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Abstract 
The role that attaining maximum drug dosage intensity plays in many anti-cancer protocols is a 
major one, particularly in those protocols that attempt to totally eradicate the neoplasm. A classic 
approach to facilitate this process utilizes stem cell transplants as well as the use of hematopoetic 
growth factors. However, problems arise with both allogenic and autologous transplants as well as 
from the significant variability in drug tolerance between individual patients. With average fixed 
dose protocols, these problems substantially limit the ability to optimize drug dosage. We at-
tempted to circumvent this difficulty by using low dose continuous infusional therapy of variable 
duration depending upon the patient’s response, together with simultaneous hematopoietic 
growth factor support. This paper presents our results with three drugs, doxorubicin, ifosphamide, 
and vinorelbine. With these protocols, we were able to individualize and optimize the amount of 
drug delivered to each patient, as well as to substantially increase the drug dosage intensity of 
each of these agents. 
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1. Introduction 
A major unsolved problem that had plagued medical oncologists since the first anti-cancer agents were intro-
duced was the substantial variation in patient sensitivity to any specific anti-cancer agent. Variation in responses 
is even known to occur in patients who receive the same course of treatment at different times. One common 
cause for this is stem cell depletion occurring after several courses of chemotherapy. Other factors are related to 
genetic factors such as a defect in the dihydropyrimidine dehydrogenase gene in patients receiving 5-fluoroura- 
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cil [1] [2], the SLC19A1 gene complex in patients receiving anti-folates [3], the NADPH quinone oxidoreduc-
tase gene complex for many anti-tumor quinines [4], the multiple enzyme complexes involved in the AMPK- 
Bcl-2/Bax pathway [5], the PI3K and AKT pathways [6] [7], as well as enzyme complexes related to the ability 
of cardiac myocytes to neutralize doxorubicin [8]-[10]. Commonly the exact cause or causes of the unexpected 
adverse reaction to drug remain(s) unknown. For that reason, we devised a general protocol that allowed each 
patient to determine their own optimal dose. 

2. Materials and Methods 
2.1. Patient Selection 
2.1.1. Doxorubicin 
All patients selected had to be non hormonal anti-cancer chemotherapy naive although prior hormonal therapy 
was acceptable. Normal renal, cardiac, and hematopoietic functions were required. Because of the use of hema-
topoietic growth stimulants hematologic malignancies were excluded from this study.  

2.1.2. Ifosphamide  
Only 12 patients that were chemotherapy-naïve were available for this study. Therefore it was expanded to in-
clude patients that have had limited exposure to doxorubicin. All patients were required to have a normal creati-
nine clearance. The other requirements were similar to those stated for doxorubicin.  

2.1.3. Vinorelbine 
As with doxorubicin, also including a requirement, there was no evidence of significant neurologic disease. 

2.2. Regimes 
2.2.1. Doxorubicin 
Protocol: Patients were started on Gm-Gsf 250 mcgm./M2 sc. daily. Forty-eight hours later they were started on 
doxorubicin, 8 mgm./M2, given by infusion over 24 hours, daily. Their W.B.C. rapidly increased achieving a 
level of 10,000/mm3 or more. Regardless of the amount of doxorubicin delivered, the infusion was continued as 
long as the W.B.C. was over 9000/mm3. Once a rapid fall in W.B.C. occurred, the drug infusion was stopped but 
the Gm-Csf continued. Following stoppage of doxorubicin, the W.B.C. almost always fell to a level of between 
800/mm3 and 2500/mm3 while the platelet count usually fell to a level of between 10,000/mm3 and 60,000/mm3. 
The pancytopenia and thrombocytopenia usually lasted between three and eleven days and was followed by a 
rapid rise in the white blood cell and platelet count. Once this occurred the doxorubicin infusion was restarted at 
the same dose and continued until the W.B.C. again fell. The number of courses varied depending upon the pa-
tient’s response to therapy and the specific protocol that the patient was enrolled in. 

2.2.2. Ifosphamide 
Gm-Csf, same dose and schedule as with doxorubicin. Dose of ifosphamide 2.0 gm./M2/day is given over 6 
hours each day. Mesna was given at a daily dose of 20% of ifosphamide dose. A Serum B.U.N. and creatinine 
was obtained q 2nd day. The infusion was stopped if a significant increase in either occurred. Remainder of the 
protocol followed the doxorubicin protocol. Because most patients showed significant decreases in creatinine 
clearance following the first course only 3 patients received 2 consecutive courses and none received 3. Four pa-
tients were studied, in all the creatinine clearance required 6 to 8 weeks to return to its baseline values. 

2.2.3. Vinorelbine 
Gm-Csf same dose and schedule as doxorubicin. Dose of vinorelbine 6.0 mgm./M2/day is given each day over 
24 hours. Remainder of the protocol followed the doxorubicin protocol. There was a provision in the vinorelbine 
regime allowing for cessation of therapy if substantial neurotoxicity was noted, however this very rarely happened. 

3. Results and Discussion 
The concept of dosage intensification has been a major factor in the design of anti-cancer drug regimes since the 
initiation of modern anti-cancer chemotherapy, particularly when the goal is total eradication of residual tumor. 
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This is primarily due to the fact that the dose response curve against essentially all tumors is very steep and thus 
the amount of drug required to totally eliminate the tumor may be much greater than that required to eliminate 
the bulk of the tumor [11] [12]. It has also been postulated that there is a separate population of stem cells in 
many neoplasms that are intrinsically resistant to standard doses of chemotherapy and that continuously repopu-
lates the neoplasm [13]-[15]. 

The importance of dosage intensification has been demonstrated to be true for alkylating agents [16]-[18], an-
ti-neoplastic antibiotics, such as the taxanes and anthracycline derivatives [18]-[21], nucleic acid antagonists 
[19]-[25] anti-tumor antibodies [25] and platinum compounds [26] [27]. It has shown to apply to many malig-
nancies such as some sarcomas [16] [17], most but not all hematologic malignancies [19] [22] [24] [25] [28], as 
well as germ cell neoplasms, [29]-[31]. However, among others, the value of dosage intensification for some 
sarcomas [21], carcinoma of the breast [32]-[34], lung [35] [36] and a subset of lymphoblastic leukemia [28], 
has been questioned. 

Many difficulties occur when it is attempted to define a standard, fixed dose protocol that results in the major-
ity of patients receiving an optimal dose. A major reason for this is that some individuals show marked differ-
ences in their sensitivity to a specific cancer agent, therefore, for safety purposes, the total dose selected for the 
specific trial is commonly below an optimum dose for a significant number of patients. 

Two cases in our practice illustrate this problem. A 67-year-old man was found that have a carcinoma of the 
ascending colon with hepatic metastatic disease. He received a single dose of 500 mgm. of 5-fluorouracil. 
Within 36 hours he had severe diarrhea, within 48 hours a marked pancytopenia was noted. Extreme diarrhea 
and stomatitis followed. He developed a severe pancytopenia which persisted for 36 days, diarrhea persisted for 
25 days. He received no further chemotherapy. Surprisingly all evidence of hepatic metastatic disease disap-
peared and he remain free of tumor until his death from an acute myocardial infarction occurred approximately 
three years later. We could not determine whether this patient had a deficiency in dihydropyrimidine dehydro-
genase. 

A young man arrived at our clinic with a Ewings tumor of his thigh. Extensive workup including an aspiration 
bone marrow biopsy was normal as was the family history for hematologic disease. Following surgical excision 
of the mass, he received a single injection of doxorubicin, 20 mgm./M2. He developed a profound marrow apla-
sia, his WBC falling to under 100/mm3, platelets less than 10,000/mm3. Hematopoietic recovery was slow, tak-
ing 70 days to complete; however since then his hematologic parameters have remained normal and the patient 
remains free of tumor to this date. On the other hand, during our initial phase one doxorubicin studies, two pa-
tients received 120 mgm./m2 of doxorubicin by bolus. Both patients had only moderate stomatitis and transient 
hematologic suppression. When we inspected our preliminary results in 1980 it was apparent that any standard 
dose of doxorubicin resulted in a rather large range of marrow suppression and an ideal dose for each patient, 
provided your aim was maximal dosage intensification, was not possible using a standard dosing schedule.  

Current dogma states that the simultaneous use of G-Csf or GM-Csf with anticancer chemotherapeutic agents, 
in general, is contraindicated. This is due to the finding that the simultaneous use of G-Csf with a standard 
schedule of 5-fluorouracil and topotecan resulted in a marked increase in the toxicity of each drug [37]-[39]. As 
the data in this paper demonstrates, and as other publications show, this is not true for doxorubicin [40]-[44], an 
anthracycline, ifosphamide [40] [41], an alkylating agent, and vinorelbine [45], a vinca alkaloid. With these 3 
agents, the simultaneous administration of Gm-Csf decreased the level of toxicity for a specific dose thereby al-
lowing the total dose per course to be substantially increased. For these reasons, recent recommendations con-
cerning the simultaneous use of cytokines and anti-cancer chemotherapy have, to a limited degree, been mod-
ified [46]. 

There is no question that the use of G-Csf increases in the toxicity of 5-fluorouracil and topotecan. However 
the following question has not been addressed. If the dose of 5-fluorouracil or topotecan is adjusted downward 
so that the ensuing toxicity is tolerable, is the anti-tumor effect superior, equal or inferior to that seen when the 
drugs and hematopoietic cytokines are use in a conventional manner? When G-Csf was first introduced our 
group treated 3 patients with metastatic colon carcinoma with a standard dose of 5-Fluorouracil and G-Csf, the 
latter given on days 1, 2, and 3. All developed severe and prolonged hematologic and gastrointestinal toxicity 
that eventually reversed itself. One of the patients had a carcinoma of the ascending colon with regional nodal 
involvement and multiple masses in the liver, believed to be due to metastatic disease. All evidence of metastatic 
disease disappeared and he remained free of disease for 8 months before his metastatic disease recurred. The 
second patient, again with a carcinoma of the colon with extensive regional nodal disease, but no evidence of 
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distant metastatic disease, following surgery had a single standard course of 5-fluorouracil again with G-Csf 
administered on day 1, 2, and 3 . He developed a similar pattern of toxicity which required 56 days to resolve. 
He remained clinically free of malignant disease for the remaining 5 years of his life. The third patient again had 
metastatic disease involving his liver. He showed only a minimal and transient regression of his tumor which led 
to his demise shortly thereafter. His pattern of toxicity was similar to the first two patients discussed. Thus the 
question is not whether the combination of the cytokine and chemotherapy increases the toxicity of a specific 
anti-cancer agent, but whether it affects the ratio of tolerable toxicity to anti-tumor effect when the dose of the 
chemotherapy is adjusted to a tolerable level of toxicity. As far as I know, this question has not been answered 
with any anti-cancer agent that I am familiar with. 

Essentially all the patients in these studies received other anti-cancer agents following completion of each of 
the protocols, thus determining remission rates for each was not possible; however initial response rates were 
very high, especially in sarcomas, breast cancer, and germ cell tumors. Thus in those patients in each of the 
groups that had clearly defined pulmonary metastatic lesions over 70% show a decrease in the major diameter of 
the metastatic lesions of 30% or more. With 25% of these patients with germ cell neoplasms and 18% of these 
patients with breast carcinoma complete disappearance of all measurable lesions occurred following 2 courses of 
doxorubicin. 

In regard to the protocols presented in this paper, typical hematologic response curves for doxorubicin, ifos-
phamide and vinorelbine are shown in Figures 1-3. And tolerated doses and duration of each of the courses is 
presented in Tables 1-3. 

The amount of each drug delivered by accepted standard regimes, a typical dose dense regime, and the 3 infu-
sion regimes is charted in Tables 1-3. 

It is apparent from these tables that there is a substantial variation in the amount of each the 3 drugs studied in 
regard to the amount required to induce a similar drug limiting hematologic toxicity. Thus, in the doxorubicin 
group, the patient most tolerant of the drug received 2.2 times as much as the most sensitive individual to reach 
the same level of hematologic toxicity. The doxorubicin data presented here also suggests that there are two 
groups of patients in regard to resistance to doxorubicin toxicity, with one group able to tolerate much higher 
total doses than the other group. Whether this is due to an increased ability to degrade the drug, an increased ca-
pacity of the hematopoietic system to resist the drug, or both, is unclear. It is also possible that the results are 
due to the small numbers of patients in each group and are only statistical artifacts. Similar differences in doses 
required to result in the same level of hematologic toxicity were found with the 2 other drugs studied. 

Essentially all patients in the doxorubicin studies received further therapy with doxorubicin. Despite the very 
 

 
Figure 1. Hematologic response to infusional doxorubicin.                                       
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Figure 2. Hematologic response to infusional ifosphamide.                                     

 

 
Figure 3. Hematologic Response to Infusional Vinorelbine.                                      
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Table 1. Doxorubicin containing course.                                                                       

Regime Details 
Total dose* 
initial period 
& its length 

Average 
dose* 

q day initial 
period  

Total dose* 
complete  
Regime 

Av. daily* 
dose 
Total  

Regime 

Total length 
3 infusions 
minimum 

Total length 
3 infusions 
maximum 

Peak 
dose 
level 

Standard 60 to 75*^ 70* 3.57 3 courses 3.56   70 

Regime* [11] q 21 days q/21 days  210*@     

Hudis High Dose*^ [39] 90q 14 days x3 270/q 42 days 6.43 270 2.14   90 

regime~ 42 patients total course  initial 42  total 125    

G-Csf before and after dox 126 days  day period  day period    

dox 8 mgm/M2/day infusion 24 hour daily        

until toxicity infusion with        

[low dose group 23 patients] 250 mcmg. 80 - 99 4.22 236 4.24 44.0 days 51.0 days 9.6 

[mid dose group 10 patients] Gm-Csf q day 101 - 124 6.67 301 5.16 53.0 days 61.0 days 9.7 

[high dose group 34 patients] sub cut. 125 - 188 7.66 357 5.95 56.0 days 85.0 days 9.7 

entire group 67 patients each group 132.04 7.08 322 5.22 58.4 days 66.1 days 9.7 

*per mgm./M2; ~ with G-Csf administered before and after Dox.; followed by multiple non anthracycline anti-cancer agents; ^given by bolus; #given 
simultaneously with sub. cut. 250 mcng Gm-Csf q day. 
 
Table 2. Ifosphamide containing courses.                                                                         

Regime Details of regime* Total dose per initial period 
and its length 

Av. dose/day initial  
period 21 days 

Standard Regime* 6 gms/M2 q 21 to 28 days ave 6 q 21 days 3.57 

[11] with mesna dose 20%   

 Ifosphamide dose   

Infusion regime 6 - 8 hour infusion q day low 8* in 4 days 4.22 

Ifo. 2*/day with mesna 20% ifos dose high 14* in 7 days 7.02 

 and Gm-Csf 250 mcmg/day Av. 11.5* in 5.8 days 6.65 

*gms./day given by 6 - 8 hour infusion q day; #given simultaneously with Gm-Csf. 
 
Table 3. Vinrelbine containing courses.                                                                        

Regime Initial course 
& its length* 

Av. daily dose* 
Initial period of 7 days 

Total dose* 
3 courses [27 days] 

Average daily dose 
3 courses* Peak dose 

Standard regime 30*/q 7 days by bolus 4.32 90 3.33 29.8 

Infusion cont inf over 24 hrs daily~     

low group 51.16/9.75 days* 5.21 171/33.0 days 5.19 7.9 

High group 84.22/17.91 days* 5.71 218/38.3 days 5.68 7.9 

mean both grps. 64.49/11.62* 5.55 199/35.8 days 5.56 7.9 

~: average; *: all per mgm./M2; #: given simultaneously with Gm-Csf. 
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large amount of doxorubicin received by many of these patients, none developed any evidence of either early or 
late doxorubicin related cardiac disease [44]. 

Another factor to consider in these studies is the fact these many of these cytokines have anti-tumor effects as 
isolated agents and may have a synergistic effect when used in combination with standard chemotherapeutic 
agents. Gm-csf was originally selected because it is a potent inducer of dendritic cell populations [47]-[55]. The 
hope was that the destruction of tumor by the chemotherapy would produce a large population of fragments of 
the tumor that would react as an antigenic stimulus to augment the effect of the anti-tumor agent on the neop-
lasm. Gm-Csf has been reported to have some activity as an anti-neoplastic agent against melanomas, several 
carcinomas and sarcomas [47]-[55] and therefore was believed to be a logical agent to use in this fashion, as has 
rituxan [25] [55] Many biologic agents are now available, many also have the advantage that their primary target 
is non hematologic.  

Possible explanation for the findings that Gm-Csf may protect the bone marrow with these drugs may be 
found in some studies done by Dr. Cantarow’s group at Thomas Jefferson Medical College more than 60 years 
ago. Castrated male Sprague-Dawley rats were given graded doses of both testosterone and 5-fluorouracil daily. 
The increase in the dry weight of the seminal vesicles significantly increased as the dose of testosterone in-
creased. If low doses of testosterone were used as a stimulus, 5-fluorouracil prevented any increase in the weight 
of the seminal vesicles, while if the dose of testosterone was high the increase in weight of the seminal vesicles 
was very high and totally independent of the dose of 5-fluorouracil, and paralleled that of a group receiving the 
same dose of testosterone without receiving 5-fluorouracil. Also, the levels of thymidylate synthetase and uri-
dine kinase markedly increased in the seminal vesicles in those animals receiving both 5-fluorouracil and high 
doses of testosterone. Damage to gut and bone marrow was not affected in any way by any dose of testosterone. 
When these tissues were assayed for thymidylate synthetase the concentration of this enzyme was very low, de-
creased or remained very low or decreased further when 5-fluorouracil was given, and the levels of these en-
zymes were not affected by the administration of testosterone [56]-[58]. 

While these protocols have several advantages, as described above, they are associated with several problems. 
They are more expensive, have high manpower commitments, and require more laboratory studies than the av-
erage protocol. They require the use of an external pump and continuous anticoagulation. Drug preparation can 
be complex and errors can lead to fatalities [59]. They also require much more cooperation and decision-making 
from the patient than the average protocol. Many of our patients were under 50 years of age, a high percentage 
under 30 and may have a superior marrow reserve; we found that these patients were much easier to work with 
than the older patient. However, many protocols have been carried out using long term continuous infusion with 
a low complication rate and interesting results [60]. 

4. Conclusions 
We believe that we have demonstrated several points of significance: 

1) It is possible to give Gm-csf and G-csf simultaneously with doxorubicin, Ifosphamide and vinorelbine 
without undue toxicity or adversely affecting the amount of drug given. 

2) If the drugs are given by low dose continuous infusion, it is possible both to individualize and maximize 
the amount of drug that the individual patient receives. This dose is almost always substantially greater than that 
the patient will have received a standard fixed dose protocol was followed. To attain the same degree of hema-
tologic toxicity, the most tolerant patient received approximately two times as much of each of these drugs as 
the most sensitive patient. Whether this was due to the fact that the individuals most resistant to the drug had an 
increased ability to metabolize the drug or a more adequate hematopoietic reserve was not determined by these 
studies. 

3) Because of the limited number of patients in each arm of this study with a specific disease the relative effi-
ciency as far as the anti-tumor affect, compared to other studies, could not be accurately determined. However in 
all those neoplasms in which a significant number of patients were treated the anti-tumor effect was substantial. 
The E.C.O.G. partial and complete initial response rates in patients with breast cancer treated with doxorubicin 
was 72%, that of germ cell tumors treated with doxorubicin was 89%. 

4) A study of the simultaneous use of Gm-Csf with infusional doxorubicin in 4 patients resulted in a substan-
tial increase in cd11 and cd123 labelled cells in each indicating a mobilization of dendritic cell types. This sug-
gests that a cellular antibody response might be occurring that could possibly act in synergism with doxorubicin 
in destroying the tumor. 
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