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ABSTRACT

Background: Approximately 2,56,000 children and young adults around the world developed 
acute lymphoblastic leukemia (ALL) which is the most common subtype of Leukemia. The aim of 
our study was to investigate the effect of acute lymphoblastic leukemia on salivary alterations in 
children before and after chemotherapy induction. 

Materials and methods: This study included 45 children aged from 5 to 9 years. The sample 
was divided into 3 groups: Group A (control group); clinically healthy un-medicated children, Group 
B: children with a previous diagnosis of ALL and did not initiate the chemotherapy treatment and 
Group C: hospitalized children with a previous diagnosis of ALL and who were on chemotherapy (6 
months-1.5 years of treatment). From the selected children, stimulated whole saliva samples were 
collected in graduated tubes with funnels over a 5 minute period in the morning. Saliva samples 
were used to determine the stimulated salivary flow rate, salivary pH, salivary total proteins and 
salivary alpha amylase. 

Results: The results showed a significant reduction in the mean of salivary flow rate values 
between (group A) and (group C), also the difference was significant between (group B) and (group 
C). Regarding mean pH value, there was a significant difference between the 3 groups with an 
obvious reduction in pH values of groups B & C. Moreover, the findings showed that the means 
of salivary total proteins and salivary alpha amylase were significantly higher in group B than in 
group A and group C. 

Conclusion: According to ROC curve analysis salivary total proteins reflect an excellent 
predictor test where the value of total salivary proteins above 8.381 g/dl indicated ALL leukemia 
with 100% accuracy in children.
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INTRODUCTION 

Children rarely develop cancer, but leukemia 
is the most common childhood cancer worldwide, 
it constitutes approximately 30% of all childhood 
cancers. Leukemia is a fatal disease in which there 
is an excessive proliferation and uncontrolled 
dissemination of many immature and abnormal 
types of white blood cells (WBCs) in the human 
bone marrow. The normal marrow elements are 
replaced by the poorly formed blast cells which 
eventually accumulate in human blood and various 
other tissues of the body1,2. The main subtypes 
of leukemia are lymphoblastic leukemia and 
myelogenous leukemia, both may be acute or 
chronic. Approximately 2,56,000 children and 
young adults around the world developed acute 
lymphoblastic leukemia (ALL) which is the most 
common subtype of Leukemia. It is treated with 
chemotherapy and/or radiation and survival rate 
is about 85 % in children and 50% in adults. Both 
the disease and its treatment radically change 
the oral environment, leukemic children suffer 
from many oral health problems which include 
mucositis, trismus, xerostomia, gingival bleeding, 
ulcerations, taste alteration, skin desquamation, 
and opportunistic infections which further interfere 
inducing malnutrition 4 . In recent years, the saliva 
has been more and more often used to investigate 
many systemic diseases. Due to the simplicity of 
collection, low cost and non-invasive character of 
the method to obtain material for study, saliva tests 
have become a good method to diagnose various 
diseases as they enable the evaluation of the effects 
of treatment 5-6 .Time of diagnosis of leukemia is 
very important since in cases of early diagnosis, 
patients will have a survival rate as high as 80%. By 
paying attention to the oral and salivary changes of 
leukemia, dentists can play an important role in its 
early diagnosis7. The present research was proposed 
to investigate the effect of acute lymphoblastic 
leukemia on salivary alterations in children before 
and after chemotherapy induction.

MATERIALS AND METHODS

The cross-sectional study included 45 children, 
of both sexes, aged from 5 to 9 years. The sample 
was divided into 3 groups: Group A control group: 
consisted of 15 clinically healthy un-medicated 
children require dental treatment selected from the 
Pediatric Dentistry Clinic, Faculty of Dentistry, 
Suez Canal University, Ismailia city, Egypt. Group 
B: consisted of 15 children with a previous diagnosis 
of ALL (standard-risk) and did not initiate the 
chemotherapy treatment. Group C: consisted of 15 
hospitalized children with a previous diagnosis of 
ALL and who were on chemotherapy (6 months-1.5 
years of treatment). Thirty leukemic children (group 
B & C) were selected from Children’s Hospital, 
Faculty of Medicine, Zagazig University, Zagazig 
city, Egypt. The past and present medical history 
were recorded for each child to make sure that all 
children did not suffer from any systemic diseases 
and were not on any medication (except group 
B&C) which might affect the variables under study. 
All parents of the selected children should sign 
an informed consent after explanation of the aim 
of the study and before any procedure. From the 
selected children, stimulated whole saliva samples 
were collected in graduate tubes with funnels over 
a 5 minute period8 in the morning with the patient 
have not eaten or exercised any oral hygiene 90 
minutes before the procedure. Saliva production 
was stimulated by chewing a sugar-free gum for 
1 minute to determine the stimulated salivary flow 
rate, salivary pH, salivary total proteins and salivary 
alpha amylase. The stimulated salivary flow rate 
was determined by the volume of saliva secreted per 
minutes (ml/min). Salivary pH was also determined 
using AD 1030 pH meter. Salivary total proteins 
9 and salivary alpha amylase10 were estimated 
colorimetrically by using Bio-diagnostic kits and 
UNICO 7200 spectrophotometer according to the 
manufacturer’s protocol. All collected samples were 
placed on crushed ice and were taken immediately 
after collection to microbiology and immunology 
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laboratory, Faculty of medicine, Zagazig University 
to be stored frozen at     -20 degrees until used for 
biochemical measurements.

Statistical analysis

All data were collected, tabulated and 
statistically analyzed using SPSS 20.0 for windows 
(SPSS Inc., Chicago, IL, USA), MedCalc 13 
for windows (MedCalc Software bvba, Ostend, 
Belgium) and Microsoft Office Excel 2010 for 
windows (Microsoft Cor., Redmond, WA, USA).
Quantitative data were expressed as the mean ± SD 
& median (range). Continuous data were checked 
for normality by using Shapiro Walk test. Mann 
Whitney U test was used to compare two groups 
of non-normally distributed data. Kraskall Wallis 
H was used to compare more than two groups of 
non-normally distributed data. Post-hoc test was 
done by Tamhane’s T2 test. Receiver operating 
characteristic (ROC) curve analysis was used to 
identify optimal cut-off values of salivary total 
proteins and amylase with maximum sensitivity and 
specificity for diagnosis leukemia. Area under Curve 
(AUROC) was also calculated, criteria to qualify 
for AUC were as follows: 0.90 – 1 = excellent, 0.80-
0.90 = good, 0.70-0.80 = fair; 0.60-0.70 = poor; 
and 0.50-0.6 = fail. The optimal cutoff point was 
established at point of maximum accuracy. All tests 
were two sided. p< 0.05 was considered statistically 
significant.  

RESULTS

Kraskall Wallis H results showed that, there 
were significant differences in means of salivary 
flow rate, pH, total proteins and alpha amylase 
between group A (healthy children), group B 
(leukemic children before chemotherapy) and group 
C (leukemic children after chemotherapy) as shown 
in table (1)

Salivary flow rate 

Further analysis using a Post-hoc test showed a 
significant difference in the mean of salivary flow 
rate values between healthy children (group A) 
and leukemic children after chemotherapy (group 
C), also the difference was significant between 
the leukemic children before (group B) and after 
chemotherapy (group C). On the other hand, there 
was no significant difference between the healthy 
children (group A) and the leukemic children before 
chemotherapy (group B).

pH 

Regarding mean pH value, there was a significant 
difference between group A and the other two groups 
B &C, also results showed a significant difference 
in mean pH values between group B and group C.

Salivary total proteins and alpha amylase

The findings showed that the means of salivary 
total proteins and salivary alpha amylase were 
significantly higher in group B than in group A and 
group C. But there was no significant difference 
in means of salivary total proteins and salivary 
amylase between group A and group C.

Results of ROC curve analysis showed that 
the total salivary proteins concentration in saliva 
is the best indicator to predict leukemia before 
starting any treatment with chemotherapy with 
high specificity and sensitivity, where values 
above 8.381 g/dl indicated leukemia with accuracy 
100%. Salivary amylase is of significant interest 
in predicting leukemia with values above 465.618 
u/l are considered the best cut-off point where 
maximum sensitivity 96.7% and specificity 93.3% 
and accuracy of 95%. In contrast to that, the pH test 
is considered as poor indicator as its accuracy is 
0.70. (Table 2 & Figure 1)
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TABLE (1): Comparison between healthy and leukemic children (before and after chemotherapy).

Variables
Salivary flow

(ml/min)
pH

Total protein
(g/dl)

Amylase
(u/l)

Group A (N=15)
0.91 ± 0.30

0.80 (0.50 – 1.70)
7.77 ± 0.25

7.70 (7.50 –8.50)
7.535 ± 0.493

7.556 (6.691 – 8.382)
329.59 ± 105.44

340.898 (124.72 – 515.51)

Group B (N=15)
1.01 ± 0.38

1 (0.50 – 2.00)
7.47 ± 0.48
7.50 (6 – 8)

11.247 ± 0.566
11.339 (10.188 – 12.374)

534.21 ± 38.68
537.260 (456.16 – 618.36)

Group C (N=15)
0.35 ± 0.15

0.30 (0.20 – 0.80)
6.74 ± 0.81
6.90 (5 – 8)

7.883 ± 1.084
7.506 (6.800 – 1.244)

282.30 ± 46.17
263.56 (233.15 – 425.70)

p-value <0.001• <0.001• <0.001• <0.001•

Group A
vs

Group B
0.580, NS 0.014, S <0.001, S <0.001, S

Group A
vs

Group C
<0.001, S <0.001, S 0.313, NS 0.087, NS

Group B
vs

Group C
<0.001, S <0.001, S <0.001, S <0.001, S

• Kraskall Wallis H test; ‡ Chi-square test; Post-hoc test, Tamhane’s T2 test. p< 0.05 is significant (s), p>0.05 not significant 
(NS) .

TABLE (2): Salivary total protein, amylase and pH as diagnostic markers for leukemia.

Parameter Total Proteins Amylase pH

Cut off >8.381 g/dl >465.618 u/l ≤ 7.4

Sensitivity 100% 96.7% 40%

Specificity 100% 93.3% 100%

Positive predictive value 100% 93.5% 100%

Negative predictive value 100% 96.5% 62.5%

Accuracy 100% 95% 70%

ROC curve: Receiver Operating Characteristic curve
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DISCUSSION

Saliva is an informative body fluid, which is easy 
to collect; transport and store, no special equipment or 
skilled person is needed for its collection. Because of 
its accessibility and correlation to multiple systemic 
diseases, salivary components can be considered as 
a mirror of the body’s health11,.12. Perhaps, no other 
patient population could benefit more from these 
advances than pediatrics to reduce trauma and limit 
anemia13,14. It is essential for the professional dentist 
to be able to recognize the normal oral and salivary 
physiological characteristics and when identifying 
any change from normal range to fully investigate 
it by requesting additional tests or referring the 
patient to specialized professionals15. The current 
study aimed to investigate the effect of acute 
lymphoblastic leukemia on salivary alterations in 
leukemic children before and after chemotherapy 
induction.

In this study, there was a significant reduction of 
salivary flow rate mean values in group C (children 
after chemotherapy induction) compared to group A 
(healthy children) and group B (leukemic children 
before chemotherapy induction). Parallel results 
were seen in previous studies16,17, as they found 
that chemo-radiotherapy causes a decrease in 
salivary flow rate in leukemic patients, which can 

be attributed to hypo-function and hypoplasia of 
the salivary glands in patients receiving chemo-
radiotherapy. These results are also in agreement 
with those of Emidio et al 2010 and Mathur  et al  
20124,18 . They explained their findings on the basis 
of tertiary complications in leukemic children, the 
tertiary complications are usually due to a complex 
interplay of the therapy itself, its side effect, and 
a systemic condition arising out of the therapy. In 
group B, there is a significant decrease pH mean 
value compared to group A. A possible explanation 
for this finding may be due to the infiltration of 
malignant cells into the oral structures, gingiva, 
bone, and salivary glands as a primary complication 
of leukemia. In addition, there is a significant 
reduction in pH mean values of group C in relation to 
groups A and B. This result was supported by many  
studies 4, 17,18, since the induction of chemotherapeutic 
agents causes fibrosis, degeneration of salivary 
acinar cells and necrosis of salivary glands that lead 
to this reduction in salivary pH. In relation to the 
level of total salivary proteins and alpha amylase, 
the outcome of the present study showed that the 
means of salivary total proteins and salivary alpha 
amylase were significantly higher in group B than in 
group A and Group C, these results are agreed with 
many previous studies 19-23. These findings were 

Fig. (1): Receiver operating characteristic (ROC) curve of salivary total protein (A), salivary amylase (B), and pH (C) as diagnostic 
markers for leukemia.



(2920) Ghada A. ElBaz and Rana A. ShalabyE.D.J. Vol. 63, No. 4

supported by the ROC analysis, which showed that 
the salivary total proteins test is considered as an 
excellent predictor test for the presence of leukemia 
as its accuracy equals to 100%, while alpha amylase 
test is classified as a good test but the pH test is 
considered as poor one. Salivary proteins are mainly 
responsible for innate immunity via their immune 
activator and/or immune modulator properties 
24,25 therefore, their levels undergo considerable 
variations in different pathological conditions and 
different types of cancers26-29.

CONCLUSION:

The present study may provide proof-of-
principle that saliva, when used as a diagnostic tool, 
can help dentists in making a proper decision in 
the diagnosis of leukemia.  Salivary total proteins 
reflect an excellent predictor test for ALL leukemia 
in children.
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