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Summary. The antimicrotubule agent taxol (NSC 125973) 
has shown clinical anti tumor activity against several classi- 
cally refractory rumors. We developed a drug-resistance 
profile for taxol using ten drug-resistant P388 leukemias to 
identify potentially useful guides for patient selection for 
further clinical trials o f  taxol and possible non-cross-re- 
sistant drug combinations with taxol. Multidrug-resistant 
P388 leukemias exhibited either clear (leukemia resistant 
to amsacrine) or marginal cross-resistance (leukemias re- 
sistant to doxorubicin, act inomycin D, and mitoxantrone) 
to taxol. Leukemias  resistant to vincristine (non-multidrug- 
resistant leukemia), camptothecin,  melphalan, cisplatin, 
1-[~-D-arabinofuranosylcytosine, and methotrexate were 
not cross-resistant to taxol. The data suggest that (1) it may  
be important to exclude or to monitor  with extra care 
patients who have previously been treated with amsacrine, 
doxorubicin, act inomycin D, or mitoxantrone and (2) a 
combinat ion o f  one o f  the non-cross-resistant drugs and 
taxol might  exhibit therapeutic synergism. 

Introduction 

The antimicrotubule agent taxol (NSC 125973) has shown 
clinical antitumor activity against several classically re- 
fractory tumors, including cisplatin-resistant ovarian carci- 
noma (phase II trials) and malignant melanoma and non- 
small-cell lung carcinoma (phase I trials) [7]. Clinical trials 
o f  taxol and of  the related drug taxotere are under way in 
this country and abroad. Drug resistance that may be either 
inherent or acquired seems likely to be encountered in 
these trials. Development  of  a drug-resistance profile for 
taxol may identify potentially useful guides for patient 
selection for further clinical trials o f  taxol and possible 
non-cross-resistant drug combinations with taxol. This in- 
formation should aid in the design of  strategies for the 
optimal use of  the drug. In vivo models may be preferable 
for the development  of  drug-resistance profiles because o f  
evidence that drug resistance may not be comparable be- 
tween in vitro and in vivo models o f  the same cell line [9]. 
This report describes an in vivo cross-resistance profile for 
taxol that we developed using drug-resistant nmrine 
leukemias. 

Abbreviations: ILS, increase in life span; P388/ACT-D, actinomycin 
D-resistant P388 leukemia; P388/ADR, doxorubicin-resistant P388 leu- 
kemia; P388/AMSA, amsacrine-resistant P388 leukemia; P388/ARA-C, 
1-~-D-arabinofuranosylcytosine-resistant P388 leukemia; P388/CPT, 
camptothecin-resistant P388 leukemia; P388/DDPt, cisplatin-resistant 
P388 leukemia; P388/DIOHA, mitoxantrone acetate-resistant P388 leu- 
kemia; P388/L-PAM, melphalan-resistant P388 leukemia; P388/MTX, 
methotrexate-resistant P388 leukemia; P388/VCR, vincristine-resistant 
P388 leukemia; P388/0, parental P388 leukemia 
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Materials and methods 

The in vivo sensitivity of P388/0 and ten drug-resistant P388 ieukemias 
to taxol was determined as previously described for other antitumor 
agents [10]. CD2F1 mice were implanted i.p. with 106 cells of either 
P388/0 or P388/drug-resistant leukemia on day 0. Taxol was evaluated at 
several i. p. dose levels (ranging from toxic to nontoxic). There were 10 
mice in each dose group; tumor-bearing control mice (20/experiment) 
were left untreated. Mice were observed for increase in life span (ILS). In 
each experiment, additional groups were treated with a range of doses of 
an appropriate drug to confirm the resistance of a P388/drug-resistant 
leukemia. Moreover, in each experiment a P388/drug-resistant leukemia 
was compared directly with the parent or wild-type P388/0 leukemia, and 
the parallel groups of mice were treated identically with a single-drug 
preparation. 

Antitumor activity was assessed on the basis of the percentage of 
median 1LS and the net log10 cell kill. Calculations of the net lOgl0 cell 
kill were made from the tumor-doubling time that was determined from 
an internal tumor titration consisting of implants from serial 10-fold 
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Table 1, Activity of taxol against drug-resistant P388 leukemias in vivo 

Experiment Resistant Optimal i.p. Therapeutic response 
leukemia a dose b 

( ~< LD10 ,  Sensitive leukemia 
mg/kg) 

Median 
% ILS 

Resistant leukemia d 

Approx. logl0 Median Approx. log10 
change in % ILS change in 
tumor burden c tumor burden c 

Cross-resistance? 

1 P388/ADR 15.0 +36 
2 15.0 +50 

1 P388/AMSA 22.5 +54 
2 15.0 +45 

1 P388/VCR 22.5 +40 
15.0 +50 

2 15.0 +50 
3 10.0 +40 

1 P388/ACT-D 22.5 +55 
2 22.5 +33 
3 22.5 +50 

1 P388/DIOHA 15.0 +36 
2 15.0 +55 
3 15.0 +55 

1 P388/CPT 22.5 +60 
2 15.0 +55 

1 P388/L-PAM 15.0 +37 
10.0 +16 

2 10.0 +45 

1 P388/DDPt 15.0 +55 
2 15.0 +50 

1 P388/ARA-C 15.0 +36 
2 10.0 +40 

1 P388/MTX 10.0 +31 
2 22.5 +50 

15.0 +36 

0.0 +4 + 1.5 Marginal 
-1.2 0 +1.4 

-1.6 -4 +1.4 Yes 
-0.6 0 +1.6 

Toxic +60 -1.5 No 
-0.7 +40 0.0 
-1.1 +40 0.0 

0.0 +40 0.0 

-1.0 +20 +1.2 Marginal 
+0.3 +22 +1.3 
-0.7 +20 +1.3 

0.0 +25 + 1. I Marginal 
-0.9 +38 +0.5 
-1.1 +20 +1.3 

-1.3 +63 -2.2 No 
-1.1 +57 -1.6 

-0.4 +17 Toxic No 
+1.3 +31 -0.3 
-0.4 +46 -1.1 

-1.0 +72 -3.4 No 
-0.8 +58 -2.4 

0.0 +18 +1.3 No 
-0.4 +35 +0.3 

+0.4 +70 -2.3 No 
-1.1 +54 Toxic 

0.0 +50 - 1.1 

a ADR, doxorubicin; AMSA, amsacrine; VCR, vincristine; ACT-D, 
actinomycin D; DIOHA, mitoxantrone acetate; CPT, camptothecin; 
L-PAM, melphalan; DDPt, cisplatin; ARA-C, 1-[3-I>arabinofuranosylcy- 
tosine; MTX, methotrexate 
b Taxol was given to mice on days 1-5  
c Logl0 change in the tumor cell population between the beginning and 
the end of therapy, based on the median day of death of mice that died 

d In these studies, the average degree of resistance of a drug-resistant 
subline in comparison with its parental line was as follows: ADR, 5 log10 
units; AMSA, 5 log10 units; VCR, 5 lOgl0 units; ACT-D, 3 lOgl0 units; 
DIOHA, 6 log10 units; CPT, 7 log10 units; c-PAM, 5 log10 units; DDPt, 
8 logl0 units; ARA-C, 7 log10 units; and MTX, 3 loglo units 

dilutions of P388 cells [8]. Long-term (45-day) survivors were excluded 
from calculations of ILS and tumor cell kill. For the assessment of tumor 
cell kill at the end of the treatment, the survival difference between 
treated and control groups was adjusted to account for the regrowth of 
tumor cell populations that may occur between individual treatments [6]. 
Cross-resistance was defined as a decrease in the sensitivity (>2 log10 
units of cell kill) of P388/drug-resistant leukemia to taxol as compared 
with that concurrently observed for P388/0 leukemia. Similarly, marginal 
cross-resistance was defined as a decrease in sensitivity of approximately 
2 log10 units. Collateral sensitivity was defined as an increase in the 
sensitivity (by >2 logl0 units of cell kill) of P388/drug-resistant leukemia 
to taxol over that concurrently observed for P388/0 leukemia. 

Resul t s  and  d i scuss ion  

T h e  in v i v o  c ross - res i s t ance  p ro f i l e  fo r  t axo l  is s h o w n  in 
T a b l e  1. Mul t id rug - re s i s t an t  P 3 8 8  l e u k e m i a s  exh ib i t ed  ei-  

ther  c lear  ( P 3 8 8 / A M S A )  or  m a r g i n a l  c ross - r e s i s t ance  
( P 3 8 8 / A D R ,  P 3 8 8 / A C T - D ,  and P 3 8 8 / D I O H A )  to the  drug.  
P 3 8 8 / V C R  (non -mu l t i d rug - r e s i s t an t  l eukemia ) ,  P388 /  
C P T ,  P 3 8 8 / L - P A M ,  P 3 8 8 / D D P t ,  P 3 8 8 / A R A - C ,  and P388 /  
M T X  w e r e  no t  c ross - res i s tan t  to taxol .  T h e  data  sugges t  
that  P 3 8 8 / D D P t  is pos s ib ly  co l l a t e ra l ly  sens i t ive  to the 

drug.  
J o h n s o n  and c o - w o r k e r s  [5] h a v e  s h o w n  that  ano the r  in 

v i v o  P 3 8 8 / A D R  l e u k e m i a  is a lso  c ross - res i s t an t  to taxol  
and that  P 3 8 8 / A M S A  and P 3 8 8 / C P T  (the s a m e  l e u k e m i a s  
that  w e r e  used  in the  p re sen t  s tudies)  are  no t  c ross - res i s t an t  
to t axo l  [2, 4]. T h e  c ross - re s i s t ance  p ro f i l e  o f  P 3 8 8 / A M S A  
has c h a n g e d  s ince  the  o r ig ina l  cha rac t e r i za t ion  o f  the  leu-  
k e m i a ;  P 3 8 8 / A M S A  is n o w  cross - res i s tan t  to a c t i n o m y c i n  
D,  v incr i s t ine ,  v inb las t ine ,  and taxo l  [10]. 

As  n e w  agents  enter  phase  II  c l in ica l  trials,  the  se lec t ion  
o f  pat ients ,  m o s t  o f  w h o m  h a v e  p r e v i o u s l y  b e e n  t rea ted  
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with one or more  drugs,  may  be cri t ical  to the success of  
the trials [3]. Informat ion  on the pat terns o f  cross-res is-  
tance or col la teral  sensi t ivi ty  among var ious  ant i tumor  
agents  may  be helpful  in the select ion o f  pat ients  for treat-  
ment  wi th  taxol.  Fo r  these trials, it may  be impor tant  to 
exc lude  or  to moni to r  with extra  care  patients who  have 
previous ly  been treated with amsacrine,  doxorubic in ,  acti- 
nomyc in  D, or mitoxantrone.  

The  observat ion  of  poss ib le  col la teral  sensi t ivi ty  of  
P388 /DDPt  to taxol  suggests  that a combina t ion  of  cispla-  
tin and taxol  might  exhibi t  therapeut ic  synerg i sm and that 
mechanis t ic  studies may  be  warranted.  Phase  II trials have 
shown taxol  to be act ive agains t  c ispla t in-res is tant  ovar ian  
ca rc inoma [7]. P388 /DDPt  has been  repor ted  to be col later-  
al ly sensi t ive to other  ant i tumor agents (amsacrine,  
batracyl in,  ech inomycin ,  e toposide ,  f lavone acetic acid, 
f ludarabine  phosphate ,  merbarone,  and mi toxant rone)  [11 ]. 
Interes t ingly,  P388 /VCR was not  cross-res is tant  to taxol.  
Some vincr is t ine-res is tant  Chinese  hamster  ovary  cell  l ines 
( thought  to be membrane  mutat ions)  are cross-res is tant  to 
taxol,  whereas  others ( thought  to be tubulin mutat ions)  are 
not  [1]. Because  taxol  inhibits  micro tubule  d i sassembly  
and vincr is t ine  inhibi ts  micro tubule  assembly,  the non- 
cross-res is tant  drug combina t ion  of  taxol  and vincris t ine 
should be explored  for  poss ib le  therapeut ic  synergism.  As  
always,  none of  the above  approaches  m a y  be appl ied  
c l in ica l ly  without  caut ion and concern  for the recogn ized  
gap be tween  precl in ica l  predic t ion  and c l in ical  val idat ion.  
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