
               Pediatric Preclinical Testing Program (PPTP) evaluation of the topoisomerase I inhibitor Topotecan

Topotecan In Vivo Activity
Stage 1 testing involves testing an agent across the entire PPTP panel of childhood cancer
xenograft lines at its MTD (or at a dose selected based on PK/PD studies using adult preclinical
models).
Solid tumor testing: For each xenograft line, 10 mice bearing SC tumors initiated treatment when
the tumors were between 0.2–0.5 cm3. Two perpendicular tumor diameters were measured at either
once or twice weekly intervals with digital vernier calipers. Assuming tumors to be spherical,
volumes were calculated from the formula (π/6)×d3, where d represents the mean diameter.
Acute lymphoblastic leukemia testing: For each xenograft line, 8 mice were inoculated with 3-5 x
106 mononuclear cells purified from the spleens of secondary recipient mice. Engraftment was
monitored weekly by flow cytometry, and treatment was initiated when the proportion of human
CD45+ cells in the peripheral blood reached 1%. The proportion of human CD45+ cells in the
peripheral blood was monitored weekly throughout the course of treatment.
Drug:  Topotecan was provided to the Pediatric Preclinical Testing Program by GlaxoSmithKline
through the Cancer Therapy Evaluation Program (NCI). Topotecan was dissolved in sterile saline,
and administered intraperitopeally daily x 5 for 2 weeks, repeated at day 21, at a dose of 0.6 mg/kg.
Topotecan was provided to each testing site in coded vials for blinded testing according the PPTP’s
standard operating procedures.

Solid Tumor Response Criteria:

Leukemia Response Criteria:

Median Group Response:  Each individual mouse in the treatment group was assigned a response
score (see Tables above) and an median score for the treatment group was calculated and then each
treatment group was assigned an overall response according to the table below.

Statistical Methods:  Event-free survival (EFS) distributions of each treatment group were
compared to the EFS distribution of the respective control group using the exact log rank test.  P-
values were 2-sided & were not adjusted for multiple comparisons given the exploratory nature of
this study.   P-values < 0.05 were considered to be significant.
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CONCLUSIONS
• Topotecan was administered at a dose and schedule that gives drug systemic exposure similar to that

achieved in children when administered on the same schedule. This dose/schedule represents ~30% of the
MTD in mice and was well tolerated with 7 out of 431 (1.6%) deaths in the treatment arm versus 1% for the
control arm.  Forty five xenografts were considered evaluable.

• Topotecan induced significant differences in tumor volume (22 out of 37) and in EFS distributions (32 out of
37) in solid tumor xenografts compared to controls.

• High activity was found in tumors of Wilms, neuroblastoma, glioblastoma and rhabdomyosarcoma
histotypes. These results are comparable to those obtained by the PPTP for vincristine (6 objective
responses, 5 of them complete) and better than those for cisplatin (7 objective responses, 3 of them
complete).

• Topotecan showed a high level of efficacy against the PPTP ALL xenograft panel.  It induced significant
differences in EFS distribution in all 8 of the ALL xenografts.  Objective responses were achieved for seven
out of eight xenografts (five being complete responses, and two of those being maintained).

• Topotecan has demonstrated high activity in vivo against tumor xenografts of four different histotypes and
against acute lymphoblastic leukemia xenografts, which warrants its inclusion in combination studies with
other drugs to be tested by the PPTP.

10<0.1 cm3 tumor volume at the end of studyMaintained CRMCR

8<0.1 cm3 tumor volumeComplete ResponseCR

6≥50% regressionPartial ResponsePR

4≤25% increase, <50% regressionStable DiseaseSD

2>25% increase in tumor volume, TGD value of >1.5Progressive Disease 2PD2

0>25% increase in tumor volume, TGD value of ≤1.5Progressive Disease 1PD1

ScoreDefinitionResponse

10CD45% <1% for 2 consecutive weeks and at end of study CD45% <1%Maintained CRMCR

8CD45% <1% for 2 consecutive weeksComplete ResponseCR

6CD45% <1% for only 1 weekPartial ResponsePR

4CD45% never drops below 1%, no events before end of studyStable DiseaseSD

2CD45% never drops below 1%, events before end of study, TGD value of >1.5Progressive Disease 2PD2

0CD45% never drops below 1%, events before end of study, TGD value of ≤1.5Progressive Disease 1PD1

ScoreDefinitionResponse

MCR9 < AS

CR7 < AS ≤9

PR5 < AS ≤7

SD3 < AS ≤5

PD21 < AS ≤3

PD10 ≤ AS ≤1

Overall Group ResponseIf Average Score (AS) from (1):
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Abstract
Background: Topotecan is a small molecule inhibitor of DNA
topoisomerase I, and blocks disassembly of the covalent
cleavable complex formed between the enzyme and DNA.
Stabilization of cleavable complexes generates DNA single- and
double-strand breaks, particularly during S phase, prompting cells
to undergo apoptosis. Topotecan has been studied in multiple
clinical trials against pediatric solid tumors and leukemias, alone
or in combination with established drugs, under various dosing
schemes.
Methods: The PPTP includes a molecularly characterized in vitro
panel of cell lines (n=27) and in vivo panel of xenografts (n=61)
representing most of the common types of childhood solid tumors
and childhood acute lymphoblastic leukemia (ALL). Topotecan
was tested as a single agent against the PPTP in vivo panel at a
dose of 0.6 mg/kg administered intraperitoneally daily x 5 days for
2 weeks, repeated at Day 21. Three measures of antitumor activity
were used: 1) an objective response measure modeled after the
clinical setting (partial response, PR, complete response, CR, and
maintained complete response, MCR); 2) a treated to control (T/C)
tumor volume measure; and 3) a time to event (4-fold increase in
tumor volume for solid tumor models, or 25% or more human
CD45+ cells out of all leukocytes in the peripheral blood for ALL
models) measure based on the median event-free survival (EFS)
of treated and control animals for each xenograft.
Results: Topotecan was well tolerated with toxicity in 1.6% of
treated animals compared to 0.9% of control animals, and all 45
tested xenografts were evaluable for efficacy. Topotecan
significantly increased EFS in 32 of 37 (87%) evaluable solid
tumor xenografts and in all 8 of the ALL xenografts. For the 32
solid tumor xenografts evaluable for the EFS T/C activity measure,
24 (75%) met criteria for either intermediate (n=17) or high activity
(n=7).  Objective responses (PR, CR) were noted in 8 solid tumor
xenografts, and an additional 5 xenografts showed stable disease.
Two of three Wilms tumor xenografts achieved maintained CRs as
did a rhabdomyosarcoma xenograft (1 of 5) and an Ewing
sarcoma xenograft (1 of 5). Among the 6 xenografts in the
neuroblastoma panel, 3 achieved PR and 1 had stable disease. For
the ALL panel, two MCRs, three CRs, and two PRs were observed.
The only xenograft not to achieve an objective response in the
ALL panel was ALL-4, which was derived from a patient with Bcr-
Abl expressing Ph+ ALL.

Xenograft 

Line
Histology P-value EFS T/C

Median 

Final RTV

Tumor 

Volume 

T/C

P-value Heat Map

BT-29 Rhabdoid <0.001 2.3 >4 0.23 <0.001 PD2

KT-14 Rhabdoid <0.001 > 3.1 1.3 0.55 0.004 PD2

KT-10 Wilms <0.001 > 4.4 0.1 0.12 <0.001 MCR

KT-11 Wilms <0.001 3.6 >4 0.35 <0.001 PD2

KT-13 Wilms <0.001 > 7.0 0 0.35 <0.001 MCR

SK-NEP-1 Ewing <0.001 3.5 >4 0.15 <0.001 PD2

EW5 Ewing <0.001 1.2 >4 0.61 <0.001 PD1

EW8 Ewing 0.879 0.9 >4 1.09 0.853 PD1

TC-71 Ewing 0.036 1.5 >4 0.54 0.156 PD2

CHLA258 Ewing <0.001 > 6.4 0 0.16 <0.001 MCR

Rh28 ALV RMS <0.001 > 3.2 0 0.03 <0.001 MCR

Rh30 ALV RMS <0.001 1.7 >4 0.34 <0.001 PD2

Rh30R ALV RMS <0.001 2.5 >4 0.21 <0.001 PD2

Rh41 ALV RMS <0.001 2.9 >4 0.38 <0.001 PD2

Rh18 EMB RMS 0.012 1.1 >4 0.63 0.007 PD1

BT-28 Medulloblastoma 0.481 1.1 >4 0.84 0.720 PD1

BT-45 Medulloblastoma <0.001 > 3.3 1.1 0.25 <0.001 SD

BT-46 Medulloblastoma <0.001 2.4 >4 0.28 <0.001 PD2

BT-50 Medulloblastoma 0.211 . 0.9 0.81 0.043 SD

BT-36 Ependymoma 0.474 . 1.3 0.5 <0.001 PD2

BT-44 Ependymoma 0.463 0.8 >4 1.24 0.123 PD1

GBM2 Glioblastoma <0.001 > 3.3 2.8 0.35 <0.001 PD2

BT-39 Glioblastoma 0.019 1.2 >4 0.78 0.019 PD1

D645 Glioblastoma <0.001 > 3.3 0.9 0.1 <0.001 PR

D456 Glioblastoma <0.001 3.6 >4 0.31 0.001 PD2

NB-SD Neuroblastoma <0.001 > 1.6 0.8 0.35 <0.001 PR

NB-1771 Neuroblastoma <0.001 > 2.1 0.9 0.23 <0.001 SD

NB-1691 Neuroblastoma <0.001 3.4 >4 0.17 <0.001 PD2

NB-EBc1 Neuroblastoma <0.001 4.7 >4 0.29 <0.001 PD2

CHLA-79 Neuroblastoma <0.001 > 1.6 0.7 0.29 <0.001 PR

NB-1643 Neuroblastoma <0.001 > 4.1 1.5 0.1 <0.001 PR

OS-1 Osteosarcoma <0.001 > 2.1 1.3 0.3 <0.001 PD2

OS-2 Osteosarcoma <0.001 > 2.3 4 0.54 <0.001 PD2

OS-17 Osteosarcoma <0.001 > 2.4 2.8 0.51 0.002 PD2

OS-9 Osteosarcoma <0.001 > 1.2 0.6 0.49 <0.001 SD

OS-33 Osteosarcoma <0.001 > 3.0 1.6 0.4 <0.001 PD2

OS-31 Osteosarcoma <0.001 > 2.2 0.7 0.24 <0.001 SD

ALL-2 ALL B-precursor <0.001 > 4.5 0.9 . MCR

ALL-3 ALL B-precursor <0.001 > 6.1 1 . CR

ALL-4 ALL B-precursor <0.001 9.3 >25 . PD2

ALL-7 ALL B-precursor <0.001 14.4 >25 . PR

ALL-8 ALL T-cell <0.001 > 8.5 1.5 . CR

ALL-16 ALL T-cell <0.001 > 6.4 0.3 . MCR

ALL-17 ALL B-precursor <0.001 >17.7 1.1 . CR

ALL-19 ALL B-precursor 0.033 20.9 >25 . PR

Red shading in the p-value column indicates a significant difference in EFS distribution or Tumor Volume T/C between treated and control
groups.  Shading in the EFS columns indicates xenografts that have either high (dark blue), intermediate (light blue), or indeterminate
(gray) activity.

Event free survival on the left, median relative tumor volume (solid tumors) or median percentage of human leukemia cells in peripheral blood (ALL)  in the
center, and individual tumor volume (solid tumors) or individual percentage of human leukemia cells in peripheral blood (ALL) on the right are shown for a
Wilms tumor (KT-10) a rhabdomyosarcoma (Rh28) and a neuroblastoma (NB-1643) xenograft as well as for the ALL xenografts ALL-2 and ALL-16.

Topotecan In Vivo Activity
•  For solid tumors TPT induced significant differences in tumor volume between
treated and control groups in 22 of 37 solid tumors.  High activity (T/C < 15%) was
found in 4 xenografts (one each for Wilms, neuroblastoma, glioblastoma and
rhabdomyosarcoma).
•  Objective responses were found in 8 solid tumor xenografts and 5 xenografts showed
stable disease. Two out of three Wilms tumors (KT-10 and KT-13) achieved MCR as well
as one out of five in the rhabdomyosarcoma panel (Rh28) and one out of five in the
Ewing sarcoma panel (CHLA258). Three out of six neuroblastoma xenografts achieved
PR (NB-SD, CHLA-79 and NB-1643) and one had stable disease.
•  In the ALL panel two maintained CR (ALL-2 and ALL-16), three CR (ALL-3, ALL-8 and
ALL-17) and two PRs  (ALL-7 and ALL-19) were obtained.  The xenograft that did not
achieve an objective response was derived from a patient with BCR-ABL expressing
Ph+ ALL.
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