palpable breast lumps. Patients and methods: A prospective cross sectional study
was conducted at Mahatma Gandhi Medical College and Research Institute. Eighty patients with
palpable breast lumps were assessed by all the components of MTT. The results of individual
components as well as the overall MTT were compared with the final histopathological examination.
Results: Physical examination showed 96.67% sensitivity, 84% specificity and 78.4% positive
predictive value for diagnosing malignant breast lumps. Ultrasonography showed 93.10% sensitivity,
95.9% specificity and 93.1% positive predictive value. Fine needle aspiration cytology (FNAC)
showed 96.6% sensitivity, 100% specificity and 100% positive predictive value and the modified triple
test showed 100% sensitivity, 82% specificity and an accuracy rate of 88.7%. Conclusions: The triple
test is 100% accurate in the diagnosis of palpable breast lesions when all three elements were
concordant (benign or malignant). Among the three components, FNAC had the highest specificity.
MTT is reliable in guiding the clinician in the efficient management of patients with breast lumps.
MTT is beneficial in reducing the number of unnecessary open biopsies to confirm the diagnosis. The
output of MTT is easily reproducible, making it a valid and reliable diagnostic test in the management
of palpable breast lumps.
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INTRODUCTION
Breast cancer is the most common site specific
cancer in women and is one of the leading causes
of death from cancer for women, accounting for
about 20% of cancer related deaths in women1, 2.
The accurate diagnosis and appropriate
management of breast lumps is associated with
anxiety and stress, both for the patients and the
caring physician. The steps in establishing a
diagnosis
include
clinical
examination,
mammogram and needle biopsy. The individual

components of this triple assessment are not
reliable on their own in reaching a diagnosis but
when combined, the diagnostic accuracy is nearly
100% and the triple test has been proposed as the
gold standard for the diagnosis of breast lumps310
.
Breast ultrasound (US) is a very important
adjunct to mammography (MMG) in patients
with equivocal findings. It is now widely
accepted as a diagnostic modality for breast
lesions. Using modern high resolution probes,
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majority of carcinomas of size less than 1 cm can
be identified. Potential advantages of breast US
are non-invasiveness, easy availability, lower
cost and good accuracy rate for diagnosing breast
masses11,12. Bassett et al found that MMG was not
useful in assessing breast lesions in women less
than 35 years due to denser breast tissue. On the
contrary, US was helpful in avoiding unnecessary
breast biopsies and was recommended as the
initial examination in younger women13.
We carried out this study with an aim to assess
the diagnostic accuracy of MTT in palpable
breast lumps.
PATIENTS AND METHODS
This was a prospective cross sectional study of
100 female patients diagnosed with breast lumps,
presenting to the General Surgery Outpatient
Department of Mahatma Gandhi Medical College
and Hospital, Puducherry. This study was carried
out from Nov 2009 to Jun 2011.
The inclusion criteria:
1. All females patients of age > 20 years with
palpable breast lump.
2. Patient willing for excision of breast lump

The exclusion criteria:
1. Previous breast biopsy
2. Patient refusing surgery
3. Fungating growth
Each patient was subjected to the modified triple
test(Fig.1). A complete physical examination was
performed followed by US of the breast lesions
and fine needle aspiration of the lumps. US of the
breast was performed by the radiologist using a
ESOATE BIOMEDICA AU3 partner ultrasound
machine with a 10 MHz probe. The lesions were
classified as malignant or benign based on
standardized sonologic criteria. Following
imaging, FNAC was carried out and smears sent
for cytological examination. The results of the
modified triple test were then analyzed
individually and as a combination. The triple test
was considered positive if any one of its
components showed a positive report (suspicious
or malignant). All patients underwent either
excision biopsy or definitive surgery. Patients
with concordant malignant reports were treated
by definitive surgery. The final histopathological
reports were compared to the results of the
modified
triple
test.
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Figure 1. Flow chart depicting the study protocol
Sample size
n=100

Study group
(n=82)

Excluded from
study (n=18)

↓
Palpable breast
lumps (82)
↓
MODIFIED
TRIPLE TEST

MALIGNANT
(39)
C/E + US + FNAC(MTT)

BENIGN
(41)

↓

↓

Observation (n=2)

Excision Biopsy /
definitive surgery (n=80)

patients refused
surgery

malignant (n=30)

RESULTS
This study included 100 female patients with
breast lumps, out of which only 80 were taken for
the study, the remaining 20 were excluded based
on the exclusion criteria. The youngest patient in
the study group was 21 years and the oldest was

benign (n=50)
70 years. The majority (48/80, 60%) of the study
was in the 20-40 years range, 26 (33%) were in
the 41-50 years range (table 1). Size of the
palpable breast lumps ranged
from 2 cm to
8cm in the study group.
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Based on the complete clinical examination
findings, 37 patients were diagnosed to have
malignant breast lump, 43 patients had benign
lesion. Out of the 37 patients with clinically
diagnosed malignant breast lump, 29 were
confirmed malignant by histopathology report,
and remaining 8 revealed benign lesion. Out of
the 43 patients with clinical diagnosis of benign
breast lump, 42 were confirmed to have benign
histopathological lesion and the remaining one
had malignancy (table 2).
Breast US was carried out on all 80 patients as
the second component of the modified triple test
protocol. US revealed hyperechoic breast lumps
in 37 patients, out of which 36 were benign and 1
turned out to be a malignant lesion. 27 patients
had hypoechoic breast lumps, 20 were finally
confirmed to have malignant lesion and the
remaining 7 had benign lesion. The remaining 16
patients had lumps with mixed echogenicity, out
of which 9 were of malignant nature and 7 had
benign lesion (table 3).
US imaging of the breast lump revealed findings
that were highly suggestive of malignancy in 29
patients. Out of these 29, 27 (93%) were finally
confirmed to have malignant lesion and
remaining 2(7%) had benign lesion. Sonologic
benign breast disease were found in 49 patients,
out of which 47 (96%) were confirmed to have
benign histopathology, and the remaining 2(4%)
patients turned out to have carcinoma (table 4).
FNAC was performed as the final step of the
assessment in all the 80 patients. Benign lesions
were diagnosed in 49(61%) patients. Malignant
cytology was seen in 29 (36%) patients and the
remaining 2(3%) patients had inconclusive
smears. Out of 49 patients with benign cytology
reports, 48 (98%) were found to have benign
histopathology report and 1(2%) patient had
carcinoma. All the 29 patients who had malignant
features on FNAC were found to have carcinoma
on histopathological examination. Two patients
who had inconclusive cytology report were found

to have benign lesion on final histopathology
report (table 5).
Putting together all the information gathered from
the Modified Triple Test assessment, the patients
in the study group were categorized into these
groups – 41 were concordant benign (all three
components with benign result), 18 were
concordant malignant, 21 patients had at least one
component positive for malignancy. All the 41
patients with concordant benign result had benign
histology and the 18 patients with concordant
malignant report had carcinoma confirmed by
histology. Out of the 21 patients, 12 were proven
to have malignant histology and the remaining 9
patients had benign histology (tables 6 & 7).
The diagnostic accuracy rate of MTT in
concordant cases (benign and malignant) was
100%. The sensitivity, specificity, PPV and NPV
of MTT was found to be 100%, 82%, 76.9% and
100% respectively (table 8). Overall, the
diagnostic accuracy rate of MTT was 88.7%.
DISCUSSION
Breast cancer is the commonest cause of cancer
related deaths among women worldwide. The
incidence is increasing in the intermediate and
low risk population of the South-East and South
Asian countries14. In South-Asian countries like
India, patients present with breast cancer at an
earlier age but often at an advanced clinical stage
compared to western countries15.
The Triple Test (TT), initially described in the
mid 1970s, is the evaluation of palpable breast
masses by physical examination, MMG, and fine
needle aspiration16. Generally, the triple test is
deemed to give a positive result if any of its
components is reported as suspicious or
malignant. One large-scale prospective trial and
several smaller studies of TT followed by
selective confirmatory open biopsy found that
concordant benign TT results (all 3 components
benign) correctly predicted the absence of
malignancy,
as
determined
either
by
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histopathologic examination or clinical followup4,8,17-19.
The triple test result may significantly modify the
pre-test probability for a patient. A negative
TT(all components negative) suggests that the
probability of breast cancer is less than 1%. A
positive finding on one of the components of the
triple test will steadily increase the probability of
cancer. For instance, a patient with a pre-test
probability of 5% will, on receipt of a positive
triple test, have a post-test probability of 12%.
There is strong evidence for the value of using
the triple assessment to diagnose cancer in
women with breast cancer. A review of 15 follow
up studies showed that triple assessment is
consistently more sensitive than any single test
alone, capable of picking up 95% to 100% of
cancers when at least one component is positive.
When all three components of triple test are
concordant, the diagnostic accuracy is 100%20.
This obviates the need for open biopsy and
patients could directly undergo definitive
treatment.
Although clinical examination has good
sensitivity for identifying patients with
malignancy, it is the least reliable in the context
of a diagnostic clinic providing rapid and
accurate results. This has made mandatory the
addition of an imaging method (US or MMG)
and cytological examination of the breast lesions.
Recently, many studies have used US in lieu of
MMG in the assessment of breast lumps at the
time of one stop clinic visit21-23. US is the first
line investigation in young women with
mammographically
dense
breasts.
Some
malignant breast lesions are not visible on MMG
but are detected by US. The false negative rate of
MMG in the detection of breast cancer has been
consistently reported to be approximately 10%24.
These mammographically occult lesions often
occur in women with dense breasts. An US
examination is extremely useful in these
situations.

US used liberally as an adjunct to MMG,
increases the cancer detection rate by almost
15%.US is therefore recommended in all cases
where there is a clinical suspicion of malignancy
even if the mammogram is normal23. Breast US
does not expose the patient to ionizing radiation,
is easily available, cheaper and has already
proven to be an important adjunct to the other
radiological and pathological investigations for
breast lesions.
In our study, we have replaced MMG with breast
US as it is more sensitive in detecting
abnormalities in denser breast tissue of younger
women, who forms the majority of our patient
population (60% in our study). We found that US
examination of the breast lesions showed good
sensitivity (93.1%), high specificity (95.52%) and
high positive predictive value (93.1%). Recent
technical advances in ultrasonography have
expanded the potential utility of this modality in
the evaluation of breast lesions, producing high
specificity in diagnosing solid abnormalities and
other cystic lesions25-27. Our observations
showed high sensitivity and specificity which
may be due to the clinical profile of our patients,
late presentation with large and locally advanced
breast lesions.
Fine needle aspiration cytology has a high
diagnostic accuracy rate (97%) in the hands of
experienced clinical and cytopathologists14. Our
study has shown high sensitivity for FNAC
(96.67%), high specificity (100%) and high
positive predictive value (100%).There were no
false positive diagnoses in our study. One patient
had a false negative report due to a very hard
breast lump that produced acellular aspirate. Final
histopathology showed scirrhous type of
carcinoma. Overall, there was excellent
agreement between the FNAC and the final
histopathological report in the majority of cases.
Multiple studies have shown that a mass with a
concordant benign triple test result can be safely
followed up without open biopsy. This is
especially helpful in evaluating low-risk masses
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or multiple masses in a young patient. Similarly,
patients with a concordant malignant triple test
result can safely proceed to definitive therapy,
without undergoing an open biopsy21,22,28-31. In
our study, this pattern was found in 18 patients
who directly proceeded to definitive procedure,
avoiding any open biopsy. We also found that the
modified triple test had a diagnostic accuracy rate
of 100% among patients with concordant
malignant or benign results. Thus, a concordant
triple test result can guide treatment with 100%
accuracy. In non-concordant cases, we found that
FNAC was the single most important
investigation to confirm the diagnosis, with high
sensitivity, specificity and positive predictive
values.
Morris KT et al evaluated breast masses in 113
women of younger age, using a scoring system
for the modified triple test. This method was
found to be a rapid and accurate assessment of
breast masses in this population where most cases
of breast cancer are missed. The diagnostic
accuracy was 100% when score was other than 5
points. Based on the scores, patients could
proceed to definitive surgery (≥6 points) or go on
to surveillance program (≤4). Open biopsy was
required only in 3% of the study group. This
approach thus avoided open biopsy in the
majority of cases, while identifying all
malignancies28.
Two studies had compared the cost effectiveness
of TT to traditional method of diagnosis by open
biopsy for breast lumps. The authors concluded
that TT provided equivalent diagnostic accuracy
to that of open biopsy but with a substantially
reduced costs32,33 . Another similar study by Vetto
et.al31 which included 55 younger women with
palpable breast lumps assessed by MTT yielded
high diagnostic accuracy. This also led to
avoidance of routine open biopsy resulting in an
overall cost reduction.
In our study, most (60%) of the patients were
younger(<40yr) and presented with breast lumps
of larger size. This may partly explain the high

frequency of concordant results(benign and
malignant). The overall sensitivity, specificity
and accuracy of the modified triple test in our
study was 100%, 82% and 88.7% respectively,
which is comparable to other studies(table 9).
CONCLUSIONS
 Clinical examination of breast lumps has high
diagnostic error especially in smaller breast
lumps.
 Additional
imaging
and
cytological
examination is of paramount importance in
the assessment of breast lesions.
 Breast ultrasonography and FNAC in best of
hands can produce results with
good
sensitivity, specificity and better concordance
rates.
 A definitive diagnosis can be made with
100% accuracy when the components of
Modified Triple Test concur.
 The output of the Modified Triple
Assessment is easily reproducible, making it
a valid and reliable diagnostic approach in
the management of breast cancer.
 Based on the study, we conclude that the
Modified Triple Assessment reliably guides
effective management of palpable breast
lumps and avoids unnecessary open biopsies.
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AGE
20 – 30
31 – 40
41 - 50
51 – 60
61-70
TOTAL

Table 1: Association Between Age And Malignancy
MALIGNANT
BENIGN
TOTAL
0
34
34
5
9
14
19
7
26
4
0
4
2
0
2
30
50
80

Table 2: Correlation Between Clinical Examination And Histopathology
HISTOPATHOLOGY
CLINICAL EXAMINATION
MALIGNANT
BENIGN
MALIGNANT (37)
29
8
BENIGN (43)
1
42
TOTAL (80)
30
50
Table 3: Association Between Echogenicity Of Lesions And Histopathology
ECHOGENICITY
Hyperechoic(37)
Hypoechoic(27)
Mixed (16)
TOTAL (80)

MALIGNANT (%)
1(3)
20(67)
9( 30)
30(100)

BENIGN (%)
36(72)
7( 14)
7( 14)
50(100)

Table 4: Correlation Between US And Histopathology
HISTOPATHOLOGY
ULTRASONOGRAM
MALIGNANT
BENIGN
MALIGNANT (29)
27
2
BENIGN (49)
2
47
INCONCLUSIVE(2)
1
1
TOTAL (80)
30
50
Table 5: Correlation between FNAC and Histopathology
HISTOPATHOLOGY
FNAC
MALIGNANT
BENIGN
MALIGNANT (29)
29
0
BENIGN (49)
1
48
INCONCLUSIVE(2)
0
2
TOTAL (80)
30
50
Table 6: Correlation Between MTT And Histopathology
HISTOPATHOLOGY
MODIFIED TRIPLE TEST
MALIGNANT
BENIGN
MALIGNANT (39)
30
9
BENIGN (41)
0
41
TOTAL (80)
30
50
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Table 7: Concordant results compared to Histopathology Report
HISTOPATHOLOGY
MTT RESULTS
NO. OF PATIENTS
BENIGN
MALIGNANT
CONCORDANT BENIGN
41
41
0
CONCORDANT MALIGNANT
18
0
18
TABLE 8: Statistical comparison of MTT components and MTT
CLINICAL
PARAMETER
USG
FNAC
EXAMINATION
SENSITIVITY
96.67
93.10
96.67
SPECIFICITY
84
95.92
100
POSITIVE
78.4
93.10
100
PREDICTIVE VALUE
NEGATIVE
97.67
95.92
97.96
PREDICTIVE VALUE
P <0.001

Study
Zonderland et al34
Layfield et al17
Vetto et al32
Kim et al21
Present study

Table 9: Comparison of results of Triple Test Studies
No. of Patients Sensitivity
Specificity
PPV
186
73
88
162
100
57.1
73.5
55
100
91
126
100
74.36
76.19
80
100
82
76.9
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MTT
100
82
76.9
100

NPV
100
100
100
100

