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Optimizing Fenretinide (4-HPR) therapy requires predicting patient’s response to the personalized dose before therapy. This re-
search aims to identify and predict the effectiveness of 4-HPR alone or in combination with radiotherapy. Models involving in-vivo i.p. 
growth of non-small cell lung cancer (NSCLC), Ramos Burkitt lymphoma and pediatric tumor alveolar rhabdomyosarcoma (aRMS) 
in athymic nude mice were used. Nine doses of (10 mg/kg, 40 mg/kg) or (single dose of 30 mg/kg or 10 Gy radiotherapy alone or 
in combination), 20 doses of 12.5 mg/kg and 14 doses of 20mg/kg of 4-HPR in those xenograft growths were respectively applied. 
In-vitro  -Thymidine proliferation assay was also performed on samples of Ramos AW cell line incubated with 0.1, 1 and 10 M of 
4-HPR. A prediction to the response of cancer to 4-HPR was conducted as described before in earlier studies. Energy of the influence 
following therapy was perfectly correlated (r = 1) with 4-HPR dose. An efficient dose-energy model was established with a perfect fit 
(R2= 1) estimates the energy yield by 4-HPR dose. The response of each of Ramos AW cell line and aRMS model to 4-HPR alone and 
NSCLC model to 4-HPR alone or in combination with radiotherapy were predicted 100% identical to the actual in-vitro and in-vivo 
responses. Efficacy of 4-HPR is identical in both assays regardless to stage or type of disease and predictable whether applied alone 
or in combination with radiotherapy. Targeting patient-personalized medicine, dose-energy model of 4-HPR is reliable to predict 
patient’s response before therapy to avoid chemo-resistance and treatment failure. 

Introduction

Retinoids are a class of drugs constitutes a family of vitamin A 
derivatives regulate epithelial cell proliferation, cell differentiation, 
apoptosis during embryonic development and in maintaining the 
differentiated status of adult tissues [1]. Retinoids have several 
important and diverse functions in immune system activate tumor 
suppressor genes to be considered a promising class of anti-cancer 
agents for the treatment, prevention of a number of malignancies 
and some second cancers [2]. Clinical trials have shown that reti-
noids are active in treatment of heterogeneous type of tumors, like 
breast cancer in which effective responses of breast tumor cells to 
all trans- retinoic acid (ATRA), the prototype of retinoids were con-
firmed [3]. The synthetic retinoid N-(4-hydroxyphenyl) retinamide 
(4-HPR, fenretinide) has potential as a promising chemotherapeu-
tic drug due to its strong pro-apoptotic effect on a variety of tumors 
especially on lung cancer [4], prostate cancer [5], bladder cancer 
[6], acute lymphoblastic leukemia (ALL) cell lines [7,8], and on neu-
roblastoma besides to breast cancer [9].  4- HPR is currently being 
applied in several clinical trials against different tumors [10,11] 

and has been shown to overcome tumor resistance to ATRA [12]. 
Although the ability of 4-HPR to inhibit growth of cancer and me-
tastasis has been confirmed in vitro and in vivo, no relationship has 
been determined between such ability in each assay. These differ-
ent measures in both assays should be linked together such that 
from the in-vivo measurements, the in-vitro ones can be predicted 
and vice versa. Prediction of the in-vivo and in-vitro responses to 
4-HPR prior to therapy aims to administer the personalized dose 
that contributes to optimize therapy and consequently decrease 
the risks of chemo-resistance or treatment failure. On the other 
hand, earlier studies have shown that the addition of concurrent 
retinoids to radiotherapy enhances the ability of radiation to kill 
cells and induce apoptosis in a wide variety of tumors including 
lung cancer cells [13-15].  Thus far, however, no study has evaluat-
ed precisely the antitumor effect of 4-HPR alone or in combination 
with radiotherapy so that differentiating between these therapies 
will be based on predicting their outcomes. Moawad has intro-
duced clinical and pathological staging models in which grade of 
the disease can be identified [16-23]. Those staging models have 
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Materials and Methods
Model of Identifying Effectiveness of Drug Dose in-vitro 

Targeting patient-personalized medicine, Moawad presented re-
cently a model for evaluating effectiveness of therapy at the cellular 
level by identifying patient-specific histologic grade (HG) before and 
after therapy [24-32]. In such model, Cell Growth Energy (CGE) ex-
presses rate of cell proliferation, where

 CGE = 
2

D

ln2ln ln
t

 
 
 

 Emad (Equation 1),

 Emad = 23234.59 MeV (Equation 2) and tD is the cell doubling 
time. While HG is the summation of CGE of the biological culture 
(sample). i.e.  HG =  CGE∑  × 23234.59 MeV (Equation 3) [16-32]. On 
the other hand, HG in case of constancy in number of cells can be 
identified in vitro through Tritiated Thymidine (3H -TDR) prolifera-
tion assay as follows: HG = U% × E3H-TDR  MeV (Equation 4), where 
U% is the unlabeled fraction of the detected sample of cells by  3H-
TDR [U%=1-Labelled index (Li)] and E3H-TDR  is the energy of the 
used  3H-TDR  [24-27,30-32]. The fraction of  E3H-TDR expresses the 
increase in U% by 3H-TDR  in the treated sample than that in the 
control sample (UControl %) represents the effectiveness of the 
drug dose (EDrug dose ) to increase HG of the treated sample than that 
of the control sample (HG.control ) as a result of the induced cell cycle 
arrest [24-27, 30-32]. i.e. EDrug dose = HG - HG.control =increase in U% × 
E3H-TDR  =(U%-UControl%) × E3H-TDR    = Li0(Si-1) × E3H-TDR   (Equation 5) ,  
where (Si) is the Stimulating index ( 

Control

LiSi = 
Li

), where Li and LiControl   
are the labelled indices of the treated and control samples by  3H 
-TDR incorporation respectively. 

Preparation of Homogenate Brain 

Comparing the mechanical behavior of tumour response of the 
treated groups by that of the control groups is assessed by deter-
mining the growth constants of those tumours of different volumes 
along the corresponding periods [33,34]. The tumour growth con-
stant at a certain time expresses the rate of the difference between 
Mitosis and Apoptosis with respect to the total number of the tu-
mour cells (M - A) that characterize the tumour response at that 
time.

i.e. (M – A) = 
D

ln2
t

, where   in seconds [18-29]. 

The tumour histologic grade (HG) that expresses tumour re-
sponse can be identified from Equation 1 as follows:

2

G 0
D

ln2H =ln ln  × C  × h × 23234.59 MeV
t

 
 
 

(Equation 6),

where  is number of the hypoxic cells in the tumour or number 
of the inoculated cells in the transplanted tumour in xenografted 
models [18-29]. Accordingly, alteration induced in tumour   due to 
4-HPR therapy expresses the effectiveness of the drug dose (EDrug 

dose ) to inhibit tumor growth. Thus, similar to the in-vitro model; 
energy yield by the drug dose can be identified from the in-vivo 
response as follows: 

EDrug dose = (HG - HG.control) =  
Treated Control

2 2

D D

ln 2 ln 2ln ln - ln ln
t t

             
  

23234.59 MeV (Equation 7) [24-29].

As conducted and described by H. Xie., et al. [35]; Athymic nude 
mice [Cr: NIH (S), NIH Swiss nude, 6- to 9-week old] were divided 
into different groups (n = 10 of each group). The non-small cell 
lung cancer cell line (A549) lung cancer cells (4 ×  /0.1 ml) were 
injected subcutaneously into the right flank of each mouse. 4-HPR 
was freshly prepared once a week and protected from light and 
kept at 4°C as described previously [36,37]. Doses (10mg/ml or 
40mg/ml) of 4-HPR or vehicle were administered by i.p. injection 
three times a week from day 8 to day 29 after injection of cells. 
Tumor volumes were measured twice a week. 

(1) Non-small cell lung cancer (NSCLC) cell line (A549) 
xenograft mouse model

been used also to construct dose-energy models of some antineo-
plastic drugs through either of the in-vitro or the in-vivo responses 
to those drugs [24-32]. Hereby, in this research those staging mod-
els were applied to identify and predict the effectiveness of 4-HPR 
in-vitro and in-vivo alone or in combination with radiotherapy.

Previously published data of in-vitro and in-vivo experiments 
were used for identifying and predicting the effectiveness of Fen-
retinide (4-HPR) alone and in combination with radiotherapy.

Fenretinide delays tumor growth in vivo

As conducted and described by Ajay K. Gopal., et al. [36]; Athy-
mic mice (8 mice per group) were inoculated subcutaneously 
with 7   Ramos (Burkitt lymphoma) cells. Seventy-two hours af-
ter inoculation, mice were randomly assigned to treatment for 4 
weeks with 4-HPR (250 μ g/d, 5 days per week) or solvent only for 
control group. Tumor volume was measured over time every four 
days from day 8 to day 30 after inoculation of cells.

(2) Lymphoma xenograft model
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Fenretinide inhibits Ramos AW cell line proliferation in vitro 

As conducted and described by Martín, David Herrero., et al. 
[38]; Pediatric tumor alveolar rhabdomyosarcoma (aRMS) xeno-
graft mouse model generated by subcutaneous injection of Rh4 
cells engineered to constitutively express luciferase into immu-
nocompromised NOD/Scidil2rg2/2 mice to analyze the effects of 
fenretinide in vivo. 3 ×106  Rh4-luc cells were re-suspended in PBS 
and injected s.c into the flanks of 6 weeks old NOD/Scid Il2rg2/2 
(NSG) mice (Charles River, Sulzfeld, Germany). Mice bearing tumors 
were treated intraperitoneally after the tumor reached a volume of 
at least 100   with either sterile 0.9% NaCl or 4-HPR at a dose of 
20 mg/kg daily for two weeks. Tumor growth was measured every 
day and mice were euthanized when reaching a tumor volume of 
1500m3 .

As conducted and described by Shan D, Gopal AK, Press OW [39]; 
Ramos AW cell line was maintained in log phase growth in RPMI 
1640 supplemented with 12% fetal bovine serum, 2 mM glutamine, 
1 mM sodium pyruvate, 100 units/ml penicillin, and 100 μ g/mL 
streptomycin. The effects of retinoids on malignant B-cell growth in 
vitro were determined by assessing [ 3H] thymidine incorporation 
in Ramos cells [40].

Briefly, 104  cells were resuspended in 200 μ L culture medium 
and plated in 96-well, flat-bottomed microtiter plates. After incu-
bating cells at 37°C for 48 h with 0, 0.1, 1, or 10  μ M of 4-HPR at 37°C 
for 48 h, 1  μ Ci of [3H] thymidine/well was added, and cells were 
cultured for an additional 6 h. Cells incubated in medium without 
retinoids (0 μ M) were used as control. Cells were then harvested 
onto glass fiber filters with an automated harvesting system from 
Skatron, Inc. (Sterling, VA), and [3H ] thymidine uptake was assayed 
with a 4000-series liquid scintillation counter (Downers Grove, IL).

As conducted and described by ZHU., et al. [4] Solitary tumors in 
Female nu/nu mice (4-6 weeks old) were produced by inoculation 
of   NSCLC cell line A549 cells into the muscle of the right hind legs 
of the mice. When the tumors had grown to 7 - 8 mm in average 
diameter, the mice were randomly divided into 4 groups of 6 mice 
each. Groups of tumor-bearing mice were treated as: 1) intravenous 
injection of 4-HPR at a dose of 30 mg/kg, 2) local tumor irradia-
tion alone, 3) 4-HPR (30 mg/kg, i.v.) 24h before local tumor irradia-
tion and 4) Untreated mice served as controls. Before irradiation, 
mice were immobilized in a special jig, and tumors were centered 
in a 3-cm-diameter circular field. A single 10-Gy dose of gamma 
radiation was locally delivered using a dual-source 137CS unit at a 

Dose of 250 μ g/20g/d 4-HPR (12.5mg/kg) (5 days per week 
for 4 weeks (total of 20 doses) (molar mass = 391.55 g/mole) 
in human (70kg, 2.5L plasma) is equivalent to 12.50×20×70×1000

2.5×391.55
  = 

17877.66569 μ M. Monitoring tumor volume demonstrates that 
4HPR delay the growth of lymphoma xenografts compared to the 
control. Tumors in mice receiving the treatment of 17877.66569 
μ M 4-HPR had a growth curve with tD of 4.88 days [from 187 
mm3  at day 8 to 4250 mm3  at day 30 (p < 0.001)]. On the other 
hand, the control group of tumors had a growth curve with tD of 
3.6326 days [from 500 mm3 at day 8 to 8750 mm3 at day 23 (p < 

Results and Analysis

(3) aRMS xenograft mouse model

4-HPR in combination with irradiation in NSCLC cell line 
(A549) xenograft mouse model

dose rate of 6.25 Gy/min. The effect of each treatment on tumor 
response was assessed by tumor growth delay. Three orthogonal 
tumor diameters were measured using calipers at 1-day intervals 
until the tumors grew to at least 14 mm in mean diameter.

Identifying effectiveness of fenretinide 

(1) Dose effect of 4-HPR on the murine NSCLC cell line (A549) 
tumor Model: 

 Doses of 10 and 40 mg/kg/d 4-HPR (molar mass = 391.55 g/
mole) three times a week from day 8 to day 29 after injection of 
cells (9 doses) in human (70kg, 2.5L plasma) are equivalent to 
(10 or 40)×9×70×1000

2.5×391.55
 = 6435.959648 and 25743.83859 μM

respectively. The results showed that treatment of mice with ei-
ther dose of 4-HPR significantly suppressed A549 tumor growth 
relative to the vehicle-treated group. 4-HPR significantly sup-
presses lung cancer cell growth such that tumors in mice receiv-
ing the treatment of 6435.959648 M 4-HPR had a growth curve 
with tD of 7  days [from 25 mm3 at day 8 to 200 mm3  at day 29 (p 
< 0.001)], those treated by 25743.83859 μ M 4-HPR had a growth 
curve with tD of 10.27 days [from 25 mm3  at day 8 to 103.2 mm3   
at day 29 (p < 0.001)]. While control group of tumors had a growth 
curve with tD of 5.25 days [from 25 mm3 at day 8 to 400.2 mm3 at 
day 29 (p<0.001)] [35]. Thus, from Equation 7, energies yield by 
6435.959648 and 25743.83859 μ M 4HPR in tumor xenograft of 
transplanted 4 ×106  A549 lung cancer cells were equivalent to: 

E4HPR(6435.959648 μM)=  
2 2ln 2 ln 2ln ln ln ln

7 24 60 60 5.25 24 60 60
    −    × × × × × ×       

×4 ×106 cells ×23234.59 =3.95341197 ×109  MeV, while

E4HPR(25743.83859 μM)=  
2 2ln 2 ln 2ln ln ln ln

10.27 24 60 60 5.25 24 60 60
    −    × × × × × ×     

×4 ×106 cells ×23234.59 =9.0869642 ×109   MeV.

(2) Dose effect of 4-HPR on the murine lymphoma tumor 
model: 
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From Table 1, values of  E4HPR were perfectly power correlated (r 
= 1) with their corresponding doses of 4-HPR. Such perfect correla-
tion boosts the confidence to establish the following efficient dose-
energy model shown in Figure 1 and expressed in Equation 8 with a 
perfect fit (R2 =1) describes the energy yield by 4-HPR dose. 

 E4HPR  dose= 2.04395305 ×107 ×(Dose μM)0.6003500401MeV (Equation 8),
Where Dose is the 4HPRdose in μ M, E4HPR  dose  is the corresponding 
energy yield of that dose in MeV. 

0.001)] [36]. Thus, from Equation 7, energy yield by 17877.66569 μ 
M 4-HPR in tumor xenograft of transplanted 7 ×106   Ramos Burkitt 
lymphoma cells was equivalent to: 

 E4HPR(17877.66569 μM)=
2 2ln 2 ln 2ln ln ln ln

4.88 24 60 60 3.6326 24 60 60
    −    × × × × × ×     

×7  ×106 cells ×23234.59=7.30038663  MeV.

Table 1 shows the identified energies yield by 4-HPR doses results 
from the above shown analysis to dose effect of 4-HPR doses on dif-
ferent murine tumor models (p < 0.001).             

4-HPR dose in µ M
Energy yield by 4-HPR doses 

 ( 4HPR E ) in MeV

6435.959648 3.95341197× 910

17877.66569 7.30038663× 910

25743.83859 9.0869642× 910
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Figure 1: Shows energy in MeV yield by 4-HPR doses in  μ M 
with perfect fit ( R2=1).

Predicting the effectiveness of 4-HPR in-vivo and in-vitro

(1) Predicting the effectiveness of 4-HPR in treating aRMS xe-
nograft mouse model

The therapeutic response of aRMS tumor model can be predicted 
by knowing characteristics of the control tumor model and effec-
tiveness of 4-HPR doses expressed by dose-energy model shown 
in Equation 8 as follows: 
Tumor tD of the control group of aRMS tumor model was 3.07 days 
[from 100 mm3 at day 1 to 1500 mm3  at day 12 after starting thera-
py (p < 0.001)] [38]. Doses of 20 mg/kg 4-HPR daily for two weeks 
(molar mass = 391.55 g/mole) (14 doses) in human (70 kg, 2.5L 

plasma) are equivalent to   20×14×70×1000
2.5×391.55

= 20022.98557 μ 

M. From Equation 8, the energy yield by 20022.98557 μ M 4-HPR 
is 7.81436916 MeV. Accordingly, difference in tumor energy in-

duced in treated group of aRMS tumor model of injected 3 ×106 
Rh4-luc cells by 20022.98557 μ M 4-HP would be as follows:

  
2 2

D.Treated

ln2 ln2ln ln -ln ln
t ×24×60×60 3.07×24×60×60

        
    

				    × 3 ×106  cells ×23234.59=

7.81436916 ×109MeV
Thus, the predicted tumor tD  of the treated group of aRMS tumor 
model prior therapy (tD.Treated ) would be equal to: 

  tD.Treated  =  

9 2

6

ln2ln ln7.
3.07×24×60×6023234.59 3 10

ln 2
24 6

81436916 1

60

0

0

ee

 +  
 × ×

×
× ×

×

=6.45 days.
On the other hand, during treatment with 4-HPR at a dose 

of 20 mg/kg daily for two weeks significantly slowed down tu-
mor growth compared to control mice. The actual tumor tD  of 
the treated group of aRMS tumor model after therapy was 100% 
identical to the predicted one [from 100 mm3 at day 1 to 860 mm3   
at day 21 after starting therapy (p < 0.001)] [38] to strengthen 
the confidence in predicting the therapeutic in-vivo response to 
4-HPR using characteristics of the control tumor and dose-energy 
model shown in Equation 8.  

(2) Predicting the effectiveness of each of 4-HPR and irradia-
tion alone or in combination in NSCLC (A549) model
1st Effectiveness of 4-HPR alone

Similarly, the therapeutic response of A549 tumor model to 
4-HPR can be predicted as follows: 

The range of the tumor  of the control group of A549 tumor 
model was (18.72543319 →  22.79617954) days while its mean 
was 20.76080637 days [Mean diameter grew from 7.5  to 12.5   

Table 1: Shows the identified energies yield by 4-HPR doses in 		
                 different murine tumor models (p < 0.001). 
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Similarly, the therapeutic response of A549 tumor model to a 
single 10-Gy irradiation dose (XRT) can be predicted as follows: 
The energy yield by the exposure to XRT of 10 Gy in tumor xe-
nograft of transplanted 5×106 A549 cells of  7.5   (~ 0.1 g [41])is 

equivalent to  10 Joule
kg

 ×
126.242×10  MeV

Joule
kg

1000 g
× 0.1 g = 6.242 ×109  

MeV.  

Accordingly, the interval of the difference in tumor energy in-
duced in treated group of A549 tumor model of injected 5 ×106   
NSCLC cells by XRT of 10 Gy would be predicted equivalent to

  2 2

D.Treated 18.72543319 22.79
ln2 ln2ln ln -ln ln

t ×24×60×60 ×24×60×617954 60

        
    →  ×5 

×106  cells   23234.59 = 6.242 ×109   MeV   

While it's mean would be predicted equivalent to
2 2

D.Treated

ln2 l
20.7608063

n2ln ln -ln ln
t ×24×60×60 ×24×60×607

        
    

× 5 

×106  cells   23234.59 = 6.242 ×109   MeV   

Thus, the interval of the predicted tumor tD of the treated group 
of A549 tumor model prior therapy ( tD.Treated) would be

2

6

96.242 10
18.72543319 22.79617

ln2ln ln
×24×60×6023234.59 5 10

ln 2
24

4

6

95

0 60

ee

 +  
 × ×

×
× ×

×
→

 
					     =27.9145696 

34.16546461 days. 

While its mean would be  
9 2

6

ln2ln ln
20.76080637×24×60×6023234.59 5 10

ln 2
24 60

6.24

6

2 10

0

ee

 +  
 × ×

×
× ×

×

=31.03583877 days. Accordingly, the predicted time for the mean 
tumor diameter to grow from 7.5  to 12.5   would be (20.6→  

in 15.3 1.5 day (0.01 < p < 0.05)] [4]. A single dose of 30 mg/kg 
4-HPR (molar mass = 391.55 g/mole) (1 dose) in human (70kg, 

2.5L plasma) is equivalent to 30×1×70×1000
2.5×391.55

= 2145.319883 μ 
M. From Equation 8, the energy yield by 2145.319883 μ M 4-HPR 
is 2.04424200 ×109 MeV. Accordingly, the range of the difference 
in tumor energy induced in treated group of A549 tumor model of 

injected 5 ×106 NSCLC cells by 2145.319883 μ M 4-HPR would be 
predicted equivalent to

2 2

D.Treated 18.72543319 22.79
ln2 ln2ln ln -ln ln

t ×24×60×60 ×24×60×617954 60

        
    → × 5 

×106  cells 23234.59 = 2.04424200 ×109 MeV
While it's mean would be predicted equivalent to

2 2

D.Treated

ln2 l
20.7608063

n2ln ln -ln ln
t ×24×60×60 ×24×60×607

        
    

× 5 ×106 cells 23234.59= 2.04424200 ×109 MeV
Thus, the interval of the predicted tumor   of the treated group of 

A549 tumor model prior therapy ( tD.Treated) would be

9 2

6

2.04424200 10
18.72543

ln2ln ln
×24×60×60232 319 22.796179534.59 5 10

ln 2
24 60 60

4
ee

×
→

 +  
 × ×

×
× ×

 = 21.31608857 →  25.99517022 days. 

While its mean would be
   

9 2

6

ln2ln ln
20.7

2.044242
6080637×24×60×6023234.59 5 10

ln

00 1

2
2 60

0

4 60

ee

 +  
 × ×

×
× ×

×

=23.6546143 days. Accordingly, the predicted time for the mean 
tumor diameter to grow from 7.5  to 12.5   would be (15.7→  
19.16) 17.4 1.7 days. On the other hand, the observation sample of 
the actual time for the mean tumor diameter of the treated group 
by 30 mg/kg 4-HPR to grow from 7.5  to 12.5   was 15.8→  3.2 
(12.6 19) days (0.01 < p < 0.05) [4]. The difference between these 
sample means was tested at the 0.05 level of significance ( = 0.05) 
to determine whether significant or not. As α =0.05, then tα/2 =t0.025 

=2.228 for degrees of freedom (d.f.) = 6+6-2=10 [41]. Rejecting 
the null hypothesis ( H0: difference between the sample means is 

not significant) if the t statistic (t): t ≤ -2.228 or t ≥  2.228. The 

pooled standard deviation ( SP= ( ) ( )2 26 1 1.7 6 1 3.2
6 6 2

− × + − ×
+ −

) was ≈  

2.562, whereas t (
17.4 15.8

1 12.562
6 6

−

× +
 ) was ≈  1.08. Since, -2.228 < 

t (1.08) < 2.228, therefore H0 cannot be rejected, in other words 
the difference between the means of the predicted and the actual 
samples was not statistically significant. Moreover, the p-value cor-

responding to t = 1.08 (and the two-sided alternative hypothesis ( 
H1: difference between the means is significant) is 0.2 [41]. Since 
0.2 exceeds 0.05(α ), it reconfirms that H0 (difference between the 
means is not significant) cannot be rejected. In addition, by know-
ing number/group (n = 6), standard deviation (s = 1.7), d.f. = n-1 = 
5) and the t statistic for (1 -α  = 0.99) ( = 4.032 [36]), the 99% con-

fidence interval for the predicted time would be 17.4 4.032 
1.7×

6
(14.6 5.8→ 20.2) days [41]. Since the 99% confidence interval for 
the predicted time contained the whole observation sample of the 
actual time [(14.6 20.2) ⊃  (12.6→  19)] then the predicted in-
terval was the 100% interval for the actual interval induced by 30 
mg/kg 4-HPR [41].

2nd Effectiveness of radiotherapy alone
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Similarly, the therapeutic response of A549 tumor model to the 
combination of 4-HPR and XRT can be predicted as follows: The 
energy yield by 30 mg/kg 4-HPR and the exposure to XRT of 10 

Gy as previously calculated was 2.04424200 ×109 + 6.242 ×109   = 

8.286242 ×109  MeV 
Accordingly, from Equation 7 the interval of the difference in 

tumor energy induced in treated group of A549 tumor model of in-
jected 5   NSCLC cells by30 mg/kg 4-HPR and XRT of 10 Gy would 
be predicted equivalent to

2 2

D.Treated 18.72543319 22.79
ln2 ln2ln ln -ln ln

t ×24×60×60 ×24×60×617954 60

        
    →

× 5 ×106 cells× 23234.59 = 8.286242  ×109 MeV
While it's mean would be predicted equivalent to

2 2

D.Treated

ln2 l
20.7608063

n2ln ln -ln ln
t ×24×60×60 ×24×60×607

        
    

× 5 ×106 cells ×23234.59 = 8.286242  ×109 MeV

Thus, the interval of the predicted tumor tD of the treated group 
of A549 tumor model prior therapy (tD.Treated ) would be

2

6

98.286242 10
18.72543319 22.79617

ln2ln ln
×24×60×6023234.59 5 10

ln 2
24 60

954

60

ee

 +  
 ×

×

×
→×

×
×

					           =31.88885473 

39.09946614 days. 

While its mean would be 
9 2

6

ln2ln ln
20.760

8.286242 1
80637×24×60×6023234.5

0

9 5 10
ln 2

24 60 60

ee

 +  
 × ×

×
× ×

×

= 35.48773377 days. Accordingly, the predicted time for the mean 
tumor diameter to grow from 7.5 mm to 12.5mm   by combining 
XRT of 10 Gy and 30 mg/kg 4-HPR would be (23.5→  28.1) 26.15
±  2.65 days. On the other hand, the observation sample of the 

25.2) 22.9 ±  2.3 days. On the other hand, the observation sample 
of the actual time for the mean tumor diameter of the treated group 
of A549 tumor model by XRT of 10 Gy to grow from 7.5  to 12.5   
was 22.8 ±  3.7 (19.1→  26.5) days (0.01 < p < 0.05)] [4]. Thus, 
the means of these samples (22.9, 22.8 days) were 99.7% identical 
to strengthens the confidence in predicting the tumor response to 
radiation prior XRT as well. Moreover, the 99% confidence inter-
val for the predicted time would be 22.9 ±  4.032 2.3×

6
(19.1→  

26.7) days [41] including the whole observation sample of the ac-
tual time [((19.1→ 26.7)  ⊃  (19.1→  26.5)] to confirm also that 
the predicted interval was the 100% interval for the actual interval 
induced by XRT of 10 Gy [41].

3rd Antitumor activity of combined therapy in A549 xenografts

actual time for the mean tumor diameter of the treated group 
of A549 tumor model by combining XRT of 10 Gy and 30 mg/kg 
4-HPR to grow from 7.5 mm  to 12.5 mm  was 25.5 ±  4.9(20.6 
→ 30.4)days (0.01 < p < 0.05)] [41]. The difference between 
these sample means was tested at the 0.05 level of significance (α 
= 0.05) to determine whether significant or not. As α = 0.05, then  
t α /2= t0.025 = 2.228 for degrees of freedom (d.f.) = 6 + 6 - 2= 10 [42]. 
Thus, rejecting the null hypothesis ( H0: difference between these 

sample means is not significant) if the t statistic (t): t  ≤  -2.228 or t  

≥ 2.228. The pooled standard deviation ( SP= ( ) ( )2 26 1 2.65 6 1 4.9
6 6 2

− × + − ×
+ −

) was  ≈ 3.939, whereas t ( 
26.15 25.5

1 13.939
6 6

−

× + ) was  ≈ 0.2858. Since, 

-2.228 < t (0.2858) < 2.228, therefore H0 cannot be rejected, in oth-
er words the difference between the means of the predicted and 
the actual samples was not statistically significant. Moreover, the 
p-value corresponding to t = 0.2858 (and the two-sided alterna-
tive hypothesis ( : difference between these sample means is sig-
nificant) is 0.2 [42]. Since 0.2 exceeds 0.05(α), it reconfirms that  
(difference between these sample means is not significant) cannot 
be rejected. In addition, the means of these samples (26.15, 25.5) 
were 97.5% identical to strengthens the confidence in predicting 
the tumor response to the XRT combined with 4-HPR. Moreover, 
the 99% confidence interval for the predicted time would be 26.15 
±  4.032 2.65×

6
 (21.88 → 30.51) days [42] including the whole 

observation sample of the actual time [((21.88→  30.51)  ⊃  
(20.6→  30.4)] to confirm also that the predicted interval was the 
100% interval for the actual interval induced by combining XRT of 
10 Gy with 30 mg/kg 4-HPR[42].

(3) Predicting the effectiveness of 4-HPR to inhibit prolifera-
tion of Ramos AW cell line in-vitro

The in vitro effect of 0.1, 1 and 10 μ M fenretinide on the 
growth of Ramos cells was monitored by the [ 3H] thymidine incor-
poration in cell DNA. Table 2 shows growth of the treated samples 
by 4-HPR as percentage of the control sample expressed by the 

Stimulating index ( 
Control

LiSi = 
Li

) by  -TDR incorporation.  Data are 

representative of two concordant experiments [39].

4-HPR dose in µ M %Si by 3 H -TDR incorporation 
0 (control sample) 100%

0.1 105%

1 80%
10 20%

Table 2: shows %Si by 3H-TDR incorporation in treated samples 
by 4-HPR with respect to control (p < 0.001).
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The in vitro effects of fenretinide doses on the growth of the 
treated samples of Ramos cells can be predicted by knowing char-
acteristics of the control sample and effectiveness of 4-HPR doses 
expressed by dose-energy model shown in Equation 8. For instance, 
the in vitro effect of 1 and 10 μ M fenretinide can be predicted by 
monitoring the in vitro effect of 0.1 μ M fenretinide on the growth 
of Ramos cells as follows: From Table 2, the Stimulating index (Si) 
of  3H-TDR incorporation in treated samples of Ramos cells was in-
creased by 5% at 0.1  μ M of 4-HPR dose relative to that of the con-
trol samples ( SiControl= 1).

From Equation 8, the energies yield by0.1, 1 and 10  μ M 4HPR 
are 5.13004147 ×106 , 2.04395305 ×107  and 8.14368480 ×107MeV 
respectively. 

Accordingly, from Equation 5,

4-HPR 1 M

4-HPR 0.1 M

E
E

µ

µ
=

7

6

2.04395305 10
5.13004147 10

×
×

   = 
1ì M(1 - Si )

0.05 , while

4-HPR 10 M

4-HPR 0.1 M

E
E

µ

µ
=

7

6

8.14368480 10
5.13004147 10

×
×

= 10 ì M(1 - Si )
0.05

. 

Thus, the predicted values of Si1μM and Si10μM  would be 20 and 
80% which are 100% identical to the actual values have been iden-
tified by Shan D., et al. [39] and shown in Table 2 to clarify the con-
sistency between the in-vivo and the in-vitro studies and predict-
ability of outcomes of either assay from the other.

Discussion

The purpose of this study is optimizing 4-HPR therapy alone or 
in combination with radiotherapy by identifying the personalized 
dose that requires predicting the patient response before therapy. 
Analysis to results demonstrates the potent pro-apoptotic activity 
of 4-HPR in several cancer models and the matching between its 
predictable effectiveness in-vivo and in-vitro. This study used in-
vivo tumor model in athymic mice which is commonly used to study 
tumorigenesis and in-vitro assay to identify efficacy of novel chemo-
therapeutics [43]. The in-vivo and in-vitro models for predicting re-
sponses to 4-HPR therapy alone or in combination with radiothera-
py were similar to those presented for staging tumors clinically and 
pathologically in earlier studies [16-23]. The energy yield by 4-HPR 
doses in dose-energy model shown in Equation 8 was identified 
through in-vivo studies which confirmed and predicted through the 
presented in-vitro application as conducted and described in earlier 
studies [24-32]. Such matching strengthens the confidence in both 

assays so that results of either assay can be predicted from results 
of the other one as shown in section of results and analysis. Thus, 
the personalized dose can be identified by predicting the patient 
response prior to therapy which can be checked through either 
assay. Thus, a possible decrease in risks of chemo-resistant or 
treatment failure in 4-HPR therapy might be avoided.  The patient 
response to 4-HPR alone or in combination with XRT can be pre-
dicted by identifying each of the patient's histologic grade (HG.Control 

)- in-vitro through  3H-proliferation assay [16,21,22,24-26 and 30-
32] or in-vivo through medical imaging [18-29] -and the energy 
yield by the administered dose as shown in section of results and 
analysis. In addition, predicting the outcomes of experiments of 
either assay from the other contributes to decrease the number of 
sacrificed animals in the in-vivo studies as well as the replication 
of samples in the in-vitro studies. Accordingly, applying such pro-
tocol in research also would reduce costs and time significantly 
and consequently enhance the production of cheap drugs.

Such technique is valid for predicting the therapeutic respons-
es to all non-cell-cycle specific antitumor drugs as 4-HPR [24-27]. 
With respect to cell-cycle specific antitumor drugs as docetaxel 
and AT9283, scheduling regimens should be taken in consider-
ation to construct their dose-energy models [28,29].

Dose-energy model shown in Equation 8 was possible to be 
identified in opposite way from the in-vitro assay using  3H-Thy-
midine incorporation in samples of cell line treated with differ-
ent doses of 4-HPR and then the therapeutic in-vivo responses in 
different models of xenografted tumors in mice can be predicted 
without a need to sacrifice great number of animals to be identi-
fied as shown in predicting effectiveness of 4-HPR alone in treat-
ing aRMS and NSCLC models or in combination with XRT in NSCLC 
model. Predicting the therapeutic response to 4-HPR in-vivo and 
the in-vitro with an almost perfect accuracy provides a clear-cut 
criterion for accepting that the effect on the histologic grade in-
duced by adding 4-HPR is equivalent to the energy yield by the 
drug dose, and strengthens the confidence in E4HPR dose identified 
in-vivo using murine tumor models or that derived from the pre-
sented estimation model shown in Equation 8 as well.

The efficient dose-energy model ( R2= 1) of 4-HPR enables to 
find out dose equivalency between 4-HPR doses and other drugs 
used for therapeutic interventions. The use of 4-HPR in the es-
tablished cancer therapies is limited by its general toxicity. Thus, 
targeting the development of new treatment modalities, several 
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Conclusion

studies recommended other anti-cancer agents to be used in com-
bination with 4-HPR allowing the use of a much lower dose of either 
and thus decrease the drug side effects. In this respect, the differ-
entiations between treatments with 4-HPR only or in combination 
with other chemotherapeutic agent or radiotherapy should be as-
sessed by identifying the effect (energy yield) of the combined dose 
in-vivo or in-vitro as shown in section of results and analysis.

Thereafter, the corresponding dose of 4-HPR only that yields the 
equivalent energy to that of the combined dose can be derived from 
the established dose-energy model of current approach shown in 
Equation 8 and compared to that yield by the combined dose. If 
there will be a significant dose reduction by the combined dose that 
would result in a minimal toxicity accompanied by the same inhibi-
tion to tumor growth compared to that induced by 4-HPR only, then 
applying the combined dose becomes obligatory. This strategy will 
hopefully be translated into optimal therapies for human cancers to 
emphasize the importance of the individual patient treatment plan-
ning to provide a protection against possible treatment failure.

Effectiveness of 4-HPR in-vivo and in-vitro is identical and pre-
dictable regardless to stage or type of the disease. Dose-energy 
model enables to evaluate and differentiate between administering 
4-HPR alone or in combination with radiotherapy. Targeting pa-
tient-personalized effective dose, patient-specific histologic grade 
(HG.Control ) and dose-energy model of 4-HPR are reliable to predict 
the patient's response prior to therapy. 
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Supplementary File
Brief Commentary

Background: Although the ability of Fenretinide (4-HPR) to inhibit 
growth of cancer and metastasis has been confirmed in-vitro and 
in-vivo, no relationship has been determined between such ability 
in each assay. Also, the antitumor targets of applying 4-HPR alone 
or in combination with radiotherapy have not yet been identified to 
for optimizing therapy.

Translational Significance: Dose-energy model to estimate the 
energy yield by 4-HPR dose was constructed to predict patient re-
sponse prior to therapy. The predicted responses to 4-HPR in the 

presented cancer models were 100% identical to those exhibited 
actually in-vitro or in-vivo (alone and in combination with radio-
therapy).

Clinical Practise points

•	 Fenretinide (4-HPR) is a synthetic retinoid that has been 
tested in clinical trials as a cancer therapeutic and chemo 
preventive agent.

•	 Although the ability of 4-HPR to inhibit growth of cancer 
and metastasis has been confirmed in vitro and in vivo, no 
relationship has been determined between such ability in 
each assay.

•	 Also, the antitumor target of 4-HPR has not yet been iden-
tified whether applied alone or in combination with ra-
diotherapy to optimize therapy and provide a protection 
against treatment failure by predicting the response of pa-
tients before therapy.

•	 In the present study, we identify for the first time a predict-
able antitumor target of 4-HPR whether applied alone or 
in combination with radiotherapy and report that efficacy 
of 4-HPR is identical in-vitro and in-vivo regardless to the 
stage or type of the disease.

Microabstract

This research aims to identify and predict the effectiveness 
of Fenretinide (4-HPR) in-vitro and in-vivo alone or in combina-
tion with radiotherapy. Dose-energy model was constructed to 
estimate the energy yield by 4-HPR dose. Predicted responses to 
4-HPR in cancer models were identical to those exhibited actually 
in-vivo (alone or in combination with radiotherapy) or in-vitro re-
gardless to type of disease.

Highlights

<The ability of 4HPR to inhibit cancer growth has been confirmed 
in-vitro and in-vivo> 

<Efficacy of 4HPR alone or in combination with radiotherapy 
hasn’t yet been identified>

<Dose-energy model was assessed to identify energies yield by 
4HPR doses in-vivo>

<Prediction of the response to 4HPR was identical to those exhib-
ited in-vivo or in-vitro> 

<Efficacy of 4HPR in both assays is identical regardless to stage or 
type of disease>
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