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Case study1
ROLE OF ALKALINE PHOSPHATASE IN DETECTING LIVER2

METATATASIS IN BREAST CANCER3
4

ABSTRACT:5
6

Our aim was to find out the role of serum alkaline phosphatase level in breast cancer patients with liver7
metastasis for that purpose 100 patients of any age, with and without bone metastasis were selected. Serum8
alkaline phosphatase levels of all patients were measured and compared. Liver metastasis detection done by9
gray scale ultrasound machines. Bone metastasis was detected by bone scanners after injection of dye,10
globocan provided rough estimates, regarding breast cancer prevalence and approximately 14.1 million cancer11
cases were reported as newly diagnosed and 8.2 million deaths occurred in 2012 all around world. Approximately12
40,000 females die per anum in usa due to complicated breast cancer the major complication is bone13
metastases. Osteolytic bone lesions cause 85% morbidity. Alkaline phosphatase (s-alp) has been extensively14
used to screen patients for bone metastasis. The prognostic role of s-alp has been explored in various types of15
malignancies with bony metastatic disease. Both the baseline s-alp and changes in s-alp have been reported as16
prognostic factors for treatment effect and survival such as in bony metastatic prostate cancer. By research the17
axial skeleton is proved to be the first site of bone metastases in breast cancer. The breast cancers with bone18
metastases are less aggressive as compare to other visceral metastasis. At diagnosis and that aspartate19
transaminase (ast) levels were increased inmost patients. The level of serum alkaline phosphatase in patients of20
breast cancer with and without bone and liver metastasis was compared and found that alp is a predictor of21
metastasis. High serum alp levels are correlated with positive liver scan for metastasis in breast cancer patients.22
Liver metastasis is predominant in cases with bone metastasis.23

24
INTRODUCTION:-25

26
cancer is a major heath hazard as well a burden on the economy all around the world. the reason of increasing27
cancer rate is mainly enormous increase in rate of population and wide distribution of established risk factors,28
especially smoking of any type, obesity, sedentary life style, and use of contraceptives and desire of short family29
size, for the sake of civilization. globocan provided rough estimates, approximately 14.1 million cancer cases30
were newly diagnosed and 8.2 million deaths occurred in 2012 all around world. in the coming era, the victims of31
cancers are developing countries, which currently give a measure  about 57% of cases and 65% of cancer32
deaths in world. lung cancer is the top most cause of death due to cancers among males in whole of the world,33
and fastly growing number of cases of breast cancer as the leading cause of cancer death among females in first34
world;as well as in less developed countries. other leading causes of cancer death in first world include colorectal35
cancer among males and females and prostate cancer among males. in developing countries, liver and stomach36
cancer among males and cervical cancer among females are also top causes of cancer mortality? cancer37
prevalence is still high in developed countries and mortality rates are 8% to 15% higher in more in first world. this38
difference determines the lag in the mix of cancers, which is affected by health risk and way of diagnosis, the39
facilities of treatment. main risk factors are tobacco use (lung, colorectal, stomach, and liver cancer),40
overweight/obesity and sedentary life style (breast and colorectal cancer), and infection (liver, stomach, and41
cervical cancer). a huge burdon of cancer and its related mortality could be minimize by reducing the risk factors,42
such as tobacco control, vaccination, and early diagnosis 1breast cancer develops in over 7000 women each43
year in ontario 2 .according to a study included 105 patients with mean age of 41.9+ 10.9 year. the age ranged44
from 16 year 70 year. majority of patients were perimenopausals (n=31 - 29.5% and n=34 - 32.3% respectively).45
left breast was affected in 58 (57.6%) patients while right breast in 45 (42.8%) cases. major pattern of46
presentation was (n=91 - 86.8%)  appearance of breast mass, mammograms were helpful in 70 (66%) patients47
while tru cut biopsy used as a diagnostic tool in 48 (45.7%) cases. 3. alkaline phosphatases is a collective term48
for isoenzymes with lesser specificity for the substrate that catalyze the cleavage of phosphate esters at an49
alkaline ph. they are called isoenzymes as they catalyze the same chemical reactions, naturally exist in same50
species, like other isozymes differ in physicochemical properties.  site of alkaline phosphatases are, bone,51
intestine, kidney, liver, placenta and white blood cells. the physiologic function of group of isozyme  is unknown. it52
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is thought that they may be involved in the active transport of substances across the membranes where they are53
existing. alkaline phosphatase is found in serum as well.54
diagnosis of disease related to liver or due to other clinical problems is a critical matter for clinicians in case of a55
raised or disturb liver function test. this problem is complicated by introduction of automated routine laboratory56
testing. it is not necessary that all persons with disturb levels of liver function test are related to abnormalities of57
liver.  liver function tests include alanine transaminase (alt) and aspartate transaminase (ast), alkaline58
phosphatase (alp), gammaglutamyl transferase, serum bilirubin, prothrombin time, or neither international nor-59
malised ratio and serum albumin. the abnormality of different enzymes reflects the isolated disturb function of60
liver. the enzymes show the functions of the liver— as, to61
excrete anions (bilirubin), normal hepatocellular function (transaminases), secretion and free flow of bile (bilirubin62
and alp), and protein synthesis (albumin). other functions of liver are also being tests including hepatitis serology,63
iron and copper studies, α 1-antitrypsin levels, and autoantibodies. they are related to the basic liver64
dysfunctions. most of time the enzymes level is found elevated in primary liver disease but may disturb in other65
pathological conditions. any abnormality in an asymptomatic patient indicates the abnormality at primary site, if it66
is statistically significant the tests should be reconfirmed and need a proper intervention.67
simple gray scale sonography can be use only for screening purposes and not associated with confirm diagnosis.68
gray scale with color doppler, is highly associated to better results and diagnosis. introduction of microbubble69
contrast agents for sonography is a miracle in this imaging field. 6. contrast enhanced ultrasound (ceus) uses70
chemical agents that comprises of microbubbles of gas stablished by layer of a biocompatible surfactant or71
polymer like phospholipid or protein 7. these microbubble chemicals are highly intravascular, free from hazards72
and side effects, administeration is not difficult, thus not harm full for the patient 8. normal renal function is not73
necessary for the excretion of dye because it is not excreted by kidneys,it is an advantage of use over ct and mri.74
9. when ct and mri fail to characterize the lesion or provide accuracy the use of ceus is thought to be superior.75
ceus has been appeared as a solution in problems to characterize the isolated liverlesions. it presents the76
dynamic changes, due to its high temporal77
resolution, potential of real time scanning technique .10. because of less harms, cheap and  easy availability,78
simple us is the way of choice for the initial detection  of  isolated liver  lesions, and useful  to differentiate  the79
surgery patients with diffuse lesions and isolated lesion. following simple and routine us, it become easy to80
decide which patient is suitable for surgery, ct and/or mri can be done for surgical planning. 11.81
breast cancer liver metastasis is a blood born metastases of the primary tumour. it may show a recurrence. 13.82
spread of cancerous cells to distant organs is major cause of mortality. 14. advanced imaging scans and  staging83
laparoscopy in association with use of  ultrasound giudance during surgery should be included for the sake to84
lowers the hazzard of open surgery in patients with breast cancer complicated by liver metastasis. 21. however,85
bone metastases may complex   a number of cancers, which are responsible of great health risks and increase86
need of fascilities. malignancies related to thyroid, kidney, and bronchus are also  main causes of  bone87
metastases and according to a postmortem report   30% to 40%  chances of bone involvement, gastrointestinal88
tract tumors shows  only little tendency to spread to bones, (<10%). 22.  by research the axial skeleton is proved89
to be the first site of bone metastases in breast cancer. the axial skeleton is subject to initial metastasis because90
contains the red marrow, having high vascularity and circulation. it has been proved by research that blood from91
some anatomic sites may reach directly to the axial skeleton. in postmortem studies of animals and humans,92
batson 23 etal supported the statements about drainage of deoxygenated blood from the breasts and pelvis into93
the venae cavae as well as into a vertebral-venous plexus of vessels of pelvis extended throughout the epidural94
and perivertebral veins. this pattern of drainage of blood to the main skeleton through the vertebral-venous95
plexus is basics of theme, that how breast and prostate cancers, as well as those arising in kidney, thyroid, and96
lung, spread to the  axial skeleton ,pelvic and pectoral girdles. however, the vertebral-venous plexus might not be97
the only responsible factor of cancers metastasis to the bones.  types of receptor appeared, aggressiveness, risk98
factors, vascularity and turnover of regional cancerous  cells as well as the characteristics of  tissues to which99
they spread are main features that influence the pattern of cancer spread 24–26.  in many patients, metastasis to100
bones takes several years and diversity of treatment provided enables the patient to survive for a long time. the101
survival of patient depends upon kind of tumor. the average survival rate after the secondary bone metastasis in102
prostate cancer or breast cancer is usually many years. 27, 28, 29. comparatively, the average survival rate in103
patients of advanced lung cancer is only few months.104
the breast cancer with bone metastases is less aggressive as compare to other visceral metastasis. as studied105
by coleman and rubens 30, the diagnosed patients with cancers in 1970s and 1980s showed an average survival106
rate up to 24 months only107
detection of the risk factors responsible for increasing mortality may appear helpful in prediction of prognosis and108
survival in patients with breast cancer and bone-only-metastasis. 31109
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robert wc and etal determined that in breast cancer multi organ metastases is common. 32 according to robert wc110
and etal, systemic metastasis limited to bone are less frequent in breast cancer.  rate of bone-only metastasis is 17-111
37% in patients with distant dissemination. distant spread restricted to the bones shows better prognosis than other112
kinds of secondary spread or multiple site involvement includings bone and the viscera. 33, 34, 35. approximately113
40,000 females die per anum in usa due to complicated breast cancer the major complication is bone metastases;114
osteolytic bone lesions cause 85% morbidity due to hypercalcemia, fracture, severe bone pain, and nerve115
compression. median survival rate in breast cancer patients after bone involvement is 2 to 3 years, and about 10% in116
patients with breast cancer with metastases at diagnosis. 36 .tabariès et al linked the immune response to metastasis117
in cancer and found increased recruitment of t lymphocytes (cd3+), myeloid-derived (gr-1+) cells and neutrophils (ly-118
6g+ or ne+)  in lung and liver metastases, while decreased recruitment in bone metastatic lesions.   infiltrating pattern119
of these cells are different within soft tissue during metastases. t lymphocytes and granulocytic immune cells120
infiltrates found around the periphery of liver metastases. in  lung metastases the exhibit the dispersed pattern.they121
also found in gr-1+ cell-depletion studies that infiltration of myeloid-derived cells are essential part for the122
establishment of breast cancer liver metastases but not always for metastasis to the lung and bone.  in ly-6g+ cell-123
depletion experiments, granulocytic component of the innate immune infiltrate exhibit markedly impaired formation of124
liver metastases.  as a result they found that the cd11b+/ly-6g+ neutrophils that infiltrate and surround the liver125
metastases having ionic affinity toward an n2 phenotype, which are involved in an increase in tumor growth and its126
metastasis. interactions of infiltrating ly-6g+ cells within the liver microbiology are proved an essential component in127
metastasis of breast cancer to liver. 37128
interaction between the tumor cells and surrounding stromal cells is a specific indicator of cancer cells potential for129
the metastasis to target organs. the tumor microenvironment  finally composed  on extracellular matrix proteins,130
resident fibroblasts and endothelial cells, as well as chemotactic (macrophages, neutrophils, myeloid-derived131
suppressor cells or natural killer cells) and adaptive (b and t lymphocytes) immune cells.38 leukocyte  chemotaxis are132
also found in most of solid tumors; and playing a complex role and clinical outcomes.39  some times this133
imflammatory response appears very helpful to destroy tumor cells has a good prognosis.40, 41 .many research134
articles are contradictory about the role of inflammation in destroying tumor metastatic cells and  exhibit the positive135
role in establishment of  cancer development  and its metastasis by utilizing their anti-tumor immune suppressor136
potential.42,43,44. among various studies regarding the role of cancer-related inflammation in   primary tumor growth,137
it is evident that inflammatory cells and chemical mediators also participate in chemotaxis of malignant cells for138
secondary growth of cancer. 45 .female patients with intraductal and pathological stage i tumours, not required bone139
scanning, liver ultrasonography and chest radiography for baseline staging. female patients with pathological stage ii140
tumours, required, postoperative bone scan for baseline staging. routine liver ultrasonography and chest radiography141
are only necessary for patients with 4 or more positive lymph nodes. female patients with pathological stage iii142
tumours, bone scanning, liver ultrasonography and chest radiography are essential tools for pospective baseline143
staging.46. use of screening programs is a better step in diagnosis of early-stage disease with better out come.47.144
udaya k. liyanage  and et al  found in tumor-infiltrating lymphocytes and lymph node lymphocytes, the distribution of  t145
lymphocyte regulatory cells and calculated about  20.2% (se 3.93) and 20.1% (se 4.3), respectively.  treg expressed146
ctla-4, cd45ro  markers,  secreted tgf and il-10 but did not secrete ifn. treg potently decreases the division and147
differentiation of cd8_ cells or cd4_25_ cells and secretion of interferon.  udaya k. liyanage  and et al presented the148
role of  t regulatory cells in breast and pancreatic carcinoma   and proved by the research  that they were found in149
higher concentration  in the peripheral blood as well as in the tumor microenvironment of sufferers with invasive150
breast or pancreas cancers. these treg may involve in the immune response against cancer, and may breifly explain151
the supressed immune response against tumor ags.48 serum alkaline phosphatase (s-alp) is widely used screening152
test for the evaluation of bone involvement secondary to cancer,the reason might be its sensivity, low cost ,rapid153
result and easy availability.  a  lot of research regarding the prognostic role of s-alp has been carried out among154
different kinds of malignancies with secondary  bone metastasis.the normal range of  s-alp in serum and fluctuation155
in its level has been appeared as prognostic factors to evaluate the treatment effect and survival  rate, as in bony156
metastatic157
prostate cancer. 49, bony metastatic breast cancer 50, and clear cell chondrosarcoma of the bone 51.158
ca15-3 level in serum of patients with recurrenceof breast cancer   is proved a good indicator of metastasis than alp,159
but altogather use of both biomarkers gives an early sign of recurrence. whether routine use of these biomarkers160
improves overall survival remains an open question.52161
according to the report by breast cancer study group (ibcsg), alp, aspartate transaminase (ast) and c-162

glutamyltransferase (ggt) were measured in serum and their sensitivity was observed in detecting breast cancer163
recurrence. the role of ast and ggt for that purpose did not show any beneficial result although only alp was abnormal164
among most of case of breast cancer with bone metastases and/or liver metastases, and alp is thought to be more165
superior to ast and ggt in distinguishing patients with recurrence. 53. serum alkaline phosphatase appears to be a166
significant independent prognostic index in patients with skeletal metastatic nasopharyngeal carcinoma, which could167
reflect the short-term treatment168
response of palliative chemotherapy and the long-term survival outcomes. serum alkaline phosphatase predicts169
survival outcomes in patients with skeletal metastatic nasopharyngeal170
carcinoma.54171
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comparison the level of serum alkaline phosphatase in patients of breast cancer with and without bone and liver172
metastasis was done.173

174
MATERIAL AND METHOD:-175

176
SELECTION OF PATIENT: - ONLY DIAGNOSED CASES OF BREAST CANCER WERE SELECTED FOR177

STUDY. THEY WERE OF ANY AGE GROUP PREMENOPAUSAL, PERIMENOPAUSAL, POSTMENOPAUSAL,178
PASSING THROUGH ANY STAGE OF CANCER, MARRIED, UNMARRIED BOTH, LACTATING, NONLACTATING,179
HAVING DIFFERENT BODY MASS INDEX. PASSING THROUGH ANY CYCLE OF CHEMOPTHERAPY AND180
RADIOTHERAPY.  A MEMORANDUM OF UNDER STANDING (MOR) WAS SIGNED BY AUTHORIZED PERSONS181
OF UNIVERSITY OF KARACHI AND KIRAN HOSPITAL. CONSENT (SIGNATURE) OF EVERY PATIENT HAD182
BEEN TAKEN ON PATIENTS FORM. STUDY APPROVED BY BASR (UNIVERSITY OF KARACHI).183

184
BONE SCAN185
Bone scan done on siemen e cam scanner with accessories. (figure B&C) intravenous dye technicium 99 mdp has186
been used. This test helps to see if a cancer has metastasized to bones and is useful because it provides a picture of187
the entire skeleton. For this purpose, 20/mci (dose) of radioactive material (technetium 99) was injected into a vein188
(intravenously or iv). The substance settles in areas of damaged bone throughout the entire skeleton over the course189
of a couple of hours. (six hours to twenty four hours). Patient lied on a table for about 30 minutes while a special190
camera detected the radioactivity and created a picture of the skeleton. FIG. A.191

192
193

194
195

Siemens E Cam Bone Scan Machine with Accessories

With the permission of Kiran Hospital, Karachi.    Fig- B&C
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Bone Scan film showing skeleton after dispersion of radioactive dye, affected areas
appeared as dark spots.With the permission of Kiran Hospital, Karachi. Fig -A

LFTS: (TOTAL BILIRUBIN, ALANINTRANSAMINASE, ALKALINE PHOSPHATASE).
SERUM ALKALINE PHOSPHATASE:-

ALP, SGPT AND BILIRUBIN DONE ON. SELECTRA –E, XL SEMI AUTO BIOCHEMICAL ANALYZER.
VITAL SCIENTIFIC AND DIAGNOSTIC MACHINE, NETHERLAND, HOLAND LATEST MODEL BY
ROCH. (FIG H).

196
Selectra –E XL Semi Auto biochemical Analyzer. Fig- H

197
STATISTICAL ANALYSIS:-198
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The data feeding and analysis was done on computer package spss (statistical packages of social sciences) version199
11.0. Clinical characteristics will be summarized in terms of frequencies and percentages for qualitative/categorical200
variables ultrasound and liver metastasis), mean  s.d for quantitative variables (biochemical parameter sgpt.alp,201
bilirubin). Student t-test was used for comparison of quantitative variables and chi-square test for qualitative variables202
in between bone scanning positive and negative groups. In all statistical analysis only p-value <0.05 are considered203
significant.204

205
RESULT:-206
Results of liver metastasis express in terms of p value (statistically significant) after student t test in patients of breast cancer with207
positive and negative bone scan. Result of alp, sgpt& bilirubin total presents in terms of mean, standard deviation, standard error208
mean and ‘p’ value after student t test. Table 1 shows liver metastasis is more common in patients with bone metastasis and p209
value, (0.06) is closer to statistical significant value (<0.01). Table 2 shows the same results and alp, sgpt, total bilirubin were210
found comparatively increase in those patients who have secondary bone metastasis, especially alkaline phosphatase levels, but211
not statistically significant. Figure 1, 2, 3 shows the comparison of total bilirubin, sgpt and alp levels respectively in patients with212
positive and negative bone metastasis and found no significant difference. Figure no 4 shows the significant increase numbers of213
liver metastasis cases in patients of breast cancer with positve bone scan as compare to those with out bone metastasis. Figure no214
5 shows comparatively higher serum levels of alp in bony metastatic breast cancer.215

TABLES AND DIAGRAMS:-216
217

Table 1- BIOPHYSICAL PARAMETERS IN BONE SCANNING POSITIVE AND NEGATIVE CASES218
219

Bone scanning

P-value
Positive
(n=100)

Negative
(n=100)

Liver metastasis 22 12 0.060

** Statistically Significant p<0.01220
221
222

Table 2- BIOCHEMICAL PARAMETERS IN BONE SCANNING POSITIVE AND NEGATIVE CASES223
224

Bone scanning (Positive)
(n=100)

Bone scanning (Negative)
(n=100)

P-valueMean S.D SEM Mean S.D SEM

Bilirubin total 1.65 10.14 1.01 0.60 0.52 0.05 0.302

SGPT 36.4 21.04 2.11 32.5 33.52 3.35 0.331

Alkaline phsphatase 227.2 183.91 18.39 201.6 107.03 10.70 0.231
** Statistically significant p<0.01225

226
Table 3- SERUM ALKALIN PHOSPHATASE LEVELS IN SUBJECTS WITH POSITIVE- AND NEGATIVE LIVER227

METASTASIS.228
229
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No of liver metastasis positive No of liver metastasis negative P-value

n = 22 n = 12

ALP MEAN
227.2

S.D
183.91

SEM
18.39

MEAN
201.6

S.D
107.03

SEM
10.70

0.231

** Statistically significant p<0.01230
231

SERUM BILIRUBIN LEVELS IN SUBJECTS WITH POSITIVE- AND NEGATIVE BONE SCAN232
233

TOTAL BILIRUBIN
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235
FIGURE -1236
Values are represented as means ± SD. Statistically significant difference from patients with positive237
bone scan following student’s t- test were not found.238

239
SERUM SGPT LEVELS IN SUBJECTS WITH POSITIVE- AND NEGATIVE BONE SCAN240
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FIGURE -2 Values are represented as means ± SD. Statistically significant difference from patients with242
positive bone scan following student’s t- test were not found.243
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244
SERUM ALP LEVELS IN SUBJECTS WITH POSITIVE- AND NEGATIVE BONE SCAN245

246

SERUM ALP
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FIGURE -3248
Values are represented as means ± SD. Statistically significant difference from patients with positive249

bone scan following student’s t- test were not found.250
251

LIVER METASTASIS IN SUBJECTS WITH POSITIVE- AND NEGATIVE BONE SCAN252
253
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FIGURE -4255
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Values are represented as means ± SD. Statistically significant difference from patients with positive256
bone scan following student’s t- test were not found.257

258
Levels of ALP in patients of breast cancer with liver metastasis in light red color lines and in patients259
without liver metastasis in dark red color lines.260
Patients with liver metastasis showing comparatively higher serum levels of ALP.261

262
263

DISCUSSION:-264
This study is carried out to find out the role of tumor marker alkpo4 in combination with bone scan and ultrasound to265

determine the degree of metastasis to bones and liver in breast cancer patients.266
For this purpose 100 case of breast cancer with bone scan positive and 100 cases of breast cancer with negative267
bone scan were checked for their serum levels of alp. Along with the marker other parameters like sgpt and total268
billirubin. Ultrasound of whole abdomen was done to reveal the metastasis.  Bone scan was done to detect bone269
metastasis.270
During the study we observed that liver metastasis, (detected by simple ultrasound) was common or in greater271
number in case of breast cancer with bone metastasis (n=22) as compare to cases of cancer with negative bone272
metastasis (n=12), as well as the result (p=0.06) was found closer to statistical significant value (0.01). The result273
indicates that the cancer showing the tendency of metastasis to bone may also spread to liver meanwhile.  The274
comparative high scanning sensitivity by simple us to evaluate liver lesions, because it is cheap but not highly275
efficient, is still a question mark in the routine preoperative staging for the purpose of for liver surgery.  Ct scan and276
mri thought to be superior as a routine, first line imaging technique over the simple us. 55277
Blood dissemination of breast cancer most commonly results in liver metastasis. This dissemination may occur with278
the appearance of primary tumors and may take several years. Metastases are often showing the relapse of cancer.279
Previous research shows the rate of liver metastasis is only 1-2%. 15, 16.  This spread to liver might be restricted to280
liver only. If the tumor can be removed successfully by surgery so the surgery is treatment.research shows 30-47%, 5281
year survival rate after curative surgical treatment.56282
A retrospective cohort study of 146 patients with secondary metastasis did not confirm the importance of liver u/s283
scans as necessary tool for the routine screening in patients with liver metastases especially when the ap level is284
within normal range.  Comparatively alp levels were not correlating with the bone scan results. All patients with a285
double or triple increase in the alp level had abnormal bone, liver, or bone and liver scans. Routine alp assays give286
the accurate information about the staging and their routine use can lowers the expensis of initial and follow-up287
examination in patients with breast cancer. 57-288
Fluctuation in serum levels of biochemical markers like alkaline phosphatase (alp) may be of great importance in289
diagnosis of breast carcinoma. By spectrophotometer serum alp activity was observed in 388 histopathologically290
diagnosed cases of breast cancer and its association was monitored with cancer stages. By the logistic regression291
study a significant result was obtained (p\0.001) after the comparison of group’s alp level ([500 iu/l) with metastatsis.292
This study highlighted the benefits of alp to pick the breast cancer stages and secondary metastasis.58293

294
CONCLUSION:-295
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Alp Is A Predictor Of Secondary Bone And Liver Metastasis In Breast Cancer Patients Simultaneously And In296
Combination With Bone Scan Or Liver Scan Provides Specificity To Bone Or Liver Metastasis Alone.297

298
High serum alp level with positive liver scan is predictive of secondary liver metastasis in breast cancer patients.299

300
High serum alkaline phosphatase level with positive bone scan is indicative of bone metastasis in breast cancer301
patients.302

303
Alp liver and bone scan easily available diagnostic fascilities through which secondary liver and bone metastasis can304
br detected.305
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