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Abstract

Purpose Herein we report that carboplatin infusion

influenced tumor blood flow signal independent of the

mechanical decompression induced by the artificial

lymphatics system technology that was being evaluated as

part of a randomized veterinary clinical trial, treating

spontaneously occurring canine appendicular osteosar-

coma, a tumor very similar to its human counterpart.

Methods Blood flow within the central region of the

tumor was recorded continuously using laser Doppler

flowmetry, a real-time measurement technology. Time-

averaged flow values were computed from segments taken

from the recordings immediately before starting carbo-

platin infusion, and during infusion.

Results Carboplatin increased the tumor blood flow sig-

nal by an additional 59 ± 26% (mean ± SEM; p = 0.06)

over the increase induced by the decompression. The

increase started within 49 ± 46 s after the start of infusion,

had a response time constant of 19 ± 21 s and persisted

throughout the infusion, ending shortly after infusion

ended.

Conclusion The rapidity of the flow signal increase sug-

gests that carboplatin may have an autonomic effect on

circulation, either local or systemic. The observations

identify a new action of this drug and suggest a possible

mechanism to exploit therapeutically.
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Introduction

Carboplatin, a chemotherapeutic agent for treating solid

tumors [1], was used in a veterinary clinical trial performed

at The Animal Medical Center, New York to investigate the

efficacy of an ‘‘artificial lymphatic system’’ (ALS) to

enhance the drug’s uptake into spontaneously-occurring,

canine appendicular osteosarcoma (OS) [3]. The ALS is a

new local treatment adjunct technology developed by

Memorial Sloan-Kettering Cancer Center to reduce tumor

interstitial hypertension and increase blood flow within solid

tumors [4] during chemotherapy or radiotherapy adminis-

tration. The technique involves the placement of aspiration

drains within the tumor and applying –80 mmHg vacuum

pressure to remove the fluid associated with the elevated

interstitial fluid pressure observed in solid tumors [4]. The

net effect of ALS decrease in intratumoral interstitial pres-

sure is to increase blood flow through the tumors’ viable

capillary network surrounding the drain during the aspiration

period. The increased blood flow increases the delivery of

therapeutic agents and pO2 levels in tissue regions influ-

enced by the aspiration [3–5]. The use of an ALS, though a

mechanical treatment adjunct, is more predictable and

reproducible than the use of vasoactive drugs [3] for
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increasing local tumor blood flow. During the trial, the ALS’

temporal effects on tumor capillary blood flow were con-

tinuously measured using laser Doppler flowmetry (LDF), a

flow measurement technology whose temporal response is

capable of quantifying capillary blood flow transients in real-

time, although within small tissue volumes [4]. Herein we

report from that clinical trial, the unanticipated influence of

carboplatin to increase the OS’ LDF signal.

Methods

Large breed dogs, with histologically confirmed appen-

dicular osteosarcoma, were recruited into a veterinary

clinical trial performed at The Animal Medical Center,

New York. All procedures used in the trial were approved

by the IACUC of The Animal Medical Center, and

Memorial Sloan-Kettering Cancer Center. The surgical and

measurement details are presented in DiResta et al [3].

Every dog was mechanically ventilated, and received a

0.9% saline drip throughout the entire surgical procedure to

control rate and depth of respiration, and compensate for

fluid loss, respectively. Briefly, tumor capillary blood flow

was measured using LDF within a *1 mm3 volume

adjacent to a single ALS drain positioned in the tumor

center prior to initiating –80 mmHg vacuum to the drain,

during vacuum application; and during carboplatin infu-

sion. LDF was used to measure the tumors’ blood flow

changes because its temporal response time,*0.1 s [4], is

faster than the tumors’ flow changes following ALS

drainage, i.e. 2 s–2 min [3]. Systemic carboplatin (300 mg/

m2) infusion was started when the LDF signal stabilized,

typically 10–20 min after vacuum application. The drug

was added to 125 ml of 5% dextrose. The pump rate was

adjusted such that each dog’s infusion time was 10 min.

LDF and electrocardiogram (ECG) were recorded contin-

uously during the entire study. Figure 1a displays the

timing used in the study, where, M1–M5 are the recording

segments that were tabulated at the conclusion of the study

using Excel XP (Microsoft, Inc., USA). Each interval was

chosen from ‘‘flat’’ regions of the LDF recording. This

work presents the ‘‘pre-carbo infusion’’ (M3) and ‘‘during-

carbo infusion’’ (M4) LDF values. M1, M2 and M3 relate

to the infuence of the ALS treatment on blood flow. These

findings are presented in DiResta et al. [3]. The OS tissue

was then biopsied to obtain tissue for carboplatin content

and the dog’s limb was amputated.

Results

The ‘‘pre-carbo infusion’’ and ‘‘during-carbo infusion’’

blood flow values for the 12 dogs where tumor blood flow

was successfully recorded are presented in Fig. 1b. The

‘‘pre-carbo infusion’’ interval was 24 ± 7 s (mean ± SEM).

However, the’’during-carbo infusion’’ interval was

100 ± 63 s (mean ± SEM) because larger amplitude

changes were observed in the LDF recording during car-

boplatin infusion. Carboplatin increased flow in eight dogs,

had no effect on two dogs and decreased flow in the other

two dogs. Using the dog 1–8 data, tumor blood flow

increased 59 ± 26% (mean ± SEM; p = 0.06) over ‘‘pre-

carbo infusion’’ levels. Figure 2 is the annotated LDF data

recording from dog 2 whose flow signal rapidly increased

following administration of carboplatin. The influence

appears to have a rapid initial component that then drops to

a stable level. In this dog, the time constant for the initial

component is 1.5 s–1. The ECG signal is included and

shows an unexplained periodic dip during infusion. The

drug’s effect reversed approximately 8 min after infusion

ended.

The time constant (t1/2) and delay (tlag) associated with

the LDF signal changes following carboplatin infusion

were estimated using OriginPro v7.5 (Origin Labs,

Northampton, MA, USA) with the equation:

Fldf ¼ F0 þ F1 � 1� e � t�tlagð Þ�ln 2ð Þ=t1=2ð Þ
� �

Fldf is the recorded LDF signal, F0 is the signal when

carboplatin infusion began, and F1 is the signal increase

associated with the carboplatin effect. In some cases, e.g.,

Fig. 2, F1 remained elevated for 30 sec and then decreased

to a lower stable value throughout the infusion period. For

the estimation of t1/2, only the higher F1 was used to

reflect the rapid initial response of the LDF signal to the

carboplatin infusion. The delay parameter, tlag, estimates

the time duration from the start of carboplatin infusion to

the time the signal increase begins and includes the fluid

transit time from the carboplatin reservoir to the

indwelling venous catheter. Figure 3, a box plot, presents

the parameter value clusters for t1/2 (19 ± 21 s; n = 8) and

tlag (49 ± 46 s; n = 7). The infusion start time for the first

case was not recorded because an effect was not

anticipated.

Discussion

The clinical trial demonstrated that ALS use increased

local tumor blood flow and uptake of carboplatin [3],

corroborating controlled rat tumor studies [5]. The carbo-

platin-induced increase in tumor blood flow has not been

reported. The LDF recordings suggest that its effect is

rapid, beginning in our study on an average of 49 s after

the drug infusion began and lasting several minutes after

infusion ended. When the fluid delivery transit time (*30–
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60 s) is removed from tlag, the carboplatin response delay

(*15–30 s) is attributed to its venous transit and physio-

logic effect. The short delay time and rapidity of the

response, i.e. 19 s, suggest that the drug may have an

autonomic effect on circulation, either local or systemic.

Furthermore the rapid changes in F1 suggest that the dog is

able to partly compensate for the drug’s initial effect. Thus

a measurement technology with a fast temporal response

Fig. 1 a The timing diagram

used in the clinical ALS study

showing the time interval and

sampling location; where, LDF

was time-averaged for

tabulation. b Blood flow before,

and during carboplatin infusion

in the 12 study dogs

Fig. 2 Section of raw data

recording of dog 2 showing the

response of LDF and ECG to

carboplatin infusion
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such as LDF is required to evaluate the sequence of the

response.

During the administration of cisplatinum (2 mg/kg),

Chapman and Horseman report a 20–30% increase in

tumor blood flow in SCC VII tumors grown in the hind foot

dorsum of C3H/He mice. Drug infusion was via indwelling

catheter in the mouse tail vein. Blood flow measurements

were obtained using laser Doppler flowmetry. From their

Fig. 6, flow increase began approximately 1 min after the

infusion began. In contrast, tumor blood flow decreased

following infusion of hypoxic cell cytoxin RSU 1069; pi-

monidazole Ro-03-8799; and doxorubicin.

Logan et al performed a human phase I clinical trial to

investigate the influence of interleukin-1 (IL-1(a) on car-

boplatin pharmacokinetics and tumor blood flow. The

patient tumors were all metastatic lung lesions whose pri-

mary included lung, renal, breast, melanoma, thyroid, and

colorectal cancers. H2
15O-positron emission tomography

(PET) was the modality used to measure tumor blood flow.

The timing diagram shown in Fig. 4 prepared using

information from their ‘‘Methods’’ section illustrates the

temporal relationships between their drug administration

protocol with the timings of PET measurements.

They reported a statistically significant decrease

(p \ 0.008) in tumor blood flow following IL-1a infusion.

However, following the infusion of carboplatin, tumor

blood flow significantly increased relative to the measures

obtained at the conclusion of the IL-1a infusion to levels

that were indistinguishable from pre IL-1a infusion values

(p = 0.25). From their analysis of the patients’ cardiovas-

cular parameters, e.g., blood pressure, they concluded that

the temporal flow changes associated with drug infusion

were not solely associated with hypotensive effects, but

offered no alternative explanation for the flow increase.

On the basis of our canine observations with carboplatin,

and the mouse observations with cisplatinum, Logan et al’s

reported an increase in tumor blood flow following car-

boplatin infusion may be attributed to a neurogenic

influence of carboplatin, but the phenomena requires fur-

ther investigation. The H2
15O-PET flow measurement

modality required 2–3 min to perform and as such does not

have the temporal flow resolution of LDF. However, as

suggested by the canine LDF observations and the timing

diagram, the PET measures occurred during the interval

that the tumor blood flow may have been influenced by

carboplatin infusion. The observations in the naturally

occurring canine and human tumor studies, though coin-

cidental and anecdotal, suggest that carboplatin may

directly increase the blood flow as was observed with

cisplatinum in the controlled mouse study. Rat studies have

demonstrated that increasing tumor blood flow following

ALS decompression also increases local tumor pO2[4].

Therefore, if the flow enhancing effect of these two plati-

num drugs is confirmed, their influence may be

therapeutically useful for rapid therapies such as external

beam radiation, where an increased flow may increase local

pO2, a potent radiation sensitizing agent [2], while simul-

taneously contributing a chemotherapeutic effect.

Fig. 4 Timing diagram prepared using information presented in

Logan et al. study [6]

Fig. 3 Box chart of time

constant and time lag for the

eight dogs whose blood flow

signal increased during infusion

of carboplatin
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